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The Worker scheduling problem of this paper is to study and analyze the scheduling process in practice 
and propose models and heuristics to improve both the process and the quality of the resulting schedule. 
This paper illustrates how linear programming solves the workers scheduling problem and how it has 
been effectively used in workers scheduling at a garment industry in textile city Karur. 
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INTRODUCTION 
 
Operations Research is a science that aims to provide quantitative tools to decision-makers in order to improve their 
efficiency. The study of optimal resource distribution is represented by the term "operations research." The purpose 
of Operations Research is to offer rational bases for decision making by attempting to understand and structure 
complicated situations, and to use this understanding and structuring to forecast system behavior and enhance 
system performance as a result of this endeavor. When it comes to difficulties of how to execute and coordinate 
operations within businesses, the Operations Research approach is applied. The nature of the organization is 
generally unimportant, and Operations Research has been applied extensively in a wide range of fields, including 
manufacturing, transportation, telecommunications, public services, health care, and the military, among others. The 
scheduling of employees is extremely important in any business since a lack of access to or a lack of a source of 
employees results in a loss of both time and money for the organization. The proper scheduling of employees will 
improve the overall performance of the organization. It has been decided to consider the scheduling of workers for a 
garment (Home Textile) company in a textile city in this research paper. The techniques of Linear Programming have 
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been used to develop a mathematical model of the world. The approach has been used to determine the bare 
minimum of workers required for a single day of labor. The real-world problem has been mathematically stated and 
addressed analytically using Linear Programming techniques in order to arrive at the ideal answer in this case. 
Given an increase in the number of variables, the problem gets more difficult, necessitating the use of the 
computational technique Online Calculator. The limitations, in this case, are obtained by calculating the maximum 
number of workers required for each day, and the goal is to reduce the number of workers allocated to each day to 
the bare minimum. Both the constraints and the goal function are assumed to be linear in the mathematical sense. 
A common problem in the service industry is employee scheduling, which includes the scheduling of nurses in 
hospitals [3-6], scheduling of staff in hotels, check encoders in banks[7], airlines[8, 9], and hotel reception personnel, 
telephone operators, patrol officers, the scheduling of waiters in restaurants, and the scheduling of labours in 
construction companies, among others. 
 
Workforce scheduling is an extremely vital duty in a service firm, and it must be done efficiently and effectively. 
Serving the needs of the client while maintaining a reasonable price involves accurate forecasting of labor 
requirements. At any one time, having an insufficient number of employees or personnel who lack the requisite job 
skills can result in substandard customer service, agitated and overworked employees, a delay in project completion, 
and a loss of sales. If an excessive number of employees is employed, the labor costs are likely to rise. If additional 
hours are scheduled, the operating margins are likely to be reduced. From the employee's perspective, having fewer 
working hours than desired will lower morale and job satisfaction because the available work is distributed thinly 
among a large number of employees. In this way, labor or workforce scheduling can be defined as the process of 
reconciling consumer demand with employee work requests while maintaining or improving profitability. 
 
Many studies have been conducted on the various features of staff scheduling and rostering [1, 10], and the results 
have been published. Since the field has grown in importance as businesses have become more service-oriented and 
cost-conscious in a global setting, it has become increasingly vital. As a result, there is a wealth of information 
available on personnel scheduling [11-13], general workforce planning plans, and other topics. A significant increase 
has been observed in the application of staff scheduling and rostering methods to transportation systems such as 
airlines [8, 9, 16-18], and railways [19], emergency services such as police [20], ambulance, and fire brigade, call 
centers [21, 22], and many other service organizations such as hotels, restaurants, and retail stores [23]. Thus, focused 
studies and surveys on scheduling objective models [24], constraints [25], and methodology for each application area 
were conducted, which laid the groundwork for future study on the detailed model and algorithm development in 
future research. The creation of numerous computer software programs for staff scheduling has taken place 
throughout the years, ranging from spreadsheet adaptations of manual processes to mathematical models based on 
efficient optimum or heuristic algorithms [26] and everything in between. The key difficulties associated with staff 
scheduling in various application areas have been identified and examined in order to arrive at an appropriate 
solution. It is revealed in this sector through research [27] that there are three types of scheduling issues to contend 
with: day-off scheduling, shift scheduling, and tour schedule. Scheduling days off is connected to the assignment of 
workers to work and non-work days throughout the course of a whole planning horizon. The challenge of shift 
scheduling, on the other hand, is concerned with determining the actual shifts within a planning horizon. Tour 
scheduling challenges, on the other hand, combine elements of both days off and shift scheduling. It should be 
emphasized that, in most cases, work shifts are assigned to ensure that the daily demand for each shift is met and 
that each employee's day off plan is met as necessary. Many major studies in this area have been published in the 
research literature, and many of these papers have investigated the integration of project work scheduling and 
personnel scheduling and attempted to propose answers. The goal of those articles was to determine the number of 
employees required on each day, based on the right scheduling of tasks, with the goal of reducing the overall cost to 
the lowest possible level. As a result, there have been sufficient studies conducted on various aspects of staff 
scheduling in various service industries to warrant the investigation on which this thesis is based. 
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METHODOLOGY 
 
Linear Programming is a mathematical technique for generating and selecting the optimal or the best solution for a 
given objective function. It may be defined as a method of optimizing (Maximizing or Minimizing) a linear function 
for a number of constraints stated in the form of linear equations. 
 
The General Linear Programming Problem can be stated below. 
Objective Function 

(Max or Min)Z = C 1 X 1 +C 2 X 2 + ... ...+C n X n . 
 
Subject to the constraints 

A 11 X 1 +A 12 X 2 + ... ...+A 1n X n (≤, = ,≥) B 1 
A 21 X 1 +A 22 X 2 + ... ...+A 2n X n (≤, = ,≥) B 2 
....................................................................... 
....................................................................... 
A m1 X 1 +A m2 X 2 + ... ...+A mn X n (≤, = ,≥) B m 

Non negativity constraints 
X 1 , X 2 ,... ...,X n ≥ 0. 

In this paper, 
 
Min Z = ∑ ܺ݅

ୀ1  subject to Xi ≥ Bi, where i = 1,2,...7. 
where Xi is the number of workers assigned to day1,day2, etc, and Bi is the demand of workers 
for day1, day2, etc. 
 
PROBLEM DEFINITION 
Consider a textile industry that is open seven days a week. Based on past experience, the number of workers needed 
on a particular day is given in Table No. 1. Every worker works six consecutive days and then takes one day off, 
repeating this pattern indefinitely. How can we minimize the number of workers that staff the company? 
 
Model 
X 1 = Number of workers starting duty on Sunday (Sun-Fri) 
X 2 = Number of workers starting duty on Monday (Mon-Sat) 
X 3 = Number of workers starting duty on Tuesday (Tues-Sun) 
X 4 = Number of workers starting duty on Wednesday (Wed-Mon) 
X 5 = Number of workers starting duty on Thursday (Thu-Tue) 
X 6 = Number of workers starting duty on Friday (Fri-Wed) 
X 7 = Number of workers starting duty on Saturday (Sat-Thu) 
The demand for the number of workers in the company on Sunday (100), Monday (220), 
Tuesday (170), Wednesday (200), Thursday (250), Friday (80), and Saturday (300) respectively. 
Let Xi be the number of workers who begin their six-day shift on the day i. Our objective is 
 
X 1 + X 2 + X 3 + X 4 + X 5 +X 6 +X 7 
 
Consider the constraint for Sunday staffing level of 100. Those who start their shift on Sunday(X1), will work for 
continuously 6 days, that is Sunday to Friday. Those who start their shift on Monday (X2), will work for 
continuously 6 days, that is Monday to Saturday. Similarly, Those who start their shift on Tuesday(X3), will work for 
continuously 6 days, that is Tuesday to Sunday and so on. The details are shown in Table No. 2 
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Similar arguments give a total formulation of 
Minimize Z = ∑ ܺ݅

ୀଵ  
Subject to the constraints 

X 1 + X 3 + X 4 + X 5 + X 6 + X 7 ≥ 100 
X 1 + X 2 + X 4 + X 5 + X 6 + X 7 ≥ 220 
X 1 + X 2 + X 3 + X 5 + X 6 + X 7 ≥ 170 
X 1 + X 2 + X 3 + X 4 + X 6 + X 7 ≥ 200 
X 1 + X 2 + X 3 + X 4 + X 5 + X 7 ≥ 250 
X 1 + X 2 + X 3 + X 4 + X 5 + X 6 ≥ 80 
X 2 + X 3 + X 4 + X 5 + X 6 + X 7 ≥ 300 
X 1 , X 2 , X 3 , X 4 , X 5 , X 6 , X 7 ≥ 0; / Xi ≥ 0 for all i. 

 
SOLVING THE MODEL 
Since this model has 7 variables, we cannot solve the problem manually. Hence we can solve the LPP by using a 
solver. If we solve the LPP, we will get the feasible solution Min Z = 300. 
 

CONCLUSION 
 
Workers shifting allotment is a well-established area. It is important to note that our model only includes one type of 
shift; however, the model may simply be expanded to include additional types of shifts with varying shift prices. The 
resulting schedule comprises schedules that are balanced in terms of the distribution of shift tasks, fairness in terms 
of the number of consecutive night duties, and the preferences of the employees, among other things. This is an 
improvement over the typical manual approach, which is both time-consuming and inefficient in terms of 
establishing a suitable timetable, as well as labor-intensive. A complex scheduling challenge that impacts industry 
personnel on a daily basis all around the world, workers rostering is a complex scheduling problem. For a variety of 
reasons, there is a genuine demand for high-quality software applications. In particular, it is critical to maximize the 
use of time and effort, to evenly distribute the task among employees, and to make every effort to accommodate 
individual preferences in the workplace. In addition to increasing employee satisfaction, a high-quality roster can 
also increase employee productivity. This research article can be applied to all other professions of work that use 
shift arrangements as well as to the military. However, while the problem in this work has been addressed using 
Linear Programming, the identical problem can also be solved using Integer Programming. 
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Table No. 1 No. of workers needed on a particular day of the week 
 

 X2 X3 X4 X5 X6 X7 X1 
Day Mon Tue Wed Thu Fri Sat Sun 

No.of Workers 220 170 200 250 80 300 100 
 
Table 2: The formulated model of days and workers 
 

Day X1 X2 X3 X4 X5 X6 X7 
Sunday * * * * * * - 
Monday - * * * * * * 
Tuesday * - * * * * * 

Wednesday * * - * * * * 
Thursday * * * - * * * 

Friday * * * * - * * 
Saturday * * * * * - * 
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Rapid increases in vehicle ownership, especially in two wheelers in India and have placed considerable pressure on 
the road networks, their traffic and control devices, and on users of road facilities. The number of people killed and 
injured in traffic crashes has been steadily increasing. Unfortunately, in the rush to develop and expand road 
networks, problems can sometimes arise in new construction and especially in rehabilitation schemes if insufficient 
attention is given to road safety impacts that can be associated with road infrastructure projects. The higher speeds 
that become possible on improved roads can lead to an increase in road safety risk for communities along such routes 
and for vulnerable road users. There is an increasingly concerned about the growing road safety problems. The rate of 
accidents increases during construction of various road projects as operating environment is different during 
construction, dust during construction, deep excavations made during construction of CD structures etc. Similarly, 
rate of accidents increases during nights driving due to poor visibility etc. It is also observe that road user such as 
pedestrians and animals are largely involved during road accidents due to inadequate project facilities etc. Thus there 
is an urgent need to develop various strategies to ensure safety of road users and workers. This study identify such 
strategies. This study presents strategies for safety during construction, strategies for safety during nights and also 
strategies for safety of vulnerable road users. Relevant Indian standards and specifications are also studied to design 
and plan such strategies. A case study is also made during this study to illustrate the applications of these identified  
strategies on a four laning road projects i.e. Lebad – Jaora road project in the state of Madhya Pradesh. It is expected 
that the strategies identified in this study will be useful to reduce safety problems on Indian roads. 
 
Keywords: Strategies for safety, CD structure, Fourlaning road, Lebad- Jaora road. 
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INTRODUCTION 
 
General 
 
The Safety requirements aim at reduction in injuries, loss of life and damage to property resulting from accidents on 
the Project Highway, irrespective of the persons at fault. Users of the Project Highway include motorized and non-
motorized vehicles as well as pedestrians and animals involved in, or associated with accidents. Vulnerable Road 
Users (VRU) include pedestrians as well as riders of motorized two-wheelers, bicycles and other vehicles which do 
not provide adequate occupant protection. Safety requirement apply to all phases of development, construction, 
operation and maintenance with emphasis of identification of factors associated with accidents, consideration of the 
same, and implementation of appropriate remedial measures. Safety requirements include measures associated with 
traffic management and regulation such as road signs, pavement marking, traffic control devices, roadside furniture, 
highway design elements, enforcement and emergency response. 
 
 Need of Study 
 
 Number of people killed and injured in road accidents has been steadily increasing. Fatalities in road accidents 

surpass the deaths by disease or epidemic which results in grief and agony to many. 
 Accident results in huge economic loses and accidents are a major socio economic cost that can typically 

amount to 1-2% of annual GDP in each country. Accidents are inhibiting the economic and social development 
of the region and adding to the poverty and hardship of the poor. 

 Higher speeds that become possible on improved road (New construction or rehabilitation projects) can lead to 
an increase in road safety risk for communities along such routes and for vulnerable road users. Unfortunately 
in the rush to develop and expand road infrastructure, if insufficient attention is given to road safety impacts, 
safety problems can arise in new construction and especially in rehabilitation/ widening projects 

 Increasing traffic volume, the rapid growth in two wheelers, and the higher speeds made possible by 
construction improvement and rehabilitation of road can all add to the safety problem. 

 The increase speed along the improved road may result in an increase in accidents at sections with poor 
alignment, particularly at junctions and where the road passes through or is adjacent to small communities. 
Such accidents occur, not because the rehabilitation work is deficient work, but because the operating 
environment has not been given adequate attention. It is therefore necessary that adequate attention is paid to 
the safety needs of road users who are likely to use that road. 

 Thus there is need to make every effort to ensure that development of road infrastructure projects do not 
further worsen the road safety problem. 

 
Objective and Scope of Study 
 
The main objective of this study is to Development of Some Strategies to Enhance Road Safety. To achieve the above 
objective, the scope of this study are identified as follows: 
 To carry out literature review on road safety in India and problems related with road safety. 
 To develop Strategies to Enhance Road Safety.  
 To conduct a case study to illustrate the applications of strategies to enhance road safety as above. 
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LITERATURE REVIEW 
 
General 
The main objective of this study is to developed some strategies to enhance road safety. To meet the above objective 
a comprehensive literature review was carried out to identify various safety related problems on Indian roads. 
Literature review was also made to identify remedial measures to reduce these problems. This chapter presents the 
important safety related problems observed during literature survey. This chapter also presents a review on National 
Road Safety Policy. 
 
Literature Review on Road Safety Problems 
 
The Government of India has initiated an ambitious National Highways Development Programme (NHDP) that 
relies substantially on Public Private Partnerships (PPPs) as a means of attracting private capital, improving 
efficiencies and reducing costs. Several states are pursuing similar programmes based on PPPs in state highways, 
while a few others are in different stages of the process. For awarding PPP projects within a competitive, efficient 
and economic framework based on international best practices, Government of India has adopted a Model 
Concession Agreement (MCA) for PPPs in National Highways. On similar lines, the Planning Commission has 
published an MCA for State Highways. These MCAs follow the Design, Build, Finance and Operate (DBFO) 
approach that requires the Concessionaire to bear the responsibility for detailed design. However, the accountability 
for providing safe and reliable roads ultimately rests with the Government and the MCA, therefore, mandates a 
Manual of Standards and Specifications that the concessionaire must conform to. As per Article 18 of MCA, the 
Authority shall appoint a safety Team to review safety requirements for the project in according to schedule-L of 
MCA. Model Concession Agreement identified scope of safety Team for various stages of highway project. Also 
MCA identified obligation of Concessionaire for ensuring safety of highway in design, construction and operation 
period. 
 
Scope of Safety Team 
 
Scope of Safety Team It is stipulated in the Concession Agreements of the PPP Projects that the Concessionaire shall 
develop, implement and administer a surveillance and safety programme for providing a safe environment on or 
about the Project Highways and shall comply with the safety requirements set forth in Schedule ‘L’ of the Model 
Concession Agreement (MCA). It is also stipulated in the Concession Agreement that NHAI shall appoint an 
experienced and qualified firm or organization as a “Safety Team” for carrying out safety audit of the Project 
Highway in accordance with the safety requirements set forth in Schedule-L. 
 
Scope of Safety Team according to Schedule-L of Model Concession Agreement is in following three stages- 
•  For Development Period. 
•  For Construction Period. 
•  For Operation Period.  
 

Scope of Safety Team- for Development Period  
Collection and Analyzing of Preceding Two Years Accident Data 
 
 The road safety team under the guidance of Team Leader will collect the accident data for last 2 years from 

concerning police stations lying on project highway. The data will be collected on all fatal crashes and other road 
accidents by obtaining copies of the relevant First Information Report (FIR) and other relevant record etc. from 
the Police Station having jurisdiction on the project road. The team will seek the help of MPRDC in this matter to 
expedite the work. Further senior police officers will also be contacted to get the above information.  
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 The information collected above will be tabulated in road accident reporting form (Form-A-1 ) as issued by IRC ( 
I.R.C.-53-1982 ). Each accident will be posted in  different 22 tables which are sub- parts of Form A-1, in view to 
analyze the accident from different angles.  

 The above accident data will be analyzed for the type of victim killed or injured, impacting vehicles, location of 
accidents and other relevant factors on yearly basis.    

 The accidents data will be analyzed in 19 different ways as per road accident Form-4 as issued by IRC ( I.R.C.-53-
1982 ) in view to analyze the accident from different angles. A sample of road accident form-4 is provided in 
Appendix B. 

 The results of the above analysis will be summarized and presented in tabular forms  in 19 different tables which 
are sub- part of road accident Form-4 as issued by IRC ( I.R.C.-53-1982 ) This tabulation will be further 
transformed into a graphical representation to demarcate the black- spots along with causes and type. 

 
Review of Design Details and Relevant Drawings 
 
 Beside collecting and analyzing the accident data, the road- safety consultancy team  will also review the design 

details and the other relevant matters indicating the safety measures to be adopted for ensuring the  safety of  
workers, road users etc. The safety team will review the feasibility report, D.P.R., project drawings, safety plan 
etc as provided by the concessionaire for this purpose.  

 The design and drawings will be referred from safety perspective for horizontal and vertical alignment , sight- 
lines, layout of intersection and interchanges, road cross -section, all structures such as Bridges and Culverts, 
drains, parking places, lane provision for slow –moving vehicles and pedestrians and bay lanes for truck and 
buses etc. to ensure their consistency with the design standards.  

 
Safety Audit of the Project Road 
 The road safety audit for the existing 2 lane highway will then be conducted in a  period of three months to 

identify the black spots and hazardous objects. In this audit the help of traffic police and other stake- holders will 
be sought. The dangerous points will be identified and will be categorizes as high, medium and low risk.  

 
Submit Safety Report 
 Safety report will be prepared on the basis of analysis of accident data, review of design  details and safety audit. 
 All the recommendations and observations regarding design, drawings and safety Audit of existing 2 lanes will 

be forwarded to M.P.R.D.C. for consideration and their enforcement in accordance with contractual provisions. 
The recommendations will be discussed with Concessionaire and Independent Engineer while assisting the client 
to ensure their effective implementation. 

 
Scope of Safety Team  - for Construction Period  
 To suggest and review the arrangement made during the construction period for the safety of Workers and road 

users. 
 To conduct Road Safety Audit to assess adequacy of safety measures. 
 To prepare the safety report and to recommend additional road safety measures, if any 
 
Scope of Safety Team- for Operation Period  
 To suggest and review the arrangement made during the operation and maintenance period for the safety of road 

users. 
 To conduct Road Safety Audit to assess adequacy of safety measures during operation period.  
 To prepare the safety report and to recommend additional road safety measures, if any. 
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Road Safety Audit 
Road safety audit (RSA) is a formal procedure for assessing accident potential and safety performance in the 
provision of new road schemes, the improvement and the rehabilitation of existing roads, and in the maintenance of 
existing  roads.  It should form an integral part of highway planning, design, construction and  maintenance, and  it 
requires  an objective approach to the assessment of accident risk. The  principal  method  of ensuring  this objectivity 
is through  the  independent assessment of schemes  by persons  who are  independent of the  original design team. 
RSA can be applied to all kinds of road projects- new road construction as well as widening of existing road. It can be 
applied to small and large project and can be used on rural as well as urban roads. 

 

METHODOLOGY 
 
Development of Strategies 
 
General 
The main objective of this study is to developed some strategies to enhance road safety. To meet the above objective a 
comprehensive literature review was carried out to identify various safety related problems on Indian roads. This 
chapter is mainly focused on develop strategies of safety during construction of highway, safety during night and 
safety of vulnerable road users/pedestrian and animals and  
 
Development of Strategies to Enhance Road Safety 
Strategies for Safety During Construction 
 
Overview 
Construction zones are an integral part of any road system. This is more so in a developing country like India where 
most of the road construction has been designed as a 'stage construction' process. This method of design provides for 
the improvement of the road, both in terms of the geometry (for example, widening to increase the number of lanes, 
widening to create a divided carriageway or changes to the vertical or horizontal alignment) and structurally (for 
example, to increase the pavement thickness to withstand the axle load of traffic), during the life of the road. In 
addition, the general maintenance activities on roads give rise to "construction zones" on the roads. Traffic on our 
roads has increased many times and will continue to do so, as many roads are either operating or expected to operate 
at their maximum capacity in the near future. Under these circumstances the existing methods of maintenance and 
construction compromise safety and cause delays and inconvenience which are no longer acceptable. A change in 
design and implementation practices is, therefore, necessary to overcome the problems. 

 
Road construction and maintenance work is hazardous for both the site operatives and the road user. At work sites 
in rural areas, traffic is never more than 15 metres away. In addition, speeding vehicles create a whirlwind of dust 
around the work place and noise from the traffic and maintenance equipment often masks the sound of an 
impending accident. Under the present system, the traffic operations and safety provisions during 
improvement/maintenance works depend entirely upon the expertise of the engineer. This has been found to be 
unsafe and inefficient. Besides, non-uniformity in the methods of traffic control and placement of signs at various 
locations increases confusion for road users. In our country, where the travel distances extend upto 300 km or more 
and where the majority of heavy vehicle drivers are, at best, only semi-literate, there is a need for adopting uniform 
traffic control methods and devices at construction zones to ensure the safety of both the road users as well as the 
construction workers. 
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Problems  
 
 Excavation is very important activity of road construction. During construction, road side excavation for widening 

of road and structure excavation of construction of CD work is very initial process. However, this excavation is 
very dangerous for safe traffic operation during the construction of road and CD structure, if adequate 
arrangements are not provided. The vehicle may fall down suddenly on excavated site, if proper guidance to the 
traffic is not provided.  

 Dust is created during movement of traffic, which is very dangerous for safe movement of traffic. Because dust 
reduced visibility and it is very dangerous for high speed traffic. 

 During the construction, it is required to divert the traffic at several places like during construction of CD 
structures, during strengthening at existing carriageway etc. through diversion. Inadequate diversions  (very poor 
geometric) is very dangerous for safe operation of traffic specially at night. Also proper and adequate arrangement 
of barricading, direction sign board, flags, delineators required for safe movement of traffic during day as well as 
during night also. 

 During the construction, it is require to proper monitoring of safety devices/safety measure at construction site for 
proper needful arrangement of safety measures at construction site.  

 
Strategies for Safety During Night 
 
Overview 
Road accident occurs higher during night in respect of day time. Some design problems or inadequate construction 
are creates hazardous to the high speed traffic during night. Most of the reflective sheeting seems dull before there 
warranty time which creates problem in visibility to the traffic during night. All the situations are seems opposite for 
safe movement of the traffic during night and increase risk of accident to high speed traffic. 

 
Problems 
 
 Poor visibility is affected to safe operation of traffic. 
 Naturally night time is identify for rest time for our body, so loss of attention is very major problem during night 

driving. 
 It is observed that, the traffic sign can’t sustain their retro-reflectivity property up to sometime like 4-5 years i.e. 

they may be useless after 4-5 years. At this condition they will not working as the sing boards. 
 It is observed that the road marking seems to be dull during rainy season or within 1-2 years. However, this is 

very important for safe operation of traffic during night time especially.  
 All the road side structure like median, structure Parapet wall etc. may be dangerous during night for safe 

operation of traffic. 
 

Strategies for Safety of Vulnerable Road User 
 
Overview 
All over India, flows of modern motor vehicles are mixed with animal-drawn carts and bicycle. As well as reducing 
capacity substantially, the presence of slow-moving vehicles on the same carriageway creates hazardous conditions. 
Other vehicles may be forced to slow down rapidly, or be temped to overtake in dangerous circumstances. Non-
motorized vehicles are amongst the most vulnerable group of road users and like pedestrians, are unprotected.. 
Consequently, any impact, even a small one, can results in serious injury to riders and passengers. 
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The mix of traffic in India can lead to particularly hazardous situations because of the wide range of vehicle 
performance characteristics especially in the speed differentials. Segregating the slower moving traffic from the 
motorized flow can offer safety benefits and an improvement in overall efficiency of the network. Although it is rarely 
practical to build completely separate networks in existing cities, it may be possible to provide a safer network by 
providing additional facilities along certain routes and linking these by short, segregated sections. In new 
developments, segregated road and path systems can be included at the planning stage, often at little cost. Pedestrian 
and slow moving vehicles can share facilities. The provision of shoulders along rural roads could provide one such 
facility. 

 
Also Lay-byes and bus stops allow vehicles to stop safely and with the minimum of adverse effects on other traffic. 
This is best done with a segregated area joined to the main road pavement only at an entry point and an exit point. 
Vehicles can then stop off the main carriageway without interfering with other traffic and with less risk to passengers 
getting on or off. 
 
Problems  
In India, despite the large numbers of cyclists and other human powered Vehicle (e.g. cycle-rickshaws, hand-carts), 
very few special facilities are available. In India, these vehicles have to compete for road space against cars, trucks and 
other motorized traffic using the roads. for example, buses stopped adjacent to the kerb can obstruct cyclists and other 
slow moving vehicles. 

 
Other kinds of slow moving vehicles can be even more problematic, especially if they are physically large - at are 
many animal drawn carts. Slow moving animal drawn traffic can be particularly hazardous in rural areas and at night. 
Often unlit, they obstruct (aster moving traffic in an unpredictable way. Unsuspecting drivers run serious risks of 
collision, either with the car or with other vehicles if they attempt to overtake. It must be recognised however, that in 
India, animal drawn carts are still fundamental to the local and rural economy and so cannot just be banned. Further, 
vehicles stopping at a lay-byes or bus stop constitute a temporary obstruction which may obstruct visibility of an 
important feature. If the lay-byes is close to the road, there is also the risk of collision between parked vehicles and 
those inadvertently straying from the road. 

 
The slower speeds of vehicles entering and leaving a lay-byes could cause a hazard to faster moving through traffic, 
although this is often less hazardous and disruptive than buses slopping directly on the carriageway.On heavily 
trafficked roads, bus drivers may not wish to enter a lay-byes because of the difficulties of merging with the main road 
flow again. A bus lay-byes which has been produced at the expense of the adjacent footway may not be used fully at 
peak periods because of pedestrian queues and movements.At existing commercial sites, there may be insufficient 
room for the construction of a service road, although there may be too many accesses to the compatible with safety. 
 
CASE STUDY 
 
General 
The main objective of this study is to identified some safety measures for a highway project Lebad –Jaora (SH-31) by 
case study of the project. This chapter is mainly focused on safety during construction of highway, safety during night 
and safety of vulnerable road users/pedestrian and animals. This chapter is prepared with a basic aim to recommend 
a package of additional road safety measures and other project facilities that are required, for reducing accidents 
hazards on Lebad- Jaora road project. This chapter is based on the road safety audit of the project highway. These 
chapter were reviewed to identify the accident prone locations, requirements of project as per concessionaire 
agreements etc. and project facilities required. Road safety audit was conducted for the entire project highway 
during day time as well as during night time also to identify the problems and potential hazardous locations. This 
chapter mainly presents some safer practices for safe movement of traffic during the day as well as during night also. 
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The main purpose of this chapter is to succinctly address the aspects of the proposed scheme that may contribute to 
creating unsafe conditions. 
 
Project Highway 
The Lebad–Ratlam–Jaora Road, Project Highway is a segment of 500 km long Ajmer- Naisirabad-Nimach-Mandsaur 
– Indore. It provides the shortest route of transportation from northern part of India to the southern part and vice-
versa. It takes off from Ajmer in Rajasthan and traverses southwards in the state of Rajasthan connecting the towns 
Bhilwara and Chittaurgarh. Thereafter, it enters Madhya Pradesh in Nayagaon and continues traversing in the 
southerly direction uptoLebad, where it joins NH-59 (Ahmedabad-Godhra-Dhar-Indore) and thereafter runs in the 
easterly direction up to Indore, where it joins NH-3. It commences from Lebad at intersection of NH–59 and traverses 
in the northern direction through the districts of Dhar, Ratlam. Indore the biggest industrial hub in Madhya Pradesh 
is just 47 km. from Lebad and Bhopal the capital city is 234 km. The project corridor traverses through the towns of 
Sadalpur, Nagda, Badnawar, Satrunda, Ratlam, Jaora. The road project plan location is shown in Figure 1.  
 
Strategies for Safety during Construction 
Road construction work is hazardous for both workers and road users. Construction zone creates an environment 
where traffic is forced with a series of unusual hazards like dust due to construction, deep excavation at CD 
structures, substandard alignment, construction equipments, and diversion to other routes. Roads with construction 
sites have higher accidents rate, when compared with similar section of roads without construction site. Therefore 
there is a need to reduce the increased risk to road users and site workers during construction also by adopting 
suitable safety measures.  
 
Some of the important measures recommended improving safety of road users and workers during construction of 
Lebad-Jaora road project are summarized as follows. These recommendations were suggested on the basis of 
deficiencies observed during regular monitoring and review of safety measures of the project highway and on the 
basis of the analysis of accidents occurred on project highway. Relevant photographs showing safety measures 
during construction are also presented. 
 
 Poor surface condition (presence of big potholes, depressions, crack etc.) of existing carriageway may be 

dangerous for safe and smooth traffic operation. Photograph-4.1 presents the poor surface  condition which may 
be dangerous for safe traffic operation. Therefore, It is suggested that existing carriageway should be adequately  
maintained by filling all potholes, depressions, crack repair etc. Photograph-4.2 shows the maintenance on the 
project highway. Similarly shoulder also needs to be maintained for smooth traffic operation. Basically this is 
required to ensure that adequate carriageway width will be made available for safe and smooth traffic operation. 

 During construction it is observed that dust is created due to movement of traffic and construction vehicles 
affecting visibility Photo-4.3 shows that visibility is poor due to dust. This is dangerous situation and may lead to 
accidents. Therefore efforts must be made to reduce dust by adopting various measures like sprinkling water etc. 
Photo-4.4 shows the sprinkling of water to reduce dust on project highway. 

 Diversion needs to be constructed for construction of CD structures/Bridges etc. to divert the traffic. Adequate 
information and guidance is required so that traffic from the existing carriageway can be diverted safely. Photo 
4.7 and photo 4.8 illustrate this point. It is observed that adequate safety measures are not adopted at these 
diversions and they became hazardous location. It is observed that these measures are not very effective due to 
improper arrows, placement of boards at improper location .stones put as delineators are not effectively white 
washed. Further team observed that the above measures are not effective during night and more retro reflective 
sign boards are required to improve safety during night.   

 Due to construction activities, existing carriageway width available may be inadequate for the traffic plying on 
project highway. Therefore it is suggested that no overtaking sign, go slow etc. may be installed at all such 
critical locations to guide the traffic and to avoid accidents that may take place during overtaking operation. 
More information to road users regarding construction work is in progress, go slow, no overtaking, speed limit, 
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deep excavation, narrow bridge etc. by installing appropriate sign boards at regular interval ( specially more 
effective during night also) are  required to enhance safety on project highway. 

 
Strategies for Safety during Night 
 
 Driving during night is more dangerous due to various construction activities going on project highway. 

Therefore more precautions is necessary during nights. It is suggested that adequate lighting arrangements at all 
deep excavations should be made. Further all sign boards and other safety measures should be visible during 
night also. More information to road users regarding construction work is in progress, go slow, no overtaking, 
speed limit, deep excavation, narrow bridge etc. by installing appropriate sign boards (specially retro reflective 
sign boards) are  required to enhance safety on project highway during nights 

 Provide other road safety devices such as traffic impact attenuators (like assembly of old tires or steel drums etc) 
to prevent errant vehicles from impacting fix objects, road delineators to provide visual assistance to drivers 
about the road ahead specially at night, hazard and object markers to indicate hazards and obstruction within the 
vehicle flow path. 

 
Strategies for Safety of Vulnerable Road Users 

 
 Provide various facilities for the safety of pedestrians and animals at habitation, built-up areas, junctions etc. the 

guard rails shall be provided to enhance safety. Pedestrian guardrail needs to be designed to control and guard 
pedestrian and road crossing movements’ safety. 

 Locations of significant pedestrian and animal cross traffic have been identified, based on which the needful 
facility is proposed for the safety of pedestrians and animals and to ensure smooth flow of vehicular traffic.  The 
tentative location for the pedestrian sub-ways and animal crossing 

 Construction of bus lay byes of suitable design at the required locations is desirable to avoid any serious effect on 
the capacity of the road due to buses standing indiscriminately on the carriageway to drop or pick up passengers. 
The governing consideration for locating bus stops is the overall safety and minimum interference to the through 
traffic. The bus stops should be sited away from bridges and other important structures, from embankment 
section, which are more than four meters high as from horizontal curves and from top of vertical curve summit.     

 The provision of truck parking shall be based on the site requirement and as per the MORTH Guidelines 
(RW/34032/5/880-DOII dated 22nd August, 1988). Parking shall be designed in the form of rectangular/ 
trapezoidal area/ parallel to the road and separated from the carriageway by a separator.  

 
CONCLUSIONS AND RECOMMENDATION FOR FUTURE STUDY 
 

CONCLUSION 
 
The basic objective of this study was to develop some strategies to enhance safety on Indian roads. Some of the 
important conclusions drawn from the present study are as follows: 
 
 Some of the safety related problems on Indian roads as follows:  
 Adequate arrangement not provided for various activities during construction like :  
 Site for deep excavation. 
 Removal of dusty environment. 
 During maintenance work. 
 At Diversions. 
 Poor monitoring of safety measures during construction. 
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 Traffic movement during night time is dangerous due to  
 Poor visibility. 
 Loss of driver attention. 
 

 Safety of Vulnerable road users   
 large numbers of cyclists and other human powered Vehicle (e.g. cycle-rickshaws, hand-carts) 
 buses and other good vehicle stopped adjacent to the kerb which creats dangerous to safe movement of traffic and slow 

moving vehicles also. 
 

 Some of the strategies identifies to enhance safety are as follows: 
 Strategies to ensure safety during construction are identified as follows. 
 Strategies to ensure safety during Night are identified as follows. 
 Strategies to ensure safety for vulnerable road users are identified as follows. 

 
Case study illustrate the applications of these identified strategies on a four lanning road projects i.e. Lebad – Jaora road project in 
the state of Madhya Pradesh. It is expected that the strategies identified in this study will be useful to reduce safety problems on 
Indian roads. 
 
RECOMMENDATION FOR FUTURE STUDY 
 
This study has identified some strategies to enhance safety on Indian roads. More detailed studies are needed to 
develop more comprehensive strategies to enhance road safety. It is also recommended to conduct more studies on 
different type of roads to identify effectiveness of such strategies in reducing accidents on Indian roads. 
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The risk of problems during pregnancy and delivery is higher for pregnant women who have epilepsy. 
Hospital-based research may be able to provide valuable information about current management and 
results in this population of patients. The purpose of this study was to discover whether or not pregnant 
women's seizure frequency, as well as pregnancy and birth outcomes, changed over time. Before and 
during the pregnancy, information about seizure frequency was gathered; concurrent medications, 
pregnancy problems, and neonatal outcomes were also recorded. Patient's medical data from 115 
different pregnancies were evaluated by the researchers. Patients were treated with antiepileptic drugs 
throughout their pregnancies, both as monotherapy and as part of a polytherapy regimen. It is necessary 
to compare drug prices with the prices of resources used in the management of adverse events, as well as 
prices associated with treatment change, in order to determine the relative quantity of those agents. . We 
calculated the cost-minimization methodology for the economic evaluation of the information, which 
was backed by the fact that randomized studies demonstrated that various anti-epileptic medications are 
aware of comparable effectiveness in treating epilepsy. The analysis was carried out with the goal of 
treating the patient with direct medical costs of prescribed branded drugs with alternates were taken into 
consideration. The cost minimization observed in this category of drugs was up to ten times that 
of prescribed brands.  
 
Keywords: Cost minimization; Epilepsy; Anti-epileptic drugs; Pregnant women. 
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INTRODUCTION 
 
Since health care is currently characterized by a high level of cost sensitivity, it has become necessary to conduct 
economic analyses of medications in order to find those that provide the greatest value for money while treating 
patients. For those illnesses in which there are numerous competing medications available, economic analyses 
evaluating the costs and results of therapy with various drugs are becoming more common practice. Similarly, the 
introduction of new antiepileptic drugs (AEDs) has prompted economic assessments to compare the costs and effects 
of utilizing either new or established AEDs in the treatment of epilepsy. To determine whether higher charges are 
justified in cases when enhanced efficacy cannot be demonstrated, economic analyses must analyze the resource 
implications of different adverse-event profiles' [1]. Patients with epilepsy incur a significant share of the entire costs 
associated with their treatment, which includes the procurement of AEDs. New AEDs could have a significant 
influence on the resources available to treat epilepsy in developing countries, particularly if savings from improved 
clinical results do not fully offset the cost of the medications. 
 
Epilepsy is a broad term that refers to a variety of distinct forms of seizures that might present themselves as a 
change in sensory perception or in subjective/objective behavior, a disturbance in consciousness, or tonic-clonic 
convulsions, among other things. It is estimated that approximately 5-7 people in every 1,000 in Europe suffer from 
epilepsy, making it the most common neurologic disorder. Epilepsy is a central nervous system (CNS) disorder in 
which brain activity becomes abnormal, resulting in seizures or episodes of abnormal behavior, feelings, and, in 
some cases, perception loss. Epilepsy can affect anyone at any time. Epilepsy affects men, women, and children of all 
ages and races, as well as people from all ethnic origins. The symptoms of a seizure can be extremely variable. While 
having an epileptic seizure, some people with epilepsy simply sit there and stare blankly for a few seconds, while 
others shiver their arms or legs incessantly. A single seizure does not necessarily imply that a person has epilepsy [2]. 
The use of pharmaceuticals is the cornerstone of epilepsy treatment. Monotherapy is favored since it can treat up to 
80 percent of patients with a single medication; however, the use of other medications in conjunction with 
monotherapy may enhance seizure control in some patients. The type of seizure experienced by the patient can 
define the appropriate treatment [3]. 
 
In most cases, at least two light seizures are required to establish an epilepsy diagnosis. Medications and, in rare 
cases, surgical intervention can be used to manage seizures in the vast majority of people who have epilepsy. Some 
patients require lifetime treatment to manage their seizures, however, for the majority of people, the seizures 
gradually subside or disappear. Some children who suffer from seizures may outgrow their condition as they get 
older [4]. Seizures during pregnancy are dangerous to both the mother and the unborn child, and certain anti-
epileptic drugs can raise the risk of birth abnormalities in the mother and the unborn child. Pregnancy should be 
closely watched throughout, and drugs may need to be modified as a result of this [5-6]. Unfortunately, no studies 
have been conducted to determine the significance of contributing factors such as variances between AEDs, levels of 
in utero exposure, or epilepsy type. According to recent research, the influence of maternal AED exposure on fetal 
cognitive and behavioral development has arisen as a source of concern [7]. 
 
The Government of India has addressed the issue of differential pricing of medicines, at least to a certain extent, 
through the periodic notification of the Drug Price Control Order (DPCO), which fixes the prices of certain drugs 
that are essential and makes them affordable for those who cannot afford them. The National Pharmaceutical Pricing 
Authority (NPPA) is in charge of putting this policy into effect [8]. This study was undertaken to analyze the cost 
difference of various anti-epileptic drugs available in the Indian market, as well as to highlight the cost variation 
among different branded and generic preparations available, in order to prescribe a more cost-effective medicine 
whenever possible in order to improve patient compliance and to reduce the medicine cost to both the patients and 
to the healthcare system [9]. 
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METHODOLOGY  
 
A retrospective study was conducted at the VMKVMCH in Salem, Tamil Nadu, for a period of six months from 
October 2020 to March 2021, with a sample size of 115 patients. The patients were chosen based on the inclusion 
criteria (patients with epilepsy, patients in the gynecological department between the ages of 20 and 50, and patients 
with other medical conditions) and exclusion criteria (Brainstem stroke, History of peroneal nerve injury). All of the 
referred individuals were evaluated for the possibility of receiving an anti-epileptic medication. The following 
information was obtained from either the patient or his or her attendant using a data extraction form: (a) a brief 
description/referral note of the current illness, (b) presenting complaints, (c) investigations performed previously, (d) 
interventions performed previously, and (e) the name of the city and hospital where the referring facility or doctor is 
located. Anti-epileptic medicine prices were obtained from several sources, including the CIMS (Current Index of 
Medical Specialties) (July-October 2020), Drug Today (July-October 2020), and the internet (www.1mg.com). It was 
noted in all of the above-mentioned sources [10] that the minimum and maximum costs in rupees (INR) of an anti-
epileptic medicine manufactured by different pharmaceutical businesses in the same dose strength were variable. 
The cost of ten tablets/capsules, one bottle of syrup/drops, and one ampoule/vial were all estimated, and the results 
were presented. The cost of anti-epileptic-based oral formulations was determined for a period of three days in 
accordance with WHO regulations [11]. 
 
It is defined as the ratio of a drug's maximum cost to its lowest cost, where maximum cost equals minimum cost. It 
was estimated for all of the anti-epileptic medications were included. This implies an increase in the price of the 
prescribed drug when the chemical composition is the same but the commercial brands are different [12]. The cost 
ratio is a way of expressing the cost of pharmaceuticals in relation to the most expensive and least expensive brand of 
the drug available on the market at the time. It was also necessary to calculate the percentage of cost variation, which 
was supplied by the following equation: 
 
Percentage of cost variation= (maximum cost-minimum cost / minimum cost) X 100 

 
RESULTS AND DISCUSSION 
 
According to our findings, carbamazepine and phenytoin were the anti-epileptic drugs that were most commonly 
prescribed. With the exception of phenobarbitone, a similar pattern of older AED use has been observed in India. 
When compared to the usage of carbamazepine, phenytoin, or lamotrigine, the use of valproic acid has been linked 
to a higher risk of malformation [13]. We continue to see valproic acid prescribed often among our patients, and it 
would be interesting to see if there is a trend in prescription among these patients in the future, given the current 
public awareness of the effects of valproic acid [14]. 
 
Additionally, more than half of the pregnancies among our patients were associated with increased seizure 
frequency. The reported rates of patients experiencing changes in seizure frequency during pregnancy are extremely 
diverse, which is most likely due to variances in sample size and methodological approach. According to a separate 
patient, factors that may impact variations in seizure frequency during pregnancy include changed disposition of 
antiepileptic drugs (AEDs), poor compliance with treatment (including psychological stressors), and physiological 
and hormonal changes [15]. Postpartum bleeding has been recognized as a possible cause of maternal death, and 
anemia has been identified as one of the contributing variables. The use of AEDs during pregnancy has been linked 
to an increased likelihood of postpartum bleeding, and as a result, anemia must be evaluated and treated 
appropriately during pregnancy [16]. Women in completely different age groups, such as 20-30, 31-40, and 41-50, 
were assigned to the age-wise distribution, which included the number of instances 40, 60, and 15, for a total 
percentage of 34.78 percent, 52.17 percent, and 13.04 percent, respectively. The proportion of women in each age 
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group and the number of women in each age group show that the majority of women (52.17 %) are between the ages 
of 31 and 40, with a very small percentage (13.04 %) of women between the ages of 41 and 50. A total of 115 cases 
were gathered during the study period, and the cases were divided according to whether or not they were obese. 
Only 35 (30.4 %) of the women are obese, compared to approximately 80 (69.6 %) of the women who are not obese. 
The cohort of pregnant epileptic women consisted of 115 women who had been exposed to AED in the months 
leading up to their pregnancy. In this study, the majority of the women (55 out of 100) received AED monotherapy 
during pregnancy; 25 (21.7 %) received polytherapy during pregnancy, and 35 (30.4 %) were not exposed to AED at 
any point during pregnancy. The study population consists of the risk factors, the number of instances, and the 
overall proportion of participants. Eclampsia was reported in 10 cases (43.5 %), and head injuries were reported in 3 
cases (13.0 %). Dementia 8 (34.8 %), stress 15 (65.2 %), hormone changes 6 (26.1 %), water and sodium retention 11 
(44.8 %), Cerebral vein thrombosis 2 (08.7 %), stroke 4 (17.4 %), hypoglycemia 7 (30.4 %). The distribution of the drug 
is based on cost minimization, as shown in Table No.1. It specifies the prescribed brand as well as another brand of 
the same medicine that is available at a low cost. Table No. 2 illustrates the percentage variance in cost between the 
prescribed brand and the alternate brand, with a minimum of 26.67 % and a maximum of 1030.77 % for the 
difference between the prescribed brand and the alternate brand. Almost a tenfold reduction in the cost of the 
prescription drug was demonstrated in the study. 
 
As a result, a patient may pay more than 10 times the price of an expensive brand of a drug compared to an alternate 
brand of the same drug. Especially concerning in the context of India, where patients are still responsible for 50-90 
% of the cost of pharmaceuticals and other medical supplies. It has been shown that the high cost of acquiring 
medications is a significant factor in low compliance [17]. False beliefs held by clinicians about the efficacy or 
superiority of branded medications over generic medications frequently result in the prescription of expensive 
medications when less expensive alternatives are readily available [18]. In many cases, this results in patients not 
complying or only partially complying with their treatment regimen. A measure of medication compliance is how 
closely prescribed medication is followed in terms of time, dosage, frequency, and duration of use in accordance 
with treatment guidelines or recommendations. it can be defined as Also known as the degree to which a patient 
correctly follows medical guidance.  Some other reasons that may contribute to patient noncompliance include drug 
formulation, improvement in symptoms, frequent dosing, drug-induced side effects, and others [19]. Hence, the 
prescription of high-quality generic pharmaceuticals that are as effective as branded drugs would result in increased 
patient compliance, which would in turn result in improved outcomes [20]. 
 

CONCLUSION 
 
In accordance with the findings of this study, therapy with various antiepileptic drugs under base-case assumptions 
resulted in cost savings when taking an alternate brand of antiepileptic medication rather than taking the prescribed 
brand. The cost difference between using a specific brand prescribed by physicians and utilizing a generic brand is 
raising the expense of treatment, which places an additional strain on the economically disadvantaged sector of the 
population already burdened. 
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Table No. 1. The distribution of the various oral anti-epileptic formulation 

S.No Drug Formulation Strength (mg) 
No.of 
Units 

Cost Per Unit of 
Prescribed 

Brands 

Cost Per Unit of 
Alternate Brand 

1 Carbamazepine Tablets 200 10 2.35 1.3 
2 Oxcarbazepine Tablets 600 10 20.4 10.6 
3 Lamotrigine Tablets 100 10 25.4 10.7 
4 Levetiracetam Tablets 750 10 74.8 16.2 

5 
Phenytoin 

Sodium Tablets 100 10 14.7 1.3 

6 
Valproate 
Sodium Tablets 200 10 4.6 2.25 

7 Topiramate Tablets 100 10 14.5 10.8 
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8 Zonisamide Tablets 100 10 26 16 
9 Gabapentin Tablets 100 10 5.7 4.5 
10 Clonazepam Tablets 2 10 6.5 3.8 

 
Table No. 2. Percentage of cost variation of various anti-epileptic formulations 

S.No Drug Strength (mg) Percentage of Cost Variation 
1 Carbamazepine 200 70.00% 
2 Oxcarbazepine 600 92.45% 
3 Lamotrigine 100 137.38% 
4 Levetiracetam 750 361.72% 
5 Phenytoin Sodium 100 1030.77% 
6 Valproate Sodium 200 104.44% 
7 Topiramate 100 34.26% 
8 Zonisamide 100 62.50% 
9 Gabapentin 100 26.67% 

10 Clonazepam 2 71.05% 
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Assuming that the joint area for lymphocyte – RBC adhesion as a and mean number of available 
receptors is a   in this paper, I had proved that the probability of s receptors is actually a Poisson 
distribution and had also obtained the probability of red blood cells bounding to the cell. It turns out that 
in this case we get the Binomial distribution.  
 
Keywords:  Lymphocyte – RBC adhesion, Infinitesimal areas, Poisson distribution, Combination 
coefficient, Binomial distribution.   
 
INTRODUCTION 
 
When small populations are involved, large fluctuations in any measured quantity is the norm, and probabilistic 
considerations become important. Rosette formation is an assay for the density   of antibody receptors on the 
surface of lymphocytes, macrophages, etc. The probes are the relatively small red blood cells (RBCs) whose surfaces 
are coated with the antibody in question, the Fc (leg) portion of which can bind, for example, to lymphocyte 
receptors. A number of RBCs attached to a lymphocyte, when viewed in profile, have the appearance of a rosette. 
The mathematical models involved in studying Rosette formation involve probability at two different levels. This 
paper discuss the mathematical aspects of the Rosette formation.  
 
Creating and Solving the Model  
In creating the suitable model, let us first suppose that the joint area for lymphocyte-RBC adhesion is a, so that the 
mean number of available receptors is a  . In this paper, I will determine the probability of s receptors actually 

being present in that area. To do this, first let us divide a  in to n infinitesimal areas of size , so that (2.1)a n  .  
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The probability that a certain s of the ’s will be occupied, n – s unoccupied, is clearly    2 1 (2.2)n s     . 

Each of the s ’s can be any of the n possible ones, and all s! permutations of the order of choice give the same 

configuration, so the desired probability is given by 
 ( ) 1

(2.3)
!

n ss s

s

n
p

s
    

  

From (2.1), 
an 


 and allowing the limit as 0 , and making use of Euler’s limit, (2.3) becomes 
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Equation (2.4) is a Poisson distribution with parameter a .  
Now, if it takes N bound receptors for the RBC to adhere, the probability of a given RBC adhering is simply 

( ) (2.5)
!

s a

s N

a ep
s

 



  

 
Probability of RBCs bounding to the cell  
In this section, I will determine the probability of m RBCs being bound to the cell in discussion. If the surface area of 

the cell is S, we can imagine, tentatively, that there are 
SM
a

  possible binding areas. The argument can be 

repeated, but we need to take care, since a is not infinitesimal here. Now the number of ways that m areas out of M 

can be chosen to bind RBCs is just the combination coefficient 
!

( )! !
M M
m M m m

 
    

 

Hence the associated probability is (1 ) (3.1)m M m
m

M
P p p

m
 

  
 

 

We see that (3.1) is a Binomial distribution with parameters M and p.  
Finally, assuming that three or more bound RBCs are identified as a rosette, the relative frequency of lymphocytes 
appearing as rosettes should be 

0 1 2
3

1 (3.2)m
m

f P P P P




      

 

CONCLUSION  
 
In this short paper, I had proved that the probability of s receptors by dividing a in to n infinitesimal areas of size  
is a Poisson distribution with parameter a   through equation (2.4) in section 2. Knowing that the events occurring 
in Poisson distribution is rare, we can conclude that the event of occurrence of s receptors by dividing lymphocyte-
RBC adhesion in to infinitesimal areas is quite rare. Moreover for such an event, the mean will be equal to its 
variance being a  
In section 3, I had proved that the probability of m Red Blood Cells being bound to the cell turns to be a Binomial 
distribution with parameters M and p. Through equation (3.2), given f, one can work back numerically to find ρ so 
that the assay strategy will be complete. These results reveal the pattern and behavior of Rosette formation in cells.  
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Present investigation revealed the bacterial microbiome study of wheat rhizosphere between two 
different agro-climatic zones of country viz. Research farm, Institute of Agricultural Sciences, BHU and 
IARI Regional Research Centre, Wellington, Tamilnadu. Rhizosphere soil samples from different 
locations in the agro-climatic zones were taken for the isolation, characterization, identification of 
bacterial communities. After identification, based on biochemical and molecular characterization, their 
phylogeny was studied. The representative isolates were screened on the basis of multiple growth 
promoting activities shown by them. Based on 16S rRNA gene sequencing, the representative isolates 
were identified as Gibbsiella and quercinecans IASBHU1, Bacillus subtilis IASBHU2, Agrobacterium 
salinitolerans IASBHU3, Agrobacterium salinitolerans IASBHU4, Pseudomonas sp. IASBHU5, Bacillus 
subtilis IASBHU6, Bacillus subtilis IASBHU7, Arthrobacter sp. IASBHU8, Arthrobacter sp. IASBHU9, 
Nitrobacter winogradskyi IASBHU10, Sphingomonas echinoides IASBHU11 and Pseudomonas sp. IASBHU12.  
On the basis of nucleotide sequences obtained after DNA sequencing a phylogenetic tree was constructed 
that describes the evolutionary relationship of bacterial strains in four distinct OTUs.  
 
Keywords: 16S rRNA gene, Bacterial community, Agro-climatic zone, OTUs. 
 

INTRODUCTION 
 
The plant-microorganisms interaction and association can prove usefulness in this respect. These beneficial 
associations are very complex and useful. Therefore, more intensive research and studies are required in this field. 
Plant-microbe associations are most pronounced in the root–soil contact area, called “rhizosphere.” Specifically, soil 
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particles and various microorganisms adhere to this area often extending a few mm from the root surface is much 
richer in bacteria than the surrounding bulk soil [9]. The rhizosphere is a hot spot for microbial growth and major 
microbial activities. The microbial communities inhabiting the rhizosphere region imparts a significant role in the 
plant growth promotion directly or indirectly. Different prokaryotic and eukaryotic microbial assemblages constitute 
the microbiome in this hot-spot soil ecosystem. Microbiome diversity is greatly affected in soil ecosystem. The 
functional microbial communities such as bacteria, fungi, actinomycetes, fermicutes, algae are deviated both in 
rhizosphere and non-rhizosphere soil. The only alternative to replace chemical fertilizer is the application of 
beneficial microbes. Consequently, this is a great challenge to search for sustainable strategies to alleviate harmful 
effects of intensive farming practices based on chemical fertilizers. Plant growth promoting rhizobacteria (PGPR) are 
soil-borne bacteria that have ability to colonize the rhizosphere or plant roots or both aggressively, leads to increase 
in plant growth and yields [2, 11].  The diversity of microorganisms in agroecosystems is critical to the maintenance 
of good soil health because they are involved in many important soil processes [6]. Moreover, species diversity can 
give rise to ecosystem stability through the ability of species or functional groups it contains to respond differentially 
and in a compensatory fashion to perturbations in the soil environment [26]. The bacterial community diversity or 
structure can be used as an indicator of these perturbations or disturbances in the agro ecosystems. Disturbances 
could be caused by the presence of a plant changes in agronomic practices such as type of amendment [29, 12,18], 
reduced or no-tillage [10], irrigation system, monocropping, or crop rotation [16]. The traditional method for the 
determination of microbial diversity consisted identification and characterization ofculturable microorganisms in a 
soil system to species level and use the taxonomic differences to measure diversity [1]. Studies based on molecular 
techniques have estimated more than 4,000 microbial species per gram of soil.  
 
However, the rhizosphericmicrobiota of mature wheat plants growing under field conditions remain poorly 
characterized. The role of bacteria in growth promotion of wheat genotypes and its interactions in the field 
environment to the resident soil microbiota remain to be more elaborated and elucidated. Although, the effect of 
different agroclimatic conditions, how to affect the soil microbial diversity around the root zone of the plants in a 
cultivated field but a very little information is available particularly in Indian agro-climatic condition. This 
investigation inculcates the characterization of microbiota across a genetically diverse genotype of wheat at their 
flowering time in two agricultural field environments was studied. The goal of this study is to improve our 
knowledge about plant-microbe interaction, its impact to environment. Study also aims to provide idea about 
suitable plant genotype conserved more diverse and identification of beneficial bacteria that can increase 
productivity without disturbing environment heath.  
 

MATERIALS AND METHODS 
 
Soil Sampling and Physiochemical Analysis 
Soil sampling was done from two different agro-climatic zones of country viz. Research farm, Institute of 
Agricultural Sciences, BHU and IARI Regional Research Centre, Wellington, Tamilnadu. Soil sampling was 
performed by random sampling method from different locations in the agro-climatic zones. The wheat genotypes 
PBW-343, HUW-234, HD-2967, K-307 and Lok-1 (procured from, Department of genetics and Plant breeding, 
Institute of Agriculture Sciences, Banaras Hindu University, Varanasi) were used for the experiment.  
 
Isolation of Rhizobacteria  
Plant samples were uprooted at the growth stage of. 25-30 days. Plant roots along with good amount of non-
rhizosphere soil were taken immediately to the laboratory in polythene bags and samples are air dried within 2 
hours, were collected along with bulk rhizospheric soil. For the isolation of bacteria from rhizosphere soil, samples 
were randomly collected from farm plot’s of BHU and wellington field. Isolation was performed using serial dilution 
technique up to 10-5 dilution.  From 10-2, 10-3 and 10-4 dilution, 10 µl of inoculums was spread plated on YEMA media 
(Appendix), NA, LB, KB and Yeast extract agar media. The plates were incubated at 30±2°C in BOD incubator for 24-

Ashish Pandey et al. 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33035 
 

   
 
 

72 hours. From all the crowded plates, morphologically distinct colonies were picked up and streaked on fresh plates 
for further purification. From this purified culture, the inoculums were built up in broth and were used for rest of the 
experiment. The slant culture were prepared on respective media and stored at 4°C in a refrigerator. Sub-culturing 
was done after every three month interval.   
 
Morphological Characteristics and Gram Staining 
Morphological characteristics viz., colony morphology (colour, chromogenesis, shape, margin, elevation and surface) 
along with cell morphology (shape and arrangement) of different bacterial isolates were observed macroscopically 
and microscopically. For numerous isolates obtained, Gram staining was done in which a loopful fresh grown 
culture is taken on the surface of clean microscopic slide. The suspension was smeared and heat fixed under laminar 
air flow chamber. The heat fixed smear was flooded with crystal violet to cover the smear and left for 60 seconds. The 
excess stain was washed off with distilled water. Afterwards, slide was flooded with Gram’s Iodine and left for 60 
seconds and washed with water. Smear was flooded with decolourizing agent (95% ethyl alcohol) for 30 seconds, or 
until no more purple dye runs off. Immediately wash the slides with distilled water to remove excess of 
decolourizing agent. The slide is flooded with counter stain (safranin) and for 30 seconds followed by washing with 
tap water. The slide is air dried or with blotting paper and examined under microscope (De winter) at 40X and 100X 
(oil immersion) magnification. Screening based on multiple PGP attributes was further subjected to biochemical 
characterization and different physiological characterisation. Total twelve final bacterial strains were selected for 
further studies. 
 
Screening Based On Multiple PGP (Plant Growth Promoting) Attributes 
Estimation of Indole Acetic Acid (IAA) Production by Rhizospheric Bacterial Strains 
IAA production will be estimated by growing the bacterial strains in broth as described by Okon et al.[20]. Tubes will 
be incubated at 28°C for 48 hours with continuous shaking. Cultures will be centrifuged at 10,000 rpm for 15 min. at 
4°C. IAA produced ml-1 culture will be estimated by mixing 4 ml of with culture supernatant followed. After 
incubation, IAA productions by the different isolates were determined. The culture broth was centrifuged at 10000 
rpm for 15 minutes. The supernatant was used for the qualitative detection of IAA production by isolates. To one ml 
of the supernatant 4 ml of the Salkowasky reagent was added and mixed thoroughly. The tubes were incubated for 
30 minutes to allow the colour to develop. Development of pink colour indicated IAA production by the isolate. 
Intensity of colour was read at 530 nm. by measuring absorbance at 530 nm after 30 min [8]. Quantification of IAA 
production was done by preparing curve with standard indole acetic acid concentration against OD. Viable cell 
count was taken after serial dilution of culture and the result were expressed in terms of µg IAA/ml culture. 
 
Siderophore Production Test 
Suitable media will be inoculated with rhizospheric bacteria and incubated at their optimum growth temperature 
with Chrome Azurol Sulphonate (CAS) assay and CAS agar plate test will be done [25]. 
 
Phosphate Solubilization Activity 
Double layered plates will be prepared with a bottom layer of suitable medium containing 0.5% (NH4)2SO4 as 
nitrogen source. Mannitol from the medium will be replaced with same amount (1%) of glucose, as sole source of 
carbon. Plates will be over laid with of 0.4% of CaHPO4 mixed in 1.5% water agar. To detect phosphate 
solubilization, plates will be spotted with of exponentially grown isolates (± 109 CFU ml-1). These plates will be 
incubated at 30°C for 7 days. The radial area of the solubilization zone including colony will be measured and 
phosphate solubilization activity will be expressed in mm radial area solubilized h-1. The solubilization efficiency and 
the solubilization index on the basis of diameter of clearing halo zones were measured. 
 
Solubilizing Efficiency (% S.E) = Solubilization Diameter/Growth Diameter*100 
Solubilization Index (S.I) = Colony Diameter + Halo zone Diameter/Colony Diameter 
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Molecular Characterization for Identification 
The isolates obtained from rhizosphere region of different plant varieties were subjected to DNA extraction, 
amplification of 16S rRNA gene, purification of amplified product and further Di-deoxy chain termination 
sequencing. Obtained nucleotide sequences are taken to see the similarity with already available nucleotide 
sequences in NCBI database using NCBI BLAST search.   
 
Genomic DNA Extraction 
The genomic DNA extraction method was as described by Pospiech and Neumann [22]. Inoculated broth of pure 
cultures were centrifuged, supernatant discarded and the pelleted cells were washed twice with TE buffer and 
resuspended in 0.5 ml in SET buffer (75mM NaCl, 25mM EDTA and 20 mMTris). The cell suspension was incubated 
with 10 µL (10 mg/mL) of lysozyme solution and kept at 37°C for 1hr. The following reagents were then added: 10 
µL of sodium dodecyl sulfate (10%), and 10 µL of proteinase K (10 mg/mL). The reaction mixture was incubated at 
55°C for 2 hr in water bath to lyse the cells. To the mixture, 150 µL NaCl (5M), equal volume of water saturated 
phenol and Chloroform: Isoamyl alcohol (24:1) was added and centrifuged at 10,000 rpm for 10 min. The aqueous 
layer was transferred to fresh tube. To the aqueous layer 0.1 volumes of 3M Sodium acetate and 2 volumes of chilled 
95% ethanol was added and kept at 4 °C for 30 minutes. The precipitated DNA was pelleted by centrifugation at 
12,000 rpm for 10 min. The DNA pellet was washed with 70% ethanol and the pellet was dried by keeping at 37 °C 
for 10 min. The DNA was then dissolved in 50μL of milli Q water and stored at 4 °C for further analysis. 
 
16S rRNA gene Amplification, Gel Electrophoresis and Sequence Analysis 
For the amplification of 16S rDNA universal primers as described by Lane et al.[15] were used to obtain partial gene 
sequence of 16S rRNA gene. The 100μL PCR reaction mixture contains 50-90ng DNA template, 1X Taq buffer, 0.2 
mM each of deoxyribonucleotide triphosphate (dNTP) mixture, 10 pmol of each primers, 1.5 mM MgCl2, and 2 U of 
Taq DNA polymerase (Bangalore Genei, India). The PCR reaction was performed in a thermocycler (Bio-Rad) using 
the following conditions: initial denaturation of 5 min at 94°C, followed by 40 cycles consisting of 40 s at 94°C 
(denaturation), 40 s at 50°C (annealing) and 1 min 30 s at 72°C (Primer extension) and a final extension period of 7 
min at 72°C. The PCR reaction mixture and the amplification conditions were same as described above. After 
amplification the PCR product was resolved by electrophoresis in 1.2% agarose gel stained with ethidium bromide 
and visualized on a gel documentation system (Alpha-Imager) and gel images were digitalized. PCR products were 
sequenced commercially using dye terminator chemistry. All sequenced in order to determine the identity of the 
isolated cultures was done by comparing the sequences with the database. The sequences obtained were subjected to 
nucleotide BLAST (Basic Local Alignment Search tool) (http://blast.ncbi.nlm.nih.gov/Blast.cgi) at the server of the 
National Centre for Biotechnology information (NCBI) to determine the similarity with the already submitted gene 
sequences and identity was affirmed by highest percentage of similarity match. All sequences are submitted to NCBI 
GenBank to obtain NCBI GenBank accession number. The NCBI accession numbers obtained were from MW599239 
to MW599250. 
 
Identification and Phylogeny of Rhizobacteria 
The partial 16S rRNA gene sequences of the isolated strains were compared with those available in the databases. 
Identification to the species level was determined as a 16S rRNA gene sequence similarity of ≥97% with that of a 
prototype strain sequence in the GenBank. Sequence alignment and comparison was performed using the program 
CLUSTAL W2 with default parameters. The sequences are multiple aligned using CLUSTAL W algorithms with a set 
of sequences of representatives of the most closely related genera identified. Based on this alignment a phylogenetic 
tree is constructed by neighbour joining method. The phylogenetic tree was constructed on the aligned datasets 
using the neighbour-joining method [23] implemented in the program MEGA 4.0.2 [27]. Bootstrap analysis was 
performed as described by Felsenstein[7] on 500 random samples taken from the multiple alignments. 
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RESULT AND DISCUSSION 
 
Isolation of Bacterial Isolates from Wheat Rhizosphere 
Bacterial isolates were obtained after isolation through serial dilution, spreading and streaking on different culture 
media plates with different morphotypes. A total 137 rhizobacterial strains were isolated from soil samples taken 
from different locations of at Research Farm, Institute of agriculture Sciences, Banaras Hindu University, Varanasi, 
U.P. in rabi season 2014. Out of 137 isolates 50 were observed on YEMA media, 33 on nutrient agar, 30 on LB media, 
19 on KB media and 5 colonies on BAZ. Whereas in year 2015 total 132 bacterial colonies were observed, out of these 
49 were observed on YEA media, 40 on nutrient agar, 27 on LB media, 15 on KB media  and 1 colony on BAZ.  Total 
140 isolates were observed sample taken from IARI regional research centre, Wellington, Tamilnadu. Out of these 
isolates, 65 were observed on YEMA media, 44 on nutrient agar media, 22 on LB media, 16 on KB media and 1 
bacterial colony on BAZ. Next year 2016, a total 134 bacterial colonies were observed out of these isolates 54 were 
observed on YEMA media, 30 on nutrient agar media, 29 on LB media, 19 on KB media and 2 bacterial colonies on 
BAZ. 
 
Screening Based on Multiple PGP (Plant Growth Promoting) Attributes 
On the basis of multiple plant growth promoting attributes such as phosphate solubilization, IAA production and 
siderophore production, screening of various isolates obtained from rhizosphere region of different wheat varieties 
was done. In addition, a total 12 bacterial isolates were obtained with significant and better plant growth promoting 
activities. These screened bacterial isolates were further selected to observe their physiological and biochemical 
characteristics. The screening result is described in the table 2. The phosphate solubilization was observed according 
to the zone of clearance obtained around the bacterial colonies to respective media. Moreover, Indol acetic acid 
production (IAA) was observed through spectrophotometer analysis in µg/ml as mentioned above in table 2. 
 
Molecular Characterization, Identification and Phylogeny of Rhizobacteria 
There were different screened bacterial strains obtained from the rhizosphere region of five different varieties of 
wheat plant. Further, DNA fragments were observed on gel electrophoresis. The amplified gene products (PCR 
products) were also observed on agarose gel electrophoresis in the form of clear brightened DNA band. 
 
This was quite obvious and observed that 16S rRNA gene sequence analysis revealed the similarity search on 
bioinformatics databases with different bacterial species. Apart from variation in the species, as compared with plant 
variety, this was also observed that there was the abundance of Rhizobium sp. on the basis of nucleotide sequence 
similarity search. Identification of the bacterial strains was done on the basis of similarity of sequences more than or 
equals to 97% with the bacterial 16S rRNA gene sequences present in public database. This nucleic acid based tool 
was used to further study the diversity of rhizobacteria from different wheat varieties at species level and thus 16S 
rRNA gene was amplified from the isolates.  Based on 16S rRNA gene sequencing, the representative isolates were 
identified as Gibbsiella quercinecans IASBHU1, Bacillus subtilis IASBHU2, Agrobacterium salinitoleransIASBHU3, 
Agrobacterium salinitoleransIASBHU4, Pseudomonas sp. IASBHU5, Bacillus subtilis IASBHU6, Bacillus subtilisIASBHU7, 
Arthrobacter sp. IASBHU8, Arthrobacter sp. IASBHU9, Nitrobacter winogradskyi IASBHU10, Sphingomonas 
echinoidesIASBHU11 and Pseudomonas sp. IASBHU12.  The % similarity obtained were based on closest match are 
mentioned into the table3. 
 
Further, nucleotide sequences obtained after DNA sequencing and their accession numbers were utilised for the 
construction of phylogenetic tree (Fig 2). In the neighbour-joining phylogenetic tree based on 16S rRNA gene 
sequences, strains have the lineage comprising to the type strains at a bootstrap resampling value of 50 to 99%. The 
prevalent genera were found to be Bacillus and Pseudomonas from rhizosphere of most of the wheat genotypes 
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16S rRNA gene sequencing indicated that the strains were most closely related to different rhizobacterial strains. 
From the phylogenetic tree, this is quite obvious that Bacillus subtilis strains obtained from wheat rhizosphere are 
abundantly present. In the tree, they form a cluster different from other bacterial strains. After looking at the 
phylogenetic tree, four distinct major OTUs (Operational Taxonomic Units) are obtained. In OTU I, all Bacillus 
strains and Arthrobacter strains are grouped. In OTU II, Gram negative Pseudomonas strains were clustered. OTU 
III represents another cluster of Gram negative rhizobacterial strains like Nitrobacter and Sphingomonas. OTU IV 
represents unique group of bacteria such as Gibbsiella quercinecans and Serratia sp. 
 
Bacillus subtilis isolated from wheat rhizosphere are reported in several studies to enhance the plant growth by direct 
or indirect biocontrol mechanism by suppressing plant pathogens. Bacillus genera are reported to produce plant 
hormones, secondary metabolites and several enzymes to protect plants in unfavourable conditions too. In a very 
recent study that was based on multi-omics approaches, described the structure and functions of plant associated 
microbes. Phosphate solubilizing Pseudomonas sp. isolated from wheat rhizosphere was also reported to enhance 
the plant growth effectively. The isolates obtained in this study validate the abundance of isolates as compared to 
earlier investigations [17]. One of the earlier studies explained that bacterial strains of Arthrobacter sp. help in the 
plant growth promotion and are reported as salt tolerant PGPR. They enhance the percentage nitrogen (N), 
potassium (K) and phosphorus (P) in leaves of wheat significantly [28]. These strains are reported in the current 
studies also, which gives a clue to exploit these bacterial strains in future. This isolate was further identified as 
Bacillus subtilis IASBHU2 after DNA sequencing (molecular characterization). In several earlier studies related to 
wheat rhizosphere, this was clearly found that Bacillus was predominant genera in the rhizosphere. As, this is quite 
obvious that the operational taxonomic unit (OTU) is the latest unit of classification, there were total four OTUs were 
obtained in the phylogenetic study, showing the diversity of bacterial communities obtained from wheat 
rhizosphere. The identification and characterization of screened, representative isolates based on Sanger DNA 
sequencing validate the result of identification at species level.  
 
The breakthrough in evolutionary formulation was reached by Carl Woese during the 1970’s who, by comparison of 
ribosomal RNA sequences, established a molecular sequence-based phylogenetic tree that would be used to relate all 
organisms and reconstruct the history of Life [21]. Because of the likely antiquity of the protein-synthesizing process, 
ribosomal RNA turned out to be an excellent evolutionary chronometer. Ribosomal RNA is an ancient molecule, 
functionally constant, universally distributed and moderately well conserved across broad phylogenetic distances 
[3]. Moreover, there is no evidence of lateral gene transfer of rRNA genes between different species and therefore 
rRNA genes can bring true information regarding evolutionary relationships [21]. The entry of natural phylogeny 
into microbial systematic based on nucleic acid sequence data enabled the classification of microorganisms on 
evolutionary terms as well as the clarification of the phylogenetic lineages between them [21]. Consequently, unique 
phylogenetic groups could be determined at each taxonomic level, i.e., species, genus, family, etc., based on 
comparative analysis via DNA sequence databases [19, 14, 13]. 
 
Boivin-Jahnset al. [4] have compared bacteria using on one hand the classical phenotypic characterization including 
morphology, Gram staining, enzyme activities and the utilization of different organic substrates as carbon and 
energy sources as well as molecular analyses. They found that the phylogenetic analysis of small subunit rRNA gene 
sequences is more efficient for the identification of bacterial strains because misidentification of bacteria was less 
with the molecular methods. Application of genotypic and molecular analysis has advanced microbial identification 
and it has led to the discovery of a number of possibly new species [5,24].  
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Table1: Description of Forward and Reverse Primers Used In the Molecular Characterization 
 

 
Table2. Plant Growth Promoting Activities of Screened Bacterial Isolates 

S.no. Isolates 
Multiple PGP attributes 

Phosphate 
solubilization IAA Production (µg/ml) 

Siderophore 
production 

1 HURB1 ++ 59.12 ++ 
2 HURB2 ++ 68.34 ++ 
3 HURB3 ++ 84.01 +++ 
4 HURB4 +++ 55.34 +++ 
5 HURB5 ++ 45.56 ++ 
6 HURB6 ++ 80.56 ++ 
7 HURB7 +++ 45.21 ++ 

S.No 
(Corres-

ponding to 
template) 

Primer to 
be used 
(Univers

al – 
M13/T7/
T3/SP6/ 
Custom) 

Tm of 
Primer 

Anneali
ng 

Temp. 
used by 
scientist 

Conc. 
Of 

Primer 
(pm/l

) 

Volume 
of 

mediu
m 

Qty of 
Primer 

Is 
Primer 

Purified 

Length of Primer with 
sequence 

27F 5’ 
TO 3’ 

Universal 
primer 

57.30 56 C 396.30 100pm/
u l 

244.00 
microg

ram 
HPSF 

20bp 
AGAGTTTGATCCTGGC

TCAG 

1429r 
5’ TO 3’ 

Universal 
primer 

 
56.53 56 C 354.20 100pm/

u l 

237.00 
microg

ra m 
HPSF 

22bp 
TACGGTTACCTTGTTAC

GACTT 
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8 HURB8 +++ 35.56 +++ 
9 HURB9 +++ 81.33 +++ 

10 HURB10 ++ 98.23 ++ 
11 HURB11 ++ 67.43 ++ 
12 HURB12 ++ 77.52 ++ 

 
Table 3: Identification Details for Representative Isolates 

S. 
No. 

Repres-
entative 
isolates 

Identification after 
molecular characterisation 

NCBI 
Accession 
number 

% 
Similarity 
in public 
database 

 
Source 

Location-
Year 

 
Source 
Variety 

1 HURB1 Gibbsiella quercinecans 
IASBHU1 

MW599239 99.09 Location 
I-2014 

PBW-343 

2 HURB2 Bacillus subtilis IASBHU2 MW599240 99.80 Location 
I-2014 

HUW-234 

3 HURB3 Agrobacterium salinitolerans 
IASBHU3 MW599241 99.87 Location 

I-2015 Lok-1 

4 HURB4 Agrobacterium salinitolerans 
IASBHU4 

MW599242 99.38 Location 
II-2015 

K-307 

5 HURB5 Pseudomonas sp. IASBHU5 MW599243 99.2 Location 
I-2014 HD-2967 

6 HURB6 Bacillus subtilis IASBHU6 MW599244 97.80 
Location 
II-2014 PBW-343 

7 HURB7 Bacillus subtilis IASBHU7 MW599245 97.40 
Location 

I-2015 Huw-234 

8 HURB8 Arthrobacter sp. IASBHU8 MW599246 99.0 
Location 

I-2015 K-307 

9 HURB9 Arthrobacter sp. IASBHU9 MW599247 98.90 
Location 
II-2015 HD-2967 

10 HURB10 
Nitrobacter winogradskyi 

IASBHU10 MW599248 99.2 
Location 
II-2014 HUW-234 

11 HURB11 Sphingomonas echinoides 
IASBHU11 

MW599249 98.69 Location 
II-2015 

PBW-343 

12 HURB12 Pseudomonas sp. IASBHU12 MW599250 97.20 Location 
I-2014 

K-307 
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Fig1. 16S rRNA gene amplification using universal gene primers (HURB1 to HURB10). 

.  
Fig 2. The evolutionary tree constructed based on nucleotide sequences gives the relatedness among 
representative isolates identified (accession numbers from MW599239 to MW599250 in the tree). Bar below 
tree represents the nucleotide substitution per time with a probability value 0.20. 
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Liver disorders are common all over the world, and they have traditionally been treated with medicinal 
plants, particularly in rural areas where they are readily available and affordable. The majority of 
traditional plants had yet to be scientifically validated. The aim of this investigation was to see if an 
ethanolic extract of the shade dried leaves of Sterculia foetida Linn. could protect Wister rats from CCl4-
induced hepatotoxicity. Biochemical parameters such as serum aspartate amino transferase (AST), 
alanine amino transferase (ALT), alkaline phosphatase (ALP), total bilirubin, and gamma glutamate 
transpeptidase were used to assess the activity (GGTP). In the carbon tetrachloride-induced 
hepatotoxicity model, the extract displayed considerable dose-dependent hepatoprotective action at 250, 
500,and 750 mg/kg, p.o. body weight, which was comparable to the control and activity exhibited by the 
reference standard Silymarin. The histology findings corroborated these observations. 
 
Keywords: Sterculia foetida; Hepatoprotective; CCl4 induced; Silymarin. 
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INTRODUCTION 
 
The liver is the most essential vital organ in vertebrates, and it serves a variety of functions [1]. When it comes to 
xenobiotics, it plays an important role in the metabolism and excretion of these substances from the body. Every day, 
the risk of liver damage increases due to the increased exposure to harmful chemicals. This is especially true for 
children. Liver disorders are extremely serious health issues. Conventional medications are ineffective in the 
treatment of liver problems, according to research. Herbs are quite beneficial in the treatment of liver problems. As a 
result, the development of liver-protective herbal medications is extremely vital, and the need for such treatments is 
extremely urgent [2]. As of yet, there has been no scientific validation of the use of medicinal herbs in the treatment 
of liver ailments. There are a plethora of medicinal plants available in traditional medicine, and they are also used to 
treat various disorders, but there is no scientific proof to support this. 
 
The soft woody tree Sterculia foetida Linn., which belongs to the family Sterculiaceae, can grow up to 35 meters in 
height. Originating in East Africa and North Australia, it now flourishes throughout the western peninsula, as well 
as in Burma and Ceylon. Known as Wild Indian almond, it has edible seeds that can be consumed after being 
roasted. The leaves of Sterculia foetida Linn. have traditionally been used for a variety of therapeutic purposes, 
including laxative, carminative, astringent, anti-inflammatory (3), antifungal (4), analgesic, anti-ulcer, liver disease, 
nausea, and vertigo. They are also used to treat a variety of other ailments. The present study focused to evaluate the 
hepatoprotective activity of ethanolic extract of leaves of S. foetida Linn (ESF) against CCl4 induced hepatotoxicity in 
rats. 
 

MATERIALS AND METHODS 
 
Plant Material 
Plant parts were collected from the foothills of Yercaud in Salem in the month of August 2020 and cleaned to remove 
any debris before being used. Dr. A. Marimuthu, a botanist, was able to identify and certify the plant that had been 
collected. Our museum has preserved a voucher specimen (SFM-1) for future use as a source of information. The 
plant parts were dried at room temperature for 10 days and then coarsely powdered with the aid of a hand-grinding 
mill and passing through sieve no. 60 to obtain the final product. 
 
Preparation of the Extract 
S. foetida leaves powder was extracted separately by a continuous hot extraction process using a soxhlet apparatus 
with different solvents in increasing order of polarity from petroleum ether to chloroform, acetone, alcohol, and 
finally a mixture of chloroform and water [5] in a soxhlet apparatus. Following extraction, the extracts were 
concentrated in a tared vessel with reduced pressure after being filtered. The marc of crude drug powder was then 
subjected to a second round of sequential extraction with different solvents, with the extractive values computed in 
relation to the airdried drug as a reference. The dried extracts were subjected to a variety of chemical assays in order 
to determine the presence of various phytoconstituents in the plant. 
 
Test Animals 
Wister rats of either sex and around the same age, weighing 150-175 g, were utilized in the study. They were housed 
in polypropylene cages and fed a regular chow diet, as well as unlimited access to freshwater. The animals were 
subjected to 12 h cycles of darkness and light, which were alternated each day. The animals have fasted for a 
minimum of 12 h before each experiment. Acute toxicity experiments were conducted on male mice weighing 
around 20-25 g each. In order to ensure that the experimental protocols were safe, they were reviewed and approved 
by the Institutional Animal Ethics Committee. 
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Hepatoprotective Study 
For the purpose of assessing hepatoprotective activity, the animals were divided into six groups, each of which had 
six animals. For the usual control group, I received 1 mL of propylene glycol orally once a day for seven consecutive 
days. Group II was served as a positive control and received 1 mL of propylene glycol after receiving CCl4. Groups 
III, IV, and V were given ethanolic extracts of S. foetida(EESF) at concentrations of 250, 500, and 750 mg/kg, p.o., for a 
total of seven days consecutively. Group VI received the reference chemical Silymarin 200 mg/kg, p.o., for a total of 
seven consecutive days. On the seventh day, 2 ml/kg, p.o. of CCl4 [6] was delivered to all of the rats, with the 
exception of those in group I, 30 min after the last dose. After 36 h, blood samples were taken from all groups of rats 
using a cardiac puncture technique on non-anesthetized rats. According to previous reports, biochemical parameters 
such as ALT [7,] [8], AST [9], ALP, total bilirubin [10], total protein [11, 12], and GGTP were estimated. Following 
standard microtechnique [14], a small part of the liver was removed from each group of animals and stored in 
neutral buffered formalin before being processed for embedding in paraffin. 5 µ sections of the livers were stained 
with alum haemotoxylin and eosin and examined for signs of degeneration and necrosis. 
 
Statistical Analysis  
All results were reported as the mean ± the standard error of the mean. Newman Keul's multiple range test was used 
to statistically assess the data after the one-way ANOVA was performed on the data. Significant differences were 
defined as those with a p-value less than 0.05. 
 

RESULTS AND DISCUSSION 
 
The plant S. foetida was taken from the foothills of Yercaud, Salem, air-dried, and extracted using a continuous hot 
extraction process utilizing the Soxhlet apparatus. In this study, it was discovered that the average percentage yield 
of the ethanolic extract of S. foetida was 3.2 % w/w. A single intraperitoneal injection of the ethanolic extract did not 
cause any harmful effects in mice when supplied at a concentration of 5000 mg/kg. As a result, the LD50 for the 
ethanolic extract of S. foetida was fixed as 5000 mg/kg. 
 
When the biochemical parameters were examined, it was discovered that the enzyme levels in the CCl4-treated 
group had increased, indicating that CCl4 has caused liver damage. Patients with acute and chronic hepatic 
disorders had more liver tissue that was high in both transaminase and aminotransferase. The AST level, which is 
slightly raised by cardiac necrosis, is a more specific sign of liver illness than the other markers (15). The levels of 
AST, ALT, ALP, GGTP, total bilirubin and total protein in the animals treated with the ethanolic extract of S. foetida 
were shown to be significantly lower than in the control animals. The enzyme levels were practically back to normal 
after the treatment. As a result, the animals treated with the ethanolic extract of S. foetida showed statistically 
significant (P<0.001) protection against CCl4-induced hepatotoxicity in rats, which was comparable to the reference 
chemical Silymarin in terms of protection. The outcomes of the biochemical studies are supported by histological 
studies. By the 8th day, the hepatotoxicity caused by CCl4 had presented itself, with the liver exhibiting extensive 
degeneration engulfing the less obvious necrotic patches, as opposed to the normal liver condition. Compared to the 
liver sections from group IV rats, the liver sections from group IV rats were treated with the ethanolic extract 
revealed microvesicular alterations, including mild congestion and expansion of the sinusoids. There were no signs 
of necrosis present. 
 
Carbon tetrachloride is one of the most commonly utilized hepatotoxins in the experimental study of liver disease, 
and it is also one of the most toxic. In part, the hepatotoxic effects of CCl4 are attributable to the presence of its active 
metabolite, the trichloromethyl radical (15, 16). These activated radicals bond covalently to macromolecules and 
cause the peroxidative breakdown of membrane lipids of the endoplasmic reticulum, which are rich in 
polyunsaturated fatty acids, in the presence of oxygen. Lipid peroxides are formed as a result of this reaction. This 
lipid peroxidative breakdown of biomembranes is one of the primary reasons for CCl4's hepatotoxic effects on the 
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liver (17). This is demonstrated by an increase in the levels of serum marker enzymes such as AST, ALT, ALP, GGTP, 
total bilirubin, and total protein, among others. Estimation of serum transaminase levels provides a reasonably 
accurate picture of the liver's functional state in a functional investigation. An effective hepatoprotective drug is one 
that has the ability to either reduce the harmful effect of a hepatotoxin or restore normal hepatic function after it has 
been disrupted by a hepatotoxin. In groups III and IV, the extracts lowered CCl4-induced higher levels of the 
enzymes. This suggests a role for the extracts in preserving the structural integrity of the hepatocytic cell membrane 
or in the regeneration of damaged liver cells. 
 
The liver sections of the rats that had been exposed to the toxicant had extensive centrilobular necrosis and 
vascuolisation, as revealed by histopathological testing. The rats treated with extracts alone and then exposed to 
toxicants showed significant signals of protection against the toxicants, as evidenced by the creation of normal 
hepatic cards and the lack of necrosis and vacuoles in the livers of the animals. The fact that serum bilirubin 
decreased after treatment with extract in liver injury showed that the extracts were efficient in restoring the liver to 
its normal functional state. 
 

CONCLUSION 
 
As a result, the findings of the current study indicate that the ethanolic extract of S. foetida has a significant 
hepatoprotective effect. Further work is required to characterize the active hepatoprotective principle as well as the 
mechanism of action of this principle. 
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Table 1: Effect of ethanolic extract of S.foetida on CCl4 induced hepatotoxicity in rats 

Treatment 
Dose 

mg/kg,p.o. 
AST 
U/L 

ALT 
U/L 

ALP 
U/L 

GGTP 
U/L 

TotalProtein 
mg/dl 

Totalbilirubin 
mg/dl 

Normal 1ml 112.17±4.49 40.17±1.88 174.33±6.53 112.67±4.41 5.93±0.06 0.47±0.003 
Control(CCl4) 1.25ml/kg 185.50±4.98 110.67±3.27 268.67±5.22 240.50±3.51 2.77±0.10 0.98±0.02 

EESF 250 153.33±5.37* 75.50±2.72* 209.83±8.11* 142.50±7.49* 3.81±0.14* 0.78±0.003* 
EESF 500 128.50±6.72* 52.50±3.37* 196.33±7.49* 132.30±7.11* 3.95±0.16* 0.73±0.002* 
EESF 750 130.83±5.49* 51.50±3.11* 193.83±8.12* 130.50±7.33* 4.08±0.17* 0.71±0.003* 

Silymarin 200 121.67±4.90* 45.33±1.79* 182.50±8.41* 124.33±5.23* 4.62±0.03* 0.67±0.003* 
*P<0.001whencomparedwithcontrol.Numberof individuals used=6in each group .Days of drug treatment =7. Values 
are expressed as mean ± SEM. 
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Among different nanostructures, graphene analogues (graphene oxides, reduce graphene oxide and 
graphene) are in the limelight for their unique layer dimension with high aspect ratio, easy 
processability, ease of chemical modification, high mechanical, and thermal properties. Present review 
article summarizes some polymer nanocomposite materials, particularly their synthesis and structural 
analysis along with their applicability towards active packaging materials.  Incorporation of graphene 
oxide (GO) to the polymer core via in situ polymerization approach and thereafter its conversion to 
reduced graphene oxide (r-GO) is generally performed to achieve uniform distribution of r-GO sheets. 
Graphene oxide also plays an important role in anchoring in situ formed metal nanoparticles on its 
extended surface with inhibiting of stacking behaviors. Therefore, the fabrication of graphene-based 
hybrid nanostructures has opened a new dimension in making of potent filler for polymer 
nanocomposites.  

Keywords: Graphene oxide, nanocomposite, supercapacitor, dielectric properties, synergistic effect. 
 

INTRODUCTION 
 
Packaging technology is a major part of the industry which takes care of our daily needs by controlling the safety 
storage and hygienic handling of the packed materials. With the progression of time, this technology has undergone 
in continuous modification to maintain the consumer’s need. Among different packaging application, food 
packaging has its own importance as it deals with the essential needs of the human being. The two essential 
requirements for the food packaging are the safe maintenance of foods at packed condition from oxidation and 
microbial spoilage. The plastic materials like polyethylene, poly (tetrafluoro ethylene) which are well-known as 
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“Teflon” materials have been widely used to preserve food for a longer period of time. These plastics are practically 
non-biodegradable and produce environmental pollution after disposal. Therefore, researchers are annoying to use 
plastic materials. Moreover, they are trying to modify the plastics with bio-based materials for making them 
biodegradable. The use of natural biopolymers also introduces the biocompatibility to the materials. But biopolymers 
are poor in mechanical and gas barrier properties. Hence, these are not competent to the synthetic polymers in their 
neat form. Therefore, physical, or chemical modification of the biopolymer is required.  Another issue of mechanical 
stability of the packaging materials is also addressed by the researcher to produce effective packaging materials. In 
connection to this, polymeric materials are used as composites with proper reinforcement. As compared to the 
micron sized reinforcement, nanostructure materials are offered unique physical and chemical properties to the 
composites, and it is because of their high aspect ratio [1]. Among different nanostructure-reinforcements, graphene 
and its derivatives are considered as the top priorities’due high aspect ratio and electron mobility. Uniform 
distribution of graphene in polymer matrix is a challenging issue because of their strong Vander Waals interactions, 
operating between sheet structures. Therefore, researchers are used graphene oxide (GO) for preparation of different 
types of polymer nanocomposites due to existence of various oxygenated functional groups [2].  
 
Graphene oxide is also used for fabrication of different multicomponent hybrid material due to its mechanical, 
optical, thermal, biological, and electronic properties [3, 4]. Graphene oxide is well studied in sensing [5, 6], 
electronics [7], catalysts [8], water cleaning [9] and biomedical applications [10]. Because of the ultra-thin layered 
nanostructure, graphene oxide (GO) is known to create efficient barrier against almost all gas molecules and can give 
a tough competition to other layered nanomaterials like clay [11], MoS2 [12], h-BN [13] etc. Being the quasi-two-
dimensional lattice with oxygen functionality (-OH, -O-, >C=O and –COOH), graphene oxide is well dispersible in 
aqueous medium and undergoes in physical interactions (H-bonding, hydrophobic interactions) with polymer 
matrix to achieve uniformly dispersed state. Currently, Pal et al. [14] has incorporated the reduced graphene oxide 
(r-GO) in poly lactic acid to achieve high anti-bacterial properties. Liu et al. [15] prepared the nacre-mimetic fibers of 
PAN-g-GO to achieve high mechanical strength. Graphene oxides are used for fabrication of several electronic 
devices. Reduced graphene oxide (R-GO) is used as chemical sensor and biosensors. Electrode materials in batteries 
and double-layered capacitors GO and r-GO have been used. GO is also used as fuel cells and solar cells. GO is used 
in the biomedical field, particularly in drug-delivery systems. GO is used to many other anticancer drugs because it 
does not target healthy cells, only tumours, and has a low toxicity. Huang et al. [16] took the advantages of layered 
structure and numerous oxygen containing functionalities (-OH, -COOH, -O-, etc) of graphene oxides to prepare 
nanocomposite films with polyvinyl alcohol (PVA).  Due to the extensive chemical interactions (H-bonding) between 
PVA and GO, GO layers were observed to be exfoliated in PVA matrix  and showed a declination of  98 % and 68 % 
to the oxygen and water permeability, respectively with incorporation of only 0.72 vol % of graphene oxide nano 
sheets. 
 
Pinto et al. [17] fabricated the graphene oxide and graphene nanoplatelets incorporated polylactic acid (PLA) 
nanocomposites through simple solution casting approach and observed a decrease in the gas permeability of PLA 
based nanocomposites with varying the graphene oxide (GO) and graphene nanoplatelet (GNP) contents. The 
normal oxygen permeability of PLA (3.76 ×10-18 m2s-1Pa-1) was effectively reduced to 1.23×10-18 m2s-1Pa-1 and 1.20 ×10-

18 m2s-1Pa-1 with loading of only 0.4 wt % of GO and GNP, respectively. Above 0.4 wt %, oxygen permeability was 
slightly increased in PLA nanocomposites and the fact was attributed as the agglomeration of graphene-based fillers 
at higher content (Figure 1). The same pattern was also observed for mechanical performances of PLA 
nanocomposites. With 0.4 wt % of GNPs, the young modulus and yield strength were observed to be increased by 
156 % and 129%, respectively. On the other hand, the young modulus and yield strength for 0.3 wt % of GO was 
increased to 115% and 95 %, respectively. In connection to this, PLA/GO and PLA/GNP, both the nanocomposites 
were stated to be good packaging material. 
 
Polylactic acid is also reported to form nanocomposite with incorporation of nanoclay by Chang et al. [18] where an 
intense two-fold decrease in the oxygen permeability was observed with 10 wt % of nanoclay loading. Hence, 
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graphene-based filler showed better performance for the improvement of the oxygen barrier properties in the same 
polymeric matrix.Swain et al. [19] synthesized the expanded graphite (EG) reinforced polymethyl methacrylate 
(PMMA) nanocomposites via emulsifier free in situ emulsion polymerization techniques. The effective chemical 
interaction was studied by FTIR spectroscopy. A red shifting of the pure PMMA peaks (1745 cm-1@>C=O and 2956 
cm-1@-C-H) was observed in the PMMA/EG nanocomposites (Figure 2-a) which was accounted due to the strong 
chemical interaction between the polar functionalities of PMMA and EG. Transmission electron micrographs (Figure 
2-b) showed the presence of flake like EG in the morphology of PMMA/EG nanocomposites. Due to such flaky 
morphology of PMMA/EG nanocomposites, it showed the 10 times reduction in the value of oxygen permeability 
with incorporation of 5 wt % of EG. 
 
Ionita et al. [20] fabricated the graphene oxide (GO) incorporated sodium alginate (SA/GO) nanocomposite films. 
Simple solution casting approach was adopted to prepare SA/GO nanocomposite from their blend suspension. The 
graphene oxide content was varied as 0 to 6 wt %. Effective chemical interactions between sodium alginate and 
graphene oxide via intermolecular hydrogen bonding was confirmed by FTIR Spectroscopy, while XRD studies 
revealed the formation of intercalated nanocomposite structures. As graphene oxides are comparatively stable as 
compared to the sodium alginate, thermal and mechanical properties were observed to increase with incorporation 
of graphene oxide. The tensile strength and young modulus of SA/GO nanocomposite films with 6 wt% GO were 
increased from 71 MPa to 113 MPa and 0.85 GPa to 4.18 GPa, respectively (Figure 3). 
 
Lim et al. [21] prepared the graphene oxide incorporated chitosan nanocomposites for packaging application. 
Simplified and modified Hummer’s method was adopted to obtain large area (7000 μm2) and small area (50 μm2) 
graphene oxides which were subsequently reduced by the treatment of sodium hydroxides to obtain reduced 
graphene oxide (r-GO). Both type of r-GO was introduced in the chitosan matrix to prepare nanocomposite film and 
investigated for thermal, mechanical and antibacterial properties. The chitosan nanocomposite film with large area 
reduced graphene showed the better thermal and mechanical properties as compared to small area reduced 
graphene oxide. The better performance of high area reduced graphene oxide was anticipated as the restrictor of 
mobility of polymeric chains. Chitosan nanocomposite films with both type of reduced graphene oxide showed 
excellent antibacterial performance over Pseudomonas  aeruginosa. 
 
In another study, Yadav et al. [22] prepared the nanocomposite film with incorporation graphene oxide in the blend 
of two widely used biopolymers, named sodium alginate and carboxymethyl cellulose (CMC). The blend of these 
two biopolymers was prepared via means of simple solution mixing, containing 0.75 g of SA and 0.25 g of CMC.  The 
nano graphene oxide was varied from 0.01–0.04 g. The mechanical properties of the SA/CMC/GO nanocomposite 
films were found to be improved, and the presence of GO augmented both the strength and stiffness of the hybrid 
nanocomposite films. The complete exfoliation of GO in SA/CMC matrix was observed upto 1 wt % of the GO 
content and the fact was supported by the complementary analysis of X-ray diffraction pattern and scanning electron 
micrographs. With incorporation of 1 wt % GO to the binary blend of sodium alginate and carboxymethyl cellulose, 
the mechanical behavior of the prepared SA/CMC/GO nanocomposites was significantly increased to 40 % for tensile 
strength and 1128 % for young modulus. The improved mechanical properties of the bionanocomposites were 
explained as the effective hydrogen bonding between graphene oxide, sodium alginate and carboxymethyl cellulose 
and the fact was confirmed by FTIR analysis. 
 
Graphene analogues are effectively used to increase the gas barrier performance of polymer nanocomposites because 
of their layer dimensions. Depending on the nature of polymeric matrix and the distribution of graphene analogues 
within the polymer matrix, gas permeability was observed to vary significantly in different polymer 
nanocomposites. Some examples are summarized in Table 1. The recent literature on graphene-based polymer 
nanocomposites shows that graphene oxide and reduced graphene oxides are widely used improve the thermal, 
mechanical and barrier properties. 
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CONCLUSION 
 
Graphene based nanostructures like graphene oxide, graphene itself and reduced graphene oxide are well-known as 
nano-reinforcement to the polymer matrix to improve the mechanical, thermal, gas-barrier and anti-bacterial 
properties of the pristine polymer. It possesses a unique layer dimension with high aspect ratio, easy processability, 
and ease of chemical modification. Incorporation of nanostructure intermediate like graphene oxide (GO) to the 
polymer core via in situ polymerization approach and thereafter its conversion to reduced graphene oxide (r-GO) is 
generally performed to achieve uniform distribution of r-GO sheets.Uniform distribution of graphene sheets help to 
minimize the porous morphology of neat polymer and therefore, increase the gas barrier behaviour which is an 
essential criterion for packaging application.  Present review illustrates a short collection of graphene-based various 
polymer nanocompositesfor their applications towards active packaging materials. 
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Table 1 Oxygen permeability reduction of graphene-based polymer nanocomposites 
 

Name of 
Composites 

Filler 
 

Methods of Preparation Reduction in Oxygen 
permeability 

References 

Cellulose/GNPS 5 wt% Solution casting �27 [23] 
PMMA/Graphene 0.5wt% In situ polymerization �70 [24] 

PP/EGNPs 3 vol% Melt mixing �20 [25] 
PAN/EG 4 wt% In situ polymerization �92 [26] 
PI/r-GO 30 wt% In situ polymerization �93 [27] 
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Figure 1. SEM image of GNP after dispersion in PLA matrix [17]. 

 
 

 
Figure 2. (a) FTIR spectra of EG, PMMA and PMMA/EG nanocomposites (5 wt%) and (b) TEM micrograph of 

PMMA/EG nanocomposites (5 wt%) [19]. 
 
 

 
Figure 3. Stress-strain curves for SA and SA / GO films as a function of GO content. [SA in this image is 

represented as Al] [20]. 
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Now days, traffic congestion is becoming a serious issue in developing countries in general and in 
Bhubaneswar in particular. Its major impact on the day-to-day activities of road users is not limited to 
delay in travel time but also it affects the consumption of fuel and the surrounding environment in terms 
of greenhouse gas emissions. In Bhubaneswar, the issue is becoming a great concern to its residents, 
transport managers and planners. In light of the interest in testing the performance and optimization of 
Signalized Intersection timing plan on major route corridor of Bhubaneswar, this study was designed and 
conducted on Cuttack road to Ravi Talkies square between the JHARPADA & KALPANA, as it is the 
most signalized route corridor in the city and serves the city’s major traffic population. Based on 
Highway Capacity Manual (HCM), the current performances of signal operation on the route corridor 
were assessed along with the cost of congestion results from Travel Time Lost, Extra Fuel Consumption 
and Environmental Pollution costs. In addition, using Synchro 9 Simulation Software, the Intersection 
signal timing plan was optimized with respect to network cycle length, offset and splits. The result of 
performance evaluation indicated that all the Signalized Intersections under this study serve the traffic 
demand with poor level of service (LOS F) resulting in costs to the Country amounted to ETB:1,191,442.76 
per hour due to extra fuel consumption and travel time loss and also affected by pollutions with emission 
rate of 31,668.64 g/h of NOx;206,796.22 g/h of HC; 2,874,467.45g/h of CO;3, 736, 807.68g/h of PM2.5 and 
134,375, 604.21g/hofCO2 attributed by the on roads traffic on the study segment. The simulation analysis 
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for optimization shows that service quality at intersections can be improved by changing the current 
operating cycle length of 188sec to 270sec for Ravi Talkies Intersection and 230sec for all other 
Intersections in the network, together with phase sequences and splits. As a result, more than 550 vehicles 
will be relieved from stopping at intersections and also extra 654 liters of fuel consumed by the vehicles 
per hour will also be saved owing to improvement of signal timing. 
 
Keywords: Level of Service, HCM Manual, Synchro Software, Congestion, Optimization, Signalized 
Intersection 
 

INTRODUCTION 
 
General 
The general objective of the study was to examine the service quality of junctions’ especially signalized intersections 
and evaluate the impact of congestion in the city of Bhubaneswar. For the accomplishment of stated objectives, all 
necessary data for signal evaluation, for congestion cost estimation were identified. 
 
Need of Study 
 Currently, the increase in traffic volume of roadways has led transport expertise to explore different means of 

control mechanisms. Among the different control mechanisms, traffic signals are the most preferable in urban 
areas where there is right of way limitation and highly accident prone roadway junctions. However, the 
inappropriate traffic forecasting and/or installation of traffic signals can actually result in an extended long queue, 
traffic crash, congestion and delays on the road ways. In this connection, the day to day activities of the urban 
residents has been negatively affected and this effect has also direct impact on the nation’s economy. 

 In the city of Bhubaneswar, the effect of traffic congestion with regard to limited mobility of  road uses, fuel 
consumption and productivity loses due to travel time delay are significant especially, at the city’s major 
intersection. Consequently, the sustainable development and satisfaction of road users of the city’s population 
has been significantly affected. 

 This being the case, to utilize effective and efficient flow of traffic and to overcome the associated economic 
impact, there is a need to assess the possible causes of traffic jam, updating the traffic signal timing plan. 

 
Objective and Scope of Study 
The specific objectives of this study were to evaluate the performance of signals, optimizing timing plans and its 
economic impact in the city of Bhubaneswar; by focusing on a case study on Cuttack road To Ravi Talkies square, in 
relation to constraint analysis of congestion, fuel consumption, level of service and outline a framework on the 
performance of the route. Particularly, the study has the following specific- objectives: 
 
 To  evaluate the performance of each isolated signalized intersection on Cuttack road to Ravi Talkies square; 
 To determine the cost of congestion due to jammed traffic; and 
 To optimize the road network (i.e. Cuttack road to Ravi Talkies square) signal timing. 
 The scope of the study covers performance analysis of the Cuttack road to Ravi Talkies square of Bhubaneswar, 

considering all physical and timing parameters, mainly focused on the existing travel flow patterns. An 
evaluation framework was presented for performance analysis based on HCM, 2010 methodologies. Performance 
analysis was manipulated using Microsoft excel. Synchronization of traffic signals has been done using 
SYNCHRO version-9 micro simulation software which is the most preferable and recommended software by 
FHWA of U.S Department of Transportation. Further, Costs relating to traffic congestions were formulated from 
field data and software output. 

 Nevertheless, the existing traffic flow pattern, driver behavior in relation to perception reaction time and red 
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signal time enforcement, economic development of area and land use pattern can vary from corridor to corridor 
in the city and it would be difficult to transfer to other routes. 

 The collection of data was a challenging task as the research area involves mixed traffic population. In the end, 
conclusions were presented and recommendations were formulated based on the major findings of the research. 

 
Literature Review 
General 
The report consists of five chapters. Following this chapter of Introduction, chapter two deals with Literature Review 
revising the works that have been done in the area of traffic signal coordination with respect to selection of best 
simulation model, signal timing plan evaluation and performance parameters considered during analysis, design and 
road way congestion impacts and costs. Chapter three focuses on research approach and plan to assess the 
performance evaluation. The framework includes the data collection methods together with selection of appropriate 
simulation model. In addition, Chapter four focuses on results and discussions with respect to the Signal Timing 
performance evaluations, Signal Timing Optimizations and congestion cost estimations. The last chapter, Chapter 
five summarizes the major conclusions of the research and identifies the areas of future research. At the end future 
research areas, as found relevant have been proposed. 
 
Literature Review  
Signalized Intersection 
Intersections in urban roadways form bottlenecks. Accordingly, to accommodate the traffic and to eliminate the 
queue formed on that limited space, different junction types are considered to be provided in accordance with 
warrants in the Manual on Uniform Traffic Control Devices (P.Roess,2004). From those junctions control forms 
signalized intersection is the ultimate control method for at grade intersection. Signals can increase the traffic 
capacity of the intersection, reduce frequency and severity of crashes, particularly right-angle crashes, and interrupt 
heavy traffic flow to permit other motor vehicles, pedestrians and bicycles to cross the to Ravi Talkies square. 
Signalized intersection is an operational strategy which facilitates the movement of traffic on the intersections by 
reducing crossing accidents and giving pedestrian safe feeling. 
 
Unwarranted or poorly timed traffic signals can have negative impacts, including excessive delay to vehicular and 
pedestrian traffic, disrespect for traffic control devices in general, increased “cut through” traffic on inappropriate 
routes, and increased frequency of crashes (MassDOT, 2012). At signalized intersection, signal time is mounted to 
reduce, eliminate and segregate the potentially conflicting movements. The signal design incorporates cycle and 
phase parameters. The cycle is a time required for one complete sequence of signal indicators and a phase is a portion 
of cycle allocated to any combination of traffic movement (Tarekegn Kumala, 2016). The two most important features 
considered during evaluation of signalized intersection are capacity and delay. Capacity is the maximum rate of flow 
where the vehicle is expected to traverse a road way under prevailing traffic, control and road way condition 
whereas; delay is the additional time experienced by the driver beyond the time required to traverse a road way 
(Bhosale, 2016). Delay and level of service are an indication of the potential capacity and performance measure of an 
intersection and it is found that the main contributory factors for moderate traffic congestion in the same area is the 
allocation of long cycle time and inappropriate phase plan at the intersections (Tarekegn Kumala, 2016). 
 
In order to conduct an operational analysis of signalized intersection geometric, traffic and signalization data are 
required. The geometric conditions includes area type, number of lanes, average lane width, grade, existence of 
exclusive left turn or right turn lanes, length of stoppage bay left turn or right turn lanes and parking. Traffic 
conditions also includes demand volume by movement, Base saturation flow rate, Peak-hour factor, Percent heavy 
vehicles, Approach pedestrian flow rate, Local buses stopping at intersection, Parking activity, Arrival type, 
Proportion of vehicles arriving on green and Approach speed. In addition, the input parameters of Signalization 
conditions includes Cycle length, Green time, Yellow-plus-all-red change-and- clearance interval, Actuated or pre-
timed operation, Pedestrian push-button, Minimum pedestrian green, Phase plan and Analysis period (HCM,2010). 
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Level of service 
Level of Service (LOS) is somewhat a subjective indication of the general acceptability of delay to drivers and directly 
related with average control delay and volume to capacity ratios. When delay levels are unacceptable but v/c ratios 
are relatively low, the cycle length and/ or the phase plan may be inefficient (Koonce, 2008). It should be noted, 
however, that when signals are part of a coordinated system, the cycle length at individual intersections is 
determined by system considerations, and alterations at isolated locations may not be practical. When both delay 
levels and v/c ratios are unacceptable, the situation is critical. Delay is already high, and demand is near or over 
capacity. In such situations, the delay may increase rapidly with small changes in demand. The full range of potential 
geometric and signal design improvements should be considered in the search for improvements (HCM, 2010). LOS 
is average control delay per vehicle in a lane group. The average control delay of the intersection is estimated by 
aggregating average delay weighted by adjusted flow of intersection. The adjusted flow of intersection (vp) is the 
maximum hourly flow rate based on the full hourly volume. 
Where,   
Vp= Adjusted flow of intersections 
V= Traffic Volume 
PHF= Peak Hour Factor 
 
Delay 
Traffic delays and queues are principal performance measures of intersection LOS, in the evaluation of the adequacy 
of lanes, and in the estimation of fuel consumption and emissions. The delay measures include the Control Delay, the 
Queue Delay and the Total Delay. The Control Delay is uniform delay plus the impacts of coordination and 
incremental delays. Queue Delays are the additional delay caused by reduction in capacity due to spillback and 
starvation. Control delay mainly affected by cycle time, ideal saturation flow, inters green time, number of phasing, 
number of lane, and left turn on red (LTOR) (Abojaradeh,2014). Total delay includes delay introduced by the 
presence of the signal (control delay) and other delay due to various roadway and traffic characteristics. Control 
delay includes deceleration as the vehicle approaches a queue or a red signal indication, acceleration away from the 
signal to get back to free flow speed, and the time spent stopped at a red indication (Avdiu,2013). Control delay of 
signalized intersection is the weighted average of delay of each approach where the approach delay is also the 
weighted average of delay of each lane group. In addition, the average control delay per vehicle is determined by 
HCM Methodology for Signalized Intersection (HCM,2010). 
d=d1(PF)+d2+d3 
where, 
d = control delay per vehicle; 
d1= uniform control delay assuming uniform arrivals (s/veh); 
 
c= cycle length (s); cycle length used in pre-timed signal control, or average cycle length for actuated control 
g = effective green time for lane group (s) 
x = v/c ratio or degree of saturation for lane group 
PF = uniform delay progression adjustment factor 
P = proportion of vehicles arriving on green 
fPA = supplemental adjustment factor for platoon arriving during green 
d2= incremental delay 
T = duration of analysis period (h) 
k = incremental delay factor that is dependent on controller settings 
I = upstream filtering/metering adjustment factor 
C = lane group capacity (veh/h) 
x = lane group v/c ratio or degree of saturation 
d3= initial queue delay 
Qb = initial queue at the start of period T (veh) 
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c = adjustment lane group capacity (veh/h) 
T = duration of analysis period (h) 
t = duration of unmet demand in T (h) 
u = delay parameter 
The study also used the above Highway Capacity Manual (HCM) methodology in order to evaluate the signal 
timing. 
 

Essentials of signal coordination 
Providing effective real time traffic signal control for a large complex network is an extremely challenging task. 
Hence, in order to get efficient movement of traffic on to Ravi Talkies squares and highways, optimization of traffic 
signals is required (Shamshirband, 2008). Using integration microscopic traffic simulation and assignment model the 
traffic signal re-timing by coordinating isolated signals is essential in order to reduce the variance of the speed, total 
delay, stopped delay, acceleration and deceleration delay and average crash risk (H. Rakha, 2016). 
 

Overview of signal Coordination Design 
Even if traffic signals are one of the most effective and flexible active traffic control mechanisms that require simple 
geometric design, it causes large stopped delays, and complexity in the design and implementation. The three 
parameters that determine the coordination of signalized network are cycle length, offset, and split. Optimization of 
the network signal timing plan (cycle, splits, and offsets) can be handled by Synchro software. However, when the 
computer model is not available, the following procedures are suggested by FHWA (Koonce, 2008). Synchro 9 
software is also preferred for this study. 
 
a)Calculate cycle length for each primary intersection using Webster equation; 
Optimum Cycle Length = (1.5 * L + 5) / (1.0–Y) 
b) Determine the minimum pedestrian cycle length: Pedestrian Minimum Cycle = LT + 14+Wm/ SP + Wc/ SP +Y 
c) Using the average distance between intersections, calculate the potential resonant cycles; Cycle = 2 * Distance / 
Speed; Cycle = 4 * Distance / Speed; Cycle = 26* Distance / Speed; Cycle = 8* Distance / Speed and then select the 
shortest resonant cycle. The cycle time should be max (optimum Cycle Length, Pedestrian Minimum Cycle and 
shortest resonant cycle) 
d) Calculate the offset using Kell method 
e) Split is calculated for the primary intersection using the Critical Movement Method. 
Phase difference plan is a better tool in order to coordinate traffic signals for closely spaced intersection having 
1000m center to center distance by adopting uniform cycle length. On this study, two different phase plans are 
designed depends on average speed of vehicle, distance, geometric properties of link and assigned to all consecutive 
intersections (Bhosale, 2016). 
 
Traffic Congestion 
Traffic congestion becomes a serious problem at road intersections. The costs due to unproductive time loss, extra 
fuel consumption, accidents, environmental pollution are the major problems accounted for in relation to traffic 
congestion. On rush hours, the intersections cause long queue which imposes economic impacts on the urban 
dwellers in many aspects (Agajie, 2015). Mekonnen, 2012, mentioned traffic congestion is the most annoying feature 
which substantially consumes travel time, creates difficulty for scheduling and on time delivery and occurs at times 
of high travel demand. Sugiyanto, 2010, on the study on estimation of Congestion Cost of Private Passenger Car 
Users in Malioboro, Yogyakarta, has developed a model for estimating congestion cost considering that congestion 
cost is a generalized cost (i.e. vehicle operating cost, travel time cost and pollution cost) in actual condition (8 km/h) 
less in perceived condition (30 km/h). However, the study is limited to Private Passenger Car. Side effects of traffic 
congestion give rise to various resource costs that can be expressed in monetary terms: time costs of delays, health 
costs caused by air pollution, productivity losses due to lives lost in traffic accidents, abatement costs due to climate 
impacts of transport, etc. In this study, the two major delay related costs; cost of travel time and Cost of Extra Fuel 
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Consumption will be estimated (Institute,2017). Mahmud, 2012, used different approach to estimate the congestion 
cost. He gave estimates of congestion cost for different vehicle and carriage way type considering fuel and travel time 
cost as a major congestion related cost. 
 
Congestion Cost 
Cost of Travel Time Lost 
The value of travel time is a critical factor in evaluating the benefit of transportation infrastructure investment and 
saving of it mainly depend on the condition of the trip (US Department of Transportation, 2011). Travel time savings 
are major benefits arising from transport infrastructure and its estimation in a monetary value is important in order 
to forecast level of traffic which is attracted and to include so value of savings in cost benefit analysis (Bank, 2016). 
The value of time lost is an opportunity cost caused by waiting at congested road intersection. The lost time may be 
either working time or nonworking time. The lost time is determined from the hourly income of individuals, average 
vehicle occupancy, the number of vehicles delayed  and average waiting time as developed below (Agajie,2015). 
CT=Ld*Wd*ta*Vp 

Where;CT = Cost of time lost per hour, ETB; 
Ld = Difference in number of vehicles waiting in the system;  
Wd = Difference in average waiting time per vehicle; 
ta = Average value of time, sec; and Vp = Vehicle occupancy, pass/veh 
 
Cost of  Extra Fuel Consumption  Due to Waiting at Signalized Intersections 
Most drivers are less aware of fuel their vehicles consume while traversing a short segment of road but it is important 
to measure the effectiveness of signalized intersection. The impact of extra fuel consumption on the city economy is 
significant if it is estimated over multiple vehicles and forecasted to a given service time. The amount of fuel 
consumption is estimated by the PC- travel software based on the velocity and acceleration of vehicle (Meyer, 2010). 
Abajie (2015), stated that the cost of fuel lost is rapidly increasing if vehicles are waiting longer time. According to 
him, the following are considered to estimate the cost of extra fuel consumed by the vehicles: determination of 
differences in waiting time, number of vehicles waiting, average fuel consumption of single vehicle and the unit cost 
of fuel are required. In addition, he illustrated in his research that about ETB: 560,000is wasted due to consumption of 
extra fuel while vehicles are delayed at junctions for about 6 minutes. In order to determine this cost used the 
following mathematical equation (Abajie, 2015). 
ECEFC=Cu*Fc*wd*Ld 
Where; 
ECEFC= Expected Cost of Extra Fuel Consumed per hour; Cu = Unit cost of fuel, ETB; 
FC= Extra fuel consumed for one vehicle per hour; 
Wd = Difference in average waiting time at the road Junction; and 
Ld = The difference in number of vehicles waiting at the road junction. 
 
Emission from in road Vehicles 
There are no emissions standard that vehicles for both new and used vehicles. For this reason, even newer vehicles 
emit severe exhaust smoke pollution because they enter the country without the modern Emissions Control 
Technology (ECT) installed. In line with the vehicle usage in Bhubaneswar, many vehicles are not maintained and are 
actually overloaded, thus these conditions worsen vehicle exhaust smoke emissions (Shankute,2015). The average age 
of vehicle fleet is 15-20 years. Vehicles are considered to be second- hand ten years after their production date, 
compared to the global norm of four years after production. The rate of growth of used vehicles registration is greater 
than that of band new ones. Excessive import of used vehicles would by far contribute to CO2 emission, as used 
vehicles consume more fuel than brand new (Dr. Thomas Schiller, 2017). There are two types of GHG emission 
estimation method. One is Fuel consumption base (IPCC,USA, Japan), and the other is Vehicle traveling kilometer 
base (Australia). But most countries have used methods developed on the basis of the IPCC Guideline. For this study 
the IPCC guideline were used (Jiun-Horng Tsai, 2010). 
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MATERIALS AND RESEARCH METHODOLOGY 
 
Research Methodology 
This chapter will present the materials and research methodology used in this research. This provides framework in 
which this research was carried out and presented. The knowledge gained from the literature review and the HCM, 
2010 methodology in the area of Signalized Intersection and past research carried out in the field of traffic flow 
problem on multi-lane intersection (Economic analysis), form the main building block for this evaluation framework. 
This chapter focuses on creating that understanding to formulate a framework for the performance evaluation 
together with cost estimation of the signalized intersection. In addition, modeling and evaluation using Synchro 
software has been discussed. 
 
Study area description 
The high economic growth and growth of residential, business and settlements is leading the city to Ravi Talkies 
squares to overcrowding by traffic jams. The cuttack road to Ravi Talkies square of Bhubaneswar is the Principal 
Arterial Road with two lanes in each flow direction and is one of the main corridors of the city which serves the east-
west traffic of the city in a jammed situation. The Ravi Talkies square is one of the route corridors in the city with 
high traffic density along the East to West corridor. This study covers the Cuttack road to Ravi Talkies square of 
Bhubaneswar. The corridor includes three major signal controlled intersections. In addition, because of its great 
significance during optimization, the Kalpana Signalized intersection has also been included in this study.  
 
Method of data collection 
Traffic Data 
Traffic flow count is categorized into six classes by visual assessment of the vehicle sizes, Corresponding passenger 
car equivalent values were considered as depicted in Table below. Table below depicts the vehicle types and 
passenger Car unit (PCU) considered in this study (Andrew, 2003).  
From the collected traffic data, it was noted that the route corridor serves a peak flow during 10/10/2017 and 
11/10/2017; which, for Cuttack road and Jharpada Intersection flow 10/10/2017 during morning peak period and for 
Jharapada Square and KALPANA Intersections Night is a peak period of traffic flow on 11/10/2017.  
 
Travel time and fuel consumption data 
The conditions of travel time together with fuel consumption at congested intersections were analyzed from 
questionnaires distributed to road users that pass the Cuttack road to Ravi Talkies square. The questionnaire sheet 
include: job, income, purpose of trip, number of trips per day, travel speed, travel time lost and characteristics of 
respondents. In addition to the above, amount of fuel consumed on the study route and users understanding on 
source of congestion were also included in questionnaires. The respondents were selected using cluster sampling 
strategies because it is better to organize the collected data into clusters like passengers, drivers and private car 
owners. In connection, the sample size was determined based on National Education Association formula as 
presented by Krejcie (2012) on his paper on determining sample size for research activities as follows;  Accordingly, 
about 200 copies of the questionnaire were prepared and distributed to road users, of which 100 for passengers and 
100 for drivers and private car owners. From the distributed questionnaires, 60 from drivers and private car owners 
and 59 from passengers were returned. 
 
Emission 
Inroad vehicles emission can be measured directly by directing the vehicles the road side test locations and also using 
measuring instrument that measure component of atmosphere. Using vehicles emission control technologies (ECT) 
fixed with the vehicles and equipment like wager smoke opacity of vehicles can be estimated (Shankute, 2015). 
Determination of number vehicles is not sufficient to estimate vehicle emissions. Depending on the fuel type used in 
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vehicles amount of pollutants vary. The number of gasoline vehicles registered in Ethiopia becomes constant from 
2002-2009 with a share of 27.7% and 28.1% in the first and last four years of the aforementioned year respectively 
from the total registered  vehicles. The proportion of vehicles estimated by AAiT should also be used in this study 
(AAiT, 2012). In addition to the above, the other important parameter while determining amount of the pollutants is 
emission factor. Emission factors depend on type and compound of the fuel and ignition system. Taking into 
considerations of those factors Hamit SOLMAZ have determined emission factors depending on types of vehicle for 
gasoline and diesel fuel (SOLMAZ, 2012). Neway (2016), in his study on Investigation on Pollution Caused by 
Gasoline and Diesel fuelled Vehicles determined emission factors for Ethiopian conditions. In the study, lots of 
parameters were taken into account such as, fuel consumption, age of vehicles, average vehicles kilometers traveled 
in a year and accordingly CO, NOx, CO2, PM and HC pollutants emission factors were determined. According to his 
study, the highest level of NOx emissions were estimated at 3.44 g/km, HC emissions at 6.53 g/km, CO at 13.9 g/km, 
PM2.5 at 1.3 g/km and 35.96 g/km of CO2. As the research was relatively current the estimated emission factors were 
used in this study. Having this data the emission from vehicles is estimated by multiplying average vehicles 
kilometers traveled by emission factor. 
     

RESULTS AND DISCUSSIONS 
Cost of extra fuel consumption 
The total cost of travel time lost from Cuttack  road to Ravi Talkies section was estimated to be ETB: 1,163,916.56 per 
hour. To calculate extra fuel consumption due to waiting at congested section, the following parameters were 
required as inputs; 
 
Average fuel consumptions of single vehicle per hour 
Traffic congestion leads to excess fuel usage due to time spent idling in jam and the start-and- stop nature of travel in 
congested conditions, as travel at a lower speed consumes more fuel. Almost all vehicles operate with fuel efficiency 
when traveling between 50 and 80km/hr. Otherwise, vehicles consume increasingly more fuel the faster or the slower 
they travel. In this regard, the following chart was developed by Ardina (2006) to estimate the amount of fuel burnet 
by vehicle with respect to vehicle speed. Ardina (2006) mentioned that for every 10 minutes of idling time, the car 
consumes around 100ml of petrol. In this study the same was adopted. 
 
Cost of fuel per liter 
Market value of fuel per liter was obtained from gas stations. For the Bhubaneswar condition, the cost of gasoline is 
ETB: 16.20. 
The parameters used to calculate cost of travel time lost were described above. Accordingly, the  same formula was 
used to determine the values in this case. 
Cost of extra fuel consumption (Cf)=Vn*Vt*Fv*Cfl 
Where; 
Cf=Cost of extra fuel consumption; 
Vn=Number of vehicles waiting in the system; 
Vt =Average waiting time per vehicle (sec); 
Fv=Average fuel consumptions of single vehicle per hour; and 
Cfl=Cost of fuel per liter. 
The cost of extra fuel consumption from Cuttack road to Ravi Talkies road section was estimated to be ETB: 27,526.20 
per hour. 

Emission 
For the entire road segment has been covered by vehicles in peak one hour period. This parameter was directly taken 
from Synchro software. Having this data emission is calculated by; 
Emission=EF*VKT 
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Where; 
EF= Emission factors; and 
VKT = vehicle kilometer travel 
Therefore, from Cuttack Road to Ravi Talkies road section on road vehicles emit 31,668.64 g/h of NOx, 206,796.22 g/h 
of HC, 2,874,467.45 g/h of CO, 3,736,807.68 g/h of PM 2.5 and 134,375,604.21g/h of CO2. Hence, the overall costs of 
congestion were estimated by adding Cost of travel time lost (Ctf)and Cost of extra fuel consumption (Cf). Based 
on this specific study, region it was estimated that the country lost ETB: 1,191,442.76 per hour from extra fuel 
consumption and travel time lost. In addition, it is also affected by pollution with emission rate of 31,668.64 g/h of 
NOx, 206,796.22 g/h of HC, 2,874,467.45 g/h of CO, 3,736,807.68 g/h of PM2.5 and 134,375,604.21g/h of CO2. 
 

CONCLUSIONS 
 
This research focused on analyzing the impacts of improperly allocating traffic signal timing of Signalized 
Intersections on the flow of traffic and the effect of traffic congestion on road vehicles. The case study was the 
Cuttack road to Ravi Talkies square in Bhubaneswar. For performance evaluation, the Highway Capacity Manual 
(HCM) was used and also for optimization of signal timing of Signalized Intersections, the Synchro software was 
used. In addition, the effect of congestion was estimated in monetary values with respect to the following 
parameters; 
 Cost of extra fuel consumption; and 
 Cost of travel time lost. 
Further, the amount of emission from inroad vehicles with respect to NOx, HC, CO, PM2.5 and CO2 were also 
estimated. 
 
Accordingly, the following results were obtained; 
 The traffic flow at all intersections of the route corridor was served by poor Level of Service (LOS F). 
 The results obtained using the HCM methodologies and Synchro software with respect to performance 

evaluation were almost the same. 
 The saturation flow rate of the route corridor was high as compared to HCM default value which is mainly 

arising from aggressive nature of drivers. 
 Due to the effect of congestion on extra fuel consumption and travel time lost, the country looses ETB:1,191,442.76 

per hour due to traffic jam on the route corridor. 
 Due to the effect of congestion, the country is subjected to pollution with emission rate of: 31,668.64 g/h of NOx, 

206,796.22 g/h of HC, 2,874,467.45 g/h of CO, 3,736,807.68 g/h of PM2.5 and 134,375,604.21 g/h of CO2. 
 The service quality of the Intersections can be improved by changing the cycle length from 188sec to 270sec for 

KALPANA Inter section and 230sec for all other intersections and phase sequences together with splits. More 
than 550 vehicles will be relieved from stopping at the intersections and also extra 654 liters of fuel will be saved 
from improvement of signal performance. 

 Though, effectiveness parameters were improved due to optimization of cycle length, offsets and splits, the level 
of service of the network is not changed from LOS F to better service. This is happen due to the reason that the 
arrival rates are too much to be served by the intersections. 

 

RECOMMENDATIONS 
 
 In order to improve the service quality of the corridor, only signal timing optimization is not enough by itself. 

Hence, another traffic management mechanism should be applied like overpass and introducing additional lanes 
to existing network. 

 Using HCM default values leads inappropriate judgment, so calibration is required. For example, the value of 
saturation flow rate in our condition is higher than the HCM default value. 
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Recommendations for Future Research Areas 
There are several potential areas which remain to be examined and can have significant influence for improvement of 
traffic signal operation. Some of the areas can be; 
 Calibration of Level of Service thresholds for local conditions; 
 Effect of driving behavior on saturation headway estimation; 
 Formulation of other improvement methods other than signal re-timing to improve the level of service of 

roadway; 
 Further investigation should also be conducted to determine other types of congestion costs like noise cost; 
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Traffic Data 
 
 
 
 
 
 
 
 
 
 

SI.No. Vehicle Type PCU 
1. Cycle 0.2 
2. M/ cycle 0.5 
3. Car (includes Passengers Cars, Station wagons, pick-up, M/bus) 1 

4. 
S/Truck includes Small buss 18-48 passenger occupancy and 

small Truck 2 

5. 
M/Truck includes Medium Trucks and Large Bus 48-62 

passenger Occupancy 2.5 

6. H/Truck includes double cargo city busses and Truck and Trailer 3 
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Speed Vs Fuel Consumption chart 

 

Speed Vs Fuel Consumption chart 

Fig. 1. Graphical relation between travel speed and fuel consumption as illustrated in Figure.  
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  In this paper, we introduce characterizations of fuzzy ideals of a pseudo d- algebra are established. we 
define fuzzy pseudo q ideals and fuzzy pseudo a ideals in pseudo - d- ideals. We give several 
characterizations and the extensive theorems about fuzzy pseudo q ideals and fuzzy pseudo a ideals.  
 
Keywords: Pseudo ݀-ideals ; pseudo ܽ, ,  . ideals in d algebras ݍ
 

INTRODUCTION 
 
Y. Imai and K. Iseki introduced two classes of abstract algebrasܭܥܤ- algebras and ܫܥܤ-algebras [3, 10, 11, ?] It is 
known that the class of BCK-algebras is a proper subclass of the class of ܫܥܤ- algebras. In Q.P. Hu and X. Li 
introduced a wider class of abstract algebras ܪܥܤ-algebras. They have shown that the class of ܫܥܤ-algebras is a 
proper subclass of the class of BCH-algebras. J. Neggers and H.S. Kim Introduced On d-algebras [13]. K. H. Dar 
introduced the notions of left and right mapping on BCK-algebras in .Further the authors discussed notions of 
endomorphisms on ܪܥܤ-algebras. Left and Right mapping over BCI-algebras have been discussed . In this paper, we 
study the connection between fuzzy and ݀-algebras. 
 
2 Preliminaries 
In this section we site the fundamental definitions that will be used in the sequel. 
 
Definition 2.1 
Let X be a set with a binary operation ∗ and a constant 0. Then (X, ∗, 0) is called a BCH-algebra if it satisfies the 
following conditions: 
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ݔ .1 ∗ ݔ = 0 
ݔ).2 ∗ (ݕ ∗ ݖ = ݔ) ∗ (ݖ ∗  ݕ
ݔ .3 ∗ ݕ = ݕ ݀݊ܽ 0 ∗ ݔ = 0 ݔ = ,ݔ ∀ ݕ ,ݕ ݖ ∈ ܺ. 
 
Example 2.2. Let ܺ = {0,ܽ,ܾ, ܿ} be a set with the following cayley table.  

 
 
 
 
 
 

 
Definition2.3. [2, 3, 5] Let ܺ be a set with a binary operation ∗ and a constant 0. Then (ܺ,∗ ,0) is called a ܭܥܤ-algebras 
if it satisfies the following axioms. 
1. ൫(ݔ ∗ (ݕ ∗ ݔ) ∗ ൯(ݖ ∗ ݖ) ∗ (ݕ = 0 
2. ൫ݔ ∗ ݔ) ∗ ൯(ݕ ∗ ݕ = 0 
ݔ .3 ∗ ݔ = 0 
ݔ .4 ∗ ݕ = 0 and ݕ ∗ ݔ = 0  ݔ = ,ݔ ∀ ݕ ,ݕ ݖ ∈ ܺ 
5. 0 ∗ ݔ = 0. 
 
Definition 2.4. [12] A ݀-algebra is a non empty set ܺ with a constant 0 and binary operation ∗ and satisfying the 
following axioms. 

ݔ .1 ∗ ݔ = 0 
2. 0 ∗ ݔ = 0 
ݔ .3 ∗ ݕ = 0 and ݕ ∗ ݔ = 0  ݔ = ,ݔ ∀ ݕ ݕ ∈ ܺ. 

 
Example 2.5. Let (ܺ = {0,1,2,3},∗ ,0) be a set with the following cayley table.  

 
 
 

 
 

Then (ܺ,∗ ,0) is a ݀-algebra. 

Definition 2.6. [1] Let ܺ be a ܪܥܤ-algebra. If ܺ is satisfies the condition, 
ݔ)  ∗ (ݕ ∗ ݖ = ݔ) ∗ (ݕ ∗ ݕ) ∗ ,ݔ ∀,(ݖ ,ݕ ݖ ∈ ܺ. Then ܺ is called positive implicative ܪܥܤ-algebra. 
 
Definition 2.7.[14] Let ܺ be a ݀-algebra and ܫ be a subset of ܺ. Then ܫ is called a ݀-ideal of ܺ if it satisfies the 
following conditions:  

1. 0 ∈   ܫ 
∗ ݔ .2 ∋ ݕ  ∋ ݕ ݀݊ܽ ܫ  ⇒ ܫ  ∋ ݔ   ܫ 
∋ ݔ .3 ∋ ݕ ݀݊ܽ ܫ   ܺ ⇒ ∗ ݔ  ∋ ݕ  ܫ .i.e) ܫ  × ܺ ܫ) 

 
Definition 2.8.[13] Let µ be a fuzzy set in a ݀-algebra ܺ. Then µ is called a fuzzy ݀-ideal of ܺ if it satisfies the 
following inequalities: 

1. µ(0)  ≥  µ (ݔ)  
2. µ( ݔ )  ≥  ݉݅݊ { µ(ݔ ∗ , (ݕ  µ(ݕ) } 
3. µ( ݔ ∗ ( ݕ   ≥  ݉݅݊{ µ(ݔ) , µ(ݕ) } ∀ ݕ, ݔ ∈  ܺ  

* 0 a b c 
0 0 0 0 0 
E a 0 a 0 
F b b 0 0 
G c c c 0 

* 0 1 2 3 
0 0 0 0 0 

1 1 0 1 0 
2 2 2 0 0 
3 3 3 1 0 
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3  Fuzzy Pseudo  q, a, p -ideals   
 
Definition: 3.1 A fuzzy set ߤ is called a fuzzy pseudo ݍ-ideal in ܺ. If 
(ݖ◯ݔ)ߤ (1ܳ) ≥ ݔ)ߤ}݊݅݉ ∗ ,ݔ  ,{(ݕ)ߤ,((ݖ◯ݕ) ݖ,ݕ ∈ ܺ. 
ܽ)ߤ (2ܳ) ∗ ܿ) ≥ ܾ)◯ܽ)ߤ}݊݅݉ ∗ ,ݔ  ,{(ܾ)ߤ,((ܿ ,ݕ ݖ ∈ ܺ.    
 
Definition: 3.2A fuzzy set ߤ is a fuzzy pseudo subalgebra of ܺ. If 
(ݕ◯ݔ)ߤ (݅) ≥ ݕ,ݔ  {(ݕ)ߤ,(ݔ)ߤ}݊݅݉ ∈ ܺ. 
ܽ)ߤ (݅݅) ∗ ܾ) ≥ min{ߤ,(ܽ)ߤ(ܾ)}  ܽ,ܾ ∈ ܺ.   
 
Definition: 3.3A fuzzy set ߤ is called a fuzzy pseudo closed ideal in ܺ. If 
(ݔ◯0)ߤ (1ܥ) ≥ 0)ߤ ,(ݔ)ߤ ∗ ܽ) ≥ ܽ,ݔ  ,(ܽ)ߤ ∈ ܺ and 
(ݔ)ߤ (2ܥ) ≥ (ݕ◯ݔ)ߤ ∧ (ܽ)ߤ ,(ݕ)ߤ ≥ ܽ)ߤ ∗ ܾ) ∧ ,ܽ  ,(ܾ)ߤ ܾ, ݕ,ݔ ∈ ܺ.   
 
Theorem: 3.4  Every fuzzy pseudo ݍ-ideal of ܺ is a Fuzzy pseudo subalgebra of ܺ.  
Proof. If ߤ be a fuzzy pseudo ݍ-ideal, then putting   ݖ = ܿ and (1ܫܳ) in ݕ = ܾ in (ܳ2ܫ),   
we have (ݕ◯ݔ)ߤ ≥ ܽ)ߤ   ,{(ݕ)ߤ,(ݔ)ߤ}݊݅݉ ∗ ܾ) ≥   .{(ܾ)ߤ,(ܽ)ߤ}݊݅݉
This completes the proof. 

  
Theorem: 3.5   Let ߤ be a fuzzy pseudo ideal of ܺ. Then the following are equivalent. 
 .ܺ ideal of-ݍ is a fuzzy pseudo ߤ (݅)
(ܾ◯ܽ))ߤ (݅݅) ∗ ܿ) ≥ (ܾ◯ܽ))ߤ ∗ (0◯ܿ)) and  ݔ))ߤ ∗ (ݖ◯(ݕ ≥ ݔ))ߤ ∗ 0)◯(ݕ ∗  ((ݖ
ݔ)ߤ (݅݅݅) ∘ (ݕ ≥ 0)ݔ൫ߤ ∗ ܽ)ߤ   ݀݊ܽ      ൯(ݕ ∗ ܾ) ≥ ܽ)ߤ ∗ (0 ∘ ܾ)) 
  
Proof. (i)⇒ (ii) Since ߤ is a fuzzy pseudo q-ideal of X, we have        
ܽ))ߤ  ∘ ܾ) ∗ ܿ) ≥ min {ߤ൫(ܽ ∘ ܾ) ∗ (0 ∘ ܿ)൯,(0)ߤ  = ܽ))ߤ ∘ ܾ) ∗ (0 ∘ ܿ))) 
 Similarly, Since ߤ  is a fuzzy pseudo q-ideal ,we have we     
ݔ)൫ߤ  ∗ (ݕ ∘ ൯ݖ ≥ min൛ߤ൫(ݔ ∗ (ݕ ∘ (0 ∗ ݔ))ߤ .ൟ(0)ߤ,൯(ݖ ∗ (ݕ ∘ (0 ∗  ((ݖ
(݅݅) ⇒ (݅݅݅) Letting ݕ = 0 and ݖ = ܾ and (1ܫܳ) in ݕ = 0 and ܿ = ܾ in (ܳ2ܫ), we get the  required implication. 
(݅݅݅) ⇒ (݅) We have(0)◯ݔ ∗ ((ݕ ∗ ݖ)◯ݔ) ∗ ((ݕ ≤ ݖ) ∗ 0)◯(ݕ ∗ (ݕ ≤    and .ݖ
(ܽ ∗ (0◯ܾ))◯(ܽ ∗ (ܿ◯ܾ)) ≤ (ܿ◯ܾ) ∗ (0◯ܾ) ≤ ܿ. 
Then we have 0)◯ݔ)ߤ ∗ ((ݕ ≥ ݖ)◯ݔ)ߤ}݊݅݉ ∗        and {(ݖ)ߤ,((ݕ

ܽ)ߤ          ∗ (0◯ܾ)) ≥ ܽ)ߤ}݊݅݉ ∗  Therefore by hypothesis .{(ܿ)ߤ,((ܾ◯ܿ)
(ݕ◯ݔ)ߤ          ≥ 0)◯ݔ) ∗ ((ݕ ≥ ݖ)◯ݔ)ߤ}݊݅݉ ∗      {(ݖ)ߤ,((ݕ

and ߤ(ܽ ∗ ܾ) ≥ ܽ)ߤ ∗ (0◯ܾ)) ≥ ܽ)ߤ}݊݅݉ ∗   .ܺ ideal of-ݍ   is a fuzzy pseudo ߤ Hence .{(ܿ)ߤ,((ܾ◯ܿ)
 
Theorem: 3.6   Let ߤ and ߥ be fuzzy pseudo ideals of ܺ, such that ߤ ⊆    and ߥ
(0)ߤ =   .ߥ ideals of ܺ. then so-ݍ is a fuzzy pseudo ߤ If .(0)ߥ
Proof. We want to show that by theorem for any ݔ ,ܽ,ݕ, ܾ ∈ (ݕ◯ݔ)ߥ.ܺ ≥ 0)◯ݔ)ߥ ∗ ܽ)ߥ and ((ݕ ∗ ܾ) ≥ ܽ)ߥ ∗ (0◯ܾ)) 
putting, ݏ = 0)◯ݔ ∗ ݔ) then ,(ݕ ∗ 0)◯(ݏ ∗ (ݕ = 0, hence ݔ))ߤ ∗ 0)◯(ݏ ∗ ((ݕ = (0)ߤ = -is a fuzzy pseudo ߤ Since .(0)ߥ
ݔ))ߤ      ideal of ܺ and using-ݍ ∗ (ݕ◯(ݏ ≥ ݔ))ߤ ∗ 0)◯(ݏ ∗ ((ݕ = ݔ))ߥ Thus .(0)ߥ ∗ (ݕ◯(ݏ ≥ (0)ߥ ≥  is a ߥ Since .(ݏ)ߥ
fuzzy pseudo ideal we have  
(ݕ◯ݔ)ߥ            ≥ (ݕ◯ݔ))ߥ}݊݅݉ ∗ {(ݏ)ߥ,(ݏ = (ݏ)ߥ = 0)◯ݔ)ߥ ∗  (1)————((ݕ
putting ݐ = ܽ ∗ (0◯ܾ) then (ܽ◯ݐ) ∗ (0◯ܾ) = 0.  
Hence, (ݐ◯ܽ))ߤ ∗ (0◯ܾ)) = (0)ߤ = (ݐ◯ܽ))ߤ ideal of ܺ and using-ݍ is a fuzzy pseudo ߤ Since .(0)ߥ ∗ ܾ) ≥ (ݐ◯ܽ))ߤ ∗
(0◯ܾ)) =  .(0)ߥ
Thus (ݐ◯ܽ))ߥ ∗ ܾ) ≥ (ݐ◯ܽ))ߤ ∗ ܾ) ≥ (0)ߥ ≥ ܽ)ߥ is a fuzzy pseudo ideal we have ߥ Since (ݐ)ߥ ∗ ܾ) ≥ ܽ))ߥ}݊݅݉ ∗
,(ݐ◯(ܾ {(ݐ)ߥ = (ݐ)ߥ = ܽ)ߥ ∗ (0◯ܾ))———–(2).  
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From (1) and (2) ߥ is a fuzzy pseudo ݍ-ideal of ܺ. This completes the proof. 
 
Definition: 3.7   A fuzzy set ߤ is a called a fuzzy pseudo ܽ-ideal of ܺ if, 
(ݔ◯ݕ)ߤ (1ܫܣ) ≥ ݔ))ߤ}݊݅݉ ∗ 0)◯(ݖ ∗ ,ݔ     {(ݖ)ߤ,((ݕ ,ݕ ݖ ∈ ܺ and  
ܾ)ߤ (2ܫܣ) ∗ ܽ) ≥ (ܿ◯ܽ))ߤ}݊݅݉ ∗ ,ܾ,ܽ  ,{(ܿ)ߤ,((ܾ◯0) ܿ ∈ ܺ  
 
Theorem: 3.8  Let ߤ be a fuzzy pseudo ideal of ܺ. Then the following are equivalent. 
 .ܺ is a fuzzy pseudo ܽ-ideal of ߤ (݅)
ܾ)ߤ (݅݅) ∗ (ܽ◯ܿ ≧ (ܿ◯ܽ))ߤ ∗ (0◯ܾ)) and   ݔ)◯ݕ)ߤ ∗ ((ݖ ≥ ݔ))ߤ ∗ 0)◯(ݖ ∗  ((ݕ
(ݔ◯ݕ)ߤ (݅݅݅) ≥ 0)◯ݔ)ߤ ∗ ܾ)ߤ  and ((ݕ ∗ ܽ) ≥ ܽ)ߤ ∗ (0◯ܾ))  
Proof. (݅) ⇒ (݅݅) suppose that ߤ is a fuzzy pseudo ܽ-ideal of ܺ, we have  
ݔ)◯ݕ)ߤ ∗ ((ݖ ≥ ݔ))ݑ݉݊݅݉ ∗ (ݖ ∗ 0)◯(ݏ ∗  and {(ݏ)ߤ,(ݕ
ܾ)ߤ ∗ (ܽ◯ܿ)) ≥ (ݐ◯(ܿ◯ܽ)))ߤ}݊݅݉ ∗ ݏ we write {(ݐ)ߤ,((ܾ◯0) = ݔ) ∗ 0)◯(ݖ ∗   (ݕ
and ݐ = (ܽ◯ܿ) ∗ (0◯ܾ). Since((ݔ ∗ (ݖ ∗ 0)◯(ݏ ∗ (ݕ = ݔ)) ∗ 0)◯(ݖ ∗ ((ݕ ∗ ݏ = 0 and  
(ݐ◯(ܿ◯ܽ)) ∗ (0◯ܾ) = ((ܽ◯ܿ) ∗ (0◯ܾ))◯ܾ = 0. 
Then we have ݔ)◯ݕ)ߤ ∗ ((ݖ ≥ {(ݏ)ߤ,(0)ߤ}݊݅݉ = (ݏ)ߤ = ݔ))ߤ ∗ 0)◯(ݖ ∗  and {((ݕ
ܾ)ߤ ∗ (ܽ◯ܿ)) ≥ = {(ݐ)ߤ,()ߤ}݊݅݉ (ݐ)ߤ = (ܿ◯ܽ))ߤ ∗  .((ݕ◯0)
(݅݅) ⇒ (݅݅݅) Letting ݖ = 0 and ܿ = 0 in (ii) we obtain (ݔ◯ݕ)ߤ ≥ 0)◯ݔ)ߤ ∗ ܾ)ߤ and ((ݕ ∗ ܽ) ≥ ܽ)ߤ ∗  .((ݕ◯0)
(݅݅݅) ⇒ (݅) Note that (0)◯ݔ ∗ ݔ))◯((ݕ ∗ 0)◯(ݖ ∗ ((ݕ ≤ ݔ)◯ݔ ∗ (ݖ ≤ ܽ) and ݖ ∗ (0◯ܾ)) ∗ ((ܽ◯ܿ) ∗ (0◯ܾ)) ≤ ܽ ∗
(ܽ◯ܿ) ≤ ܿ  
we have 0)◯ݔ)ߤ ∗ ((ݕ ≥ ݔ))ߤ}݊݅݉ ∗ 0)◯(ݖ ∗   {(ݖ)ߤ,((ݕ
and ߤ(ܽ ∗ (0◯ܾ)) ≥ (ܿ◯ܽ))ߤ}݊݅݉ ∗   From condition  (iii) we have {(0)ߤ,((ܾ◯0)
(ݔ◯ݕ)ߤ ≥ 0)◯ݔ)ߤ ∗ ≤     ((ݕ ݔ))ߤ}݊݅݉ ∗ 0)◯(ݖ ∗ ,((ݕ  and {(ݖ)ߤ
ܾ)ߤ ∗ ܽ) ≥ ܽ)ߤ ∗ (0◯ܾ)) ≥ (ܿ◯ܽ))ߤ}݊݅݉ ∗  .{(ܿ)ߤ,((ܾ◯0)
Hence ߤ is a fuzzy pseudo ܽ-ideal of ܺ.  
 
Theorem: 3.9  Let ߤ be a fuzzy pseudo ideal of ܺ, then ߤ is a fuzzy pseudo ܽ-ideal of ܺ if and only if it satisfies the 
following conditions. 
(ݕ)ߤ (݅) ≥ 0)◯0)ߤ ∗ (ܾ)ߤ and ((ݕ ≥ 0)ߤ ∗ ܾ,ݕ  ((ܾ◯0) ∈ ܺ  
(ݕ◯ݔ)ߤ (݅݅) ≥ 0)◯ݔ)ߤ ∗ ܽ)ߤ and ((ݕ ∗ ܾ) ≥ ܽ)ߤ ∗ ,ݔ  ((ܾ◯0) ܾ,ܽ,ݕ ∈ ܺ. 
Proof. Assume that ߤ is a fuzzy pseudo ܽ-ideal of ܺ. Setting ݔ = 0 and ܽ = 0 in the above theorem(iii), we get 
(ݕ)ߤ ≥ 0)◯0)ߤ ∗ (ܾ)ߤ and ((ݕ ≥ 0)ߤ ∗ (0◯ܾ)) Note that  
(0 ∗ 0)◯ݕ)◯0) ∗ ((((ݔ ∗ 0)◯ݔ) ∗ ((ݕ = (0 ∗ (0 ∗ (ݕ ∗ (0◯(0 ∗ (((ݔ ∗ 0)◯ݔ) ∗ ((ݕ = ((0◯(0 ∗ 0)◯((ݕ ∗ (0◯(0 ∗ ((((ݔ ∗
0)◯ݔ) ∗ = ((ݕ ((0◯(0 ∗ 0)◯((ݕ ∗ ((ݔ ∗ 0)◯ݔ) ∗  ((ݕ

= ((0◯(0 ∗ ((ݕ ∗ 0)◯ݔ) ∗ 0)◯(((ݕ ∗  (ݔ
= (0 ∗ 0)◯(ݔ ∗ (ݔ = 0 ∗ ݔ) ∗ (ݔ = 0. 
Then 0)ߤ ∗ 0)◯ݕ)◯0) ∗ ((((ݔ ≥ 0)◯ݔ)ߤ}݊݅݉ ∗ {(0)ߤ,((ݕ = 0)◯ݔ)ߤ ∗  ,((ݕ
Hence 0)◯ݕ)ߤ ∗ ((ݔ ≥ 0)ߤ ∗ 0)◯ݕ)◯0) ∗ ≤ ((((ݔ 0)◯ݔ)ߤ ∗  ,Applying above theorem (iii) .((ݕ
we have (ݕ◯ݔ)ߤ ≥ 0)◯ݕ)ߤ ∗ ((ݔ ≥ 0)◯ݔ)ߤ ∗  Similarly, we have .((ݕ

(0◯(0 ∗ (ܾ ∗ (0◯ܽ))))◯(ܽ ∗ (0◯ܾ)) = (0◯(0◯ܾ)◯(0 ∗ (0◯ܽ)))◯(ܽ ∗ (0◯ܾ))
= (0 ∗ (0◯ܾ) ∗ (0◯(0 ∗ (0◯ܽ))))◯(ܽ ∗ (0◯ܾ)) = ((0 ∗ (0◯ܾ)) ∗ (0◯ܽ)) ∗ (ܽ ∗ (0◯ܾ)) 

              = ((0 ∗ (0◯ܾ))◯(ܽ ∗ (0◯ܾ)) ∗ (0◯ܽ) ≤ (0 ∗ ܽ) ∗ (0◯ܽ) 
               = 0◯(ܽ◯ܽ) = 0.  

We have  0)◯0)ߤ ∗ (ܾ ∗ (0◯ܽ)))) ≥ ܽ)ߤ}݊݅݉ ∗ = {(0)ߤ,((ܾ◯0) ܽ)ߤ ∗ (0◯ܾ)), 
Hence ߤ(ܾ ∗ (0◯ܽ)) ≥ 0)◯0)ߤ ∗ (ܾ ∗ (0◯ܽ)))) ≥ ܽ)ߤ ∗ (0◯ܾ)) applying above theorem (iii), we have ߤ(ܽ ∗ ܾ) ≥
ܾ)ߤ ∗ (0◯ܽ)) ≥ ܽ)ߤ ∗ (0◯ܾ)). 
Conversely, suppose ߤ is a fuzzy pseudo ideal satisfying (i) and (ii) In order to prove that ߤ is a fuzzy pseudo ܽ-ideal 
of ܺ, from above theorem, we show that (ݔ◯ݕ)ߤ ≥ 0)◯ݔ)ߤ ∗ ܾ)ߤ and ((ݕ ∗ ܽ) ≥ ܽ)ߤ ∗ (0◯ܾ))  ܽ, ܾ, ݕ,ݔ ∈ ܺ. By (ii), 
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we have (ݕ◯ݔ)ߤ ≥ 0)◯ݔ)ߤ ∗ Since 0 .((ݕ ∗ (ݔ◯ݕ) ≤ 0)ߤ by above theorem , we get ,ݕ◯ݔ ∗ ((ݔ◯ݕ) ≥ (ݕ◯ݔ)ߤ ≥
0)◯ݔ)ߤ ∗  thus ,((ݕ
0)ߤ ∗ (0 ∗ (((ݔ◯ݕ) ≥ 0)ߤ ∗ ((ݔ◯ݕ) ≥ 0)◯ݔ)ߤ ∗   Applying (i), we get ((ݕ

(ݔ◯ݕ)ߤ ≥ 0)ߤ ∗ (0 ∗ (((ݔ◯ݕ) ≥ 0)◯ݔ)ߤ ∗  .((ݕ
Similarly, we can getߤ(ܾ ∗ ܽ) ≥ ܽ)ߤ ∗ (0◯ܾ)). Therefore ߤ is a fuzzy pseudo ܽ-ideal of ܺ. This completes the proof.  
  
Definition: 3.10   A fuzzy set ߤ is a called a fuzzy pseudo -ideal in ܺ. If  
(ݔ)ߤ (1ܫܲ) ≥ ݔ))ߤ}݊݅݉ ∗ ݕ)◯(ݖ ∗ ݔ  ,{(ݕ)ߤ,((ݖ ,ݕ, ݖ ∈ ܺ  and  
(ܽ)ߤ (2ܫܲ) ≥ (ܿ◯ܽ))ߤ}݊݅݉ ∗ ,ܾ,ܽ  {(ܾ)ߤ,((ܿ◯ܾ) ܿ ∈ ܺ  
 
Theorem: 3.11   Every fuzzy pseudo -ideal is a fuzzy pseudo ideal. 
Proof. Let ߤ be a fuzzy pseudo -ideal of ܺ and let ݐ ∈ ݕ For every .(ߤ)݉ܫ ∈ ,ߤ)ܷ ܽ Let ,(ݐ ∈∗ ,ߤ)ܷ,ݕ) ܾ and ((ݐ ∈
,ߤ)ܷ,ݕ)◯ ܾ) Then .((ݐ ∗ ݕ)◯(0 ∗ 0) = ݕ◯ܾ ∈ ,ߤ)ܷ  and (ݐ
(ܽ◯0) ∗ (0◯ݕ) = ܽ ∗ ݕ ∈ ,ߤ)ܷ ݕ Since .(ݐ ∈ ,ߤ)ܷ (ܽ)ߤ ideal we have- is a pseudo ߤ and (ݐ ≥ (0◯ܽ))ߤ}݊݅݉ ∗
{(ݕ)ߤ,((0◯ݕ) ≥  and ݐ
(ܾ)ߤ ≥ ܾ))ߤ}݊݅݉ ∗ ݕ)◯(0 ∗ {(ݕ)ߤ,((0 ≥ ,ܽ So that .ݐ ܾ ∈ ,ߤ)ܷ ∗ This show that .(ݐ ,ߤ)ܷ,ݕ) ((ݐ ⊆ ,ߤ)ܷ  and (ݐ
,ߤ)ܷ,ݕ)◯ ((ݐ ⊆ ,ߤ)ܷ ,ߤ)ܷ Hence .(ݐ   .ܺ is a fuzzy pseudo ideal of ߤ is a pseudo ideal of ܺ and so (ݐ
 
Lemma: 3.12  A fuzzy pseudo ideal of ܺ is a fuzzy pseudo -ideal if and only if  (ݔ)ߤ ≥ 0)◯0)ߤ ∗ (ܽ)ߤ and ((ݔ ≥
0)ߤ ∗ ∋,ܽ,ݔ  ,((ܽ◯0) ܺ.  
Proof. Let ߤ be fuzzy pseudo -ideal then ∀ݔ, ,ݕ ,ܾ,ܽ,ݖ ܿ ∈ ܺ we have  
(ݔ)ߤ ≥ ݔ))ߤ ∗ ݕ)◯(ݖ ∗ ((ݖ ∧ (ܽ)ߤ , (ݕ)ߤ ≥ (ܿ◯ܽ))ߤ ∗ (ܾ◯ܿ)) ∧ ݔ setting (ܾ)ߤ = ݕ ,ݖ = 0 and ܽ = ܿ,ܾ = 0, we have 
(ݔ)ߤ ≥ 0)◯0)ߤ ∗ (ܽ)ߤ and ((ݔ ≥ 0)ߤ ∗ ,ݔ∀ ,((ܽ◯0) ܽ ∈ ܺ.  
Conversely suppose ߤ satisfies (ݔ)ߤ ≥ 0)◯0)ߤ ∗ (ܽ)ߤ and ((ݔ ≥ 0)ߤ ∗ ܽ,ݔ  ,((ܽ◯0) ∈ ܺ. We have  (0 ∗ (0◯ܽ)) ∗
((ܽ◯ܿ) ∗ (ܾ◯ܿ)) = (((ܾ◯ܿ) ∗ (ܾ◯ܿ)) ∗ (0 ∗ ܽ)) ∗ ((ܽ◯ܿ) ∗ (ܾ◯ܿ)) 

                                                               = (((ܾ◯ܿ) ∗ (0◯ܽ)) ∗ (ܾ◯ܿ)) ∗ ((ܽ◯ܿ) ∗ (ܾ◯ܿ)) 
                      ≤ ((ܾ◯ܿ) ∗ (0◯ܽ)) ∗ (ܽ◯ܿ)) 
= ((ܾ◯ܿ) ∗ (ܽ◯ܿ)) ∗ (0◯ܽ)) ≤ (ܾ◯ܽ) ∗ (0◯ܽ) ≤ ܾ. For all ݔ, ,ݕ ݖ ∈ ܺ  

we have 
(0◯(0 ∗ ݔ))◯((ݔ ∗ ݕ)◯(ݖ ∗ ((ݖ = ݕ))) ∗ ݕ)◯(ݖ ∗ 0)◯(ݖ ∗ ݔ))◯((ݔ ∗ ݕ)◯(ݖ ∗  (((ݖ

                                                    = ݕ)) ∗ 0)◯(ݖ ∗ ݕ)◯(ݔ ∗ ݔ))◯((ݖ ∗ ݕ)◯(ݖ ∗  ((ݖ
      ≤ ݕ)) ∗ 0)◯(ݖ ∗ ݔ)◯((ݔ ∗ (ݖ = ݕ)) ∗ ݔ)◯(ݖ ∗ 0)◯((ݖ ∗ (ݔ ≤ ݕ) ∗ 0)◯(ݔ ∗ (ݔ ≤  .ݕ
Then we have 0)◯0)ߤ ∗ ≤ ((ݔ ݔ)))ߤ ∗ ݕ)◯((ݖ ∗ ((ݖ ∧   (ݕ)ߤ
and 0)ߤ ∗ (0◯ܽ)) ≥ (ܿ◯ܽ))ߤ ∗ (ܾ◯ܿ)) ∧ (ݔ)ߤ Then .(ܾ)ߤ ≥ ݔ))ߤ ∗ ݕ)◯(ݖ ∗ ((ݖ ∧ (ܽ)ߤ  and (ݕ)ߤ ≥ (ܿ◯ܽ))ߤ ∗
(ܾ◯ܿ)) ∧   .ܺ ideal of- is a fuzzy pseudo ߤ Hence .(ܾ)ߤ
 
Theorem: 3. 13  Any fuzzy pseudo ܽ-ideal is a fuzzy pseudo -ideal. 
Proof. Let ߤ be a fuzzy pseudo ܽ-ideal of ܺ. Then ߤ is a fuzzy pseudo ideal. setting ݔ = ݖ = 0 and ܽ = ܿ = 0 in 
theorem 3.8(ii), then we have (ݕ)ߤ ≥ 0)◯0)ߤ ∗ (ܾ)ߤ   and ((ݕ ≥ 0)ߤ ∗ (0◯ܾ)). From above lemma ߤ is a fuzzy 
pseudo -ideal.  
 
Theorem: 3.14   Any fuzzy pseudo ܽ-ideal is a fuzzy pseudo ݍ-ideal . 
Proof. Let ߤ be a fuzzy pseudo ܽ-ideal of ܺ. Then ߤ is a fuzzy pseudo ideal. In order to prove that ߤ is a fuzzy pseudo 
(ݕ◯ݔ)ߤ ideal, from Theorem 3.5(iii), it is sufficient to show that-ݍ ≥ 0)◯ݔ)ߤ ∗ ܽ)ߤ and ((ݕ ∗ ܾ) ≥ ܽ)ߤ ∗ (0◯ܾ)),  we 
have  
(0 ∗ 0)◯ݕ)◯0) ∗ ((((ݔ ∗ 0)◯ݔ) ∗ = ((ݕ (0 ∗ ((0 ∗ (ݕ ∗ (0◯(0 ∗ ((((ݔ ∗ 0)◯ݔ) ∗  ((ݕ

= (0◯((0 ∗ 0)◯(ݕ ∗ (0◯(0 ∗ ((((ݔ ∗ 0)◯ݔ) ∗ ((ݕ = ((0◯(0 ∗ 0)◯((ݕ ∗ ((ݔ ∗ 0)◯ݔ) ∗ ((ݕ
= ((0◯(0 ∗ ((ݕ ∗ 0)◯ݔ) ∗ 0)◯(((ݕ ∗ (ݔ ≤ (0 ∗ 0)◯(ݔ ∗ (ݔ = 0 ∗ ݔ) ∗ (ݔ = 0 

Hence 0)ߤ ∗ 0)◯ݕ)◯0) ∗ ((((ݔ ≥ 0)◯ݔ)ߤ ∗  and we have (6)———((ݕ
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(0◯(0 ∗ (ܾ ∗ (0◯ܽ))))◯(ܽ ∗ (0◯ܾ)) = (0◯(0◯ܾ)◯(0 ∗ (0◯ܽ)))◯(ܽ ∗ (0◯ܾ)) = ((0 ∗ (0◯ܾ)) ∗ (0◯(0 ∗
(0◯ܽ))))◯(ܽ ∗ (0◯ܾ)) = ((0 ∗ (0◯)ܾ)) ∗ (0◯ܽ)) ∗ (ܽ ∗ (0◯ܾ)) = ((0 ∗ (0◯ܾ))◯(ܽ ∗ (0◯ܾ))) ∗ (0◯ܽ) ≤ (0 ∗ ܽ) ∗
(0◯ܽ) = 0◯(ܽ◯ܽ) = 0.Then  0)◯0)ߤ ∗ (ܾ ∗ (0◯ܽ)))) ≥ ܽ)ߤ ∗ (0◯ܾ))——(7) Since, ߤ is a fuzzy pseudo -ideal by 
lemma 3.13 we have 0)◯ݕ)ߤ ∗ (ݔ ≥ 0)◯0)ߤ ∗ 0)◯ݕ) ∗  and (((((ݔ
ܾ)ߤ ∗ (0◯ܽ)) ≥ 0)ߤ ∗ (0◯(ܾ ∗ (0◯ܽ)))) by  theorem 3.8 (iii)  
(ݕ◯ݔ)ߤ ≥ 0)◯ݕ)ߤ ∗   (8)–—((ݔ
ܽ)ߤ ∗ ܾ) ≥ ܾ)ߤ ∗ (0◯ܽ))————(9) 
From (6),(7) and (8), (9), we have 
(ݕ◯ݔ)ߤ ≥ 0)◯ݕ)ߤ ∗ ((ݔ ≥ 0)◯0)ߤ ∗ 0)◯ݕ) ∗ ((((ݔ ≥ 0)◯ݔ)ߤ ∗   ((ݕ
and ߤ(ܽ ∗ ܾ) ≥ ܾ)ߤ ∗ (0◯ܾ)) ≥ 0)ߤ) ∗ (0 ∗ (ܾ ∗ (0◯ܽ))))) ≥ ܽ)ߤ ∗ (0◯ܾ)). 
Therefore ߤ is a fuzzy pseudo ݍ-ideal of ܺ. 
 
Theorem: 3.15  Let ߤ be a fuzzy pseudo ideal of ܺ, ߤ is a fuzzy pseudo ܽ-ideal if and  only if it is both a fuzzy pseudo 
 .ideal-ݍ ideal and a fuzzy pseudo-
Proof. If ߤ is a fuzzy pseudo ܽ-ideal, then ߤ is a fuzzy pseudo -ideal and a fuzzy pseudo ݍ-ideal by theorem 3.14 
and theorem 3.15.Conversely, let ߤ be both a fuzzy -ideal and a ݍ-ideal we want to show  
(ݔ◯ݕ)ߤ ≥ 0)◯ݔ)ߤ ∗ ܾ)ߤ  and ((ݕ ∗ ܽ) ≥ ܽ)ߤ ∗ (0◯ܾ)). By theorem 3.8(iii) 
(ݕ◯ݔ)ߤ ≥ 0)◯ݔ)ߤ ∗ ܽ)ߤ and ((ݕ ∗ ܾ) ≥ ܽ)ߤ ∗ (0◯ܾ)). Hence  
((ݔ◯ݕ)◯0)ߤ ≥ (ݕ◯ݔ)ߤ ≥ 0)◯ݔ)ߤ ∗ 0)ߤ and ((ݕ ∗ (ܾ ∗ ܽ)) ≥ ܽ)ߤ ∗ ܾ) ≥ ܽ)ߤ ∗ (0◯ܾ)). Since ߤ is a fuzzy pseudo -
ideal by lemma 3.12 (ݔ◯ݕ)ߤ ≥ 0)◯0)ߤ ∗ ܾ)ߤ and (((ݔ◯ݕ) ∗ ܽ) ≥ 0)ߤ ∗ (0◯(ܾ ∗ ܽ))). Also ߤ is a fuzzy pseudo ݍ-
ideal, therefore ((ݔ◯ݕ)◯0)ߤ ≤ 0)◯0)ߤ ∗ 0)ߤ  and (((ݔ◯ݕ) ∗ (ܾ ∗ ܽ)) ≤ 0)ߤ ∗ (0◯(ܾ ∗ ܽ))) we have (ݔ◯ݕ)ߤ ≥
0)◯0)ߤ ∗ (((ݔ◯ݕ) ≥ ((ݔ◯ݕ)◯0)ߤ ≥ (ݕ◯ݔ)ߤ ≥ 0)◯ݔ)ߤ ∗ ܾ)ߤ and ((ݕ ∗ ܽ) ≥ 0)ߤ ∗ (0◯(ܾ ∗ ܽ))) ≥ 0)ߤ ∗ (ܾ ∗ ܽ)) ≥
ܽ)ߤ ∗ ܾ) ≥ ܽ)ߤ ∗ (0◯ܾ)).  
Thus ߤ is a fuzzy pseudo ܽ-ideal, by theorem 3.8(iii) completing the proof.  
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Myasthenia gravis is an autoimmune disorder characterized by the weakness and fatigability of the 
voluntary muscles that are caused by autoantibodies against the nicotinic Acetylcholine Receptor (AchR) 
on the postsynaptic membrane at the neuromuscular junction which decreases   the capacity of 
neuromuscular end-plate to transmit the nerve signal. A wide variety of conditions can precipitate 
Myasthenia gravis like as infections, immunization, surgeries, and drugs. According to the presence of 
antibodies, symptoms, age at onset and thymus pathology, the patients will be grouped. An annual 
incidence rate of myasthenia gravis is believed to be between 0.25 and 20 per 1,000,000 populations. 
Women’s are additional often affected and concerning 10-15% of cases is associated with thymoma. 
Treatment of myasthenia gravis be based on subgroup and includes symptomatic treatment using acetyl 
cholinesterase inhibitors, thymectomy and immunotherapy. The present review aims to focuses on the 
various aspects of myasthenia gravis like origin, pathophysiology, diagnosis and its pharmacotherapy. 
 
Keywords: Acetylcholine, Neurotransmitters, Antibodies, Autoimmune, Immunosuppressant 
 

INTRODUCTION 
 
Myasthenia gravis (MG) is the most common disorder in neuromuscular junction and characterized clinically by 
fluctuating painless muscle weakness. It is usually caused by antibodies to postsynaptic proteins of which three 
namely, Acetylcholine receptor (AchR), Muscle-specific tyrosine kinase (Musk), and  Low-density lipoprotein 
receptor-related protein 4 (LRP4) have been identified[1]. The autoimmune attack is caused by an autoantibody 
against the acetylcholine postsynaptic receptor at the synapse of skeletal muscles [2]. However, other antigen targets 
that are components of the synapse have also been implicated within the pathogenesis of MG. The current standard 
of the case is immunosuppressive therapy; however, many existing therapeutic options have not been validated to be 
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used in MG large randomized controlled trials [3].The most common initial symptoms are vision defect due to ocular 
muscle weakness, and patients have difficulties in standing up, and possibly even swallowing and or chewing [4]. 
 

Epidemiology 
Myasthenia gravis is an organ-specific disease characterized by weakness and fatigue of voluntary muscles and also 
the presence of autoantibodies to acetylcholine receptor of the postsynaptic muscle membrane [5]. An annual 
incidence rate of MG is believed to be between 0.25 and 20 per 1,000,000 populations.Epidemiological studies of MG 
have indicated a trend of skyrocketing MG prevalence with relatively stable incidence [6]. This reflects the impact of 
effective treatment, improved diagnostic methods, and prolonged survival [7]. the foremost common age of MG 
onset is between 20 and 40 years. MG is related to other autoimmune diseases in about 30% of cases. Gender and age 
appear to influence the occurrence of disease of the neuromuscular junction was given below, [8] 
1. Below 40year old 
2. The feminine and male ratio is about (3:2) However, between 40 and 50 years likewise as during 

puberty, it's roughly equal. 
3. Over 50 years, it occurs more commonly in males. Childhood MG is rare in Europe and North America, 

comprising 10% to 15 of MG cases [9]. Approximately 10% of patients with MG have a thymoma, and it is 
implicated within the production of auto antibodies [10]. 
 

Etiology 

Myasthenia gravis is an autoimmune disease mediated by an organ-specific antibody [11]. these antibodies are 
present at the synapse and directed against the nicotinic acetylcholine receptor (AchR) on the postsynaptic muscle 
membrane in 80-90% of patients. It is mainly caused byauto antibodies and thymus gland. Nearly, 3-7% of the auto 
antibodies are directed to a different NMJ protein, Muscle-specifictyrosine kinase (Musk) [12]. 
 

Antibodies 
Nerves communicate with muscles by releasing chemicals (neurotransmitters) that fit precisely into receptor sites on 
the muscle cells at the nerve-muscular junction.[13].In myasthenia gravis, immune system produces antibodies that 
block or destroy many of muscles' receptor sites for a neurotransmitter called acetylcholine. With fewer receptor sites 
available, muscles receive fewer nerve signals, leading in weakness. Antibodies may block the function of a protein 
called a muscle-specific receptor tyrosine kinase [14]. This protein is involved in forming the nerve-muscular 
junction.  
 
Thymus gland  
The thymus gland may be a part of immune system situated within the upper chest beneath breastbone. It was 
believed that the thymus gland triggers or maintain the production of the antibodies that block Acetylcholine 
[15].The thymus gland is large in infancy, and small in healthy adults. In some adults with myasthenia gravis, 
however, the thymus gland is abnormally large.Some people with myasthenia gravis even have tumors of the 
thymus gland (thymomas)[16]. Usually, thymomas aren't cancerous (malignant), but they can become cancerous. 
 
Other causes 
Some people have myasthenia that won't cause by antibodies blocking acetylcholine or the muscle-specific receptor 
tyrosine kinase [17]. This kind of disease of the neuromuscular junction is named antibody-negative disease of the 
neuromuscular junction. Antibodies against another protein, called lipoprotein-related protein, can play a 
component within the development of this condition [18]. Rarely, mothers with myasthenia have children who are 
born with myasthenia (neonatal myasthenia gravis). If treated promptly, children generally recover within two 
months after birth. Some children are born with a rare, hereditary variety of myasthenia, called congenital 
myasthenia syndrome [19].  Factors which will worsen myasthenia are as follows; 
Fatigue 
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Illness and Stress  
Some medications like beta-blockers, guanidine gluconate,                 
Pregnancy  
Menstrual periods 
Myasthenia gravis is also classified based on age of onset, presence or absence of Anti-AchR antibodies severity, and 
also the etiology of the disease. 
Early-onset MG: Age at onset < 50 years, thymic hyperplasia usually females. 
Late-onset MG: Age at onset > 50 years, thymic atrophy, mainly males. 
Thymoma-associated MG (10-15%) and MG with anti-MuSK antibodies, 

Pathophysiology Of Myasthenia Gravis 
Myasthenia gravis caused by antibodies against proteins in the neuromuscular junction postsynaptic membrane 
antibodies against Acetylcholine Receptor (AchR) are generalized MG cases the Anti-AchR antibodies are pathogenic 
because they reduced the number of AchR at the neuromuscular junction [20].The major abnormalities of the 
neuromuscular junction in myasthenia gravis include 
 Reduced number of the AchRs leading to reduced length of the postsynaptic membrane, 
 Shortening of the synaptic folds due to destruction of the terminal expansions, and  
 Widening of the synaptic clefts caused by the shortening of the junctional folds. 
These changes are caused by autoimmune attack on the postsynaptic membrane. It is worth noting that the 
abnormalities in myasthenia gravis are postsynaptic in location (in contrast to presynaptic abnormality in Lambert-
Eaton syndrome)[21]. 
 The consequence of those abnormalities may be a reduced factor of safety. As previously discussed, reduction 
in ratio as well as a standard “synaptic rundown” ends up in progressive reduction in amplitude of the EPP. This 
leads to myasthenia weakness characterized by fatigue on exertion[22]. 
 

Role of AChR antibodies 
It is now well established that myasthenia gravis is an antibody-mediated disorder of the neuromuscular junction. 
There are several lines of evidence supporting the role of antibodies in the pathogenesis of myasthenia gravis [23]. 
1. AChR antibodies are found in nearly 80%–90% of patients with generalised disease.  
2. Circulating anti-AChR antibodies are found in cases of transient neonatal myasthenia gravis and the titre of the 

antibody declines as the patient recovers.  
3. Plasmapheresis lowers the levels of AChR resulting in the improvement in myasthenia.  
The serum concentration of AChR antibodies in different patients does not correlate with the clinical severity of 
myasthenia gravis. It has been suggested that the severity of weakness in myasthenia gravis depends on the 
functional activities of the antibodies[24]. 
 

Role of the Thymus  
The association of disease of the neuromuscular junction and thymomas was noted quite 200 years ago found in 
nearly 75% of patients with disease of the neuromuscular junction of those germinal hyperplasia is noted in 85% and 
thymictumors in 15%[25]. Anti-striated muscle antibodies are found in 90% of patients with myasthenia and a 
thymomas muscle cell-like cell (Myoid cells) are found within the thymus that express surface AchRs. These cells are 
surrounded by the helper T- cell and also the antibodies presenting cells. 
 
Signs and Symptoms  
The initial, main symptom in MG could be a painless weakness of specific muscle, not fatigue; the muscle weakness 
becomes progressively worse during periods of physical activity and improves after periods of rest [26]. The 
fatigable weakness of skeletal muscle in which smaller muscle responsible for fine movements (e.g. Eye muscle) end 
to be affected first, which larger muscles become affected later on. 
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Eye muscle weakness: Most common initial symptom (Potosi’s Diplopia) 
1. Bulbar muscle weakness: Slurred speech, Difficulty chewing and/or swallowing. 
2. Proximal limb weakness: Rising from a chair, Climbing, Brushing, Deep tendon reflexes are not affected. 
3. Head and Neck:Due to weakness of the muscle of facial expression and muscle of mastication, facial weakness 

may manifest as the inability to hold the mouth closed, with drooping eyelids, facial weakness may make the 
individual appear sleepy or sad [27]. 

 
Diagnosis of Myasthenia Gravis 
MG can be difficult to diagnose as the symptoms can be subtle and hard to distinguish from both normal variant and 
other neurological disorders. In patients with a character's history, it may be easy to make a diagnosis on clinical 
grounds alone; however, it is important to confirm the diagnosis of myasthenia gravis before committing patients to 
long-term treatment [28]. It was reported that the diagnosis of myasthenia gravis is mostly based on the result of the 
test for the antibody against AchR and the neurophysiologic tests. The Tensilon test should only be used where the 
diagnosis is required urgently and the facilities for full resuscitation are available [29]. 
 
Edrophonium (Tensile) test 
Edrophonium is an AchR inhibitor that works within some seconds (30 seconds) and therefore the effect lasts 
for some minutes (about five minutes). It is desirable to use a placebo injection (for example, normal saline) before 
the edrophonium injection[30].Therefore, this test should only be carried out where the diagnosis of myasthenia is 
required urgently and there are facilities for a full resuscitation.The test is reported as positive if there is a definitive 
improvement within the weakness[31]. 
 

Ice pack test 
This test can be employed when patois is present. The application of an ice pack to lids of the affected eyes improved 
patois due to myasthenia gravis in 80% of cases but it did not improve in patois due to other etiologies [32]. Response 
is explained based on improvement in the safety factor of the neuromuscular junction with local cooling presumably 
caused by slowing the kinetics of AchRs. The response is not entirely caused by rest. This test is much simpler than 
the edrophonium test and does not require cardiac monitoring [33]. 
 
Anti- AchR antibody test  
Vincent and Newsom-Davis developed a radioimmunoassay test to detect the antibodies that bind to AchRs. The 
development of this test has remarkably changed the diagnostic evaluation of myasthenia gravis and is now 
considered a diagnostic “gold standard”[34]. These antibodies are found in nearly 80%–85% of patients with 
generalized myasthenia gravis and 50%–60% cases of ocular myasthenia gravis [35]. 
 

Anti- Musk antibodies 
It is well known that about 10%–20% of patients do not have anti-AChR antibodies in their sera (seronegative 
myasthenia gravis). However, targets for antibody attacks other than the AchR were not known until recently [36]. It 
was collaboration between Vincent in the UK and a German scientist (Hoch) that led to the recognition of a new 
target for antibody attack in myasthenia gravis.This region in the neuromuscular junction is a protein called muscle-
specific protein kinas or MuSK.  
 
Physical examination 
During a physical examination to check for MG a Doctor might ask one to look at a fixed point for 30sec and to relax 
the muscles of the forehead because with MG and patois of the eyes might be involuntarily using the forehead 
muscle to compensate for the weakness in the eyelids. The clinical examiner might also try to elect the curtain sing in 
a person by holding one of the person’s eyes open [37]. 
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Blood test 
If the diagnosis is suspected, serology can be performed. One test is for antibodies against the acetylcholine receptor, 
the test has a reasonable sensitivity of 80-96% but in ocular Myasthenia, the sensitivity falls to 50%. A proportion of 
the people without antibodies against the acetylcholine receptor have antibodies against the Musk protein 
In a specific situation, testing is performed for Lambert-Eat'sson syndrome [38]. 
 
Pharmacotherapy of Myasthenia Gravis 
The treatment of myasthenia gravis can be considered to involve three steps: initial treatment usually involves the 
use of acetylcholinesterase inhibitors. However, these drugs are usually not adequate to control disease on their own 
and additional therapy is mostly needed. Often an immune directed treatment is added, beginning with either 
thymectomy or high dose corticosteroids [39]. In the long term, steroid-sparing medications are usually added to 
facilitate the tapering phase. Short term therapies that are, intravenous immunoglobulin or plasmapheresis may be 
effective in the early stages of treatment, beforethymectomy, or later during an exacerbation[40]. The following 
treatment modalities are available. 

 Acetyl cholinesterase inhibitors.  eg. Neostigmine,Pyridostigmine 
 Immunosuppressant’s                  eg. Azathioprine, Cyclosporine  
 Corticosteroids. 
 Plasmapheresis. 
 Thymectomy. 

Acetyl cholinesterase inhibitors  
These drugs act by inhibiting acetyl cholinesterase and thus increase the availability of acetylcholine to act on the 
AchRs. They are usually the initial drugs used in the treatment of myasthenia gravis and may the only drug required 
to treat mild disease [41]. Neostigmine may be a medication used to treat myasthenia, Ogilvie syndrome, and urinary 
retention without the presence of a blockage. It is also used together with atropine to finish the consequences of 
neuromuscular blocking medication of the non-depolarizing type. Onset of action is within 30 min in injection, and   
4 hrs in oral intake[42]. Pyridostigmine bromide is the most frequently employed drug this class,it is often started at 
a dose of 30 mg 3 times a day and can be gradually increased to 60–90 mg four times a day based on the response 
and also the tolerability. The main advantage of the drug is its rapid onset of effect (within 15–30 minutes) [43]. 
 

Immuno suppressants  
Immunosuppressant medications work to lower the immune system response in order to prevent the immune attack 
on the NMJ, thereby limiting muscle fatigue. 
 
Common Medications Used In Myasthenia Gravis Include 
Cyclophosphamide is very toxic and mycophenolate is currently expensive [44]. Azathioprine has been in use for a 
long time and its relatively favorable safety profile makesit the primary choice during this class of medicine. Its 
effectiveness has been shown in a randomized trial.  It is started at a low dose of 50 mg/day and if tolerated, the dose 
is gradually increased depending on the response. Up to 10% of the patients develop troublesome side effects such as 
idiosyncratic flu-like illness, bone marrow suppression, and liver toxicity [45]. 
 
Corticosteroids  
Corticosteroids are needed to treat myasthenia gravis of moderate or greater severity and sometimes during a mild 
disease that fails to respond fully to acetyl cholinesterase inhibitors. Because the long-term use of steroids is related 
to a major associated with a significant risk of potentially serious side effects, it is imperative to discuss them fully 
with the patient before starting treatment[46].They could be started at a low dose (for example, prednisolone 10–20 
mg/day) to avoid the early worsening noted in nearly 48% of patients on high dose regimens.  
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The dose can be gradually increased by 5 mg every third day up to 60 mg/day. They can be used at initial high doses 
when symptoms are worsening rapidly, though this should be done in the hospital with close monitoring of forced 
diagnostic assay[47]. 
 
Plasmapheresis  
Plasmapheresis is based on the antibody-mediated pathogenesis of myasthenia gravis and has been used in its 
treatment for more than 30 years. It produces rapid but temporary improvement by reducing the amount of AChR 
antibodies [48]. Various methods of plasmapheresis including double filtration plasmapheresis, immune-adsorption 
plasmapheresis, and plasma exchange have been used. The major indications are Immediate treatment in patients 
with serious myasthenia gravis or myasthenia crisis,   Preparation of patients with severe myasthenia gravis before 
thymectomy, In the early postoperative period, In cases of symptom worsening during tapering or initiation of 
immunosuppressive therapy. The improvement rarely persists for more than 4–10 weeks and, therefore, 
immunosuppressive therapy has to be continued [49]. 
 

Thymectomy 
There are two different aspects of thymectomy in myasthenia gravis:  
Thymectomy for thymic tumors associated with around 10% of patients with myasthenia gravis  
Thymectomy for the treatment of myasthenia gravis. As regards the first indication, thymectomy should always be 
done, as thymic tumors are potentially locally invasive.  
Thymectomy as a treatment of myasthenia gravis (in the absence of thymoma) has been practice for several years. 
The young age and the absence of thymoma have been shown to predict a better response in some studies, though 
age did not have any effect on the response in a recent study[50]. 
 

Future Therapeutic Approaches 
Myasthenia gravis is an autoimmune disease in which autoantibodies to different antigens of the neuromuscular 
junction cause the typical weakness and fatigability. Treatment includes anticholinesterase drugs, immune 
suppression, and thymectomy. The autoimmune response is maintained under control by corticosteroids frequently 
associated with immunosuppressive drugs, with improvement in the majority of patients. In case of acute 
exacerbations with bulbar symptoms or repeated relapses, modulation of autoantibody activity by plasmapheresis or 
intravenous immunoglobulins provides rapid improvement. Recently, techniques removing only circulating 
immunoglobulins have been developed for the chronic management of treatment-resistant patients. In a recent 
study, increased diagnostic sensitivity was obtained using anti-AchR ε subunit-specific antibodies compared with 
the conventional AchR antibody testing. In addition to this, all current therapies for MG are non-specific and focus 
on the activity of T- and B-cells [51]. 
 
However, novel immunotherapy is in clinical development, including a variety of T-cell directed monoclonal 
antibodies that block the intracellular cascade associated with T-cell activation, monoclonal antibodies directed 
against key B-cell molecules, and inhibitors of complement, cytokines, and transmigration molecules [52]. Other 
potential approaches aim to focus on the anti-AchR autoimmune response and re-establish immune tolerance to the 
AchR. Possible monoclonal approaches include administration of AchR or a portion of its sequence in a manner 
known to induce tolerance (e.g. oral or nasal)[53]. 
 
Prognosis 
The prognosis of people with Myasthenia Gravis is generally good as is the quality of life, give very good treatment. 
Monitoring of a person with MG is very important as at least 20% of people diagnosed with it will experience a 
myasthenia crisis with two years of their diagnosis, requiring rapid medical intervention. Generally, the most 
disabling period of MG might be years after the initial diagnosis. In the early 1900s, 70% of detected cases died from 
lung problems now that number is estimated to be around 3-5% which is attributed to increased awareness and 
medication to manage symptoms [54]. 
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CONCLUSION 
 
Myasthenia gravis is an autoimmune disorder characterized by the weakness and fatigability of the voluntary 
muscles that are caused by autoantibodies against the nicotinic Acetylcholine Receptor (AchR) on the postsynaptic 
membrane at the neuromuscular junction.It’s nearly always possible to ascertain the diagnosis 
of myasthenia with these tests. Modern treatment is very successful and mortality of treated disease is practically 
zero. Hence it was concluded from the study that there is a need to educate and improve disease awareness among 
the patients and it is also important to perform the early diagnosis that helps in the management of this neurological 
disorder.  
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Ban on advertisements by dental professionals in India can be traced back to the1950’s with the 
implementation of the Dentist Act. As the practice of dentistry is mounting towards complexities, an 
ethical dilemma persists as to whether dentists should advertise their services. This study is set to 
evaluate the ethical perspectives of advertising among dental health care professionals and dental 
healthcare consumers. A questionnaire-based survey was conducted among the healthcare providers 
(dentists), and health care consumers (patients/public. The participants for the study were drawn from 
different dental colleges and clinics across Kerala. Data was collected by means of a validated closed 
ended questionnaire format and scored on a five-point Likert scale. Two questionnaires were formatted 
for each study group and evaluated by three subject experts. 26.8% of the healthcare providers 
considered advertising by dentists unethical, 52.4% disagreed that advertising can benefit their dental 
practice. 32.5% of the consumers disagreed that advertising can help them select the right dentist for their 
dental needs and 43.3% perceived that there is no requirement to advertise their services. Our survey 
indicated that healthcare providers still adhered to the code of ethics. This survey also projected that the 
consumers do not depend on the advertisements to select their dentists.  A doctor patient relation is built 
on many virtues of ethics. Unethical advertising is not cherished by neither the public nor the providers. 
 
Keywords: Advertising, ethics, dental health care providers, dental healthcare consumers. 
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INTRODUCTION 
 

Dentistry as a health care profession has ushered into an era of globalization. This profession has witnessed dramatic 
changes incorporating new concepts and latest technologies while flaking outdated canons and methodologies [1]. 
The dentist Act was established in 1948 under the Government of India (Ministry of Law and justice) to supervise 
professional ethics and to improve the service of dental health care. The Dental Council of India (DCI) with the 
sanction of the Central Government laid down the Dentists (Code of Ethics) Regulations in 1976 and later revised it 
in 2014. Advertising prevails in every field and is considered as one of the key ways for marketing and business 
enhancement. It has not only captured all domains, but also extended itself into field of healthcare services [2]. 
“Advertisement” by definition (Allied Health Professions of South Africa) refers to any written, illustrated, visual or 
other descriptive material or verbal statement or reference that appears on the Internet, newspaper, magazine etc 
that distributed amongst members of the public and which is meant to promote a specific practice or a specific 
practitioner’s technique or to make known a specific practitioner’s professional proficiency or knowledge [3]. The 
Code of Ethics (1976) by the Dental Council of India, brought advertising under the unethical practices and stated 
that any advertising either directly or indirectly for one’s own professional advantage or for the purpose of obtaining 
patients or projecting the practitioner’s skill, knowledge, service or qualifications were unethical [4].  
 

The issue on Ethics of Advertisement by Dental/Medical professionals has drastically changed over the last few 
decades and revised the regulations (Chapter 6 – DCI Regulations 2014) so as to that a Dentist or a group of Dentists 
may advertise provided that they maintain decorum, keeping in mind the high moral obligations and the value that 
society advocates on them [5]. With the evolution of medicine from guilds into professional societies in 19th and early 
20th century, many countries had imposed a ban on advertisement of professional services in-order to maintain 
professionalism [6]. In 1975, American Medical Association’s ban on advertising was challenged in the U.S. Supreme 
Court by physicians. This led to the revision of its statutes with permission to advertise as long as they do not 
contain any false or deceptive information and is free to project ones-self through any form of commercial or public 
communication [6]. The other councils that permit advertisements by physicians are British Medical Council, the 
Australian Medical Association and the Canadian Medical Association [6]. In India, the scenario is still unchanged. 
Era of globalization, advancing technologies and unemployment on the rise with surplus entrants of new dentists 
into the field has posed major challenges to the dentists. An ethical dilemma persists whether dentists should 
advertise their services taking into consideration, patient’s autonomy and right to information, though it an 
important issue with significant ethical and professional implications. Considering the above facts, the present study 
was designed to evaluate the ethical perceptions of advertising by dental healthcare service providers (Dentists) and 
to assess the awareness on dental health care and evaluate the perceptions among Dental Healthcare Consumers 
(public) on dental health care advertising.  
 

MATERIALS AND METHODS 
 

The present Cross-sectional survey was done, after Institutional Human Ethical Committee approval on 799 
participants drawn from different Dental Colleges and Dental Clinics across Kerala after obtaining informed consent. 
The survey population consisted of two groups: Dental Healthcare Providers (Dentists - Dental Clinic practitioners / 
consultants, Teaching Faculties in dental colleges) and Dental Healthcare consumers (Patients/public). Participants 
were drawn on the basis of convenience sampling. Dental practitioners, academicians of age groups above 22 years 
of age and health care consumers those visiting the dental Out Patient Department (OPD) of dental colleges/dental 
clinics for treatment and who were willing to participate were included into the study. Undergraduates and interns 
in dental colleges were excluded. The data was collected by means of a validated closed ended questionnaire format 
for each group respectively. The validation of the questionnaire was done by 3 subject experts and were also handed 
to dental practitioners and the public prior to the conduction of the study. The questionnaires were distributed either 
in print form or through SurveyMonkey.com. The data was collected through a printed Questionnaire either in 
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English or local language for the consumer group/public where questions were formatted to assess awareness on 
dental health care and ethicality of advertising. All the responses obtained were scored on a five point Likert scale.  
 

RESULTS 
 

Comparative analysis of demographic data: Out of 399 respondents of the dental healthcare provider group, 
majority who responded belonged to age group between 23-32 years (157/399). Majority among the provider group 
disagreed to the statement that there is a need to advertise one’s practice irrespective of the age group (Fig: 1). The 
gender variation consisted of 230 males and 169 females. The dentists who participated had either qualification as 
Bachelor of Dental Surgery (BDS) or Master of Dental Surgery (MDS): 31.6 % (126/399) BDS and 68.4 % (273/399) 
MDS. (Table 1). Majority of MDS qualified dentists 77(28%) disagreed that advertising is unethical. In the consumer 
group, 25% of the participants belonged to the age group 23 - 32 years, 20% between 33-42, 17% to 43-52, 13% (53-62 
years) and the remaining 9% were 63 years and above. 55.5% were females and 43.8% were males among the public 
who participated in the study.  
 

Advertising ethics and code of ethics (Table 2 & Table 3) 
A majority (63.2%) of the dentists hadn’t read the Code of Ethics (revised) by DCI on advertising. 71.3% of the public 
participants were not aware that the healthcare providers / dentists are not supposed to advertise their services. 
26.8% of the dentists considered advertising to be unethical, 25.3% respondents as ethical or remained neutral in 
their response. Majority (45.6%) stated that there is no requirement for advertising of their practices. 52.4% disagreed 
that advertising will benefit their dental practice. In comparison, 32.5% of the consumer group conflicted that 
advertising will help them to find the right dentist for their dental needs and only 23.0% agreed that dentists should 
advertise their services while 69.5% disagreed to the above fact. (Fig 2). These responses were almost identical for the 
two groups. 41.1% of the dentists disagreed that advertising of services can help the public to take better decisions on 
dental healthcare. 55.9% opposed that it is not right to advertise a new treatment modality that has been introduced 
into the practice. 31.8% of consumers stressed that advertising will mislead due to its false claims. 38.3% of dentists 
abided by the fact that the dental practitioner who does not advertise is considered lacking in competence by the 
public and this view was contradicted by 51.9% of public. 38.8% of the dentists disagreed that dental practitioners 
who do not advertise are at disadvantage when compared to a corporate dental hospital. In response to the question, 
“would advertising project dental healthcare as a commercial activity rather than a service?”, only 26.15% of dentists 
agreed on the statement. A majority of the public (30.5%) also abided by the similar opinion. 32.6% of dentists 
approved that advertising can create a negative reputation to dentistry in general.  
 

Advertising ethics and modes of advertising: The mainstream (40.6%) of the dentists considered that 
conducting camps, surrogate endorsement on articles (45.4%), and websites with factual information (55.8%) were 
different forms of advertisements. 29.4% of dentists and 34.5% of consumers disagreed on the verity that surrogate 
advertisements (televised talk shows with scollers) are not forms of advertisement while the remaining participants 
projected a dissimilar opinion. 
 

Advertising and dental tourism: Global advertising has also increased over the years and dentistry has been 
expanding its horizons into worldwide tourism. Of the healthcare respondents, 52.4% opposed dental tourism and 
only 36.1% wanted to advertise their practice globally as a component of dental tourism.  
 

Amendment of code of ethics on advertising: 32.6% of dentists agreed upon a right to enact a law to ban 
advertising in dental practice. 35.3% were not in favour of amendment in the existing code of ethics and 35.1 % 
remained neutral in respect to the same view.   
 

Preferred mode of Advertising: The mode of ethical advertising preferred by dentists, if allowed, was internet 
29.2%, followed by print media (12.94%) and 11.86% all forms of media (internet, visual, print and radio). 
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General awareness of dentistry and selection of dentists among consumers  
Other questions to the consumer groups were to assess their general awareness on dentistry. About 42% of the 
consumer had single visits to the dentist and 40.4% have not visited any dentist over the last two years. 80.4% of the 
respondents did not have a family dentist and 44.7% selected their dentist through word of mouth. 32.3% selected 
their doctors through researched selection (internet) and 51.9% based on the degree affixed on the name board. 
Nevertheless 63.9% are not aware of different specialties existed in dentistry and those who had knowledge (27.1%) 
were through their friends. Only 10.6% had visited the dentist following an advertisement, out of which 28.4% 
received quality treatment that matched the expectations created by advertisements. When allowed for ethical 
dissemination of information through advertisements, 24.6% of the consumers preferred the type of treatment 
available to be publicized while 13% stressed on knowledge of dentist’s degree, treatment type, different specialties 
and treatment charges. 
 

DISCUSSION  
 
Medical advertising can be unprofessional because of the intrinsic and unmanageable risk of misleading the public 
[7]. Dentistry is a field with emerging trends, lots of new entrants into field and unemployment on the rise. This has 
led to lots of unhealthy competition among the dental professionals leading to the dilution of professional ethics [9]. 
This may divert the platform for the dentist to be more of businessman rather than a service provider but with the 
interest of the consumers at its foremost. The biphasic role of a doctor or a dentist as a health care provider and a 
business person is the heart of concern for advertising. The study results depicted the lack of awareness and 
knowledge about the code of Ethics among dentists and the dental healthcare consumers (public) were not aware 
that dentists are not supposed to advertise their services and such that the healthcare professionals are bounded by a 
Code of Ethics. It’s a high necessity that the undergraduates and postgraduate students are to be taught on Ethics 
and Code of Conduct and such subjects to be introduced into their curriculum. The results between age and the need 
for advertising did not show much variability between different age groups. Majority either disagreed or strongly 
disagreed on the need of advertising. This could be based on the viewpoint that healthcare is more of a service to 
society rather than business. Only a minority (25%) between the age group 53-62 years agreed on the need for 
advertising. The results showed a decline, as the number of participants under this category was minimal (n=8) Our 
survey results were also in accordance with the results of Dable et al that 53.19% of the respondents confirmed that 
advertising does not have any effect on a dental practice8. Advertising the dental practice was not considered to be a 
concern and even competitive when compared to a corporate dental hospital [8].  
 
As per our study both the groups agreed that advertising will not prove to be beneficial in providing information for 
a better health care and the public believed that if the claims made in the advertisements are not factual and thereby 
can mislead them.  Advertisement of a new treatment modality that has been introduced into the practice was not 
considered favourable. The above views were contrary to the survey results of Dable et al that advertising and 
marketing could serve the community by ensuring better quality services [8]. This difference could be related to the 
fact the public did not stress on the importance of advertising and selection of dentist, the quality of treatment opted 
was not based on advertisements. As per the Code of ethics (DCI), use of dentist’s name on designate commercial 
articles, surrogate advertisements in the garb for educating the public through TV programs or other media with 
dissemination of information like address/email id, telephone number etc., of the Dental Surgeon or the clinic, on-
screen ‘scrollers’ with address of the dentists in television programmes are considered as unethical acts [5]. The 
study also reflects on the lack of awareness of oral hygiene and the importance of routine regular visits to dentists 
among consumers. This proves that public awareness on the oral hygiene has to be introduced as a part of 
advertisement campaigns. The dentists were selected by word of mouth and opinions from the general public and 
this study also established the reality that word of mouth can be one of the best forms of advertising. These thoughts 
were also reflected by Pandya that “Word of mouth” can also act as one of the ways to advertise one’s practice but it 
has its disadvantage when it comes to court of law. This kind of dissemination of information provides the doctor 
with the ambiguity that he was misunderstood and the exaggerated claims of efficacy through word-of-mouth 
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dissemination cannot be litigated easily [4].Under the code of ethics, any formal advertisements by dentists should 
be limited to the announcement of the opening / change /resumption of a dental clinic or practice, change of address 
& ownership, temporary absence from duty [5]. Advertisement could be made about the availability of new 
equipment or services without boastful claims of being the ‘best’ or ‘first’ especially if such services are already 
available in other facilities, insertion in Telephone directories/Yellow pages or on the internet is permissible. 
Maintenance of websites about dentists or dental clinics where all information is factual and could carry details of 
treatment facilities available and the fees for the same could be done. This will in fact help patients to make informed 
choices through a transparent system [6].  
 
Though these codes exist, advertising by health care professionals in India has drastically increased during the past 
decade. The expanding dentist population and competition in the industry has allowed commercialization to enter 
dentistry, undermining the ethical status of the profession and has led to the violation of the Code of Ethics [9,10]. 
Though there is a rise in propaganda of new technologies and media, the ethical issues continue to be the same.  
Dable RA et al stated “Business by itself is not unethical, and the reality is this: if the practice fails as a business, the 
practitioner fails as a medical professional [8].” He also affirmed that many dentists still abide by the conventional 
view that dentistry is a health profession not a business and that the ethical reflections of a service provide should be 
paramount. The ethics behind a dentist as a service provider and a business entrepreneur are different and both play 
different roles and display different responsibilities [8]. As per the opinion if allowed to advertise, internet is 
preferred over other forms of social media. This attributed to the fact that the traditional referral system (print form) 
was less effective, as most people rely on net, to find a dentist. This depicts the usage of latest technologies available. 
Our results were also in accordance with statement of Dable et al that the internet and social networks have also 
changed the milieu enormously [8]. Nowadays both dentists and consumers across the nation use online testimonials 
and recommendations. This was well proved by our results that the consumer groups select their dentists through 
researched selection. In contradiction, Sabrinath (2011) projected the disadvantage that use of internet lacks control 
and the advertisements pertaining to the health services provided may be misleading. He also brought out fact on 
nonexistence of a squad or board to have a check on this [10]. 
 
Advertisements have its disadvantages too. They often fail to cite complications and rarely present treatment 
alternatives not offered by the physician. The fleeting medium of advertisement (billboards, short radio segments, 
fliers, rapid television commercials) is not appropriate for instigating the informed decision-making process that 
underlie all health interventions [11]. Medical health care service has been considered as the quintessence of 
professions since many eras. The current scenario has changed and advertisement has eroded professionalism. 
People consider it to be more of a business than service. Yet the distinction of a profession from a trade can be 
adverted to the codified ethics that is integrated to the former. The doctor/patient relationship is at stake, as doctors 
continue to display the self-interested decoy of advertisement [11]. Unethical advertising though not appreciated, the 
demand for relaxation in the restrictions, would be beneficial in helping emerging dentists to establish themselves in 
a competitive industry has been a suggestion put forward by the providers which is in accordance with the 
suggestion of Dable et al [8]. Advertising can be for used for the good, but at the same it could also destabilize the 
health care role of the profession [8]. 
 

CONCLUSION 
 
The present survey proves that majority of the dental professionals are not in favor of advertising. Approximately 
equal proportion had for and against view on the ethicality of advertising by healthcare professionals. This depicts 
that the professionalism and professional integrity still exists among professional and the dentists still adhered to the 
code of ethics and worked towards the maintaining the integrity of the profession. This survey also projected that the 
consumers do not depend on the advertisements to select their dentists. A doctor patient relation is built on many 
other virtues of ethics like compassion, communication skills, trust etc. The societal expectations of a healer attributes 
to altruistic service, morality, integrity, transparency and accountability of the healthcare providers. Lack of 
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knowledge and awareness still exist among the consumer group. Education of the public is a prime requisite. 
Unethical advertising is not cherished by the neither the public nor the providers. There are a minority of the dentists 
group preferred advertising to build up their services among a crowd of well-established dentists, as the new 
entrants into the field are on the rise. New technologies pose a major challenge to the upcoming dentists. A 
transparent system is a must for dissemination of factual information to the public in the best interest of the patient 
and ethical advertising could benefit the society and patients. Training of dentists towards Ethical advertising 
should be considered specially for the upcoming healthcare professionals. 
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Table 1: Advertising Ethics and perspectives of healthcare providers [n(%)]  
Do you consider advertising by dentists unethical? 
Qualification Number of 

participants 
Strongly disagree Disagree Neutral Agree Strongly Agree 

BDS 126 (31.5%) 15(11.9%) 29 (23%) 35(27.7%) 33 (26%) 14(11%) 
MDS 273 (68.4%) 28 (10%) 77(28%) 66(24%) 68(24.9%) 34(12.4%) 
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Table 2: Comparative analysis between qualification and ethicality of advertising 
 Questionnaire  

Strongly 
Agree Agree Disagree 

Strongly 
Disagree 

1 Do you consider advertising by dentists unethical? 42(10.5) 107(26.8) 101(25.3) 48 (12) 
2 In your opinion, is there a need to advertise Your dental 

practice? 
21(5.3) 62(15.5) 182(45.6) 59(14.8) 

3 Do you think that advertising can benefit Your dental 
practice? 9(2.3) 31(7.8) 209(52.4) 89(22.3) 

4 In your opinion, will dental tourism benefit your 
practice? 

4(1) 25(6.3) 209(52.4) 97(24.3) 

5 Would you prefer to advertise your practice abroad as a 
component of tourism package? 24(6) 78(19.5) 144(36.1) 68(17) 

6 Which do you consider as forms of advertisements 
7a Conducting dental camps 46(11.5) 162(40.6) 76(19) 26(6.52) 
7b Surrogate advertisements 38(9.5) 100(25.1) 117(29.4) 59(14.8) 
7c Surrogate advertisements dental surgeon’s endorsement 

on commercial articals 102(25.6) 181(45.4) 44(11.0) 20(5.0) 

7d Websites with factual information 103(25.8) 223(55.8) 30(7.5) 7(1.7) 
8 Is it right to advertise a new treatment modality that has 

been introduced into your practice? 7(1.8) 30(7.5) 223(55.9) 103(25.8) 

9 Do you think that dental practitioners who do not 
advertise are at disadvantage when compared to a 
corporate dental hospital? 8 

18(4.5) 63(15.8) 155(38.8) 110(27.6) 

10 In your view, are dental practitioners who do not 
advertise considered as lacking in competence by the 
public? 8 

53(13.3) 153(38.3) 81(20.3) 37(9.3) 

11 Can advertising help the public in making better dental 
health care decisions? 22(5.5) 70(17.5) 164(41.1) 61(15.3) 

12 In your outlook, would advertising create a negative 
reputation to dentistry in general? 40(10) 130(32.6) 85(21.3) 27(6.8) 

13 Would advertising project dentistry as a commercial 
activity rather than a health care service? 36(9) 104(26.1) 108(27.1) 55(13.8) 

14 Do you think it is right to enact a law to ban advertising 
in dental practice? 60(15) 130(32.6) 90(22.6) 32(8.0) 

15 Are you in favour of amendment in the Code of Dental 
ethics on Advertising? 17(4.3) 46(11.5) 141(35.3) 51(12.8) 

16 
If in favour of advertising which means or mode of 
advertising would you prefer 

Internet Print 
form 

Radio Visual All 

111(29.9) 48(12.9) 8(2.1) 36(9.7) 44(11.8) 
 
Table 3: Advertising Ethics and perspectives of Consumers [n (%)] 

Questionnaire Strongly Agree Agree Disagree Strongly 
Disagree 

Will advertising help you to choose the correct 
dentist for your dental needs 

22(5) 98(22.1) 144(32.5) 75(16.9) 

Do you agree that radio/ televised talk shows 
by dentists (with their names and phone 49(11.1) 122(27.5) 152(34.3) 32(7.2) 
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numbers) are different forms of advertising 
Do you think advertising will mislead because 
of its false claims? 87(19.6) 141(31.8) 109(24.6) 26(5.9) 

Do you feel advertising will project dentistry 
as a trade rather than a service? 84(19) 128(28.9) 135(30.5) 35(7.9) 

Do you think a dentist who does not advertise 
is lacking in competence 11(2.5) 27(6.1) 230(51.9) 139(31.4) 

In your opinion, do you think that dentists 
should advertise their services? 

17(3.8) 75(16.9) 192(43.3) 86(19.4) 

 Degree Specialty Treatment Cost All 
If allowed for ethical dissemination of 
information, what would you prefer in the 
advertisement 

26(5.9) 20(4.5) 109(24.6) 9(2.0) 58(13) 

 

 
Fig 1: Age wise distribution (%) of need for advertising among healthcare providers 

 
Fig 2: Frequency for need for advertising among healthcare providers and consumers 
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On a molecular basis, nanotechnology investigates a number of promising methods in the material 
sciences discipline, with silver nanoparticles (AgNPs) currently receiving the most coverage. There has 
been use of silver and silver salts since the dawn of humanity, but silver nanoparticles (AgNPs) have 
recently been discovered. They've been cast-off in agriculture and medicine as antibacterial, antifungal, 
and antioxidant agents. Several attempts have been made in the last decade to establish green synthesis 
methods that do not comprise harmful by-products. AgNPs have been suggested to generate free 
radicals, which cause apoptosis and cell death.A crucial phase of nanotechnology is the development of 
operative and eco-friendly procedures for nanoparticle synthesis. Bio fabrication of silver nanoparticles 
(AgNPs) using medicinal plants extract is a novel approach for the reduction of nanoparticles. Their 
characterization was performed by UV-Visible analysis, FT-IR,TEM, SEM and Zeta analyses. The findings 
of the analysis showed that biogenic AgNPs showed potential on a biomolecular scale and could afford 
remarkable protection against hepatic and microbial alteration. 
 
Keywords: Silver Nanoparticles, Biogenic Synthesis, Drug Delivery System 
 

INTRODUCTION 
 
Nanotechnology is the study of science, engineering, and technology at the nanoscale (between 1 and 100 
nanometers). A billionth of a metre, or 10-9 of a metre, is one nanometre. Nanotechnology is referred to the term for 
manufacture, portrayal, manipulation, and application of structures by controlling shape and size at nanoscale [1]. 
Supramolecular scaffolds are formed when the molecules come together, which are in the limits of nanoscale 
dimension.etc. Richard Feynman, a Nobel laureate in Physics informed the scientific community about the field of 
future, “Nanotechnology”, in his famous lecture "There’s plenty of room at the bottom”. Nanotechnology provides 
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the ability to engineer the properties of materials by controlling their size, and this has prompted analysis towards a 
multitude of nanomaterials future applications. Nanoparticles have a grain-like structure with a diameter varying 
from 1–100 nm, according to study; they're used for a range of things, including drug targeting and as a drug carrier 
in therapeutics. As a result of their optical properties, colloidal suspension of metal nanomaterials is transparent, 
thus they are useful in cosmetics, coatings, and packaging [2]. A wide variety of materials can be used to make these 
nanoparticles for example metal oxide ceramics and silicates, magnetic materials, liposomes, dendrimers, emulsion. 
The major thrust of Nano-biotechnology is the production of new and enhanced nano-materials. They are used in a 
variety of industries, including health, cosmetics, pharmaceuticals, and automobiles, because of their special 
properties such as mechanical, electrical, optical, and magnetic properties. Nanoparticles (NPs) fall into three 
categories: carbon-based, organic-inorganic-based, and composite-based materials. Carbon nanofibers, polymers, 
dendrimers, carbon nanotubes and metallic oxides such as Au, Ag, Cu, TiO2, ZnO, and others are some examples. 
Among metal nanoparticles, silver nanoparticles have application in medicine due to its antibacterial, antifungal, 
larvicidal and anti-parasitic properties [3]. 

Fabrications of Nanoparticles 
In general, two methods are used to make nanoparticles: top-down and bottom-up. In the top-down approach, bulk 
material is broken down into nanoscale particles using various lithographic methods for example grinding, milling, 
and so on, while in the bottom-up approach, atoms self-accumulate to new nuclei, which then transform into a 
nanoscale component. Nanoparticles can be created using both traditional physical and chemical methods and 
modern green synthesis. Ion sputtering, solvothermal synthesis, reduction, and the sol–gel technique are examples of 
traditional methods.  
 

Biogenic Approach of Nanoparticles  
The development of biogenic nanoparticle synthesis has gained popularity recently around the world, and the usage 
of metals has already been made for medicinal purposes since ancient times. These metallic nanoparticles can now be 
used in wound dressing,[4] medical imaging,[5] antimicrobial activity,[6]anti-cancer drug delivery 
system,[7,8]catalysis sensors for water purification [9]and other applications. These herbal plant formulations, such 
as polymeric nanoparticles, nano capsules, nano emulsions, phytosomes, liposomes, microspheres, and 
transfersomes,, were made from bioactive plant extract to deliver drugs in systems that are specifically targeted [10]. 
It is essential to evaluate the drug's behaviour in a particular tissue in vitro or in a model in vivo. The commonly used 
nanoparticles are a) Three-dimensional (3D Confinement) structure, such as nanoparticles, quantum dots, and 
particle groups Nano wires, quantum wires (semiconductor material), Nano poles, Nano tubes, and Nano strands 
are examples of one-dimensional structures (2D confinement). Thin films, planar quantum wells, and super lattices 
are examples of two-dimensional structures (1D confinement). With circular, rounded, and intermittent shapes, they 
may exist as a single, melded, collected, or agglomerated structure. Nanotubes, quantum dots, and fullerenes are 
examples of popular nanomaterials. Nanomaterials differ from ordinary bulk materials in terms of their physical and 
synthetic properties. A plant mediated synthesis of M/MO NPs especially Silver, Gold, Palladium NPs and Zinc, 
Copper, Titanium, Zirconium oxide NPs has been progressing, because of its simple approach, long-term stability, 
instant synthesis and environmentally eco-friendly [11]. 
 
Metallic Nanoparticles 
Metal nanoparticles, among the various nanoparticles, have piqued the interest of scientists because of their peculiar 
properties and efficient synthesis processes [12]. Researchers have attempted to focus on the controlled size and 
shape of metal nanoparticles, which affects their physicochemical and optical properties [13]. Until now, 
comprehensive research on the synthesis of various metallic nanoparticles (gold, silver, copper, zinc, titanium, and so 
on) has been published in the literature for their novel properties and applications. The nanoparticles have a wide 
range of applications, including catalysts [14],active food packaging materials [15], drug-delivery systems, enhancing 
contrast agents,[16] antibiotics, antiseptics, disinfectants[17]and components for the construction of nano biosensors, 
optoelectronics, and biomedical sciences. Phytochemicals found in plant biodiversity are responsible for the 
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formation of metal oxide nanoparticles. Metal precursors are initially reduced by the inclusion of phytochemicals in 
plant extract. At some stage, ambient oxygen or a decaying phytochemical binds to the metallic oxide. As a 
consequence, metal oxide ions form, and the metal oxide ions clump together due to electrostatic attraction, resulting 
in the desired nanoparticles. Some of the phytochemicals in the extract then stabilise the nanoparticles, preventing 
particle aggregation. 
 

Silver Nanoparticles 
The use of silver nanoparticles has gotten a lot of attention due to antimicrobial properties in pharmaceuticals, 
cosmetics and textiles. They play a crucial role in the field of biology and medicine due to their attractive 
physicochemical properties. Silver nanoparticles are also stated to be nontoxic to humans and to be most effective 
against bacteria, viruses, and other eukaryotic microorganisms at extremely low concentrations with no side effects. 
Silver has long been thought to have potent inhibitory properties as well as a wide range of antimicrobial activities, 
and it has been used to prevent and cure a variety of diseases [18]. They possess anti-fungal,[19,20] anti-
inflammatory,[21] anti-viral, anti-angiogenesis[22] and antiplatelet activity properties [23]. Silver nanoparticles 
(AgNPs) in suspension release silver ions, which are harmful to microorganisms. The way a substance dissolves in 
AgNPs is influenced by their structure, dimension, distance, concentration, ionic strength, coating, temperature, and 
time. This surface-coated material can also deliver therapeutic components like medications, antibodies, and 
pharmaceuticals. The increasing interest in using nanotechnology to treat cancer is due to its specific advantages in 
drug delivery, diagnosis and imaging, synthetic vaccine production, and miniature hospital devices, as well as 
therapeutic applications of nanomaterials. Biologically active form of silver is controllable using various ligand 
coatings, preventing silver ions from releasing and increasing half-life in systemic circulation for passive targeting. 
Furthermore, surface functionalization on AgNPs can be achieved by decorating them with various ligands such as 
sugars, proteins, peptides, and genetic materials for active targeting, which will require more research into their 
therapeutic efficacy. Biosynthesis of AgNPs by plant extracts such as Azadirachta indica,[24] Chenopodium album,[25] 
Allium cepa,[26]Eucalyptus hybrida,[27] Cycas,[28] Tribulus terrestris [29]etc have been reported. 
 

Nanoparticles and their Applications 
The use of nanotechnologies in medicine is known as nanomedicine. The use of nanotechnologies in medicine is 
known as nanomedicine. The use of nanoparticles to improve the behaviour of drug substances is one of the several 
benefits that have been found.  Patients with ovarian and breast cancer, liver cancer, renal disease, fungal infections, 
elevated cholesterol, menopausal symptoms, multiple sclerosis, chronic pain, asthma, and emphysema, among other 
disorders, are now being administered with nanomedicines at a global scale. Nanomedicines are being used in order 
to defeat the challenges that traditional medical therapies have in delivering assistance from the drug molecules 
used. When medications have a low solubility in water, the human body tries to consume as much as possible to cure 
the underlying disease [30]. Regardless of the fact that the drug molecule is well digested, the medication is taken out 
of the human body before it can offer any value. Drugs have the potential to cause negative consequences due to 
poor delivery at the original location of disease. For example, cancer medicines must be kept away from healthy 
tissues and organs, or they have the potential to cause damage. Nanomedicines,as a result, play a significant role in 
verifying whether sufficient drug enters the body, is it retained in the body for large duration or is it targeted mainly 
to the portions that are in need of treatment [31]. Nanomedicine is one of nanotechnology's fastest-growing fields, 
with the potential to change healthcare and medicine by the use of novel diagnostic techniques and therapeutic 
methods. Not only the innovation of new antibiotics and chemical modifications of existing antimicrobial drugs 
address the issue of microbial resistance, but it will also necessitate the use of long-term efficient metallic 
nanotechnology in medicine to combat infectious diseases.  
 

Medicinal Plant: A New Paradigm for Nanoparticles Fabrication 
Medicinal plants have been used in India for centuries to treat a number of illnesses, including cancer. 
[32]Approximately 6000 medicinal plants are expected to be used in folk and herbal medicine in India. Only 3000 
medicinal plants have been reported as having medicinal value, while the rest are unknown [33]. These medicinal 
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properties are mainly due to bioactive compounds produced as by-products by the plants [34,35]. Around 80% of the 
world's population uses medicinal plants for their healthcare needs [36]. When compared to 1-3 percent of modern 
medications, about one-third of all conventional medicines are used to treat skin diseases. Traditional Chinese, 
Ayurvedic, Unani, and Biomedicine medicines are effective in the treatment of various ailments, particularly in rural 
areas. Plants contain phytochemicals, which can also be found naturally in plants. The two major types of 
metabolites are primary and secondary. The method of constructing and preserving living cells involves primary 
metabolites. Chlorophyll, amino acids, and protein sugars are among the most well-known components. Secondary 
metabolites are substances that aren't primary metabolites. Secondary metabolites serve as barriers against 
microorganisms and insects. The secondary constituents include alkaloids, flavonoids, steroids, phenols, glycosides, 
coumarins, tannins, saponins and terpenoids etc. Many plants are known to contain phytochemicals, but merely 
have been studied for their pharmacological activity [36]. 
 
Fabrication of Silver Nanoparticles through Plants 
The first approach to using floras as a source of synthesis of metallic NPs was achieved with Alfalfa sprouts, 
according to Gardea-Torresdey et al. (2003). This was the first explanation of the synthesis of Ag-NPs by making use 
of a living plant type [37].  Alfalfa roots can absorb Ag from agar medium and transport it to plant shoots in the same 
oxidation state. Velmurugan et al. (2015) demonstrated that Ag-NPs can be made from peanut shell extract and 
compared to commercial Ag-NPs in terms of characteristics and antifungal activity [38]. UV–Vis spectra, XRD peaks, 
FTIR values revealed that synthesised and industrial NPs are identical, and HRTEM results confirmed that NPs were 
mainly spherical and oval. Since pathogenic bacteria can contaminate nanoparticles, plant extracts were found to be 
more effective than microbiological processes for nanoparticle synthesis. Because of their reducing properties, it is 
one of the most successful approaches for producing nanoparticles because it uses plant extract as a capping and 
reducing agent (Table 1). Ficus religiosa, Gymnema sylvestre, Embilica Officinalis, Moringa oleifera, Phyllanthus emblica, 
Melia azedarach, Annona squamosa, Andrographis paniculata, Cinnamon zeylanicum, Ficus religiosa, Gymnema sylvestre, 
Embilica Officinalis, Moringa oleif plants secondary metabolites act as reducing (provide) agents.  Since plants have a 
high potential for storing and detoxifying heavy metals, they play dynamic role in production of nanoparticles as 
compared to microbial synthesis. Plant products like proteins, enzymes, polysaccharides and amino acids act as 
reducing agents. According to the requirement stem, root twigs, leaves, flowers and seeds can be used for extraction 
of these reducing agents. In addition to other plants, medicinal plants leave researchers with plenty of materials for 
selection and investigation as reducing agents [39]. 
 
Applications of Biogenic Nanoparticles 
Manufactured silver nanoparticles have appeared in a variety of products in recent years, including drug delivery, 
imaging, and cancer therapeutics, to name a few. Energy-efficient materials and lightweight armour used for 
protection. Hydrogen storage, increased performance, catalysis, increased crop yields, safe packaging, 
chemical/biological detection in agriculture, filtration of water, reduction of air pollution, and remediation of the 
environment are all examples. 
 
Antimicrobial Activity 
Silver has been used as an antimicrobial for a long time to prevent microbial infection. Silver has been used as a 
biocide to cover milk bottles since the Phoenician civilization. Silver is a widely recognised antimicrobial agent that 
can destroy over 650 different microorganisms, including gram-negative and gram-positive bacteria, fungi, and 
viruses. In 1884, it was common practise to give silver nitrate in aqueous form to new-borns' eyes during childbirth 
to avoid Neisseria gonorrhoea transmission from infected mothers. Of all the metals with antimicrobial properties, 
silver has been discovered to have the most potent antibacterial activity and to be the least toxic to animal cells. . The 
exact mechanisms of silver nanoparticles' antimicrobial or toxicity activities continue to be researched and are a hotly 
debated subject. The positive charge on Ag ions is thought to be essential for antimicrobial properties. Silver must be 
in its ionised state in order to have some antimicrobial properties. Silver is non-reactive in its ionised form, however, 
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when it comes into contact with moisture, it releases silver ions [76]. Ions of silver may form complexes with nucleic 
acids, preferring to interact with nucleosides over phosphate groups. As a consequence, all forms of antimicrobial 
silver or silver-containing compounds are sources of silver ions (Ag+); these ions of silver can be absorbed into the 
substance and released gradually over time  as in the case of  silver sulfadiazine, or they are able to ionise from the 
surface of a substantial silver piece as in the case of silver nanoparticles.[77,78]The scientific literature has recorded 
the electrostatic attraction between positively charged nanoparticles and negatively charged bacterial cells.[79] They 
have been proposed as the most effective bactericidal agent.[80,81]It's been shown that these nanoparticles build up 
within membranes and then penetrate into cells, causing damage to cell walls and membranes. Silver atoms bind to 
thiol groups (ASH) of enzymes, forming stable SA-Ag bonds with thiol-containing compounds, deactivating 
enzymes involved in transmembrane vitality creation and ion transport in the cell membrane. The Ag(I) ion enters 
the cell and interpolates between purine and pyrimidine base pairs, disrupting hydrogen bonding between the two 
anti-parallel strands and denaturing the DNA molecule, according to one theory. One reason for its antibacterial 
properties is bacterial cell lysis. A bacterial peptide's phosphotyrosine profile was modulated by nanoparticles, 
which affected signal transduction and inhibited microbial development. There is a dose-dependent antibacterial 
function which is unaffected because of the growth of antibiotic resistance in bacteria. The accumulation of silver 
nanoparticles in the bacterial membrane was discovered in E. coli bacteria treated with silver nanoparticles, resulting 
in an increase in permeability and cell death.  

Antioxidant Activity 
Antioxidant activity has been observed in AgNPs having nearly spherical morphology. Free radicals such as DPPH, 
H2O2, hydroxyl, and superoxide radicals are effectively scavenged by biosynthesized AgNPs. When compared to 
AgNPs synthesised using their respective fruit extract, plant-based AgNPs demonstrated higher antioxidant and 
antibacterial activity [82]. AgNPs' antioxidant properties are due to their surface-coated bioactive compounds, which 
are extracted from the biological extract used in their synthesis. With the increasing AgNPs concentrations, the 
antioxidant properties improve, resulting in a higher percentage of DPPH radical scavenging abilities. The 
scavenging activity often follows a dose-dependent trend, increasing as the AgNPs dose is increased.  
 
Anticancer Activity 
The use of polymeric nanoparticles as a drug carrier in a targeted delivery system may be a brilliant way to treat 
cancer. Biodegradability, biocompatibility, non-toxicity, sustained circulation, and a broad payload range of a 
therapeutic agent are all important features. Other distinguishing characteristics include their distinct size and shape 
properties for active and passive tissue penetration, complex cellular/subcellular trafficking pathways, and simple 
cargo release control through sophisticated material engineering. NPs with a diameter of 10 to 100 nm are commonly 
used in cancer therapy because they can deliver drugs efficiently and have an enhanced permeability and retention 
(EPR) effect. Smaller particles (less than 1–2 nm) can easily leak from normal vasculature and be filtered by kidneys 
(less than 10 nm in diameter),[83] while particles larger than 100 nm are more likely to be cleared from circulation by 
phagocytes.[84] For example, NPs coated with hydrophilic materials such as polyethylene glycol (PEG) reduce 
opsonization and thus avoid immune system clearance [85]. The use of liposomes in the treatment of breast and 
prostate cancer [86] is becoming more popular [87,88].  The co-polymerization of glycolic acid and lactic acid results 
in poly-lactic-co-glycolic acid (PLGA), a common polymeric NP. PLGA is a popular drug delivery carrier [89,90]. 
Furthermore, dendrimers are a type of polymer that has been used in nanomedicine. They are defined as flexible and 
biocompatible macromolecules with a three-dimensional branch structure [91]. On the surface, their various 
functional groups improve the ability to load and distribute therapeutic agents. In addition, polymeric micelles, 
which are characterized by polymer self-assembly into nano-aggregates as they are composed of amphiphilic 
copolymers, constitute another kind of widely investigated polymer NPs [92]. The hydrophobic core allows insoluble 
anticancer drugs to be absorbed and distributed smoothly, while the hydrophilic section improves stability, reducing 
drug absorption by the reticuloendothelial system and extending drug circulation time [93].  
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Nano-Biosensors 
NPs are unique in biosensors because they can be detected using a variety of methods, including optic absorption, 
fluorescence, and electric conductivity. The Ag-NPs achieve very high sensitivity and measurements by using SPR 
[94]. The novel physicochemical properties of metals at the nanoscale have benefited nano biosensors for disease 
detection, monitoring malady pathogenesis or therapy monitoring, cell tracking, and nanoprobes in vivo detection/ 
imaging [95]. 

Wastewater Treatment 
Silver nanoparticles pose a significant threat to wastewater treatment plants and biological systems. Silver 
nanoparticles inhibit the nitrifying bacteria, which may be harmful to wastewater treatment microorganisms. The 
risk of silver nanoparticles to the environment was recently investigated by measuring the amount of silver that was 
released from commercial clothing. Silver nanoparticles with a diameter of 10–500 nm were found in the sock 
material and waste water.  
 
Drug Delivery 
The therapeutic efficacy of pharmacologically beneficial drugs prescribed for disease treatment is significantly 
reduced as they encounter physicochemical and physiological obstacles at disease sites. As a result, one of the major 
challenges of modern medicine is enhancing the physicochemical properties of medicaments and overcoming 
physiological obstacles to drug delivery into the disease site for effective therapeutic action [96,97]. The following 
physicochemical properties are linked to the limited effectiveness of conventional dosage forms: (a) poor water 
solubility of drugs, (b) ionisation lipophilicity of drugs, (c) large molecular weight of drugs, (d) lower permeability of 
drugs, (e) difficulty in controlling drug release kinetics, and (f) lack of spatial and progressive release of therapeutic 
moieties at the diseased site [98]. These restrictions and shortcomings can be overcome by a controlled drug delivery 
system where the drug is delivered directly to the site of action, capacitated to surpass the effects of physiochemical 
and physiological barriers, thereby, improving the efficiency of drug delivery.  
 
Catalytic Activity 
Nano catalysis is a quickly expanding field in which nanomaterials are used as catalysts in a number of catalytic 
processes. It has the potrential  to be a promising field of science due to its high activity, selectivity, and productivity. 
The first papers on poly (vinyl) alcohol-protected palladium and platinum nanoparticle hydrogenation catalysts 
prepared by reduction of metal salts by H2 were published in 1941 [99]. Nano catalysts have special properties due 
to their high surface-to-volume ratio. The borohydride reduction of many organic dyes is catalysed by the 
nanoparticles. The effective particle-mediated electron transfer from the reducing agent to the dyes is responsible for 
catalysis. Nanoparticles' catalytic activity can be regulated by their size, which is proportional to their redox 
potential.By using sodium borohydride to reduce nitro compounds, such as 4-nitrophenol and 2-nitrophenol, to 
amino compounds, the synthesised metal nanoparticles are used as catalysts [100]. 

Human Health Benefits 
Nanoparticles have a variety of health effects when compared to the bulk content from which they are made [101]. 
Nanoparticles are small enough to enter the body via the skin, lungs, or brain [102]. When metal-containing 
nanoparticles were exposed to human lung epithelial cells, reactive oxygen species were formed, causing oxidative 
stress and cell damage [103,104].Because of its rapid development and transparent body structure, a report on the 
toxic effects of silver nanoparticles was conducted using Zebrafish as a model. The biocompatibility and toxicity of 
silver nanoparticles were demonstrated in embryos at different stages of development. The types of abnormalities in 
Zebrafish were highly influenced by the amount of silver nanoparticles provided to them [105]. Silver nanoparticles 
have been suggested as an antibiotic and a preservative, meaning they can come into contact with humans. As a 
result, it's important to look at the impact of silver nanoparticles on human health.  
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CONCLUSION 
 
Nature has produced the most versatile miniaturized functional materials in elegant and ingenious ways. The desire 
to develop environmentally sustainable techniques has been fuelled by knowledge of green chemistry and the use of 
green routes for metal nanoparticle synthesis. The benefit of using plant extracts to make silver nanoparticles is that 
it is cost-effective, energy-efficient, and provides healthy work environments and ecosystems, as well as 
safeguarding human health and the environment resulting in less waste and safer goods. Plants may be preferable to 
other biological entities for nanoparticle synthesis because they can avoid the time-consuming process of employing 
microbes and preserving their culture, which can lead to the loss of their capacity for nanoparticle synthesis. As a 
result, the use of plant extract for synthesis may have a huge effect in the coming decades. Since cancer is one of the 
most deadly diseases, nanotechnology's contribution to precise care while preventing life-threatening side effects has 
the ability to lead to a positive shift in clinical practise toward a more life-saving approach.  

CONFLICT OF INTEREST  
 
The authors declare that they have no conflicts of interest. 

REFERENCES 
 

1. Sarsar V, Selwal KK, Selwal MK. Green synthesis of silver nanoparticles using leaf extract of Mangifera indica 
and evaluation of their antimicrobial activity. J Microbiol Biotech Res. 2013;3(5):27-32. 

2. Castro L, Blázquez ML, González FG, Ballester A. Mechanism and applications of metal nanoparticles prepared 
by bio-mediated process. Reviews in Advanced Sciences and Engineering. 2014 Sep 1;3(3):199-216. 

3. Tran QH, Le AT. Silver nanoparticles: synthesis, properties, toxicology, applications and perspectives. Advances 
in Natural Sciences: Nanoscience and Nanotechnology. 2013 May 14;4(3):033001. 

4. Leaper DJ. Silver dressings: their role in wound management. International wound journal. 2006 Dec;3(4):282-94. 
5. Muthu MS, Wilson B. Multifunctional radio nanomedicine: a novel nanoplatform for cancer imaging and 

therapy. Nanomedicine. 2010 Feb;5(2):169-71. 
6. Sathishkumar M, Sneha K, Won SW, Cho CW, Kim S, Yun YS. Cinnamon zeylanicum bark extract and powder 

mediated green synthesis of nano-crystalline silver particles and its bactericidal activity. Colloids and Surfaces B: 
Biointerfaces. 2009 Oct 15;73(2):332-8. 

7. Brown SD, Nativo P, Smith JA, Stirling D, Edwards PR, Venugopal B, Flint DJ, Plumb JA, Graham D, Wheate NJ. 
Gold nanoparticles for the improved anticancer drug delivery of the active component of oxaliplatin. Journal of 
the American Chemical Society. 2010 Apr 7;132(13):4678-84. 

8. Hanlon PR, Webber DM, Barnes DM. Aqueous extract from Spanish black radish (Raphanus sativus L. Var. 
niger) induces detoxification enzymes in the HepG2 human hepatoma cell line. Journal of agricultural and food 
chemistry. 2007 Aug 8;55(16):6439-46. 

9. Pradeep T. Noble metal nanoparticles for water purification: a critical review. Thin solid films. 2009 Oct 
30;517(24):6441-78. 

10. Saraf S. Applications of novel drug delivery system for herbal formulations. Fitoterapia. 2010 Oct 1;81(7):680-9. 
11. Shamaila S, Sajjad AK, Farooqi SA, Jabeen N, Majeed S, Farooq I. Advancements in nanoparticle fabrication by 

hazard free eco-friendly green routes. Applied Materials Today. 2016 Dec 1;5:150-99. 
12. Sutradhar KB, Amin M. Nanotechnology in cancer drug delivery and selective targeting. International Scholarly 

Research Notices. 2014;2014. 
13. Bar H, Bhui DK, Sahoo GP, Sarkar P, De SP, Misra A. Green synthesis of silver nanoparticles using latex of 

Jatropha curcas. Colloids and surfaces A: Physicochemical and engineering aspects. 2009 May 1;339(1-3):134-9. 
14. Narayanan R, El-Sayed MA. Catalysis with transition metal nanoparticles in colloidal solution: nanoparticle 

shape dependence and stability. The Journal of Physical Chemistry B. 2005 Jul 7;109(26):12663-76. 

Ayushi Chaturvedi et al., 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33096 
 

   
 
 

15. Llorens A, Lloret E, Picouet PA, Trbojevich R, Fernandez A. Metallic-based micro and nanocomposites in food 
contact materials and active food packaging. Trends in Food Science & Technology. 2012 Mar 1;24(1):19-29. 

16. Liao H, Nehl CL, Hafner JH. Biomedical applications of plasmon resonant metal nanoparticles. 
17. Rai M, Yadav A, Gade A. Silver nanoparticles as a new generation of antimicrobials. Biotechnology advances. 

2009 Jan 1;27(1):76-83. 
18. Shankar SS, Rai A, Ahmad A, Sastry M. Rapid synthesis of Au, Ag, and bimetallic Au core–Ag shell nanoparticles 

using Neem (Azadirachta indica) leaf broth. Journal of colloid and interface science. 2004 Jul 15;275(2):496-502. 
19. Wiley BJ, Im SH, Li ZY, McLellan J, Siekkinen A, Xia Y. Maneuvering the surface plasmon resonance of silver 

nanostructures through shape-controlled synthesis. 
20. Medina-Ramirez I, Bashir S, Luo Z, Liu JL. Green synthesis and characterization of polymer-stabilized silver 

nanoparticles. Colloids and Surfaces B: Biointerfaces. 2009 Oct 15;73(2):185-91. 
21. Panáček A, Kolář M, Večeřová R, Prucek R, Soukupova J, Kryštof V, Hamal P, Zbořil R, Kvítek L. Antifungal 

activity of silver nanoparticles against Candida spp. Biomaterials. 2009 Oct 1;30(31):6333-40. 
22. Gurunathan S, Lee KJ, Kalishwaralal K, Sheikpranbabu S, Vaidyanathan R, Eom SH. Antiangiogenic properties of 

silver nanoparticles. Biomaterials. 2009 Oct 1;30(31):6341-50. 
23. Rogers JV, Parkinson CV, Choi YW, Speshock JL, Hussain SM. A preliminary assessment of silver nanoparticle 

inhibition of monkeypox virus plaque formation. Nanoscale Research Letters. 2008 Apr;3(4):129-33. 
24. Tripathy A, Raichur AM, Chandrasekaran N, Prathna TC, Mukherjee A. Process variables in biomimetic 

synthesis of silver nanoparticles by aqueous extract of Azadirachta indica (Neem) leaves. Journal of Nanoparticle 
Research. 2010 Jan;12(1):237-46. 

25. Dwivedi AD, Gopal K. Biosynthesis of silver and gold nanoparticles using Chenopodium album leaf extract. 
Colloids and Surfaces A: Physicochemical and Engineering Aspects. 2010 Oct 20;369(1-3):27-33. 

26. Saxena A, Tripathi RM, Singh RP. Biological synthesis of silver nanoparticles by using onion (Allium cepa) 
extract and their antibacterial activity. Dig J Nanomater Bios. 2010 Jun 1;5(2):427-32. 

27. Dubey M, Bhadauria S, Kushwah BS. Green synthesis of nanosilver particles from extract of Eucalyptus hybrida 
(safeda) leaf. Dig J Nanomater Biostruct. 2009 Sep 1;4(3):537-43. 

28. Jha AK, Prasad K. Green synthesis of silver nanoparticles using Cycas leaf. International Journal of Green 
Nanotechnology: Physics and Chemistry. 2010 May 20;1(2):P110-7. 

29. Gopinath V, MubarakAli D, Priyadarshini S, Priyadharsshini NM, Thajuddin N, Velusamy P. Biosynthesis of 
silver nanoparticles from Tribulus terrestris and its antimicrobial activity: a novel biological approach. Colloids 
and Surfaces B: Biointerfaces. 2012 Aug 1;96:69-74. 

30. Moghimi SM, Hunter AC, Murray JC. Nanomedicine: current status and future prospects. The FASEB journal. 
2005 Mar;19(3):311-30. 

31. Vinogradov S, Wei X. Cancer stem cells and drug resistance: the potential of nanomedicine. Nanomedicine. 2012 
Apr;7(4):597-615. 

32. Mamidala E, Gujjeti RP. Phytochemical and antimicrobial activity of Acmella paniculata plant extracts. J. Bio 
Innov. 2013;1:17-22. 

33. Jagatheeswari D, Deepa J, Ali HS, Ranganathan P. Acalypha indica L-An important medicinal plant: A review of 
its traditional uses and pharmacological properties. International Journal of Research in Botany. 2013;3(1):19-22. 

34. Prabhu S, Poulose EK. Silver nanoparticles: mechanism of antimicrobial action, synthesis, medical applications, 
and toxicity effects. International nano letters. 2012 Dec;2(1):1-0. 

35. Ayyanar M, Ignacimuthu S. Medicinal plants used by the tribals of Tirunelveli hills, Tamil Nadu to treat 
poisonous bites and skin diseases. 

36. Nyamai DW, Arika W, Ogola PE, Njagi EN, Ngugi MP. Medicinally important phytochemicals: an untapped 
research avenue. Journal of Pharmacognosy and phytochemistry. 2016 Mar;4(4):2321-6182. 

37. Gardea-Torresdey JL, Gomez E, Peralta-Videa JR, Parsons JG, Troiani H, Jose-Yacaman M. Alfalfa sprouts: a 
natural source for the synthesis of silver nanoparticles. Langmuir. 2003 Feb 18;19(4):1357-61. 

Ayushi Chaturvedi et al., 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33097 
 

   
 
 

38. Velmurugan P, Sivakumar S, Young-Chae S, Seong-Ho J, Pyoung-In Y, Jeong-Min S, Sung-Chul H. Synthesis and 
characterization comparison of peanut shell extract silver nanoparticles with commercial silver nanoparticles and 
their antifungal activity. Journal of Industrial and Engineering Chemistry. 2015 Nov 25;31:51-4. 

39. Ahmad N, Sharma S, Alam MK, Singh VN, Shamsi SF, Mehta BR, Fatma A. Rapid synthesis of silver 
nanoparticles using dried medicinal plant of basil. Colloids and Surfaces B: Biointerfaces. 2010 Nov 1;81(1):81-6. 

40. Liu H, Zheng S, Xiong H, Alwahibi MS, Niu X. Biosynthesis of copperoxide nanoparticles using Abies spectabilis 
plant extract and analyzing its antinociceptive and anti-inflammatory potency in various mice models. Arabian 
Journal of Chemistry. 2020 Sep 1;13(9):6995-7006. 

41. Ahamed M, Khan MM, Siddiqui MK, AlSalhi MS, Alrokayan SA. Green synthesis, characterization and 
evaluation of biocompatibility of silver nanoparticles. Physica E: Low-dimensional Systems and Nanostructures. 
2011 Apr 1;43(6):1266-71. 

42. Armendariz V, Herrera I, Jose-yacaman M, Troiani H, Santiago P, Gardea-Torresdey JL. Size controlled gold 
nanoparticle formation by Avena sativa biomass: use of plants in nanobiotechnology. Journal of nanoparticle 
research. 2004 Aug;6(4):377-82. 

43. Tripathy A, Raichur AM, Chandrasekaran N, Prathna TC, Mukherjee A. Process variables in biomimetic 
synthesis of silver nanoparticles by aqueous extract of Azadirachta indica (Neem) leaves. Journal of Nanoparticle 
Research. 2010 Jan;12(1):237-46. 

44. Kora AJ, Sashidhar RB, Arunachalam J. Aqueous extract of gum olibanum (Boswellia serrata): a reductant and 
stabilizer for the biosynthesis of antibacterial silver nanoparticles. Process Biochemistry. 2012 Oct 1;47(10):1516-
20. 

45. Gangula A, Podila R, Karanam L, Janardhana C, Rao AM. Catalytic reduction of 4-nitrophenol using biogenic 
gold and silver nanoparticles derived from Breynia rhamnoides. Langmuir. 2011 Dec 20;27(24):15268-74. 

46. Zhao H, Su H, Ahmeda A, Sun Y, Li Z, Zangeneh MM, Nowrozi M, Zangeneh A, Moradi R. Biosynthesis of 
copper nanoparticles using Allium eriophyllum Boiss leaf aqueous extract; characterization and analysis of their 
antimicrobial and cutaneous wound‐healing potentials. Applied Organometallic Chemistry. 2020 Feb 27:e5587. 

47. Selvan SM, Anand KV, Govindaraju K, Tamilselvan S, Kumar VG, Subramanian KS, Kannan M, Raja K. Green 
synthesis of copper oxide nanoparticles and mosquito larvicidal activity against dengue, zika and chikungunya 
causing vector Aedes aegypti. IET nanobiotechnology. 2018 Jul 27;12(8):1042-6. 

48. Rehana D, Mahendiran D, Kumar RS, Rahiman AK. Evaluation of antioxidant and anticancer activity of copper 
oxide nanoparticles synthesized using medicinally important plant extracts. Biomedicine & Pharmacotherapy. 
2017 May 1;89:1067-77. 

49. Tshireletso P, Ateba CN, Fayemi OE. Spectroscopic and Antibacterial Properties of CuONPs from Orange, Lemon 
and Tangerine Peel Extracts: Potential for Combating Bacterial Resistance. Molecules. 2021 Jan;26(3):586. 

50. Sackey J, Nwanya A, Bashir AK, Matinise N, Ngilirabanga JB, Ameh AE, Coetsee E, Maaza M. Electrochemical 
properties of Euphorbia pulcherrima mediated copper oxide nanoparticles. Materials Chemistry and Physics. 
2020 Apr 1;244:122714. 

51. Baghizadeh A, Ranjbar S, Gupta VK, Asif M, Pourseyedi S, Karimi MJ, Mohammadinejad R. Green synthesis of 
silver nanoparticles using seed extract of Calendula officinalis in liquid phase. Journal of molecular liquids. 2015 
Jul 1;207:159-63. 

52. Jamuna KS, Banu S, Brindha P, Kurian GA. Nano-scale preparation of titanium dioxide by Desmodium 
gangeticum root aqueous extract. Ceramics International. 2014 Sep 1;40(8):11933-40. 

53. Li S, Shen Y, Xie A, Yu X, Qiu L, Zhang L, Zhang Q. Green synthesis of silver nanoparticles using Capsicum 
annuum L. extract. Green Chemistry. 2007;9(8):852-8. 

54. Gopinath V, MubarakAli D, Priyadarshini S, Priyadharsshini NM, Thajuddin N, Velusamy P. Biosynthesis of 
silver nanoparticles from Tribulus terrestris and its antimicrobial activity: a novel biological approach. Colloids 
and Surfaces B: Biointerfaces. 2012 Aug 1;96:69-74. 

55. Armendariz V, José Yacamán M, Duarte Moller A, Peralta Videa JR, Troiani HE, Herrera I, Gardea Torres JL. 
HRTEM characterization of gold nanoparticles produced by wheat biomass. 

Ayushi Chaturvedi et al., 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33098 
 

   
 
 

56. Zargar M, Shameli K, Najafi GR, Farahani F. Plant mediated green biosynthesis of silver nanoparticles using 
Vitex negundo L. extract. Journal of Industrial and Engineering Chemistry. 2014 Nov 25;20(6):4169-75. 

57. Umashankari J, Inbakandan D, Ajithkumar TT, Balasubramanian T. Mangrove plant, Rhizophora mucronata 
(Lamk, 1804) mediated one pot green synthesis of silver nanoparticles and its antibacterial activity against aquatic 
pathogens. Aquatic biosystems. 2012 Dec;8(1):1-7. 

58. Mittal, A. K., Kaler, A., & Banerjee, U. C. Free Radical Scavenging and Antioxidant Activity of Silver 
Nanoparticles Synthesized from Flower Extract of Rhododendron dauricum. Nano Biomedicine & 
Engineering, 2012;4(3). 

59. Das J, Das MP, Velusamy P. Sesbania grandiflora leaf extract mediated green synthesis of antibacterial silver 
nanoparticles against selected human pathogens. Spectrochimica Acta Part A: Molecular and Biomolecular 
Spectroscopy. 2013 Mar 1;104:265-70. 

60. Umadevi M, Bindhu MR, Sathe V. A novel synthesis of malic acid capped silver nanoparticles using Solanum 
lycopersicums fruit extract. Journal of Materials Science & Technology. 2013 Apr 1;29(4):317-22. 

61. Ankamwar B, Damle C, Ahmad A, Sastry M. Biosynthesis of gold and silver nanoparticles using Emblica 
officinalis fruit extract, their phase transfer and transmetallation in an organic solution. Journal of nanoscience 
and nanotechnology. 2005 Oct 1;5(10):1665-71. 

62. Dubey SP, Lahtinen M, Sillanpää M. Tansy fruit mediated greener synthesis of silver and gold nanoparticles. 
Process Biochemistry. 2010 Jul 1;45(7):1065-71. 

63. Reddy NJ, Vali DN, Rani M, Rani SS. Evaluation of antioxidant, antibacterial and cytotoxic effects of green 
synthesized silver nanoparticles by Piper longum fruit. Materials Science and Engineering: C. 2014 Jan 1;34:115-
22. 

64. Anuradha J, Abbasi T, Abbasi SA. An eco-friendly method of synthesizing gold nanoparticles using an otherwise 
worthless weed pistia (Pistia stratiotes L.). Journal of advanced research. 2015 Sep 1;6(5):711-20. 

65. Bindhu MR, Umadevi M, Esmail GA, Al-Dhabi NA, Arasu MV. Green synthesis and characterization of silver 
nanoparticles from Moringa oleifera flower and assessment of antimicrobial and sensing properties. Journal of 
Photochemistry and Photobiology B: Biology. 2020 Apr 1;205:111836. 

66. Ibrahim HM. Green synthesis and characterization of silver nanoparticles using banana peel extract and their 
antimicrobial activity against representative microorganisms. Journal of Radiation Research and Applied 
Sciences. 2015 Jul 1;8(3):265-75. 

67. Vijayaraghavan K, Nalini SK, Prakash NU, Madhankumar D. One step green synthesis of silver 
nano/microparticles using extracts of Trachyspermum ammi and Papaver somniferum. Colloids and Surfaces B: 
Biointerfaces. 2012 Jun 1;94:114-7. 

68. Sathyavathi R, Krishna MB, Rao SV, Saritha R, Rao DN. Biosynthesis of silver nanoparticles using Coriandrum 
sativum leaf extract and their application in nonlinear optics. Advanced science letters. 2010 Jun 1;3(2):138-43. 

69. Haldar KM, Haldar B, Chandra G. Fabrication, characterization and mosquito larvicidal bioassay of silver 
nanoparticles synthesized from aqueous fruit extract of putranjiva, Drypetes roxburghii (Wall.). Parasitology 
research. 2013 Apr;112(4):1451-9. 

70. Von White G, Kerscher P, Brown RM, Morella JD, McAllister W, Dean D, Kitchens CL. Green synthesis of robust, 
biocompatible silver nanoparticles using garlic extract. Journal of Nanomaterials. 2012 Jan 1;2012. 

71. Lukman AI, Gong B, Marjo CE, Roessner U, Harris AT. Facile synthesis, stabilization, and anti-bacterial 
performance of discrete Ag nanoparticles using Medicago sativa seed exudates. Journal of colloid and interface 
science. 2011 Jan 15;353(2):433-44. 

72. Dhand V, Soumya L, Bharadwaj S, Chakra S, Bhatt D, Sreedhar B. Green synthesis of silver nanoparticles using 
Coffea arabica seed extract and its antibacterial activity. Materials Science and Engineering: C. 2016 Jan 1;58:36-
43. 

73. Chandran SP, Chaudhary M, Pasricha R, Ahmad A, Sastry M. Synthesis of gold nanotriangles and silver 
nanoparticles using Aloevera plant extract. Biotechnology progress. 2006;22(2):577-83. 

74. Swamy VS, Prasad R. Green synthesis of silver nanoparticles from the leaf extract of Santalum album and its 
antimicrobial activity. J Optoelectron Biomed Mater. 2012 Jul;4(3):53-9. 

Ayushi Chaturvedi et al., 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33099 
 

   
 
 

75. Shameli K, Ahmad MB, Shabanzadeh P, Al-Mulla EA, Zamanian A, Abdollahi Y, Jazayeri SD, Eili M, Jalilian FA, 
Haroun RZ. Effect of Curcuma longa tuber powder extract on size of silver nanoparticles prepared by green 
method. Research on Chemical Intermediates. 2014 Mar;40(3):1313-25. 

76. Klueh U, Wagner V, Kelly S, Johnson A, Bryers JD. Efficacy of silver‐coated fabric to prevent bacterial 
colonization and subsequent device‐based biofilm formation. Journal of Biomedical Materials Research: An 
Official Journal of The Society for Biomaterials, The Japanese Society for Biomaterials, and The Australian Society 
for Biomaterials and the Korean Society for Biomaterials. 2000;53(6):621-31. 

77. Yakabe Y, Sano T, Ushio H, Yasunaga T. Kinetic studies of the interaction between silver ion and 
deoxyribonucleic acid. Chemistry Letters. 1980 Apr 5;9(4):373-6. 

78. Sondi I, Salopek-Sondi B. Silver nanoparticles as antimicrobial agent: a case study on E. coli as a model for Gram-
negative bacteria. Journal of colloid and interface science. 2004 Jul 1;275(1):177-82. 

79. Cao Y, Jin R, Mirkin CA. DNA-modified core− shell Ag/Au nanoparticles. Journal of the American Chemical 
Society. 2001 Aug 15;123(32):7961-2. 

80. Wright JB, Lam K, Hansen D, Burrell RE. Efficacy of topical silver against fungal burn wound pathogens. 
American journal of infection control. 1999 Aug 1;27(4):344-50. 

81. Eby DM, Schaeublin NM, Farrington KE, Hussain SM, Johnson GR. Lysozyme catalyzes the formation of 
antimicrobial silver nanoparticles. ACS nano. 2009 Apr 28;3(4):984-94. 

82. Ge L, Li Q, Wang M, Ouyang J, Li X, Xing MM. Nanosilver particles in medical applications: synthesis, 
performance, and toxicity. International journal of nanomedicine. 2014;9:2399. 

83. Venturoli D, Rippe B. Ficoll and dextran vs. globular proteins as probes for testing glomerular permselectivity: 
effects of molecular size, shape, charge, and deformability. American Journal of Physiology-Renal Physiology. 
2005 Apr;288(4):F605-13. 

84. Decuzzi P, Pasqualini R, Arap W, Ferrari M. Intravascular delivery of particulate systems: does geometry really 
matter?. Pharmaceutical research. 2009 Jan;26(1):235-43. 

85. Yang Q, Jones SW, Parker CL, Zamboni WC, Bear JE, Lai SK. Evading immune cell uptake and clearance requires 
PEG grafting at densities substantially exceeding the minimum for brush conformation. Molecular 
pharmaceutics. 2014 Apr 7;11(4):1250-8. 

86. Yari H, Nkepang G, Awasthi V. Surface modification of liposomes by a lipopolymer targeting prostate specific 
membrane antigen for theranostic delivery in prostate cancer. Materials. 2019 Jan;12(5):756. 

87. Satsangi A, Roy SS, Satsangi RK, Tolcher AW, Vadlamudi RK, Goins B, Ong JL. Synthesis of a novel, sequentially 
active-targeted drug delivery nanoplatform for breast cancer therapy. Biomaterials. 2015 Aug 1;59:88-101. 

88. Tang B, Peng Y, Yue Q, Pu Y, Li R, Zhao Y, Hai L, Guo L, Wu Y. Design, preparation and evaluation of different 
branched biotin modified liposomes for targeting breast cancer. European journal of medicinal chemistry. 2020 
May 1;193:112204. 

89. Acharya S, Sahoo SK. PLGA nanoparticles containing various anticancer agents and tumour delivery by EPR 
effect. Advanced drug delivery reviews. 2011 Mar 18;63(3):170-83. 

90. Nanjwade BK, Bechra HM, Derkar GK, Manvi FV, Nanjwade VK. Dendrimers: emerging polymers for drug-
delivery systems. European Journal of Pharmaceutical Sciences. 2009 Oct 8;38(3):185-96. 

91. Sherje AP, Jadhav M, Dravyakar BR, Kadam D. Dendrimers: A versatile nanocarrier for drug delivery and 
targeting. International journal of pharmaceutics. 2018 Sep 5;548(1):707-20. 

92. Zhou Q, Zhang L, Yang T, Wu H. Stimuli-responsive polymeric micelles for drug delivery and cancer therapy. 
International journal of nanomedicine. 2018;13:2921. 

93.  Cagel M, Tesan FC, Bernabeu E, Salgueiro MJ, Zubillaga MB, Moretton MA, Chiappetta DA. Polymeric mixed 
micelles as nanomedicines: Achievements and perspectives. European Journal of Pharmaceutics and 
Biopharmaceutics. 2017 Apr 1;113:211-28. 

94. Doria G, Conde J, Veigas B, Giestas L, Almeida C, Assunção M, Rosa J, Baptista PV. Noble metal nanoparticles for 
biosensing applications. Sensors. 2012 Feb;12(2):1657-87. 

95. Marchiol L. Synthesis of metal nanoparticles in living plants. Italian Journal of Agronomy. 2012 Aug 6:e37-. 

Ayushi Chaturvedi et al., 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33100 
 

   
 
 

96. De Jong WH, Borm PJ. Drug delivery and nanoparticles: applications and hazards. International journal of 
nanomedicine. 2008 Jun;3(2):133. 

97.  Safari J, Zarnegar Z. Advanced drug delivery systems: Nanotechnology of health design A review. Journal of 
Saudi Chemical Society. 2014 Apr 1;18(2):85-99. 

98.  Gupta S, Kesarla R, Omri A. Formulation strategies to improve the bioavailability of poorly absorbed drugs with 
special emphasis on self-emulsifying systems. International Scholarly Research Notices. 2013;2013. 

99. Rampino LD, Nord FF. Preparation of palladium and platinum synthetic high polymer catalysts and the 
relationship between particle size and rate of hydrogenation. Journal of the American Chemical Society. 1941 
Oct;63(10):2745-9. 

100. Pradhan N, Pal A, Pal T. Silver nanoparticle catalyzed reduction of aromatic nitro compounds. Colloids and 
Surfaces A: Physicochemical and Engineering Aspects. 2002 Jan 15;196(2-3):247-57. 

101. Albrecht MA, Evans CW, Raston CL. Green chemistry and the health implications of nanoparticles. Green 
chemistry. 2006;8(5):417-32 

102. Koziara JM, Lockman PR, Allen DD, Mumper RJ. In situ blood–brain barrier transport of nanoparticles. 
Pharmaceutical research. 2003 Nov;20(11):1772-8. 

103. Limbach LK, Wick P, Manser P, Grass RN, Bruinink A, Stark WJ. Exposure of engineered nanoparticles to human 
lung epithelial cells: influence of chemical composition and catalytic activity on oxidative stress. Environmental 
science & technology. 2007 Jun 1;41(11):4158-63. 

104. Xia T, Kovochich M, Brant J, Hotze M, Sempf J, Oberley T, Sioutas C, Yeh JI, Wiesner MR, Nel AE. Comparison of 
the abilities of ambient and manufactured nanoparticles to induce cellular toxicity according to an oxidative 
stress paradigm. Nano letters. 2006 Aug 9;6(8):1794-807. 

105. Asharani PV, Wu YL, Gong Z, Valiyaveettil S. Toxicity of silver nanoparticles in zebrafish models. 
Nanotechnology. 2008 May 14;19(25):255102. 

 
Table 1. Biogenic Synthesis of Nanoparticles Using Different Parts of Plants  
Name of plant Parts of plant Metallic 

nanoparticles  
Size and shape Citation 

Abies spectabilis Leaves CuSO4 50; spherical [40] 

Allium sativum Bud Ag 4-22 nm; spherical  [41] 

Avena sativa  leaf Au Various shaped [42] 

Azadirachta indica leaf Au 20 nm; nearly spherical 
shape 

[43] 

Boswellia serrata Gum Ag 7.5 ± 3.8 nm; Spherical [44] 

Breynia rhamnoides stem Ag 64 nm [45] 

Allium eriophyllum Boiss Leaf Cu 30–35 Spherical  [46] 

Tridax procumbens (Tridax daisy) leaves Cu 16 spherical [47] 

Tamarindus indica leaves Cu 12spherical [48] 

Citrus (Orange, lemon) Peel of fruit Cu 48–76 Globular  [49] 

Euphorbia pulcherrima  Floral  Cu 16-153cubical [50] 

Calendula officinalis Seed Ag 5–10 nm; spherical  [51] 

Desmodium Leaf Ti 100nm/Spherical [52] 

Capsicum annum leaf Ag 10-12 [53] 

Tribulus terrestris  Fruit  Ag 16-28 spherical [54] 

Triticum aestivum Biomass  Au 10-30 nm [55] 

Vitex negundo Leaf  Ag 10-30: fcc [56] 

Rhizophora mucronata Leaf bud Ag 4-26: spherical [57] 

Rhododendron dauricam Flower  Ag 25-40: spherical [58] 

Sesbania grandiflora Leaf  Ag 10-25: spherical [59] 
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Solanum lycopersicums Fruit  Ag 10nm spherical [60] 

Tamarindus indica Leaf  Au Triangular  [61] 

Tanacetum vulgare Fruit   Ag 16nmtriangular [62] 

Piper longum Fruit  Ag 15-200nm [63] 

Pistia stratiotes (weed) Aerial and 
submerged parts 

Au 2-155nm 
Hexagonal 
pentagonal 

[64] 

Moringa oleifera Flower  Ag 14nm spherical [65] 

Musa paradisiaca Peel  Ag  20nm cluster [66] 

Papaver somniferum Seed  Ag 3-7nm spherical [67] 

Coriandrum sativum Leaf Ag 26nm spherical [68] 

Drypetes roxburghii Fruit Ag  10-35nm [69] 

Garlic  Leaf  Ag  4-7nm [70] 

Medicago sativa Leaf  Ag  20-40nm [71] 

Coffea arabica  Seed  Ag  2-30nm [72] 

Aloe vera Leaf  Ag  15nm [73] 

Santalum album Leaf  Ag  80-200nm [74] 

Curcuma longa Tuber  Ag 10 nm [75] 
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Shifting cultivation is also referred to as Swidden cultivation, slash and burn cultivation, bush-fallow 
agriculture. Its name varies in different parts of the world. The physico-chemical characters of the soil are 
affected by the crop type and agricultural practices. Microbial biomass of soil and its number also 
influence the soil health. The present study has attempted to find out the impact of shifting cultivation on 
soil bacterial communities and soil quality in the western ghat region of Pune district. 16 soil samples, 
from 5 villages of Bhor tehsil were collected. The soil samples included the fallow land and crop (Varai, 
Sawa, Nachani and Hulga) harvested soils. Eleven bacterial genus were isolated from all soils in varying 
number. It was observed that the TVC of the crop harvest soil significantly decreased as compared to the 
fallow soil. Different soil parameters were also found to be improved in the fallow period, pointing out 
the importance of the length of the fallowing. Few remedial measures are also suggested to improve the 
soil health. 
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INTRODUCTION 
 
The historical background of shifting cultivation is old as the history of agriculture itself [1]. The “Shifting 
Cultivation”, its name varies in different parts of the world and generally known as “Slash and Burn” and “bush 
fallow” agriculture. It is known as “Jhum” in the hilly states of north-east India, Podu in Orissa, Kumari in western 
Ghats, watra in Rajasthan, Penda, Bewar or Dahia in Bastar district of Madhya Pradesh [2].  The shifting cultivation 
is characterized by rotation of fields rather than rotation of crops, absence of manuring, use of human labour, 
employment of dibbled stick or hoe, and short period occupancy alternating with fallow period. After two or three 
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years the fields are abandoned, the cultivators shift to another clearing, leaving the old one to natural recuperation. 
This explains the term, “Shifting Cultivation” [3]. The clearance of jungles is the prerequisite of shifting cultivation. 
The felling of trees and clearing of bushes, however, accelerates soil erosion and accentuate variability of rainfall 
which may lead either to draughts or floods. The overall impact is the decline in soil fertility. The ecosystems lose 
their salient characteristics. The dependent community faces shortage of food, fuel, wood, and fodder. Consequently 
the nutritional standard goes down. This process culminates into social poverty and ecological imbalance [4]. As the 
cycle of shifting cultivation becomes shorter which is 4-5 years, the biomass that depends on the humus of the soil, 
declines, and the biodiversity is considerably reduced [5]. In addition, shifting cultivation is associated with poor 
crop yields and rapid soil degradation [6]. 
 
Shifting cultivation in India is very common in the North Eastern hilly region and Orissa, besides the hilly Eastern 
Ghats region of Andhra Pradesh, Madhya Pradesh, where it is moderately practiced, and parts of Western Ghats, 
where it exists in a modified form. Shifting cultivation was widely practiced in the Western Ghats, extending further 
north along its forested heights till the south west extension of Aravalis in Dungarpur district. Millets is common 
term used for a number of small seeded annual grass grain crops. They are produced in the fields with less fertile soil 
and low rainfall conditions. Nutritionally, Millets are superior to rice and wheat, hence considered as a cheaper 
source of proteins, minerals and vitamins for all the poor. Also, since they are practically deprived of grain storage 
pests, they have indefinite storage life [7]. In India, 4.5 per cent of the cultivated area is occupied by Millets. They are 
restricted to large areas of drylands and hilly tracks. Millet can adapt to a wide variety of soil type from very less 
fertile to highly fertile soil. They are able to tolerate some level of alkalinity [8]. 
 
The appearance, fertility, and chemical characteristics of the soil vary with respect to the minerals and plant 
materials which form them and keep transforming. Most the reactions involve water, mineral and biological factors. 
The soil quality is influenced by these physicochemical properties of it [9]. Several properties of the soil work hand in 
hand to maintain equilibrium in the soil environment. This balance is very much necessary for the sustainability of 
all of all forms of life. Microorganisms are highly responsible for the increase in the biomass production and 
maintaining the ecosystem through their decomposition activity thereby affecting the soil fertility. They 
performances lead to various vital ecosystem processes like nutrient cycling and availability, productivity, plant 
growth, suppression of root diseases and soil structure [10]. This naturally occurring microbial community inhabit 
the plant rhizosphere and effectively promote the plant growth through various interactions [11]. This microbial 
population is influenced by varied factors that lead to the shift in their communities. One of them is shifting 
cultivation method, which leads to decrease in the microbial population and diversity.  
 
Unfortunately these parameters and their effects on shifting cultivation with respect to accumulation of forest 
biomass, nutrient cycling and role of microbes that varies with fallow length are still poorly understood. Therefore 
the need of hour is to search for sustainable ways of cultivation that can transform shifting cultivation system and 
have less environmental consequences. Understanding the plant-soil-microbe interactions thus can help finding a 
solution for transforming shifting cultivation system. The main objective of this research was to study the effect of 
shifting cultivation system on the microbial diversity and thus in return on the soil fertility.  

 
MATERIALS AND METHODS 
 
Soil sample collection 
16 soil samples from 5 villages of the Bhor tehsil were collected between February, 2014 and April, 2014 after 
harvesting the cultivated crop and also from fallow land. The sample was collected by laying 5 quadrants of 1m by 
1m, within the 2 to 4 acres of the shifting cultivation plots identified in the villages.  200g soil per quadrant was 
collected from 1cm to 9cm depth, and was pooled together in a 5kg sterile polythene bags and transported at room 
temperature to the laboratory within 24hours. On arrival at the lab the soil samples were stored at 4°C, the soil 
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samples were processed within 3 to 4 days. To determine all the parameters for each soil sample, portion of soil was 
air-dried and sieved through a 2 mm sieve and then was diluted in water.  
 
Analysis of Physico–Chemical Properties of Soil 
The pH was measured with the help of a pH meter. An Electrical Conductivity meter was used to measure Electrical 
Conductivity (EC) [12]. The amount of soil organic carbon, available phosphorus and available potash were 
determined as described by [12]. The soil CaCO3 was mixed with 0.5N HCl, whereby CO3 was released, and the 
excess HCl is neutralized by 0.5N NaOH titration and the amount of CaCO3 is estimated from this [13]. Total cation 
(Ca + Mg) was estimated according to [14], using Na EDTA and complezometric titration. The soil available sodium 
is estimated by first extracting it with solution of sodium or ammonium acetate and then estimating the soil sodium 
by flame photometer [15]. The soil moisture was estimated by Gravimetric method or drying method [16]. The soil 
texture was determined by International Pipette method as described by [17]. Water Holding Capacity was 
measured by Keen-Raczkowaki-Box Method [18]. 
 
Isolation and Identification of bacteria 
The microbial community analysis was done by total viable count of soil bacteria using serial dilution of the soil.  
1gm of soil was mixed in 100ml saline, and serially diluted this up to 10-10 and then 0.1ml of each dilution was 
spread on sterile nutrient agar plate in triplicates. These plates were incubated at room temperature for 24 to 72 
hours.  The subsequent bacterial colonies developing on the plates were counted and the colony forming units (cfu) 
per ml of soil sample was estimated. The isolated bacterial colonies growing on these plates were visually identified 
and picked up daily, the colony morphology recorded and the bacterial colonies were subject to Gram staining, 
Spore staining, capsule staining and biochemical identification was done up to genus level as per the Bergey’s 
manual of Determinative Bacteriology, 9th edition. 
 
Statistical Analysis 
Statistical analyses were performed using SPSS software version 21. The correlation between all the soil parameters 
tested in this study was generated. Using R software version 3.6.1, Heat maps were developed for this correlation 
analysis data generated from SPSS. On the basis of the data obtained richness, Simpson’s diversity and evenness 
indexes were calculated. The results were submitted to principal component analysis (PCA) in order to determine 
the common relationships between parameters. 
 

RESULTS AND DISCUSSION 
The study area covers the mountainous region of the western ghats of Pune district covering the Bhor tehsil. Bhor is 
situated south of Pune district, having latitude 18.16 N and longitude 73.85 E. 
 
Physico-chemical analysis 
16 soil samples of the shifting cultivation plots from 5 villages were collected and the physico-chemical analysis was 
performed for each sample. Average and standard deviation of each parameter was statistically calculated and was 
considered for further analysis. The results obtained are compiled and the average data of each parameter including 
the fallow period is presented below in the table. These results were then utilized to interpret the effect of shifting 
cultivation on the fertility of the soil. Elevation of the village location was also considered as one of the parameter 
that may affect the soil fertility with respect to shifting cultivation. Also the microorganisms were isolated from each 
soil sample to study the same effect and in turn the soil fertility. 
 
Microbial analysis 
All samples, which were analysed, contained various bacteria in varying population number and thus are dominant 
in the soil. In the soil samples studied here, they seem to be unevenly spread. All soils shows presence of bacteria but 
their population number varies and is dependent on the soil texture and organic substrate in the soil. Bacterial 
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population is highly influenced by pH, temperature, humidity, agriculture practice, fertilizers, pesticide, and the 
addition of organic matter [19]. A TVC of 1218 X 106cfu/ml was determined from 16 samples collected from 5 villages 
of Bhor. Total 11 different bacterial genus isolated from all the 16 soil samples were Frankia, Brocothrix, Staphylococcus, 
Acetobacter, Kurthia, Pseudomonas, Streptomyces, Nitrobacter, Azotobacter, Nocardiaand Bacillus in the increasing order of 
the number of each genus isolated from the soil (Figure 1). 
 
Correlation between soil parameters tested 
The soil analysis of Bhor tehsil shows that the pH of this soil is strongly positively related to available phosphates 
and strongly negatively related to clay whereas neutral to the moisture. Electric conductivity was shown to be 
positively related to carbon, nitrogen, potash and calcium. Carbon was strongly positively related to the nitrogen, 
calcium and magnesium and neutral to apparent and specific density; similarly nitrogen was positively related to Ca 
and Mg. Available phosphorus was neutral to the Ca and Mg. Also, potash was neutral to CaCO3 and WH. In the 
same way, calcium was strongly positively related to Mg and negatively related to Na. Magnesium showed neutral 
relation with moisture, clay and specific density whereas CaCO3 was neutral to specific density and porosity. 
Sodium had a neutral relation with clay. It was also seen that sand was strongly negatively related to silt and water 
holding capacity but positively related to apparent density. Clay was seen to strongly negatively related to apparent 
density and silt was positively related to WH. Moisture was neutral to porosity. Apparent density was neutral to 
porosity but specific density was positively related to porosity. Lastly it was observed that water holding capacity 
was strongly positively related to apparent density and neutral to porosity. The bacterial count of this soil showed a 
strong positive correlation with electric conductivity, calcium and specific density whereas was strongly negatively 
related to the porosity and had a neutral relation with the water holding capacity of the soil. This correlation can be 
seen in Figure 2. 
 
Simpson’s Diversity Index 
It was observed that the SDI was close to 1 which states that the diversity is high in all the soil studied here (Table 1). 
 
Richness 
The number of species per sample is a measure of richness. The more species present in a sample, the 'richer' the 
sample. Accordingly the soil of Bhor showed the presence of 12 different isolates (Figure 1). 
 
Evenness 
Evenness is a measure of the relative abundance of the different species making up the richness of an area. If a 
community dominated by one or two species, it is considered to be less diverse than the one in which several 
different specieshave a similar abundance. Thus, all samples have unevenness because the total numbers of 
individuals in the sample are quite unevenly distributed between their respective isolates, dominated by Bacillus 
genus. As species richness and evenness increase, diversity also increases. Simpson's Diversity Index takes into 
account both richness and evenness to measure the diversity. This compliment (1-D) represents the probability that 
two individuals randomly selected from a sample will belong to different species. Thus high diversity is observed in 
all the soils. 
 
Few parameters soils of fallow lands were significantly high as compared to the crop harvested soil. The other 
parameters of fallow lands did not show increase in the values than the crop harvested soil and the reason could be 
the length of the fallow period. Clay also increased in all the fallow lands but the sand level decreased. Same is 
observed from the table 2. Thus fallowing such lands for more than 7 to 8 years would bring the soil parameters back 
to normal. In case of Kondhari village, the fallow soil parameters and the TVC showed some deviation in its results. 
The TVC of fallow soil was less than crop harvested soil. The reason could be the fallowing period of the land which 
might be less than two years. Dhamandeo and Salungan villages showed maximum presence of all the isolates in the 
soils collected after harvesting nachani, while Hirdoshi village soil collected after harvesting hulga and Kondhari 
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after harvesting varai, exhibited maximum presence of all isolates as seen in Table 3. This shows that the crop 
cultivation did not influence the number and diversity of the bacteria in that soil. 
 
Correlation Analysis 
A Pearson correlation coefficient was computed to assess the relationship between the various soil parameters and 
bacterial genus isolated from these soils. Many isolates were strongly positively correlated to electric conductivity 
(EC), organic carbon (OC) and Nitrogen. Strong positive correlation was also observed for Ca, Mg, Potash and 
CaCO3 by few isolates. A strong negative correlation was observed for specific density and porosity. Few isolates 
also showed a strong negative correlation with Na and apparent density. There was a neutral correlation observed 
for silt, water holding capacity and moisture (Figure 3). During this period the dominant soil bacteria identified were 
Bacillus, Nocardia, Azotobacter, Pseudomonas, Staphylococcus, Brocothrix. Kurthia was isolated from almost all samples. 
Kurthia gibsonii Strains was reported from meat, mince beef, hen faeces on conveyer and cow faeces [20]. Thus, 
pointing towards the cattle faeces contamination in the soil.  
 
In the present study soil samples from five villages of Bhor tehsil were studied for their microbial content. Eleven 
different bacterial genuses were isolated from these soil samples. They are Frankia, Brocothrix, Staphylococcus, 
Acetobacter, Kurthia, Pseudomonas, Streptomyces, Nitrobacter, Azotobacter, Nocardiaand Bacillus. In a different study [21] 
which used the soil sample from Bhor and Velhetakulas but from the rice fields reported the presence of Bacteria like 
Alcaligenes, Halomonas, Rhizobacterm. This difference could be attributed to the land use and the crop cultivated in 
that land. The study area in current research work was the hilly areas of these and other talukas and was under 
shifting cultivation process. The land in the study area was used to grow millets like varai, nachani, sawa and hulga. 
Fallow land soil samples were also included in the study. 
  
Similar study could also isolate actinomycetes from the rhizosphere samples of the four varieties of foxtail millet 
planted into red soil [22]. Among the plant-associated microbes, Pseudomonads are prominent bacteria that fight and 
save plants against several plant pathogens [23], but in the study area this organism was not found in high number. 
Actinomycetes are considered to be plentiful in the soil but surprisingly only six genus varieties were isolated from 
the entire study region, may be due to acid pH and low soil nutrient. Most actinomycetes are not tolerant to soil 
acidity. Another reason would be the depth of soil sample collection. Similar study [19] has reported that higher 
number of actinomycetes in the total population of microbes in the deeper soil. The actinomycetes identified in this 
study belonged to Streptomyces, Nocardia, Acetobacter, Frankia and Nocardia. Azotobacter and Pseudomonas associated 
with the rhizosphere of pearl millet (P. glaucumn); grown in nutritionally poor soils of semi-arid regions were 
isolated by another group of researches [24]. The abundance of Nocardia spp. isolates from soil is affected by pH, soil 
type, climate, temperature [25].  In current study its presence was noted in all soils mainly due to the temperature 
and the dry climate in these regions. 
 
Agriculture is the major factor influencing the soil environment and its microbiome[26]. But the farmers in these 
regions did not use any fertilizer though they practiced shifting cultivation. Thus, to an extent this aspect could not 
explain the variability of the recorded results. Few of them are pH, soil texture and metal content. Even temperature, 
precipitation and other climatic events may influence the soil microorganism community[27]. In this research the 
soils were collected from the lands where only rainfed crops were cultivated were exposed to similar weather 
conditions. Therefore, the climatic conditions cannot explain the differences between the examined soils. The 
maintenance of ecosystem functions even under stressful conditions is enabled by large microbial diversity [28]. On 
the contrary, in soils with low microbial diversity, even a little loss of species may expose the environment to 
functional changes [29]. In the discussed soils, differences in the activity and structure of the microbes inhabiting 
them may be important during fallow period. 
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Principal Component Analysis 
Agricultural data from different villages were subjected to principal component analysis (PCA) to find having 
similar overall patterns in the reduced multivariate data space without loss of information due to dimensionality 
reduction. Varimax rotated first three PCs were used to make a three dimensional scatter plot. Variables that will 
tend to cluster together in the 2D scatter plot will have similarity in the discriminatory power of the variables 
included in the study. All the statistical analysis was done in SPSS version 21. Potash, EC shows dis-similarity 
pattern in the village of Bhor whereas N and OC shown perfectly similar pattern in the component 1 (0.902) of the 
principal component analysis. Also found similar pattern for TVC (0.299) and Clay (0.276). Whereas in component 2 
it can be seen that Moisture and Silt has dissimilarity pattern compared to other variables in the study (Figure 4). 
 
Remedial measures  
Although the fallow cycle has shown to increase soil erosion and disturb the watershed area, a usual practice of 
Alnus nepalensis plantation along with crops in jhum would serve to complete the need for nitrogen (N) [30]. The use 
of mixed cropping method in this cultivation system not only increases the soil fertility but also protects the crops 
frominsect and pest attacks [31]. Thus deliberate plantation of trees like Alnus nepalensis and mixed cropping could 
help in improving the soil health. 
 
The present work proposes certain remedial solutions for sustainability of this traditional cultivation system. 
 Knowledge of ill effects of shifting cultivation should be conveyed in an understandable way to the cultivators. 

They have to understand the importance of fallow period length. Surely, if they are convinced about the 
degradation of soil and ecology, they will definitely follow the alternatives prescribed to save the environment as 
they are more close to the nature. 

 They can be made to understand the importance of biodiversity, their knowledge of the plant species and their 
different uses can be streamlined to maintain and avoid extinction of valuable plants. 

 They can be taught to use the forest resources without harming the forest in any way. These can serve as 
additional income source for them. 

 Government should take initiatives to provide them with marketing facilities.  
 Initiatives and schemes for helping the shifting cultivators transform to settled cultivation. They can be provided 

with lands on lease, seeds of exotic or in-demand fruits and vegetables, fertilizers and manure to increase their 
crop yield. 

 Schemes involving secondary income sources like poultry, sericulture etc. can also be beneficial in preventing the 
long term effects of shifting cultivation. 

 They can be also equipped with irrigation facilities to increase their yield. 
 
The results demonstrate significant differences between the soils studied, both regarding physico–chemical and 
biological parameters. Based on both these parameters it can be concluded that the length of the fallow period 
influences the soil health. The TVC obtained in the fallow soils was significantly higher than the crop harvested soils. 
Thus the land management systems should take actions to satisfy the needs of the cultivators by providing various 
alternatives for their sustainability. Few remedial measures suggested at the end can be considered to improve and 
protect the environment.  
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Table 1: Simpson’s diversity index 
 

Bacterial 
Isolates 

Total 
number 

Frankia 26 
Brocothrix 54 
Staphylococcus 62 
Acetobacter 81 
Kurthia 84 
Pseudomonas 89 
Streptomyces 104 
Nitrobacter 114 
Azotobacter 118 
Nocardia 141 
Bacillus 210 
Total 1083 
Simpson 0.8885734 
1/D 1.1254 
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Table 2: Physico-chemical analysis of soil samples 

 
Note: Fallow soil data is highlighted in yellow 
 
Table 3. Number of Bacterial genus isolated from each soil sample 

 
Note: Fallow soil data is highlighted in yellow 
 

 
Figure 1: Number of each bacterial isolate from all the samples 
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Figure 2: Pearson Correlation coefficient among soil parameters of Bhor Soil; the values indicated in red are a 
negative correlation, and those in blue are a positive correlation; the number of degrees of freedom (df) = 1, 
Strong positive correlation (above +0.6), strong negative correlation (above -0.6) and neutral relation (zero). 

 

 
Figure 3: Correlation Analysis of Bhor soil parameters with bacterial isolates 
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Figure 4: PCA for Bhor Taluka 
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Pythagorean Fuzzy Set (PFS) was first initiated by Yager to deal with imprecision and vagueness. As a 
generalization of  intuitionistic fuzzy set, PFS has a greater scope to tackle the ambiguous situations of 
real physical problems with high precision and accuracy. The theories of soft sets and rough sets, 
originally proposed by Molodtsov and Pawlak are the mathematical ways to approach with 
uncertainties. In this work, the above theories are combined to form a new hybrid form of Pythagorean 
Fuzzy Soft Rough Set (PFSRS) and some of its properties are studied. Then the proposed model is 
extended to multi-granular environment based on Pythagorean fuzzy soft relation and Pythagorean 
Fuzzy Multi-granulation Soft Rough Set (PFMGSRS) is introduced.  Enduringly, an illustrative example 
is explored to depict the importance of the proposed model. 
 
Keywords: Pythagorean soft relation, Multi- granulation rough set, Optimistic, Pessimistic. 
 

INTRODUCTION 
 
The idea of fuzzy set theory, proposed by Zadeh (1965), plays a significant role as it handles uncertain or vague 
information in decision making, characterized by a membership function which assigns a membership value ranging 
between zero and one. However, in some actual environment, the fuzzy set theory has some limitations when 
decision maker deals with some uncertain information or vagueness.  Intuitionistic fuzzy set (IFS), proposed by 
Atanassov (1986, 2015) is characterized by a membership and non-membership function satisfies the condition that 
the sum of membership and non-membership is less than or equal to one. Hence it describes more precisely than 
fuzzy set. Mendel et al. (2002) discussed a new representation for type-2 fuzzy set. Torra (2010) introduced Hesistant 
fuzzy sets and some basic operations and also proved that the envelope of the hesistant fuzzy sets is an intuitionistic 
fuzzy set. 
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Pawlak(1982, 1991) proposed the concept of rough set theory, a well-established mechanism. Binary relation is 
imposed in an approximation space consisting of a universe of discourse. The application domain of rough set model 
is narrowed by the equivalence relation. Thus, various extensions have been introduced over the past years and 
widely applied in some branches of artificial intelligence such as automatic classification, feature selection, learning 
algorithm, inductive reasoning, pattern recognition, knowledge reduction, etc. Yager(2013, 2014) proposed a brand-
new extension of fuzzy set called Pythagorean fuzzy set (PFS), which has been successfully applied in many fields 
for decision making procedures.  PFS is characterized by a membership and non-membership function satisfies the 
condition that the square sum of membership and non-membership is less than of equal to one. It is noted that not all 
Pythagorean fuzzy set are intuitionistic fuzzy set but an intuitionistic fuzzy set must be a Pythagorean fuzzy set.   
 
Reformat et al (2014) discussed a novel collaboration based recommender system that provides a user with the ability 
to control a process of constructing a list of suggested items and also proposed a new idea of ranking items rated by 
multiple users. Chao et al (2016) introduced the models of Pythagorean fuzzy rough set over two universes and 
Pythagorean fuzzy multigranulation rough set over two universes.  Wan et al (2017,2018) developed the Pythagorean 
fuzzy analytic hierarchy process is proposed to determine the criteria weight of the evaluation criteria and 
introduced a three-phase method for addressing multi-attribute group decision making (MAGDM) with 
Pythagorean fuzzy numbers (PFNs) and apply to haze management.  The concept of Pythagorean fuzzy sets and 
some properties of Pythagorean fuzzy set in connection to score and accuracy functions was proposed by Paul 
(2019).  Lazim (2019) introduced a modification fuzzy DEMATEL characterized by Pythagorean fuzzy set for 
linguistic variables.  
 
On other hand Dubois and Prade (1990) proposed the model of fuzzy rough set on the combination of intuitionistic 
fuzzy set and classical rough set theory. In the fusion process of rough set theory and intuitionistic fuzzy set, 
Samanta and Mondal (2001) proposed the intuitionistic fuzzy rough sets and rough intuitionistic fuzzy sets.  Greco et 
al (2002) discussed the new rough set approach is able to approximate this partition by means of dominance 
relations.  Fuzzy rough set over two universes and its applications was proposed by Sun and Ma. (2011).Yang et 
al.(2013) researched a fuzzy probabilistic rough set model on two universes and its application in medical field. The 
concept of soft set theory was proposed by Molodtsov(1999 ) to solve imprecise problems in the field of social 
science, engineering, medical science, environment and economics. Molodtsov (2001, 2004, 2006) applied the soft set 
theory to several directions such as game theory, measurement theory, smoothness of function, probability and 
operation research. On the combination of fuzzy set and soft set, the model of fuzzy soft set was proposed by Maji et 
al.(2003).  Multi-granulation rough set theory is beneficial to view a problem through multiple binary relations.  
Multi-granulation rough set is studied from two types of qualitative combination rules: optimistic and pessimistic by 
Qian (2010).  Liu et al. (2016) discussed the relationship between rule-based systems and granular computing and 
provides an overview of granular computing concepts in the context of set theory and information granulation.  Qi 
and wei (2018) proposed five types of granules in formal concept analysis with respect to objects and discusses their 
relationships. 
 
In Section 2, we discuss the basic concepts of intuitionistic fuzzy set, Pythagorean fuzzy set, rough sets over two 
universes, multi-granulation rough sets over two universes and soft sets. In Section 3, we introduce the model of 
PFSRS and some properties. In Section 4, two types of PFMGSRS are defined and explored and their properties are 
studied in detail.  Section 5 presents an application of PFMGSRS. In Section 6, we conclude this paper with some 
remarks. 
 
BASIC CONCEPTS 
In this section, we review some basic concepts, such as Intuitionistic fuzzy set, Pythagorean fuzzy set, rough sets 
over two universes, Multi-granulation rough sets over two universes, and so on. 

 
 

Akalyadevi and Antony Crispin Sweety 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33115 
 

   
 
 

Definition 1. Let A be an IFS in the universe of discourse X, shown as follows: 
},|)(),(,{ XxxxxA AA    

 
Where ]1,0[:)( XxA  and ]1,0[:)( XxA satisfy 1)()(0  xx AA   for all ,Xx )(xA  and )(xA
denote the membership degree and non-membership degree of element x belonging to the IFS A, respectively.  
Moreover, )()(1)( xxx AAA   is called the hesitancy degree of element x belonging to the IFS A. 
 
Definition 2. Let P be an PFS in the universe of discourse X, shown as follows: 

},|)(),(,{ XxxxxP AA    

Where ]1,0[:)( XxP  and ]1,0[:)( XxP satisfy     1)()(0 22  xx AA   for all ,Xx )(xp  and )(xP

denote the membership degree and non-membership degree of element x belonging to the PFS P, respectively.  

Moreover, )()(1)( 22 xxx PPP    is called the hesitancy degree of element x belonging to the PFS P.  For 

convenience, we introduce a Pythagorean fuzzy number denoted by ),,(   P  where ]1,0[,   and 

    10 22    . 
 
Definition 3. Suppose we have three Pythagorean fuzzy numbers ),(

111   P , ),(
222   P , and 

),(   P .  The operations of complement, union, and intersection are defined as follows: 

);,()1(   Pc   

});,min{},,(max{)2(
212121   P  

});,max{},,(min{)3(
212121   P  

Moreover, Zhang and Xu further defined some novel operations for PFNs as given below: 






 

212121
,)4( 2222

21   P ; 






  2222

21 212121
,)5(   P ; 

;0,)(,))(1(1)6( 2 




   





 P  

.0,))(1(1,)()7( 2 




   





 P

 
 
Definition 4. Suppose we have two Pythagorean fuzzy numbers   ),(

111   P and ),(
222   P . A natural 

quasi-ordering on the PFNs is defined as follows:
 

21   if and only if 
21    and

21    . 

Definition 5. Let ),(   P be a PFN, the score function of   is defined as follows: 
22 )()()(   s . 

If we have two PFNs ),(
111   P and ),(

222   P . )( 1s and )( 2s be the scores of 1  and 2 , 

respectively.  If )()( 21  ss  , then 21   ; if )()( 21  ss  , then 21   ; if )()( 21  ss  , then 21   . 
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Definition 6. Let U and V  be two universes and R be a compatibility relation from U to V. The mapping VUF 2: 
, for any ,Uu ,Vv }),(|{ RvuVvu  is called a mapping induced by R. Then, the rough set over two 
universes is defined as follows: 
 
Let U and V be two universes and R be a compatibility relation from U to V. The ordered triple (U, V, R) is called an 
approximation space. The lower and upper approximations of VY  are defined as follows: 

},)(|{)( YxFUxYapr 
 
}.)(|{)(  YxFUxYapr  

The pair  )(),( YaprYapr is called rough sets over two universes. 

 
Definition 7. Let U, V be two nonempty and finite universes of discourse.  R is a family binary compatibility relation 
from U to V induced by binary mapping family V

i UF 2:  , for any ,Uu ,Vv }),(|{ iRvuVvu  , 
miRRi ,...,2,1,  .  The ordered triple set (U, V, R) is the multi-granular approximation space over two universes. 

 
Definition 8. Let (U, V, R) be multi-granular approximation space over two universes. F and G be two binary 
mappings from universe U to V.  For any VX  , the optimistic lower and upper multi-granular approximations 
with respect to (U,V,R) are defined as follows: 
 

},)()(|{)( XxGXxFUxXaprO
GF


  

.)()( ccO
GF

O
GF

XaprXapr 


 

The pair 







)(),( XaprXapr

O
GF

O
GF is the optimistic multi-granulation rough sets over two universes if  






  

)()( XaprXapr
O

GF
O

GF ; otherwise, X is definable on (U, V, R) with respect to F and G. Moreover, the 

boundary region of X on (U, V, R) is defined as follows:
 

)()()( XaprXaprXBnd O
GF

O
GF

O
GF  

 
Similarly, the pessimistic lower and upper multi-granular approximations with respect to (U, V, R) are defined as 
follows: 

},)()(|{)( XxGXxFUxXapr P
GF


  

.)()( ccP
GF

P
GF

XaprXapr 


 

The pair 







)(),( XaprXapr

P
GF

P
GF is the pessimistic multi-granular rough sets over two universes if  






  

)()( XaprXapr
P

GF
P

GF ; otherwise, X is definable on (U, V, R) with respect to F and G. Moreover, the 

boundary region of X on (U, V, R) is defined as follows: 

)()()( XaprXaprXBnd P
GF

P
GF

P
GF  

 
 
Definition 9. Let U be an initial universe set and let E be a universe set of parameters. A pair (F, E) is called a soft set 
over U if )(: UPEF  , where P(U) is the set of all subsets of U. 
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PYTHAGOREAN FUZZY SOFT ROUGH SETS 
 
Definition 10. Let U be an initial universe set and let E be a universe parameter set. A Pythagorean Fuzzy Soft (PFS) 
relation S  from U to E is defined as follows: 

 ,),(|),(),,(),,( EUbabababa
SSS   

 
where ),( ba

S  and ),( ba
S  are two sets of values in [0,1], denoting the membership and non-membership 

degrees for all EUba ),( , respectively. With the conditions:  ]1,0[:  EU
S

  and ]1,0[:  EU
S

  satisfy 

1)),(()),((0 22   baba
SS

  for all EUba ),( . Moreover, in this study, the set of all PFS on E is denoted by 

PF(E) and the set of all Pythagorean fuzzy soft relations on EU   is denoted by )( EUPFSR  .
 

 
Definition 11.Let U be an initial universe and let E be a universe of parameters. For an arbitrary fuzzy soft relation 

S over EU  , The ordered triple set ),,( SEU   is called Pythagorean fuzzy soft approximation space.  For any 

PFS ),(EPFSC the lower and upper approximations of C with respect to ),,( SEU   denoted by )(CS and 

)(CS , respectively as follows: 
 , |)(),(,)( )()( UaaaaC CCS SS

    

 ,|)(),(,)( )()( UaaaaC CCS SS
    

where 
,)](),([)()( bbaa CExC SS

  
  

,)](),([)()( bbaa CExC SS
  

  

,)](),([)()( bbaa CExC SS
  


  

.)](),([)()( bbaa CExC SS
  


  

The pair ))(),(( CC SS   is referred to as an Pythagorean fuzzy soft rough set of C with respect to ),,( SEU  . 

 
Example 1. Let },,{ 321 aaaU   and },,{ 321 bbbE   be universe set and universe parameter set, 







]1.0,5.0[),,(,]3.0,7.0[),,(,]5.0,4.0[),,(
,]4.0,6.0[),,(,]2.0,9.0[),,(,]4.0,5.0[),,(
,]3.0,5.0[),,(,]6.0,3.0[),,(,]1.0,8.0[),,(

332313

322212

312111

bababa
bababa
bababaS

 

 
  ]2.0,9.0[,,]6.0,7.0[,,]3.0,6.0[, 321 bbbC  

we have, 
6.0]9.05.0[]7.03.0[]6.08.0[)](),([)( 11)(  

 bbaa CEbC SS
  

3.0]2.03.0[]6.06.0[]3.01.0[)](),([)( 11)(  
 bbaa CEbC SS

  

7.0]9.06.0[]7.09.0[]6.05.0[)](),([)( 22)(  
 bbaa CEbC SS

  

4.0]2.04.0[]6.02.0[]3.04.0[)](),([)( 22)(  
 bbaa CEbC SS

  

7.0]9.05.0[]7.07.0[]6.04.0[)](),([)( 33)(  
 bbaa CEbC SS

  

2.0]2.01.0[]6.03.0[]3.05.0[)](),([)( 33)(  
 bbaa CEbC SS
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Therefore, 
  ]2.0,7.0[,,]4.0,7.0[,,]3.0,6.0[,)( 321 aaaCS  

6.0]9.03.0[]7.06.0[]6.01.0[)](),([)( 11)(  


 bbaa CEbC SS
  

3.0]2.05.0[]6.03.0[]3.08.0[)](),([)( 11)(  


 bbaa CEbC SS
  

6.0]9.04.0[]7.02.0[]6.04.0[)](),([)( 22)(  


 bbaa CEbC SS
  

6.0]2.06.0[]6.09.0[]3.05.0[)](),([)( 22)(  


 bbaa CEbC SS


 
6.0]9.01.0[]7.03.0[]6.05.0[)](),([)( 33)(  


 bbaa CEbC SS

  

6.0]2.09.0[]6.07.0[]3.04.0[)](),([)( 33)(  


 bbaa CEbC SS


 
Therefore, 

  ]6.0,6.0[,,]6.0,6.0[,,]3.0,6.0[,)( 321 aaaCS . 
 
Theorem 1. Suppose ),,( SEU  is a PFS approximation space. For any )(, EPFSDC  , the lower and upper PFS 
approximation operators in Definition 3.2 satisfy the following properties: 

);(~~)(

),(~~)()1(

CC

CC

SS

SS




 

);()(

),()()2(

DCDC

DCDC

SS

SS




 

);()()(

),()()()3(

DCDC

DCDC

SSS

SSS




 

).()()(

),()()()4(

DCDC

DCDC

SSS

SSS




 

Proof. 

(1)  UaaaaC CCS SS
  |)(),(,)( )()( 

  Uabbabbaa CEbCEb SS
 





|)](),([)],(),([,   

 Uabbabbaa C
Ex

C
Eb SS

 





|)](),([)],(),([, ~~   

 Uaaaa CC SS
  |)(),(, )(~)(~   

)(~~ CS  

Similarly, it is not difficult to prove ).(~~)( CC SS   
(2) For all ,Eb  since ,DC   according to Definition 2.4., we have )()( bb DC    and ).()( bb DC      Then,  

 Uabbabbaa C
Eb

C
Eb SS

 





|)](),([)],(),([, 
  Uabbabbaa DEbDEb SS

 





|)](),([)],(),([, 
 

which means ).()( DC SS 

 Similarly, it is not difficult to prove that )()( DCDC SS  . 
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(3) For all ,Ua  
 UaaaaDC DCDCS SS

  |)(),(,)( )()( 
  Uabbabbaa DC

Eb
DC

Eb SS
 





|)](),([)],(),([, )()( 

  Uabbbabbbaa DC
Eb

DC
Eb SS

 





|))]()((),([))],()((),([, 
 

Uabbabba

bbabbaa

DCEb

DCEb

SS

SS











|))](),(())(),([(

))],(),(())(),([(,





 

 
 Uabbabbaa

Uabbabbaa

DEbDEb

CEbCEb

SS

SS

















|)](),([)],(),([,

|)(),([)],(),([,





 

)()( DC SS   

Similarly, it is not difficult to prove that ).()()( DCDC SSS   

(4) From the above discussions, it is not difficult to prove that )()()( DCDC SSS  and 

).()()( DCDC SSS   
 
Theorem 2. Let U be an initial universe set and let E be a universe parameter set. Suppose that 

)()(,)( 21 EUPFSRSS   are two PFS relations.  If ,)()( 21 SS   for any ),(EPFSC  we have the 
following properties: 

)(),()()()()1( 21 EPFCallforCC SS   

)(),()()()()2( 21 EPFCallforCC SS   

Proof. Since ,)()( 21 SS  for any ),(),( EUba   we have ),,(),(
21 )()( baba

SS   

).,(),(
21 )()( baba

SS   Then,  Uabbabbaa CEbCEb SS
 





|)](),([)],(),([,

11 )()( 
 

   Uabbabbaa CEbCEb SS
 





|)](),([)],(),([,

22 )()(   

Thus, we obtain ).()()()( 21 CC SS   
Similarly, it is not difficult to prove that ).()()()( 21 CC SS   
From the above theorem, the lower and upper approximations in Pythagorean fuzzy soft rough sets are monotonic 
with respect to the monotonic forms of the Pythagorean fuzzy relations. 
 
Pythagorean Fuzzy Multi-Granulation Rough Soft Set (PFMGSRSs) 
In this section, we extend the PFMGRSs to PFMGSRSs.  In what follows, we provide the definitions and the basic 
properties of optimistic and pessimistic PFMGSRSs. 
 
Optimistic PFMGSRS 
 
Definition 12. Let U be an initial universe set and let E be a universe parameter set )1)(()( miEUPFSRiS   
are m Pythagorean fuzzy binary relations from U to E.  For any PFS )(EPFSC , the optimistic lower and upper 
approximations of C with respect to ))(,,( iSEU  are defined as follows: 
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)()()()(1 11 








 
   

UaaaaC
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Om
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,|)(),(,)()(
)()()()(1 11 
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O
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i
iS O

m
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O
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i iS

  

where )];(),([)( )(1)()(1
bbaa CEb

m

iC iSOm
i iS

  
 

 )];(),([)( )(1)()(1
bbaa CEb

m

iC iSOm
i iS

  
 

 

 )];(),([)( )(1)()(1

bbaa CEb

m

iC iSOm
i iS
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bbaa CEb

m

iC iSOm
i iS

  
 

 

We call the pair 












  


)()(),()(
11

CC
O

m

i
iS

Om

i
iS  as an optimistic PFMGSRS of C with respect to ))(,,( iSEU  .  If 

),()()()(
11

CC
O

m

i
iS

Om

i
iS   


 we call C as optimistic–definable in ))(,,( iSEU  ; otherwise, C is optimistic–

indefinable in ))(,,( iSEU  .  It is also noted that the PFMGSRS will reduce to a PFSRS if m=1. 
 
Theorem 3.Let U be an initial universe set and let E be a universe parameter set )1)(()( miEUPFSRiS   are 
m Pythagorean fuzzy binary relations from U to E.  For any PFS )(, EPFSCC  , the optimistic PFMGSRS has the 
following properties: 
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Proof. 
(1)  For any ,Ua we have 
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Similarly, it is not difficult to prove that )()(~)(~)(
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(2)  For all ,Ua ,CC   we have 
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Theorem 4. Let U be an initial universe set and let E be a universe parameter set. Suppose that

)1)(()'(,)( miEUPFSRiSiS   are two m Pythagorean fuzzy binary relations from U to E.  If 
,)'()( iSiS  for any ),(EPFSC we have the following properties: 
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From the above theorem, the lower and upper approximations in optimistic Pythagorean fuzzy soft rough sets are 
monotonic with respect to the monotonic forms of the multiple Pythagorean fuzzy soft relations. 
 
Pessimistic PFMGSRSs 
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Definition 13. Let U be an initial universe set and let E be a universe parameter set )1)(( miEUPFSRi   are 
m Pythagorean fuzzy binary relations from U to E.  For any PFS )(EPFSC , the optimistic lower and upper 
approximations of C with respect to ),,( iEU  are defined as follows: 
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 we call C as pessimistic–definable in ),,( iEU  ; otherwise, C is pessimistic–undefinable in 

),,( iEU  .  It is also noted that the PFMGSRS will reduce to a PFSRS if m=1. 
 
Theorem 5.  Let U be an initial universe set and let E be a universe parameter set )1)(()( miEUPFSRiS   are 
m Pythagorean fuzzy binary relations from U to E.  For any PFS )(, EPFSCC  , the pessimistic PFMGSRS has the 
following properties: 
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Proof. 
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(1)  For any ,Ua we have 
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Theorem 6. Let U be an initial universe set and let E be a universe parameter set. Suppose that

)1)(()'(,)( miEUPFSRiSiS   are two m Pythagorean fuzzy binary relations from U to E.  If 
,)'()( iSiS  for any ),(EPFSC  we have the following properties: 
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Proof.  
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From the above theorem, the lower and upper approximations in pessimistic Pythagorean fuzzy soft rough sets are 
monotonic with respect to the monotonic forms of the multiple Pythagorean fuzzy soft relations. 
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The Relation between Optimistic and Pessimistic PFMGSRSs 
Theorem 7. Let U be an initial universe set and let E be a universe parameter set )1)(()( miEUPFSRiS   are 
m Pythagorean fuzzy binary relations from U to E.  For any PFS ),(EPFC the PFMGSRS has the following 
properties: 
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Similarly, it is not difficult to prove that ).()()()(
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From the theorem, we have the pessimistic Pythagorean fuzzy multigranulation lower approximation is induced by 
the optimistic Pythagorean fuzzy multigranulation lower approximation. While the optimistic Pythagorean fuzzy 
multigranulation upper approximation is induced by the pessimistic Pythagorean fuzzy multigranulation upper 
approximation. 
 
APPLICATION OF PFMGSRS 
Let },,{ 321 aaaU   be the set of three houses under consideration of Mr.A to purchase.  Let E be universe of 
parameter, where },,{ 321 bbbE  ={expensive, location, environment}.  Mr.A wants to buy the house which is most 
attractive and feasible with the parameters of E to the utmost extend from houses in U by constructing a Pythagorean 
fuzzy soft rough which is a Pythagorean fuzzy soft relation S  from U to E. 







]3.0,5.0[),,(,]1.0,8.0[),,(,]6.0,3.0[),,(
,]1.0,9.0[),,(,]3.0,7.0[),,(,]5.0,4.0[),,(
,]4.0,6.0[),,(,]2.0,9.0[),,(,]4.0,5.0[),,(

332313

322212

312111

bababa
bababa
bababaS

 Now suppose that Mr.A gives the optimum normal decision object C which is an Pythagorean Fuzzy Soft defined as 
follows: 

  ]3.0,6.0[,,]2.0,9.0[,,]6.0,7.0[, 321 bbbC  
To determine the lower and upper approximations of relation ,S  

 ;]3.0,6.0[,,]4.0,6.0[,,]5.0,6.0[,)( 321  aaaCS  
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 ;]2.0,8.0[,,]3.0,7.0[,,]2.0,9.0[,)( 321  aaaCS  
We compute the optimistic and pessimistic PFMGSRS, respectively.

 

 ;]5.0,7.0[,,]5.0,7.0[,,]3.0,6.0[,)( 321  aaaCO
S  

 ;]7.0,7.0[,,]5.0,6.0[,,]3.0,7.0[,)( 321  aaaC
O

S  

 ;]5.0,7.0[,,]5.0,7.0[,,]5.0,6.0[,)( 321  aaaCP
S  

 ;]7.0,7.0[,,]5.0,6.0[,,]3.0,7.0[,)( 321  aaaC
P

S  

By Definition 2.3, we can compute the following )()( CC
O

S
O

S   and )()( CC
P

S
P

S   

 ;]35.0,86.0[,,]25.0,48.0[,,]09.0,48.0[,)()( 321  aaaCC
O

S
O

S  

 ;]35.0,86.0[,,]25.0,48.0[,,]15.0,48.0[,)()( 321  aaaCC
P

S
P

S  

The optimal solution is to choose 3a
 
ie., Mr.A will select the house 3a

 
for buying according to his choice parameters 

in E. 
 

CONCLUSIONS 
 
In this paper, we have proposed a new model of PFMGSRSs from PFMGRSs over two universes.  In this study, we 
have given the definition and some basic properties of PFSRS.  Further, we have developed the Pythagorean fuzzy 
soft rough set into the multi-granulation context.  The definition and some properties of optimistic and pessimistic 
PFMGSRS have been studied. There are still many interesting issues to be explored in this framework of PFMGSRS.  
We can discuss various attribute reduction approaches and uncertainty measures in future. 
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In this paper, we introduce a new domination parameter, called equitable detour global domination 
number of a graph. A subset D of V(G) is a detour global dominating set if for every vertex of G is 
contained in a longest path between any pair of vertices in D and global dominating set. The minimum 
number of vertices taken over all detour global dominating sets of ࡳ is called the detour global 
domination number of G and is denoted by (ࡳ)ࢍࢊࢽ. A detour global dominating set of 
cardinality(ࡳ)ܖ܌ is called a ࢍࢊࢽ- set of G.A detour global dominating set D of V(ࡳ) is called an 
equitable detour global dominating set if for every vertex ࢇ ∈ ࢈ not in D, there exists a vertex ࢂ ∈  such ࡰ
that ࢈ࢇis an edge of Gand|(ࢇ)ࢍࢋࢊ− |(࢈)ࢍࢋࢊ ≤ . The minimum number of vertices taken over all 
equitable detour global dominating sets of ࡳ is called the equitable detour global domination number of 
G and is denoted byࢋࢍࢊࢽ ࢋࢍࢊࢽ We determine .(ࡳ)  for some standard class of graphs and characterize the 
detour global domination and equitable detour global domination parameters are equal. 
 
Keywords: Detour set, detour global dominating set. equitable detour global dominating set 
Mathematical subject classification 05C12, 05C70. 
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INTRODUCTION 
 
By a graph G = (V, E), we consider a finite undirected connected graph without loops and multiple edges. The order 
and size of G are denoted by p, q respectively. The concept of Detour Global Dominating graphs was introduced in 
[3]. For underlying definition and results, see references. 
 
Preliminaries 
Theorem 1. Everydetour global dominating set of G contains all the pendant vertices of G. 
Theorem 2. For any connected graph G of order   ≥ 2. Then, 2 ≤ (ܩ)݊݀  ≤ (ܩ)ௗߛ ≤  .
 
Results  
1.For the path graph ܩ = ܲ  of p vertices,  ߛௗ (ܩ) = ቒ୮ାଶ

ଷ
ቓ ,  ≥ 4. 

2. For the Cycle graph ܩ = (ܩ)ௗߛ , of p verticesܥ =  ቒ
ଷ
ቓ,  ≥ 6. 

 
Equitable Detour Global Domination Number of a Graph 
Definition 
A detour global dominating setD of V(ܩ) is called an equitable detour global dominating set if for each vertex ܽ ∈ ܸ 
not in D there exists a vertex ܾ ∈ −(ܽ)݃݁݀| such that ܾܽ is an edge of G and ܦ ݀݁݃(ܾ)| ≤ 1. The minimum number of 
vertices taken over all equitable detour global dominating sets of ܩ is called the equitable detour global domination 
number of G and is denoted byߛௗ ௗߛAn equitable detour global dominating set of cardinality .(ܩ)  is called a (ܩ)
ௗߛ − set of G. 
For illustration, we consider the graph H as shown in Figure 1 
 

 
Figure 1. graph H 

 
In Figure 1, the detour global dominating sets have minimum number of vertices of H are ܦଵ = {ܾଵ,ܾ,ܾ,଼ܾ},ܦଶ =
{ܾଵ,ܾଶ,ܾସ,ܾ}, ܦଷ = {ܾଵ,ܾଶ,ܾହ,ܾ}, ܦସ = {ܾଵ,ܾଷ,ܾସ,ܾ}, ܦହ = {ܾଵ,ܾଷ,ܾହ,ܾ} Also, the sets ܦଵ,ܦଶ,ܦଷ,ܦସ ହܦ,  are equitable 
detour global dominating sets with minimum cardinality of H. Therefore, ߛௗ (ܪ) = |ଵܦ| = |ଶܦ| = |ଷܦ| = |ସܦ| =
|ହܦ| = 4.   
 
Remark  
(݅)Everydetour global dominating set is obviously equitable global dominating set but converse is not true.  
(݅݅)Every equitable global dominating set is also an equitable dominating set but converse is not true. 
In the following proposition, the equitable detour global domination number of some standard graphs are 
determined. 
 
Proposition  
1. For the path ܲ( ≥ ௗߛ  , (4 ( ܲ) = ቒ୮ାଶ

ଷ
ቓ . 

 
2 . For the cycle ܥ( ≥ ௗߛ, (6 (ܥ) =  ቒ

ଷ
ቓ.   

                                                                            ܾ8                                        ܾ7      

                                                                                                                       

                                                                                        

                                               1ܾ                  ܾ2                 ܾ3              ܾ4                     ܾ5                  ܾ6              
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3.   For the wheel ܹ of order  ,ߛௗ ൫ ܹ൯ = ቊ
=       4      4, 6        

ቒିଵ
ଷ
ቓ+        1 =  ݀݊ܽ 5 ≥ 7   . 

 
4.   For the complete graph ܭ( ≥ ௗߛ, (2 ൫ܭ൯ =   .
 
5.   For the complete bipartite graph ܭ,, we have 

ࢍࢊߛ ൫ܭ,൯ = ൜
        2              ݂݅ |݉ −݊| ≤ ଵ,ଶܭ ℎܽ݊ݐ  ݎℎ݁ݐ            1

 ݉ + ݊           ݂݅ |݉− ݊| ≥ ,݉ ݁ݎℎ݁ݓ           ,  2 ݊ ≥ 2      

Proof 
1. Let D be aߛௗ − set of ܲ. For every vertex of ܲ has degree either one or two. Then every vertex in D is equitable 
dominates with some vertices in ܸ − ௗߛ Therefore, D is itself anequitable. Hence .ܦ ൫ ܲ൯ = |ܦ| = ௗ ൫ߛ ܲ൯. By 
Result 2.3,  ߛௗ ൫ ܲ൯   = ቒ୮ାଶ

ଷ
ቓ.   

 
2. Let ܦଵ be a ߛௗ −  ଵis equitable detour globalܦ has same degree. Thenܥ . Since every vertex ofܥ of ݐ݁ݏ
dominating set with minimum number of vertices and so  
ௗߛ ൫ܥ൯ = |ଵܦ| = ൯ܥௗ ൫ߛ =. ቒ

ଷ
ቓ, by Result 2.3. 

 
3. Let ܹ( ≥ 4) be a wheel graph is obtained by connecting a single universal vertex to all the vertices of the cycle of 
order  − 1. Let ൛ܾ,ܾଵ,ܾଶ, … ,ܾିଵൟ be the vertex set of ܹ where b is the universal vertex and ൛ܾଵ,ܾଶ, … ,ܾିଵൟ are rim 
vertices. Then degree of ܾ is three, for all ݅, 1 ≤ ݅ ≤  − 1 and degree of the universal vertex ܾ is   − 1. We 
consider the following cases. 
 
Case () 
When = 4, the set ܦ = {ܾ,ܾଵ,ܾଶ,ܾଷ} is a ߛௗ − set and so ߛௗ ( ସܹ) = 4. Then deg(ܾ) = 3 and ݀ ݁݃(ܾ) = 3; 1 ≤ ݅ ≤ 3 
 
3. Therefore ସܹ is a regular graph. Hence, D forms an equitable detour global dominating set and so ߛௗ ( ସܹ) = 4.  
Case () 
When = 6, any two adjacent rim vertices along with universal vertex forms a ߛௗ −set but it is not equitable. Then 
ܦ = {ܾ,ܾଵ,ܾଶ,ܾସ} forms an equitable detour global dominating set. Therefore, ߛௗ ( ܹ) = 4.   
Case () 
When ≥ 7, degree of universal vertex ܾ is greater than or equal to 6.and degree of all rim vertices ܾଵ,ܾଶ, … , ܾିଵ is 
three.Then there exists a ߛௗ −set say 
 
ଵܦ = {ܾ,ܾ,ܾାଵ ∕ 1 ≤ ݅ ≤  − 2} but it is not equitable. 

We consider, D = ቐ
{ܾ,ܾଵ,ܾସ, … , ܾଷିଶ},                          ݂݅  − 1 =   ;ݎ3

{ܾ, ܾଵ,ܾସ, … , ܾଷିଶ,ܾଷିଵ},                 ݂݅  − 1 = ݎ3 + 1;
{ܾ, ܾଵ,ܾସ, … ,ܾଷିଶ ,ܾଷାଵ},                 ݂݅  − 1 = ݎ3 + 2

 

 
Then for every ܾ ∈ ܸ − ܾ is degree equitable dominates with some ܦ  ∈  .ܦ
Therefore, D is an equitable detour globaldominating set of ܹ. Now, ܦ′ = ܦ − {ܾ} is an equitable detour global 
dominating set of ܥିଵ. Then by proposition 3.3(2), หܦ′ห = ௗߛ ൫ܥିଵ൯ = ቒିଵ

ଷ
ቓ. Therefore, |ܦ| ≥ หܦ′ห + 1. Hence, 

|ܦ| = ࢍࢊߛ ൫ ܹ൯ = ቒିଵ
ଷ
ቓ+ 1 

 
4.    Any one of the vertices of the complete graph ܭis an equitable dominating set of ܭ but 
൯ܭௗ ൫ߛ = ௗߛ ,Therefore . ൫ܭ൯ =  .
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5.   Let A, B be the two partition sets of a complete graphܭ,. Let {ܽଵ,ܽଶ, … , ܽ} be the vertex set of ܣ with 
cardinality ݉ and {ܾଵ,ܾଶ, … ,ܾ}be the vertex set of ܤ with cardinality  
݊. Then degree of any vertex ܽ ∈ ܾ is ݊and degree of any vertex ܣ ∈  is ݉ We consider the following two cases ܤ
 
Case(): |݉− ݊| ≤ 1, Then D= {ܽ,ܾ ܽ⁄ ∈ ܾ,ܣ ∈ − ௗߛ is a {ܤ   .which is equitable ݐ݁ݏ
Therefore, ߛௗ ൫ܭ,൯ ≤ 2. Since ݉,݊ ≥ 2,  There is no full degree vertex inܭ,. Therefore, ߛௗ ൫ܭ,൯ ≥ 2 and so 
ௗߛ ൫ܭ,൯ = 2.    
Case (): |݉ −݊| ≥ 2.Let D be a minimum equitable detour global dominating set of ܭ,. 
Suppose |ܦ| < หܸ൫ܭ,൯ห. Then for every vertex ܽ ∈ ܸ − ܾ there exists ܦ ∈  ,ܭ such that ܾܽ is an edge of ܦ 
and|݀݁݃(ܽ)− ݀݁݃(ܾ)| = |݊ −݉| = |݉ − ݊| ≥ 2. Which is a contradiction toequitable dominating set. Hence, |ܦ| =
ௗߛ ൫ܭ,൯ = ݉ + ݊.   
 
Theorem 3. For any connected graph G with p vertices, we have 2 ≤ ௗߛ (ܩ) ≤  and the 
bounds are sharp. 
 
Proof: The lower bound follows from Theorem 2.2 and the upper bound is obvious. For ܥ the lower bound is 
attained and for ܭସ the upper bound is attained. 
 
Theorem 4. For any connected graph G, ߛௗ(ܩ) ≤ ௗߛ   .(ܩ)
 
Observation 1. For a connected graph G, 2 ≤ ,(ܩ)ௗߛ൛ݔܽ݉ ൟ(ܩ)ߛ ≤ ௗߛ  .(ܩ)
 
Observation 2. For any complete graph of order p, ߛ(ܩ) < (ܩ)ௗߛ ≤ ௗߛ  .(ܩ)
 
Theorem 5. For any regular or semiregular bipartite graph G, then  ߛௗ(ܩ) = ௗߛ   .(ܩ)
 
Proof:Let G be a regular graph and ܸ(ܩ) = ൛ܾଵ,ܾଶ, … ,ܾൟ. Then ݀݁݃(ܾ) = ݈, 1 ≤ ݅ ≤  and݈is any natural number. Let 
D be aߛௗ − set of ܩ. Let ܾ ∈ ܸ not in D. Since D is a dominating set, there exists a vertex ܾ ∈ such that ܾ ܦ ܾ is an 
edge of G.Also, degree of the vertices ܾ ܽ݊݀ ܾ are same.Therefore ห݀݁݃(ܾ) −݀݁݃൫ ܾ൯ห = 0 ≤ 1. Also, D is an 
equitable so that ߛௗ (ܩ) ≤ |ܦ| = (ܩ)ௗߛ ,By theorem 3.5 .(ܩ)ௗߛ ≤ ௗߛ (ܩ)ௗߛ Therefore .(ܩ) = ௗߛ  Let G be .(ܩ)
a semiregular bipartite graph and A and B be the two bipartite sets of G. Then every vertex ܽ ∈  has the same ܣ
degree say ݈ and every vertex ܾ ∈ ௗߛ has the same degree say ݈+1 where ݈ is any natural number. Let D be a ܤ −set 
of G. We can choose a vertex ܽ ∈ ܸ not in D.  Then there exists ܾ ∈ −(ܾ)݃݁݀|such that ܾܽ is an edge of G and so ܦ
݀݁݃(ܽ)| = |݈ + 1 − ݈| = 1. Therefore, D is itself an equitable and so ߛௗ (ܩ) ≤ |ܦ| = (ܩ)ௗߛ But   .(ܩ)ௗߛ ≤ ௗߛ  .(ܩ)
Hence detour global domination number and equitable detour global domination number are same. 
 
Definition An equitable detour global dominating set ܦଵ is called a minimal equitable detour global dominating set 
if there is no proper subset ofܦଵ  is a ߛௗ −  .ݐ݁ݏ
 
Definition A vertex ∈ −(ܾ)deg| ݐℎܽݐ ℎܿݑݏ  (ܩ)ܸ deg(ܽ)| ≥ ܽ ݈݈ܽ ݎ݂ 2 ∈ ܰ(ܾ) , then ܾ iscalled an equitable isolate 
vertex. 
 
Theorem 6. For any equitable detour global dominating set of a connected graph ܩis minimal if and only if ∀ ܾ ∈  ,ܦ
satisfies one of the following conditions.    
(݅) Either a vertex ܾ which is not adjacent to any vertex in D or there is no degree equitable vertex ܿ which is adjacent 
to ܾ ∈  .ܦ
(݅݅)  There exists a vertex ܿ ∈ ܸ  such that ܿ is adjacent with only one vertex ܾ in D and a vertex ܿ is degree ܦ−
equitable with b. 
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Proof: Let D be a minimal equitable detour global dominating set of G. Suppose D does not satisfy (݅) ܽ݊݀ (݅݅). Then 
there exists ܿ ∈ ܾ which is adjacent to some ܦ ∈ ܿ  such that ܾ is degree equitable with ܿ and for all ܦ ∈ ܸ −  either ,ܦ
ܿ is adjacent with more than one vertex in ܦ or ܿ is not degree equitable with ܾ`or both. Therefore ܦ − {ܾ} is a 
ௗߛ −  .(݅݅) which is a contradiction to minimality of D. Hence D satisfies (݅) or ݐ݁ݏ
 
Conversely, assume that for every ܾ ∈  satisfies the condition (݅) or (݅݅). Suppose D is not minimal. Then there ܦ
exists an equitable detour global dominating set ܦଵ = ܦ − {ܾ} where ܾ ∈ ܿ Therefore, there exists .ܦ ∈  ܿ ଵ such thatܦ
equitably dominates ܾ . That is ܾܿ ∈ −(ܾ)݃݁݀| and(ܩ)ܧ ݀݁݃(ܿ)| ≤ 1. Hence a vertex ܾ does not satisfy (݅) and so must 
satisfy (݅݅). Then there exists a vertex ܿ ∈ ܸ −  such that ܿ is adjacent with only one vertex ܾ in D and a vertex ܿ is ܦ
degree equitable with b. Since ܦଵ is an equitable detour global dominating set, there exists ݀ ∈  ଵ such that ݀ isܦ
adjacent with ܿ and |݀݁݃(݀)− ݀݁݃(ܿ)| ≤ 1. Therefore, vertex ܿ is adjacent with more than one vertex say ܾ,݀. Which 
is a contradiction. Hence D is a minimum equitable detour global dominating set. 
 
Theorem 7. For any connected graph G of order . Then, 
(ܽ) Every equitable detour global dominating set of G contains its pendant vertices, full vertices and equitable 
isolates 
(ܾ)  If the set D contains only pendant vertices, full vertices and equitable isolates is a ߛௗ −  of G. then D is the ݐ݁ݏ
unique minimum ߛௗ −    .of G ݐ݁ݏ
 
Proof:  (ܽ)  Clearly every equitable detour global dominating set of G contains its pendant vertices, full vertices. Let 
D be an equitable detour global dominating set of a connected graph G. Let ܿ ∈ ܸ be an equitable isolate vertex of G. 
Suppose that ܿ ∉ ܾ Since D is a dominating set, there exists .ܦ ∈ −(ܾ)such that ܾܿ is an edge of G. Then |deg ܦ
deg(ܿ)| ≥ 2. Hence D is not an equitable dominating set of ܩ, It follows that D is not equitable detour global 
dominating set, which is a contradiction. Hence every equitable detour global dominating set of G contains all 
equitable isolate vertices. 
(ܾ) Follows directly from (a)   
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Parameters like demand, holding cost, deterioration cost, lost sale cost, shortage cost etc play important 
role in inventory control. Further, as these parameters in realistic situations are uncertain in nature, in the 
present article a fuzzy economic order quantity (EOQ) inventory model with partial backlogging is 
developed. In order to slow down the deterioration rate preservation technology is applied. Parameters 
are taken as triangular fuzzy numbers. The model is developed to find fuzzy total average cost function 
which is defuzzified by using the method of graded mean integration representation (GMIR),A 
numerical example has been given in crisp as well as in fuzzy approach to demonstrate and validate the 
proposed model. Finally, the effects of different parameters have been rigorously studied through 
sensitivity analysis. 
 
Keywords: Inventory, deterioration, triangular fuzzy number, Graded mean integration representation 
method. 
AMS Classification No: 90B05 
 

INTRODUCTION 
 
Inventory is a physical stock that a business-person keeps on mind in order to promote the smooth and efficient 
running in its affairs. During this world pandemic, developing countries like India, Pakistan, Sri Lanka and 
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Bangladesh which strictly depend upon their own farming face critical situations on harvesting the food products. 
Supplying of deteriorating products is horrible and much expensive in such times, consequently there is a great 
economic loss. It is observed that small cities particular of East and South India like Odisha, West Bengal, Jharkhand, 
Tamil Nadu, Kerala, Karnataka   vegetable items are sometimes available in the market with very low price and 
sometimes not at all due to lack of cold storages. At the harvesting time in Odisha, the vegetables like tomato, onion, 
cauliflower, the price is as low that the farmers sometimes left the product in the field itself for destroying. As such 
they face financial crises which urge them to suicide. However the prices of these vegetables are very high in other 
unseasonal months of the year. In accounting these difficulties, we developed a model of deteriorating products 
using preservation technology cost. Here we considered that, the above items can be collected from local farmers, 
stored them using preservation technology cost and sold them at their peak value.  Finally, basic price of the product 
to be given to the farmers from which they came out from loans. In this model we use fuzzy technology since the 
economic parameters like holding cost, demand, deterioration cost, lost sale cost, shortage cost probably will have 
some little fluctuations or vague in nature. So in these practical situations, we treat these parameters as triangular 
fuzzy variables which will be more realistic. Hence fuzzy set theory is necessary for the formulation of such 
inventory models.  
 
In 1965, Zadeh the first person introduced the concept of fuzziness.  Later, Zadeh and Bellman (1970) applied fuzzy 
set theory on the development of an inventory model. Thus, this new development of fuzzy concept gives more 
accurate result as compared to classical probability theory. Many researchers attracted towards the development of 
inventory models applying fuzzy concept.  It is found that fuzzy inventory models have been developed by Roy and 
Maiti (1998), Maiti and Maiti (2006), Rong, Mahaptra and Maiti (2008), Roy et al. (2009), Yadav et al. ( 2012), Kumar et 
al. (2013), Singh and Anuradha (2014), Raula et al. (2018), Indrajitsingha et al. (2018, 2019, 2020) and many others. 
Most of them consider the fuzzy variables as triangular fuzzy number and for defuzzification used graded mean 
integration representation method. Deterioration plays an important role while developing inventory models of 
seasonal products like potatoes, onions, food-grains etc. To slow down the deterioration, preservation technology 
cost may be used for the preservation of these above products, so that one can get more profit as compared to 
previous models. During the last decade of the present century, use of preservation technology cost while 
developing  inventory model , in various times, had been considered by different scientist such as Hsu et al. (2010), 
Dye and Hsieh (2012), Dye (2013), Yang et al. (2015), Singh et al. (2016), Saha et al. (2017), pal et al. (2018), Mishra et 
al. (2018), Mishra et al. (2019),  Das et al. (2020). In the present paper, we develop an inventory framework of 
deteriorating items applying preservation technologies to minimize the deterioration rate in which the preservation 
technology investment parameter and critical point are assumed to be the decision variables. 
 
Model Notation and Assumptions 
 
Notations 
Throughout the paper we use the following notations: 

 .Demand rate : (ݐ)݀
 .Initial demand rate : ߙ
 .Positive demand coefficient : ߚ

 .Deterioration rate, after applying preservation technology : (ߦ)݉
݉ : The deterioration rate, before applying preservation technology. 
 .Sensitive parameter of investment to the deterioration rate : ߜ
ℎ : Inventory holding cost per unit per unit time. 
 .Shortage cost per unit : ݏ
݈ : Lost sale cost per unit. 
ܿ : Deterioration cost per unit. 
 .ଵ : Time at which inventory level becomes zeroݐ
 .Ordering cost per order : ܣ
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ܳ : Initial inventory level. 
ܶ : The duration of the replenishment cycle . 
݇ : A constant,   0 < ݇ ≤ 1. 
 . : Fuzzy initial demand rateߙ
 .෨ : Fuzzy positive demand coefficientߚ
ℎ෨ : Fuzzy inventory holding cost per unit per unit time. 
ܿ̃ : Fuzzy deterioration cost per unit. 
ሚ݈ : Fuzzy lost sale cost per unit. 
 .Fuzzy shortage cost : ݏ̃

,ߦ)ܥܣܶ ଵ)  Total average cost, 0ݐ ≤ ଵݐ ≤ ܶ. 
,ߦ)෫ܥܣܶ  .ଵ)  Fuzzy total average costݐ
,ߦ)෫ܥܣܶ ,ߦ)෫ܥܣܶ    ଵ)  Defuzzified value ofݐ ଵ)  applying GMIR method, 0ݐ ≤ ଵݐ ≤ ܶ.  

 
Assumptions 
The model is established by considering the following assumptions:    
i. Demand rate is assumed to be ݀(ݐ) = ߙ +  (ݐ)ଵܫߚ
ii. The inventory system involves only one product. 
iii. The market demand depends only on the availability of stock. 
iv. The lead time is assumed to be negligible. 
v. Shortages are allowed with partially backlogging. 
vi. There is no cost to dispose or store deteriorated products. 
vii. It is assumed that  ݉(ߦ) = ݉݁ିఋక. 
 
Mathematical Model Development  
 
Suppose the system is considered with initial stock ܳ units and at time   ݐ =  ଵ, the inventory level reduces to zeroݐ
due to the combined effect of deterioration and demand. After that shortage occurs in the system it is backlogged 
partially. In the present article a single retailer’s inventory model is considered in which deteriorating rate is 
considered by using preservation technology.  Using the above assumptions, the inventory level pattern is depicted 
in fig. 1. 
Thus, the inventory system can be described by the following differential equations: 
ௗூభ(௧)
ௗ௧

+ ݉݁ିఋకܫଵ(ݐ) = ,(ݐ)݀− 0 ≤ ݐ ≤  ଵ                                                                               (1)ݐ
ௗூమ(௧)
ௗ௧

= ,ߦ݇− ଵݐ ≤ ݐ ≤ ܶ                                                                                                           (2) 
 
with boundary conditions  
ଵ(0)ܫ = (ଵݐ)ଵܫ   ,ܳ = 0                                                                                                              (3)                                                                                             
 
The solutions of these equations are given by 
(ݐ)ଵܫ  = ఈ

ఉାషഃ
ቂ݁൫ఉାషഃ൯(௧భି௧) − 1ቃ                                                                                  (4)   

(ݐ)ଶܫ = ଵݐ)ߦ݇ −        (5)                                                                                                                     (ݐ
 
Using equations (5) and (6) the value of the parameters has been calculated: 
Economic order quantity 
ܳ = ఈ

ఉାషഃ
ቂ݁൫ఉାషഃ൯௧భ − 1ቃ                                                                                              (6) 

 
Holding cost 
ܥܪ   = ℎ ቄఈ

ఉ
൫ߚ + ݉݁ିఋక൯ቅ

௧భమ

ଶ
                                                                                                 (7)          

Indrajitsingha et al., 
 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33137 
 

   
 
 

 
Deterioration cost 
ܥܦ   = ܿ ቂఈ

ఉ
ቀ݁൫ఉାషഃ൯ − 1ቁ − ቀݐߙଵ + ߚߙ ௧భమ

ଶ
ቁቃ                                                                   (8) 

Ordering cost 
ܥܱ =  (9)                                                                                                                                   ܣ
Shortage cost 
ܥܵ  = ܶ)ߦݏ݇ −  ଵ)                                                                                                                  (10)ݐ
 Lost sale cost 
ܥܵܮ = −1)ߦ݈ ݇)(ܶ −  ଵ)                                                                                                      (11)ݐ
Preservation technology cost 
ܥܶܲ =  (12)                                                                                                                               ܶߦ
 
The average total cost ܶߦ)ܥܣ,  ଵ) for the period Tݐ
,ߦ)ܥܣܶ (ଵݐ  = ଵ

்
ܥܪ] + ܥܦ + ܥܱ + ܥܵ + ܥܵܮ +              [ܥܶܲ

= ଵ
்
ℎ ቄ

ఈ
ఉ
൫ߚ + ݉݁ିఋక൯ቅ

௧భమ

ଶ
+ ܿ ቄఈ

ఉ
ቀ݁൫ఉାషഃ൯ − 1ቁ − ቀݐߙଵ + ߚߙ ௧భమ

ଶ
ቁቅ+ ܣ

ܶ)ߦݏ݇+ − (ଵݐ + 1)ߦ݈ − ݇)(ܶ − (ଵݐ + ܶߦ
൩                    (13) 

 
To minimize the average total cost function  ܶߦ)ܥܣ,  that minimizes average ߦ  ଵ  andݐ   ଵ)  per unit time, the value ofݐ
cost can be obtained by solving the equations 
డ்(ఈ,௧భ)

డక
= 0      and    డ்(ఈ,௧భ)

డ௧భ
= 0                                                                                     (14) 

 satisfying  the conditions 
డమ்(క,௧భ)

డకమ
> 0, డమ்(క,௧భ)

డ௧భమ
> 0   and  

ቀడ
మ்(క,௧భ)

డకమ
ቁ ቀడ

మ்(క,௧భ)
డ௧భమ

ቁ − ቀడ
మ்(క,௧భ)
డకడ௧భ

ቁ
ଶ

> 0                                                                    (15) 

 
Equations (14) are equivalent to 
1
ܶ
ቈܶ −

ߙ
ߚ
ቀ݉ܿ݁ఉିఋకାషഃቁ −

ଵଶ݉݁ିఋకݐߜℎߙ

ߚ2
 = 0 

and 
ଵ
்
ቂఈ
ఉ
ℎݐଵ൫ߚ + ݉݁ିఋక൯ − 1)ܿߙ + −(ଵݐߚ 1)݈ߙ − ݇) − ቃݏ݇ߙ = 0                        

 
Fuzzy Model 
 
Due to uncertainty in nature, it is not easy to define all the system parameters exactly. Hence, it is assumed that some 
of the parameters namely ߙ,ߚ෨,ℎ෨ , ܿ̃, ሚ݈ may change within some limits. Suppose ߙ = ଵߙ) ෨ߚ ,(ଷߙ,ଶߙ, = ଶߚ,ଵߚ)  ,(ଷߚ,
ℎ෨ = (ℎଵ ,ℎଶ,ℎଷ), ܿ̃ = (ܿଵ, ܿଶ,ܿଷ), ̃ݏ = ,ଵݏ) ଷ)  and ሚ݈ݏ,ଶݏ = (݈ଵ, ݈ଶ, ݈ଷ) are considered as triangular fuzzy numbers. Then the 
fuzzy total average cost ܶܥܣ෫(ߦ,  ଵ) is given byݐ
 

,ߦ)෫ܥܣܶ (ଵݐ = ଵ
்

ℎ෨ ቄఈ

ఉ෩
൫ߚ෨ + ݉݁ିఋక൯ቅ

௧భమ

ଶ
+ ܿ̃ ቄఈ

ఉ෩
ቀ݁൫ఉ෩ାషഃ൯ − 1ቁ − ቀߙݐଵ + ෨ߚߙ ௧భ

మ

ଶ
ቁቅ+ ܣ

ܶ)ߦݏ̃݇+ − (ଵݐ + ሚ݈1)ߦ − ݇)(ܶ − (ଵݐ + ܶߦ
൩    (16) 

 
Defuzzifying the fuzzy total average cost  ܶܥܣ෫(ߦ,   ଵ) byݐ
 
 
 
Graded mean integration representation method: 
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෫ܥܣܶ ,ߦ) (ଵݐ = ଵ

ଵ෫ܥܣܶൣ ,ߦ) (ଵݐ + ଶ෫ܥܣ4ܶ ,ߦ) (ଵݐ + ଷ෫ܥܣܶ ,ߦ)  ଵ)൧                                            (17)ݐ

 
where 

ప෫ܥܣܶ ,ߦ) (ଵݐ =
1
ܶ 
ℎ ൜

ߙ
ߚ
൫ߚ + ݉݁ିఋక൯ൠ

ଵଶݐ

2 + ܿ ቊ
ߙ
ߚ
ቀ݁൫ఉାషഃ൯ − 1ቁ − ቆߙݐଵ + ߚߙ

ଵଶݐ

2 ቇቋ+ ܣ

ܶ)ߦݏ݇+ − (ଵݐ + ݈1)ߦ − ݇)(ܶ − (ଵݐ + ܶߦ
, 

݅ ݎ݂                                                                                                          = 1,2,3  
 
To minimize the total average cost function  ܶܥܣ෫ ,ߦ)  can be obtained ߦ  ଵ  andݐ  ଵ) per unit time, the optimal value ofݐ
by solving the equations 
 
 
డ்෫ (క,௧భ)

డక
= 0      and    డ்

෫ (క ,௧భ)
డ௧భ

= 0                                                                                           (18) 

 
satisfying the equations 
 
డమ்෫ (క ,௧భ)

డకమ
> 0, డమ்෫ (క,௧భ)

డ௧భమ
> 0   and  

 

ቀడ
మ்෫ (క,௧భ)

డకమ
ቁቀడ

మ்෫ (క,௧భ)
డ௧భమ

ቁ − ቀడ
మ்෫ (క,௧భ)
డకడ௧భ

ቁ
ଶ

> 0                                                                 (19) 

                                                 
Numerical example 
The reduced deterioration rate, ݉(ߦ),  is a function of preservation technology cost ߦ such that (ߦ) = ݉݁ିఋక  , where 
݉ which means ,ߦ per  increase in (ߦ)݉ is the simulation coefficient representing the percentage of increase in ߜ  is  (ߦ)
an increasing function bounded above by  ݉  . 
 
Crisp Model 
Consider ߙ = 200, ߚ = 0.05,  ℎ = 0.5 /unit, ܿ = 4 /unit, ݈ = 8 /unit, ܶ = 50 days, ߜ = 0.1, ݇ = ݏ ,0.07 = 6 /unit, 
ܿ = 100, ݉ = 0.02 in appropriate units. The values of different parameters considered here are realistic, though 
these are not taken from any case study. By using Mathematica 11.1 software, we get the optimum value of critical 
point ݐଵ = 39.1118 days, preservation technology cost ߦ =  41.2491 and economic order quantity ܳ = 24473.9 with 
optimum average total cost  ܶߦ)ܥܣ, (ଵݐ = 704.032. However, the concavities of the average total cost function with 
respect to ݐଵ and ߙ are shown in the fig. 2 below. 
 
Fuzzy Model 
Suppose ߙ = (180, 200, ෨ߚ,(220 = (0.04, 0.05, 0.06), ℎ෨ = (0.45, 0.5, 0.55), ܿ̃ = ݏ̃ ,(3,4,5) = (4,6,8) and ሚ݈ = (5, 8, 10) which 
are considered as triangular fuzzy numbers and  all other parameters are kept same as in crisp model. Then the 
fuzzy total average cost  obtained by GMIR method is ܶܥܣ෫ ,ߦ) (ଵݐ = 652.737 with the optimum value of critical point 
ଵݐ = 38.8321 days, preservation technology cost ߦ =  40.7493 and economic order quantity ܳ = 31279. 
 
Sensitivity analysis 
It is very important in an inventory system for a retailer to know the behavior of the system parameters which 
impacted upon the average total cost function. Retailer should know when one will get minimum expenditure after 
increase or decrease of the related parameters. Henceforth to illustrate the applicability of the model and to locate 
some significant managerial ramifications in the vegetable farm houses, we study sensitivity analysis with the 
variation of different parameters.  
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Managerial insights 
1. From the numerical example, we see that fuzzy model gives best optimal solution as compared to crisp model. 
2. From table. 1, we observe that when holding cost ℎ෨ of the vegetable increases keeping all other parameters 

unaltered, both the preservation technology cost ߦ  as well as critical point ݐଵ decreases with the increase of the 
minimum expenditure ܶܥܣ෫(ߦ,   .(ଵݐ

3. With increase in deterioration cost parameter ܿ̃ in table. 2, we see that the value of the preservation technology 
cost ߦas well as  critical point ݐଵ  increases with  decrease in the minimum expenditure ܶܥܣ෫(ߦ,    .(ଵݐ

4. With increase demand parameter ߙ in table. 3, we see that the value of the preservation technology cost ߦas well 
asa critical point ݐଵ increases with  increase in the minimum expenditure ܶܥܣ෫(ߦ,    .(ଵݐ

5. With increase in demand parameter ߚ෨ in table. 4, we see that the value of the preservation technology cost 
,ߦ)෫ܥܣܶ ଵ increases with  decrease in the minimum expenditureݐ increases slowly and critical pointߦ    .(ଵݐ

6. From table. 5, we observe that when lost sale cost ሚ݈ of the vegetable increases keeping all other parameters  
unchanged, the value of the preservation technology cost ߦ as well as critical point ݐଵ increases with  increase in 
the minimum expenditure ܶܥܣ෫(ߦ,  .(ଵݐ

7. From table. 6, we observe that when shortage cost ̃ݏ of the vegetable increases keeping all other parameters 
remains unchanged, the value of the preservation technology cost ߦincreases as critical point ݐଵ increases with the 
increases of the minimum expenditure ܶܥܣ෫(ߦ,  .ଵ). However in this case the increase is very slowݐ

 
CONCLUSION AND SCOPE 
 
The public demand always plays a vital role in case of purchasing vegetables, fruits etc. Keeping this in mind we 
consider that the demand  depends upon the stock level. Further, since deterioration conveys an important role fore 
modeling on vegetables and fruit products,  we apply preservation technology cost to reduce the rate of deterioration 
but shortage is considered which is partially backlogged. Due to uncertainty nature during the pandemic, the price 
of the product fluctuates depending upon different related parameters. On focusing the above assumptions we 
developed this model and found that it gives always profit in the sense of economic as well as humanity. In this 
conclusion we observe that fuzzy model give minimum expenditure as compared to classical crisp model. Moreover 
this model is highly essential at the time of lockdown and shutdown of the market during the pandemic COVID-19 
in the countries like India and Pakistan. For future research, the proposed model can be extended in several ways. 
For example, one can extend by adding purchasing cost and selling price.  Also one can extend this article by adding 
some other related parameters like credit policy, inflation etc. 
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Table 1: Sensitivity analysis for parameter   ࢎ෩   
ℎ෨ ,ߦ)෫ܥܣܶ ߦ ଵݐ    (ଵݐ

(0.45,0.46,0.47) 45.2161 43.2899 561.258 
(0.46,0.47,0.48) 43.5243 42.7476 600.851 
(0.47,0.48,0.49) 41.9505 42.2284 637.596 
(0.48,0.49,0.5) 40.4792 41.7305 671.789 

 
Table 2: Sensitivity analysis for parameter   ࢉ   

ଵݐ  ̃ܿ ,ߦ)෫ܥܣܶ ߦ   (ଵݐ
(2,2.5,3) 27.2127 33.9792 1053.45 

(2.5,3,3.5) 30.6542 35.9615 955.75 
(3,3.5,4) 34.6222 38.7729 839.21 

 
Table 3: Sensitivity analysis for parameter   ࢻ   

ଵݐ  ߙ ,ߦ)෫ܥܣܶ ߦ   (ଵݐ
(200,220,240) 39.1494 42.2074 770.048 
(220,240,260) 39.1819 43.0961 835.996 
(240,260,280) 39.2093 43.9121 901.873 
(260,280,190) 39.2310 44.6090 962.209 

 
Table 4: Sensitivity analysis for parameter   ࢼ෩    

,ߦ)෫ܥܣܶ ߦ ଵݐ ෨ߚ  (ଵݐ
(0.040,0.042,0.044) 35.3088 40.9723 793.92 
(0.042,0.044,0.046) 36.1923 40.9943 773.021 
(0.044,0.046,0.048) 37.1224 41.0493 751.094 

 
Table 5: Sensitivity analysis for parameter   ሚ  

ሚ݈  ݐଵ ,ߦ)෫ܥܣܶ ߦ   (ଵݐ
(5,6,7) 32.8321 37.7649 597.734 
(6,7,8) 35.9749 39.5724 655.751 
(7,8,9) 39.1110 41.2279 702.089 
(8,9,10) 42.2481 42.7554 736.772 

(9,10,11) 45.3684 44.1735 759.815 
 
Table 6: Sensitivity analysis for parameter   ࢙   

ଵݐ  ݏ̃ ,ߦ)෫ܥܣܶ ߦ   (ଵݐ

(4,5,6) 38.876 41.1291 700.939 
(5,6,7) 39.1118 41.2489 709.298 
(6,7,8) 39.3476 41.368 736.772 
(7,8,9) 39.5834 41.48618 759.757 
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Fig. 1 The graphical representation of the inventory system: inventory versus time 

 
Fig.2. Crisp Model 
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In this paper, the Orthogonal spline collocation strategy (OSC) has been utilized for the two-point limit 
esteem issue. Hermite cubic premise capacities are utilized to estimate the solution for linear and 
boundary value problems. At last, we have played out a few mathematical investigations and utilizing 
framework refinement examination, we have registered the request for the intermingling of the 
mathematical strategy. Near to existing strategies, we show that the Orthogonal spline collocation 
techniques (OSC) provide the ideal request of assembly for the principal subordinate at the knots. 
 
Keywords: Orthogonal cubic spline collocation methods (OCSCM), Two-point boundary value problem, 
Hermite Cubic basis functions, and Almost block diagonal (ABD) matrix. 
 

INTRODUCTION 
 
There are numerous mathematical strategies are accessible to track down the surmised arrangements of nonlinear 
partial differential equations, throughout some undefined time frame symmetrical spline collocation techniques are 
overwhelmed in view of their prevalence analysed over B-splines as far as security and effectiveness. Contrasted 
with existing strategies OCSCM is considerably more predominant and proficient. 
 
Spaces of Piecewise Polynomial Functions 
The decision of the subspace Sh is pivotal in the accomplishment of the Orthogonal Spline Collocation Methods. It is 
fundamental that Sh be picked so the collocation estimate can be registered productively and have great guess 
properties. The subspace Sh is generally picked to be a space of piecewise polynomial capacities. To characterize such 
spaces, let Pr signify the arrangement of polynomials of degree ≤r, let 
ߨ ∶ 0 = ݔ < ଵݔ < ଶݔ < ⋯ < ேݔ < ேାଵݔ = 1denote a partition of ܫ, and set 

ܫ = ,ିଵݔൣ ݆      ,൧ݔ = 1, … ,ܰ + 1, 
ℎ = ݔ − ିଵ andℎݔ = maxℎ. We define ܯ

(ߨ) = ቄݒ|ݒ ∈ ூೕ|ݒ,(ܫ)ܥ ∈ ܲ , ݆ = 1, … ,ܰ + 1ቅ 

ABSTRACT 

 RESEARCH ARTICLE 
 

http://www.tnsroindia.org.in
mailto:Santosh.bhal@cutm.ac.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33144 
 

   
 
 

where ܥ(ܫ) denotes the space of functions which are ݇ times continuously differentiable on ܫ, 0 ≤ ݇ ≤ ூೕ|ݒ and ,ݎ  
denote the restriction of the function ݒ to the interval ܫ . We denote by ܯ

,(ߨ) the space 
ܯ
(ߨ)∩ (0)ݒ|ݒ} = (1)ݒ = 0}. 

It is to see that ܯ
(ߨ) and ܯ

 ,(ߨ) are linear spaces of dimensions ܰ(ݎ − ݇) + ݎ + 1 and ܰ(ݎ − ݇) + ݎ − 1, 
respectively. We now give two examples of commonly used piecewise polynomial spaces. 
 
The Space of Piecewise Hermite Cubic Function ࡹ

(࣊) 

This space has dimension 2ܰ + 4. We express the basis function on [ݔିଵ,ݔ], with ݔ = ݅ℎ,  

(ݔ)ିଵ݈ݒ = −2 ቂ
ݔ − ݔ
ℎ ቃ

ଷ
+ 3 ቂ

ݔ − ݔ
ℎ ቃ

ଶ
, (ݔ)݈ݒ = −2 ቂ

ݔ − ିଵݔ
ℎ ቃ

ଷ
+ 3 ቂ

ݔ − ିଵݔ
ℎ ቃ

ଶ
, 

and 

ିଵ݈ݏ = −ℎ ൜ቂ௫ି௫

ቃ
ଷ
− ቂ௫ି௫


ቃ
ଶ
ൠ,        ݈ݏ = ℎ ൜ቂ௫ି௫షభ


ቃ
ଷ
− ቂ௫ି௫షభ


ቃ
ଶ
ൠ. 

The function ݈ݒ and ݈ݏ are known as the value function and the slope function respectively, associated with the 
point  ݔ ∈  If we express the approximate solution as .ߨ
(ݔ)ݑ = ∑ ൛ߙݒ ݈(ݔ) + ݏߚ ݈(ݔ)ൟேାଵ

ୀ , 
then 
ߙ = ,൯ݔ൫ݑ ߚ = ᇱݑ ݆   ,(ݔ) = 0, … … . . ,ܰ + 1. 
Since 
ݒ ݈(ݔ) = ,ߜ ݒ ݈

ᇱ(ݔ) = 0 and ݏ ݈(ݔ) = 0, ݏ ݈ᇱ(ݔ) = ,ߜ ݅, ݆ = 0, … ,ܰ + 1, 
where ߜis the kronecker delta function with ߜ = 1, if݅ = ݆ and ߜ = 0, if݅ ≠ ݆. A basis for ܯଵ

ଷ,(ߨ) is obtained by 
omitting the functions ݈ݒ(ݔ) and ݈ݒேାଵ(ݔ). 
 
Hermite Cubic Bases 
Assume that, on each subinterval [ݔିଵ,ݔ], ݅ = 1,2, … ,ܰ, the collocation approximation ݑ ∈ ଵܯ

ଷ(ߨ) has the form 
(ݔ)ݑ = ∑ ݈ݒߙ + ݈ݏߚ

ୀ , 
so that 
ᇱݑ (ݔ) = ∑ ′݈ݒߙ + ′݈ݏߚ

ୀ , 
and 
(ݔ)ᇱᇱݑ = ∑ ′′݈ݒߙ + ′′݈ݏߚ

ୀ . 
Note that the continuity is inbuilt into the approximate solution. With this representation of ݑ, the collocation 
equations on the subinterval [ݔିଵ,ݔ],݅ = 1,2, … ,ܰ, are of the form 
ܸݕ + ܹݖ =  ,ݍ

where ܸ and ܹ are 2 × 2 matrices, ݕ = ,்(ଶݕ,ଵݕ) ݖ = ଵݖ)  .்(ଶݖ,
For more details of the above basis functions, we refer to [1,2,4,8,10] 
 
The ubiquity of OCSCM is because of its pertinence. It is to comprehend and simple to apply to take care of an issue. 
It is a lot of better than B-splines as far as steadiness, proficiency and moulding of the subsequent lattice [6]. 
Contrasted with finite element methods (FEM), the computation of the coefficients of the mass and firmness 
networks, deciding the inexact arrangement is quick since no integrals should be assessed or approximated. 
 
Another benefit of this strategy is that it methodicallly handles a wide range of limit conditions with interface 
conditions. The semi-discrete framework is settled by RADAU 5 programming library [8-9] which is reasonable for 
addressing differential mathematical conditions (DAEs) 
 
Orthogonal spline collocation (OSC) technique for straight two-point boundary value problems (BVPs) for ordinary 
differential equations (ODEs) is portrayed and first investigated in the fundamental paper of deBoor and Swartz 
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[3,5,9,11], which established the framework for the detailing and examination of OSC strategies for a wide 
assortment of issues and the improvement of programming bundles for their answer; see [7]. The constant time OSC 
technique and the discrete-time Crank–Nicolson OSC strategy for linear parabolic initial–boundary value problems 
(IBVPs) in one space variable and blueprint utilizations of OSC to different conditions in a single space variable, for 
example, Schrodinger-type conditions were first planned and examined in [8], and Cerutti and Parter [8] integrated 
the consequences of [10] and those of Douglas and Dupont. Following the methodology of Douglas and Dupont, 
Houstis [11] considered OSC for nonlinear second- order hyperbolic problems. 

 
௫௫ݑ + ௫ݑ + ݑ = ݔ    ,0 ∈ (0,1)− −− (1) 

Subject to boundary condition 
(0)′ݑ = ,ߙ (1)′ݑ =  ߚ

where α and β are known constants. Once more, ideal request ܪଵand ܪଶblunder gauges are determined. For this 
situation, the OSC straight framework is somewhat confounded and is settled by an immediate strategy which 
depends on the capacitance grid procedure. On a uniform segment, the absolute expense of the capacitance 
framework strategy for figuring the OSC arrangement is ܱ(ܰଷ). Since the capacitance framework is first shaped 
unequivocally and afterward addressed by Gauss disposal. Consequences of some mathematical trials are 
introduced which, specifically, show the fourth-request precision of the approximations and the super intermingling 
of the subordinate approximations at the nodal focuses. 
 
Coming about framework (1), we utilize symmetrical cubic spline collocation strategy and rough the discrete 
arrangement utilizing monomial premise capacities or piecewise Hermite cubic basis functions. The semi-discrete 
framework is then coordinated in time utilizing RADAU 5 [8-9] time integrator. 
 
Numerical Example 
Consider the problem   ݑ௫௫ + ௫ݑ + ݑ = sin(ݔߨ) ݔ          , ∈ (0,1) 
With boundary conditions  (0)′ݑ = (1)′ݑ = 0 
Below, we have shown the error in tabular form. 

 

CONCLUSION 
 
In this paper, we have applied an orthogonal cubic spline collocation methods (OCSCM) to one-dimensional fourth-
order linear boundary value problems. One numerical experiment is performed and obtain the fourth order 
convergence at the grid points. 
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Table : 1 Numerial example the error in tabular form. 

N (ݑ)∞ܮ order (′ݑ)∞ܮ order 
10 2.4097e-04  1.9093e-03  
20 3.6074e-06 4.0598e+00 1.9801e-04 3.9165e+00 
30 1.3908e-06 4.5834e+00 3.0052e-05 4.0329e+00 
40 4.5056e-07 3.7875e+00 1.8081e-05 3.8509e+00 
50 1.8021e-07 3.9996e+00 6.9095e-06 4.0015e+00 
60 9.0007e-08 3.9085e+00 3.9541e-06 3.9990e+00 
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The prevalence of a variety of diseases in farming systems is a significant impediment to the aquaculture 
sector's growth and long-term viability. To combat such illness outbreaks, preventative and control 
measures are now a top priority. Immunostimulants are thought to be a good way to improve the 
immunological state of farmed organisms. β-glucan, a homopolysaccharide comprising glucose 
molecules bonded by a glycoside bond, is one of the most potential immunostimulants utilised in 
aquaculture. Because of their potential to stimulate the immunological system, β-glucans are 
characterised as "biological response modifiers."The management of β-glucans via way of means of 
distinctive means, inclusive of injection, immersion, or dietary inclusion has been located to enhance a 
number of immunological responses, which includes infection tolerance and stress tolerance. In 
industrial aquaculture, β-glucan has been demonstrated to be effective at inducing immunity. It is also 
employed as a food substitute with immunomodulatory properties. This review focuses on the role of β-
glucan as an immunostimulant, as well as effective doses and delivery methods, as well as the impact of -
glucan in increasing fish and shellfish growth, survivability, and protection against infectious diseases. 
 
Key words: immunostimulant, immunomodulator, β-glucans, aquaculture, prebiotic, adjuvant. 
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INTRODUCTION 
 
Aquaculture is increasingly establishing itself as a vital food producing business. A few of the ongoing challenges is 
health monitoring, as the increasing density of fish creates intense stress, which often leads to the outbreak of fatal 
diseases or infections. The main obstacle to the development and viability of the aquaculture sectors is the presence 
of numerous infections in the farming practices. Immune stimulants are thought to be an effective means to improve 
the immunological state of cultivating organisms. β-glucan is a potential immunostimulant, amongst several 
immunostimulants utilised in aquaculture practices in which the glycoside bond connects homopolysaccharide 
comprising glucose molecules. It constitutes the main component of the cell walls of certain plants, bacteria, algae, 
mushroom and yeast. 
 
A number of studies on fish have shown that β-glucan is a potent, effective and valuable immunostimulants, which 
can improve the immune state in the fish farming and prevent diseases. The usage of β-glucan in fishes have 
received a lot of interest from past few years. Various  species, like as Atlantic salmon, have become the subject of 
several research(Paulsen et al. 2001),Rainbow trout (Jorgensen et al. 1993;Djordievic et al. 2009), Snapper (Cook et al. 
2001), African catfish (Yoshida et al. 1995) and Prawn (Hai and Fotedar 2009). These researches shows that β-glucan 
has an effect on development (Cook et al. 2003), survival, tolerance, and defence against pathogens(Welker et al. 
2007), antibody production, immune related gene expression (Zhang et al. 2009), and as adjuvant(Kawakami et al. 
1998)  in a various fish species. 
 
Sources, Types and Structure of β-Glucan 
The term "glucan" refers to a category of polysaccharide polymers that are categorised as either α or β linked 
depending on inter chain linkages. β-glucans from various origins have a variety of primary structures and 
conformations. The type of glycosidic bond and the degree of polymerization and branching are characteristics of the 
primary structure, where as conformation of the β-glucans also appears in the form of random helix, single or triple 
helix, and depends on the temperature, intermolecular pressure, primary structure and solvent(Wang et al.;2017). 
β-glucans are may be found in a variety of structural forms in algae, bacteria, plants and fungi (Barsantiet al.;2011).In 
natural, β-glucans are widely present in the cell walls of many plants (barley,wheat,rye and oat), brewer’s yeast 
(Saccharomyces genus) and baker’s, and Echinaceae species (Tokunakaet al.; 2000).Additional resources of β-glucan 
comprised of mushrooms of numerous kinds, such as Reishi (Ganoderma lucidum),Shiitake (Lentinus edodes), Maitake 
(Grifola frondosa)(Weis and Wasser;1999), seaweed like Laminaria sp. (Teas ;1983). 
 
Their structure comprises of a primary chain of  β (1,3) and β (1,4) - d - glucopyranosyl units, with non-repetitive but 
non-random sequences and side chains of variable lengths. Different β-glucan molecules have different 
immunomodulatory activity as well as molecules with identical shapes, solution conformations and molecular 
weights may have significant differences (Rodrigues et al.;2020).The structure of β-glucan generated from different 
sources are differs. β-glucans of barley andoats  are linear, having   (1, 3) and (1, 4) linkages, respectively. Short β(1, 
6)-linked branches from the β(1, 3) backbone are found in mushroom β-glucans. Yeast β-glucans has extra  β (1, 3) 
region andβ (1, 6) branches. The structural variations might lead to extraction problems and variances on the activity. 
Larger molecular weight glucans activate leukocytes, stimulating their cytotoxic,  phagocytic, antimicrobial as well as 
the generation of reactive oxygen species (ROS) (Akramiene et al.; 2007). Low-molecular-weight glucan has little 
effect on cells, while very short-molecular-weight glucan is considered inactive. Insoluble (1, 3/1, 6) compounds have 
been shown to have higher biological activity than their soluble (1, 3/1, 4) equivalents. (Ooi et al.; 2000). 
 
Fundamentally, the two kinds of β-glucan molecules based on glycosidic bonds found in them are α-glucan (dextran 
with 1,6, starch with 1,6 and1,4 glycosidic linkages) and β-glucan (zymosan with 1,3, cellulose with 1,4,  laminarin 
with 1,3- and 1,6, lichenin with 1,3 and 1,4 glycosidic linkages). β-glucan has a higher capacity to trigger the immune 
response and function as biological response modifiers due to their complex structure (Miura et al.;1996). Certain 
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properties of β-glucan distinguish it from other immunostimulants, likeits capacity to naturally activate the immune 
system without over-activating it(Chihara G.;1992), its capacity to decrease high cholesterol level (Braaten et 
al.;1994), and its capacity to lower sugar levels. 
 
EFFECTS OF β–GLUCANS 
Because β-glucans have the capacity to directly bind and activate macrophages and the other white blood cells 
(neutrophils and natural killer (NK )cells), they are responsible for the multiple activities such as protecting and 
stimulating the immunity and providing the best resistance to the potential health threats(Herre;2004).Bacteria, 
viruses, and pathogenic microbes have all been proven to be prevented by the β-glucans. All the immune activities 
are enhanced when β-glucan receptors are activated, including phagocytosis (the ability of engulfing foreign particle 
and cells); production of the cytokines such as IL-6, GM-CSF, IL-1,and interferons; and antigen processings. These 
are the cytokines which promote the production of the new white blood cell, providing the immunity to β-glucan 
binding receptor found in all the vertebrate from fishes to humans (Raa;1996). 
 
 
β-GLUCANON PROTEIN AND GENE EXPRESSION 
 
It has been revealed that β-glucan has a function in immune related gene and the protein expressions in a variety of 
fish species. Macrophages immunostimulated with the LPS and β-glucan from the Atlantic salmon and rainbow 
trout (Oncorhynchus mykiss) head kidney produced high levels of IL, but the induction of C3 transcription in trout 
was the same as in salmon.The C3 complement subtypes were shown to be differently regulated after in vivo 
stimulation with the LPS and β-glucans over 48 hours. These results corroborated previous results of C3 deficiency in 
spotted wolf fish (Anarhichas minor) macrophages (Løvoll et al.;2007). Likewise, the oral administration of β-1, 3-
glucan for the 5 days promoted the synthesis  of α(TNF- α) , (interleukin)1β, α(TNF- α), (interleukin)-12, and 
(interleukin)-10 cytokines like protein  of the tumour necrosis in the fish's plasma. Two separate dosages ( 1.0 and 0.1 
μM) of β-glucan were applied to juvenile rainbow trout baths within 45 minutes, four times with a one-week period 
demonstrated improved expressions of genes with respect to the pro inflammatory cytokine such as,IL-6, TNF-
α  and IL-1β as well as the anti-inflammatory cytokine such as TGF-β and IL-10, at the initial bathing. But, there was 
no discernible difference in IL-17A transcripts, a pro-inflammatory cytokine, when contrasted to the regulation. After 
the fourth bathing, expression of genes level in β-glucan in fish that has been medicated revealed no major variations 
in comparison to the control fish(Zhang et al.; 2009).For 37 days, those same were administered lentinan, found 
in mushroom β-glucan, and then   given an inflammatory drug i.e. bacterial LPS. When lentinan was used instead of 
bacterial LPS in fish feed, the gene expression involved in acute inflammatory response to inflammatory agents 
decreased, but there was no difference in the  genes expressions linked with the significant immunity 
responses(Djordjevic et al.;2009). 

Grass carps are being treated with β-glucan for the 15 days before being injected with grass carp haemorrhage virus 
(GCHV) displayed enhanced MX gene expression levels during the early stage of GCHV infection (12 and 36 h) and 
survival rate was substantially improved to 60%.In comparison to the community that was not pretreated with β-
glucan, erythrocytes had enhanced activity of  catalase (CAT) and superoxide dismutase (SOD), as well as MX gene 
expressions, signalling that β -glucan improves antiviral responses (Kim et al.;2009).When fishes are given 5 mg/ml 
β-glucan, no major changes in TNF-α or IL1β expression were observed. However, there has been evidence 
ofchemokine expressions and IFN-γ regulation in the kidneys (Rodríguez et al.;2009). 
 
β-GLUCANAS IMMUNOSTIMULANT 
β-glucan have been researched extensively as an immunostimulant in a variety of vertebrate and invertebrate 
species. In vitro experiment showed the increase of respiratory burst activities (RBA) of the head kidney 
macrophages was observed after dietary treatment of β-glucan to Atlantic salmon (Salmo salar).In vivo experiments 
revealed that confronting them with the infectious pathogen had a devastating impact on amoebic gill 
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diseases(AGD), RBA,  disease tolerances and serum lysozymes development(Bridle et al.; 2005). According to a 
variety of studies, in Chinook salmon, β-glucan supplementation in the diet enhances susceptibility to the infections 
for the brief periods of times(Nikl et al.; 1993).The grade of the immunostimulant (β-glucan) provided is important in 
improving the immuno response. Applications of the commercials β-glucan drugs have been shown to have an effect 
on the immunity responses. In the in vitro analysis, Pink snapper (Pagrusauratus)head kidney macrophage pre-
incubated with the commercially used β-glucan (EcoActiva) and then introduced with either lipopolysaccharide 
(LPS) or phorbolmyristae acetate (PMA)  showed significantly increased respiratory burst activities (RBA) and 
superoxide anion comparing to macrophage activation with the Eco Activa alone (Cook et al.;2001).The results of 
these research show that administration of the β-glucan, leading to improved the detection of LPS contained in the 
cell walls of gram negative fish microorganisms, lead to increased macrophage preventing ability against these 
pathogens.  Another study found that giving Eco Activa to Pink snappers enhanced  O2 radical in macrophages, 
particularly in the winter, but had no effect on classical or alternative pathway function, indicating that the best time 
to fed snapper in order to increase disease resistance is during the winter (Cook et al. ; 2003). In the European sea 
bass (Dicentrarchus labrax), the impact of consuming 1,3/1,6 β-glucan on the innate and adaptive immune systems 
was examined (Bonaldo et al.; 2007). 
 
The immunological responses of the Mediterrane an mussels (Mytilus galloprovincialis) and clams (Ruditapes 
decussatus) fed β-glucans was strengthened. Nitric oxide synthesis were increased in the both species, but the mussel 
hemocytes released more phorbol12-myristate 13-acetate (PMA) and free oxygen radicals. However, 
combininzymosan and  a higher concentration of β-glucans reduced the mussel's respiratory burst activity. 
Escherichia coli, Vibrio algynolyticus and Vibrio splendidus were all inhibited by the hemolymph treated with the various 
dosages of β-glucans, but the antibacterial action was only modulated in clams (Marcosta et al. ;2008). 
 
GLUCAN AS PREBIOTICS 
Prebiotics are a type of nondigestible dietcomponents which help the consumer by promoting the development as 
well as activities of the beneficial microorganisms in the gastrointestinal (GI) tract(Gibson and Roberfroid; 1995).  
Prebiotics have the benefit over probiotics in that they are the natural food constituents, limiting regulatory control 
over the dietary intake. The use of most antibiotics is prohibited owing to the risk of developing antibiotic resistant 
microorganisms, the presence of residue in seafood, the destruction of bacterial communities in aquatic medium and 
inhibition of  immune system of aquatic animals. Antibiotics have been demonstrated to impair development and 
feed efficiency in several animal species by destroying intestinal microorganisms and so limiting amino acid 
consumption by the consumer (Rawles et al.;1997).These side effects, as well as the high expense of antibiotics to 
treat illnesses, prompted researchers to look for alternatives, one of which is the use of prebiotics. Fermacto prebiotic 
supplementation increased Common carp (Cyprinus carpio) fry development and feed efficiency ratio (FER). 
Although feeding prebiotic xylooligosaccharides to crucian carp (Carassius auratus) had no effect on growth or 
survival, there was a change in amylase and protease activities when compared to the controlled one (Xu et al.;2008). 
In Pacific white shrimp (Litopenaeus vannamei), feeding short-chain fructooligosaccharide (scFO) aided the formation 
of the GI tract's microbial flora and improved immunity (Li et al.; 2007). Fructooligosaccharide and mannan 
oligosaccharide, on the other hand, had a beneficial impact on Atlantic salmon (Salmo salar) development (Grisdale-
Helland et al.; 2008). In the stomach of cobia, (Rachycentroncanadum) larvae, mannan oligosaccharide improved salt 
tolerance and the growth of micovilli (Salze et al.; 2008). 
 
DOSAGE OF β-GLUCANIN AQUACULTURE 
Immunostimulant doses provided to the marine species plays a vital role in the stimulation of immunological 
responses. To obtain the optimal effects, it is important to understand the proper immunostimulant dosages and 
administration routes. Rainbow trout (Oncorhynchus mykiss) being fed a diet that included 0.5 g β-1.3/1.6-glucan 
(Macrogard) /100 g pelleted feed everyday for a week before being immunised with anti-Yersinia ruckeri vaccine. As a 
result, the numbers of   specific Ig concentrations in serum and antibody secreting cells (ASC) increased, improving 
the efficacy of the Yersinia ruckeri vaccine in the fishes. However, feeding them 0.1 percent β-glucan for the four 
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weeks and then exposing them to approximately 2 hours of transportation stress increased their innate 
immunological responses (oxidative radicals and phagocytosis production), which helped to avoid the negative 
effects of stress as well as provided prevention against Flexibacter columnaris. The 0.1 percent feeding β-glucan 
population has the lowest stress resulted in an increase cortisol level in the plasma and hyperglycemia (Jeney et al.; 
1997).Various injection with various doses of β-glucans 0, 5, 10, 15 mg/kg of the body weights applied to improve 
immunological responses and disease resistances against Edwardsiella tarda and Aeromonas hydrophila in the 
fingerlings of Labeo rohita. The outcomes revealed that injecting glucan 10 mg/kg body weight three times was 
recommended to improve immunological responses (Misra et al.; 2006). In rohu, β-glucan was recommended at a 
dose of 250 mg/kg diet for improving immune response, development, as well as resistance to opportunistic 
infections causing pathogens including Edwardsiella tarda and Aeromonas hydrophila. 
 
Immunised and non-immunised Nile tilapia being given varied doses of β-glucan (0, 50, 100, 200 mg) with the diet 
for fourteen weeks. After 10 weeks, survival and growth were remain unaffected by β-glucan inoculation or their 
combinations. However, fish fed with 100 and 200 mg  β-glucans resulted a partial drop in feed efficiency ratios 
(FER) in comparison to fish given 50 mg glucan. Immunized fishes appeared lower percentage mortalities (PM) and 
higher relative percentage survivals (RPS) against S. iniae; further, their combinations showed no effects over the 
percentage mortality as well as relative percentage survival (Whittington et al.; 2005). 
 
ROUTES OF β-GLUCAN ADMINISTRATION 
β-glucan could be administered externally or internally in a various routes such injections intravenously, 
intraperitoneally, or subcutaneously (parenterally); or dietary administration; immersion; or as part of a cream 
(Volman et al.;2008).The efficacy of various routes of administration (intraperitoneally injection, washing, and 
dietary administration) has been investigated. In a model that contains Cyprinuscarpio, fishes were administered β-
glucan and LPS to explore survival and immunological responses after being confronted with Aeromonas 
hydrophila.In all β -glucan concentrations, intraperitoneal injection resulted in 100 percent relative percentage 
survival, whereas the oral administration of increased concentration (1 percent β-glucan + 0.25 percent LPS) resulted 
in high relative percentage survival, immersion did not result in a rise in the relative percentage of survival level 
(Selvaraj et al. 2006). In a model of  the streptococcus produced by Streptococcus iniae, Red tilapia were administered a 
formalin killed vaccines via  immersion,  oral  and injection immunisations.It is found that intraperitoneal injection 
was the most effective route in terms of potency, and that adding soluble β-glucan to the vaccine improved its 
effectiveness even further(Whittington et al.;2005) 
 
INJECTION 
In diverse species, the preventive role of β-glucans injection has been proven in a dose-dependent responses against 
a variety of infections(Misra et al.; 2006).Although intraperitoneal injections are an efficient way to administer β-
glucans and activate the immunological responses, theymay not be the most efficient. As an example, in Rainbow 
trout, a single dose of β-glucan administered intraperitoneally provided prevention against disease with the 
microsporidian, Loma salmonae similar to the degree of prevention caused by the three-week feeding experiment 
employing ten times greater β-glucan levels. Interestingly, the effects of a single intraperitoneal dose may be 
monitored prolonged period in vivo (Guselle et al.; 2010).This notion might clarify the uses of the β-glucan 
as a vaccination adjuvant. Glucans do not have to be a component of the vaccination in order for it to be effective, it 
could be a valuable source of dietary, experiment on Gibel carp(Carassius auratus gibelio) indicated that immersion 
effectiveness on inactivated herpesvirus vaccination was significantly improved(Yan et al.;2020). 
 
Because of their immunomodulatory properties, β-glucan has been researched in great detail about the vaccination 
adjuvants as well as vaccine administration methods (Gregorio et al.;2009). Turbot (Scophthalmus maximus L.) were 
treated before, during, and after the administration of yeast β -glucan in some kind of a model with Vibrio damsela 
vaccine (Figueras et al.;1998).After bacterin injection, β-glucans were administered and the maximum activity was 
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reported across all immunological measures. The results of this research show that the order in which β-glucan is 
administered is essential when using it as a vaccination adjuvant. 
 
ORAL  
 
Orally administered β-glucan make their way into the gastrointestinal system, where they must first be absorbed into 
the bloodstream even before to being carried to the bone marrow. Orally given approach is significantly slower than 
injectable approaches and is considered to have a less substantial effect. However, because β-glucans may easily be 
added to feed, this is generally a more practical strategy (Riceet al.;2005). For example, feeding salmon a rich diet in 
β-glucan and discovered that the rich diet in β-glucan increased adaptive and innate immunological respons by 
raising the transcription of essential cytokine genes including IL-12andINF-γ,which potentiated the immune 
response to vaccination (Rodríguez et al.;2016). 
 
Pyro sequencing of the intestinal microbiota in Sea bass given β-glucan for four to eight  weeks demonstrated a 
temporary change in the makeup of the autochthonous microbiota at the family taxonomic level (Cardaet al.;2013). 
Majority of experiments conducted on bass species, β-glucan that are administrated orally improved innate 
immunological measures including phagocytic ability, oxidative burst, lysozyme, and complement activity (chang et 
al.;2013). However, it was also resistant to a variety of bacterial diseases, such as Vibrio alginolyticus and Aeromonas 
hydrophila (Boshy et al.;2010). 
 
IMMERSION 
The immersion treatment provides a potentially intriguing alternate use of β-glucan-induced immunostimulat. As an 
example, a 3-minute bathed in β-glucan fertilised egg or gametes of Chum salmon (Oncorhynchus keta) were enough 
to give considerable prevention against Saprolegnia spp. infections( Kiseleva et al.;2013). To get the intended effects, it 
is essential to know the proper immunostimulant doses and routes of administration. Chinook salmon were bath 
challenged with Aeromonas salmonicida after being fed a diet containing 0%, 0.01 percent, 0.1 percent, and 1.0 percent 
β-glucans for the seven days. Significant protection against A. salmonicida was observed in diets including 1.0 percent 
and 0.1 percent VitaStim-Taito glucan, but not in any of the group bath treated salmon (Nikl et al.;1993).Immerse 
treatment of the β-glucan as skin or gill mucosal surface modulators might be a promising new research direction, 
particularly now is that tools for testing mucosal immunity are becoming more widely available(Salinas;2015). 
 
NEW PROSPECT OF β-GLUCANIN AQUACULTURE 
β-glucans appears to have an impact on more than only the immune system. Using proteomic analysis, researchers 
discovered that Rainbow trout (Oncorhynchus mykiss) given a dietary supplementation for the sixty days had 
different expression of structural muscle proteins (Ghaedi et al.; 2016).Supplementing with glucans could have extra 
impacts on nutrition, such as amelioration of toxic effects produced by delta-methrin, in addition to direct impacts on 
improving different immunological response. Latest discoveries in the area of innate immune system suggest that 
the innate immune response might have long-term impacts, which perhaps could be addressed by the phenomena of 
trained immunity(Petit et al. ;2016).it is characterize by three parameters and 
 
 
those are (i)It could be developed after a first primary infection or vaccination and then provide resistance from a 
secondary infection without the involvement of T and B cells, (ii)Despite being less specific than the adaptive 
immunological responses, it provides enhanced protection whenever the host is reinfected and innate cells types 
such as macrophages and neutrophils are involved,(iii)NK-cell plays a significant role in this process, that consists of 
enhanced pathogen detection as well as a higher inflammatory responses (Netea et al.; 2011). Another mechanism of 
glucan activity is its impact on the neuroendocrine axis. The neuroendocrine and immunological systems are well 
known for their bidirectional communication. Through a variety of cytokines that serve as auto- or endocrine factors 
to influence pituitary growth, hormone release, cell proliferation and responses or feedback regulation of the 
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hypothalamic-pituitary-adrenal axis.Nonetheless, there is currently a scarcity of knowledge on the effects of glucan 
in fish. 
 

CONCLUSION  
 
The growing human population has resulted in escalating food demand, which must be met through novel 
approaches while keeping human health and environmental sustainability in mind. Despite these concerns, β-glucan 
has enormous potential for use in the fish farming, treatment of diseases and the development of fishery products via 
a biotechnological methods. β-glucan, a prophylactic and disease-management agent, confers immunity against a 
variety of fish pathogens. As per the reports, the β-glucan quality, doses, administering method and administration 
period, as well as treatment duration, all play a role in improving various Immunity, survivability and growth 
development parameters. There appears to be a need to concentrate on enhancing the  quality and doses  of β-glucan 
utilised in diverse species of fish. It's also worth investigating whether  β-glucan may be obtained from other sources, 
including plants or seaweed. Another emerging area that requires further investigation is the application of the β-
glucan as prebiotics in the aquaculture. More study on undiscovered activities of β-glucan should be done in order to 
utilize it as an effective immunostimulant in the aquaculture 
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Currently, consumption of herbal beverages gaining popularity among populations globally due to their 
therapeutic and energizing properties, as they are rich source of natural bioactive compounds. The hot 
water extract of dried flowers of Aegle marmelos is a popular traditional herbal beverage consumed by Sri 
Lankan folk in rural areas. The health benefits of the beverage are already established in preclinical as 
well as clinical studies. Therefore the current study was designed to investigate the organoleptic 
properties of the infusion and the anti-oxidant activity compared to tea, as an effort to popularize it 
among population. For evaluation of organoleptic properties, 30 healthy individuals were given 
infusions of dried flowers of A. marmelos prepared by different methods and black tea following a 
questionnaire. Trolox equivalent antioxidant capacity of test extract, black and green tea was measured 
based on the ABTS decolonization. Between 80-100 % of participants rated the flavor, color and fragrance 
of TEA and Traditionally prepared infusion of A. marmelos, under the categories of excellent, very good 
or good, but it was only 55 – 85 % for the infusions prepared instantly by powered dried flowers and 
instant sachets. The Trolox equivalent antioxidant capacity for test extract was 1143.8 (µmol/g), while it 
was 1128.4 (µmol/g) and 1115.8 (µmol/g) for green tea and black tea respectively. Results of the current 
study revealed that the traditionally prepared extract has appreciable oganoleptic properties and 
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antioxidant activity which are comparable to that of black tea. But those properties of the extract 
prepared by the instant methods were not comparable to that of tea or traditionally prepared infusion. 
Therefore, if the traditionally prepared infusion of dried flowers of A. marmelos is promoted among the 
population, there is a high possibility to accept it as a herbal beverage which can be consume routinely. It 
will be a great advantage for the consumers as the infusion has been proven to possess many bioactivities 
which leads to a healthy life. 
 
Key words: organoleptic properties, Aegle marmelos, Tea, antioxidant activity 
 
INTRODUCTION 

 
Herbal beverages are prepared either as a mixture of parts of different plants or as a single ingredient tea. Currently, 
consumption of herbal beverages gaining popularity among folks globally due to their therapeutic and energizing 
properties. The studies done previously reported that the herbal infusions or teas possess various bioactive 
properties and are directly contribute for health benefits in consumers. Some herbal beverage relieve stress by 
inducing calm and relaxation of mind and providing cleansing properties of the body, while some contribute for 
boosting energy levels and refreshing the body. Some of them are involved in improving digestive problems, 
nourishing the nervous system, strengthening the immune system and supporting heart health [1]. Most of the 
population consume these infusions as daily beverages in order to maintain a healthy life. 
 
They are considered as rich source of natural bioactive compounds, such as alkaloids, carotenoids, coumarins, 
flavonoids, polyacetylenes and terpenoids which are required for a healthy life [2]. Previous studies revealed that, 
these bioactive compounds present in herbal infusions exert a diverse range of biological effects, such as anti-
oxidant, anti-bacterial, anti-inflammatory, anti-allergic, anti-cancer, anti-ageing effects, etc [2]. The most popular 
herbal beverages are black tea, green tea, chamomile tea, ginger tea, lemon balm, peppermint and rosehip teas.  
It was reported that, the routine consumption of foods and beverages rich in antioxidants are directly associated with 
reducing the rate of chronic oxidative stress related diseases in different populations [3]. Therefore the herbal 
infusions with potent anti-oxidant activity has been gained the attention of the consumers. 
 
The antioxidant activity is the process of neutralization of oxidative stress created within cells and it delays or inhibit 
the oxidative damage to cellular components. During the process of oxidative stress, highly reactive free radicals are 
formed and they readily react with most of cellular components which leads to cellular damage. This cellular 
damage is involved in pathogenesis of many human diseases including neurodegenerative diseases such as 
Parkinson's and Alzheimer's diseases, diabetes, atherosclerosis, inflammatory diseases such as asthma as well as 
cancers. Reactive free radicals are also involved in human aging process [4]. 
 

Antioxidants are the compounds which has the ability to trap free radicals which are created during the process of 
oxidative stress. Different types of natural chemical substances such as phenolic acids, flavonoids and polyphenols 
are active against oxidative stress. Plants are reported as rich sources of antioxidants and most of them were used to 
treat human diseases by traditional medicine practitioner from ancient times [5]. Therefore the use of herbal 
infusions rich with natural antioxidants, as nutritional supplements has already been established. During ancient 
times, before the British colonialism in Sri Lanka (1796- 1948), the folk consumed herbal infusions of different 
medicinal plants to refresh themselves during their laborious work. However after British introduced Tea as a 
plantation to Sri Lanka, it became the major export product in Sri Lanka and it also became popular as the main 
refreshing beverage among population. Thereafter, the health effects of traditional beverages has been ignored by the 
Sri Lankans and depend on tea as well as instant artificial beverages imported from western countries. However, 
currently there is a trend in revising the traditional knowledge on natural products due to the adverse effects exerted 
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by artificial products. Therefore, our research group focused the attention on scientific validation of the health effects 
exerted by traditional herbal beverages, in order to popularize them among Sri Lankans. The hot water infusion of 
dried flowers of Aegle marmelos is a popular traditional herbal beverage consumed by Sri Lankan folk in rural areas 
to get refresh. Our research group carried out investigations on the health benefits of this beverage for the first time. 
The in vitro studies done on antimicrobial activity showed a promising antibacterial activity against Staphylococcus 
aureus and Escherichia colistrains indicating a broad spectrum antibacterial activity in different extracts of flowers [6]. 
The preclinical studied carried out in Wistar rats revealed that flower infusion of the plant exert a potent 
hypoglycaemic, anti-inflammatory and ATPase Activity [7,8]. 
 
The clinical trials carried out observed that the continuous consumption of the concentrated infusion does not exert 
any toxic effect in healthy volunteers. It also showed that the consumption of the infusion enhance the ATPase 
activity in erythrocyte membranes significantly within a short period of time (unpublished data) in healthy 
volunteers, which may responsible for the refreshing nature of the beverage. We observed that the dried flower 
extract exert a significant hypoglycaemic activity, without showing any adverse effect in alloxan-induced diabetic 
Wistar rats as well as in diabetic patients on diet control7. The investigations done on the possible mechanisms of 
hypoglycaemic and inflammatory activity in Wistar rats revealed that the dried flower extract stimulate multiple 
biochemical pathways (unpublished data).  
 
The results of our investigations proved that the herbal infusion prepared by dried flowers of A. marmelos is a 
beverage with many health effects. Therefore the current study was designed to investigate the organoleptic 
properties of the infusion and the anti-oxidant activity compared to tea, as an effort to popularize it among 
population. 
 

MATERIALS AND METHODS 
 
Ethical approval 
Ethical approval was taken from the Ethics Review Committee of University of Sri Jayewardenepura, Sri Lanka. (Ref 
no: 600/2011). The human study was supervised by a family physician. The clinical trial was registered at Clinical 
Trials Registry, Sri Lanka (APPL/2012/027). 
 
Collection and authentication of plant material 
Dried flowers were collected from different provinces of the country and pooled together. Required amounts were 
taken from this pool for the preparation of extracts. The plant material was authenticated by Prof. P. Tissera, 
Professor of Botany, Department of Botany, Faculty of Applied Sciences, University of Sri Jayewardenepura. A 
voucher specimen (USJP FMS 6/2010) has been deposited at the herbarium of the Department of Biochemistry, 
Faculty of Medical Sciences, University of Sri Jayewardenepura. 
 
Preparation of the infusions 
For the sensory evaluation, four infusions were prepared. The traditional infusion was prepared by boiling 5 g of 
dried flowers in 500 ml. Another infusion was prepared instantly by soaking 1g of finely ground dried flowers in 
250ml of hot water for five minutes. The commercially available instant sachet was soaked in 250 ml of hot water for 
five minutes. The black tea infusion was prepared by soaking 1 g of unbranded black tea powder in 250 ml of hot 
water for five minutes. Three test extracts were prepared for in vitro antioxidant study. The hot water extract of dried 
flowers of Aegle marmelos (WEAM) was prepared by boiling 25 g of dried flowers in 500ml of water and reduced to 
50 ml. The extracts of black tea and green tea were also prepared in the same method and all the extracts were freeze 
dried. The samples were stored in 4 0C until further studies. 
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Participants 
Halthy volunteers were selected by an open advertisement and the inclusion criteria for the selection of individuals 
for the study were, both males and females between the ages of 20-60, while the exclusion criteria were the pregnant 
or nursing mothers, patients with any disease, person on any medication. 
 
Sensory evaluation  
The organoleptic properties of the traditionally prepared extract (TPE) were compared with the extract prepared by 
the powdered dried flowers (PFE), commercially available instant sachets (CIS) and unbranded black tea (TEA). 
Thirty healthy individuals (16 females, 14 males) were consumed the different preparations on four separate days 
and a questionnaire was given to each participant for sensory evaluation. They were asked to provide scores for each 
factor such as fragrance, colour and taste as well as the overall score for each beverage they consumed. The responses 
were requested provide in categories according to a Likert scales which have a rank order as mentioned in the 
questionnaire.  
 
Assay for total antioxidant capacity 
In vitro total antioxidant activity of test extracts was evaluated according to the previously described method by Re et 
al., (1999) with a few modifications [9]. The total antioxidant capacity of the test extract was compared to that of the 
green and black tea. To prepare a free radical solution 7 mM ABTS [2, 2’-Azino-bis (3- ethylbenzothiazoline-6-
sulphonic acid) di-ammonium salt] from Sigma Aldrich, USA was mixed with the oxidizing agent, potassium 
persuphate [(2.45 mM) (Himedia, India)] and allowed to react for 12-16 h at room temperature in the dark for free 
radical formation. This ABTS free radical (ABTS+) stock solution was dark green in colour and was diluted with PBS 
(pH 7.4) until the absorbance reached 0.700 ± 0.02 at 734nm (Labomed UVD-3200). 
 
Thereafter 0.5 g of the freeze dried samples of test extract, green tea and black tea were dissolved in 10 ml distilled 
water and 100 µl of each sample was added to the ABTS free radical solution which had an initial absorbance of 0.700 
± 0.02 at 734 nm. In each experiment the second absorbance was recorded at 6 min and the trolox equivalent 
antioxidant capacity (TEAC) for the same reduction in the absorbance was taken from the standard curve drawn for 
a dilution series of Trolox (2.1 x10-6mol/L -12.5 x10-6mol/L). 
 
Statistical analysis 
Results were expressed as mean ± S.E.M. Significance was evaluated by two tailed t-test by SPSS version 20.0 and the 
level of statistical significance was set to P<0.05. 
 

RESULTS AND DISCUSSION 
 
Sensory evaluation 
Between 80-100% of participants rated theflavour, color and fragrance of TEA and TPE were under the category of 
excellent, very good or good, but it was 55 – 85 % for the PFE and CIS. For the CIS, none of participants categorized 
under excellent (Table 01 and 02). When considering the flavor of the beverages, majority of the participants stated 
excellent (43.3 %) for TEA, very good for TPE (40.0 %), while good for PFE (40.0 %) and CIS (43.3 %). Regarding the 
appearance and color, the majority said very good for TEA (43.3 %) and TPE (53.3 %), while good for good for PFE 
(53.3 %) and CIS (50.0 %). Considering the fragrance or aroma of the beverages, 30.0% of the participants stated 
excellent for TEA, while 33.3 % of them stated very good. Half of the participants (50.0 %), said very good for the 
fragrance of TPE, while majority of the participants scored good for PFE (40.0 %) and CIS (43.30%) (Table 01 and 02). 
The mean overall score for TEA, TPE, PFE and CIS were 3.3 ± 0.3, 3.1 ± 0.5, 2.7 ± 0.7 and 2.3 ± 0.6 respectively. There 
was no significant difference between the mean overall scores for TPE and TEA (P > 0.05), while there was a 
significant difference between the mean overall score of TEA and that of PFE and CIS (P < 0.001). 
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The results of the sensory evaluation suggest that preference of the most of the participants on the taste, color as well 
as the fragrance of the traditionally prepared extract is almost similar to Tea. But their preference for the taste, 
fragrance and the color of the beverages prepared instantly with powder of dried flowers or using sachets, was less 
than Tea.  
 
The chemical analysis done by GCMS showed that the flower extracts of A. marmelos extract contain several volatile 
compounds such as eugenol, 3-hexanol-4-methyl, Oxirane (2-methylbutyl) and Cyclopentanol-1-methyl[10]. These 
volatile compounds may contribute for the pleasant fragrance as well as the color and taste of the beverage. Tea is 
the most popular herbal beverage globally. The results of the current study suggest that the preference of the 
participants for the traditionally prepared infusion of dried flowers of A. marmelos is more or less similar to Tea. 
Therefore, if it is promoted among the population, there is a high possibility to accept it as a herbal beverage which 
can be consume routinely as tea. It will be a great advantage for the consumers as the infusion has been proved to 
possess many bioactivities which leads to a health life.  
 
The result of the previous studies revealed that the infusion is rich in many bioactive compounds such as tannins, 
flavonoids, anthocyanin, terpenoids,phenols and coumarins [10]. These bioactive compounds have been reported to 
exert wide range of biological activitiesincluding anti-oxidant, anti-inflammatory, anti-septic, anti-allergic and anti-
tumor, etc [11]. Therefore, routine consumption of the infusion of dried flowers of A. marmelos may leads to a 
healthier life of consumers. 
 
The questionnaire also assessed the maintenance of coolness to the body, muscle relaxation, and relieving of stress in 
participants after consumption of each beverage. The participants note down what they felt within 30 minutes after 
consumption of each beverage in the questionnaire. Majority of participants (60 %) felt a feeling of cooling 
throughout 30 min after drinking TPE, while it was 46.7% for TEA. It was only 36.7% and 26.7% for the PFE and CIS 
respectively. Among participants 33.3% and 46.7% felt a feeling of muscle relaxation within 30 min of consumption 
of TEA and TPE, while it was only 26.7% and 23.3% for the PFE and CIS respectively. The percentage of participant 
who had a feeling of relieving of stress throughout 30 min after consumption of TEA and TPE was 43.3% and it was 
only 23.3% was for the PFE and 16.7% for the CIS (Figure 01). 
 
The results of the current study scientifically proves that the traditionally prepared infusion is highly contribute for 
the coolness of the body after consumption. It also provide muscle relaxation and stress relieving in consumers. Our 
research group carried out a study on the effect of the hot water extract of the dried flowers of A. marmelos on 
Na+/K+ATPase activity in erythrocyte membrane of health humans. We observed Na+/K+ ATPase activity in 
erythrocyte membrane  was significantly enhanced after consumption of the hot water extract of the dried flowers of 
A. marmelos (unpublished data). The test result reflects that the test extract is involved in stimulating Na+/K+ ATPase 
in the body. This phenomena may be mediated for the refreshing properties and the muscle relaxation of the body 
after consumption of the beverage. The refreshing nature of the tea and traditionally prepared infusion is more or 
less similar but the results suggest that the infusion which prepared instantly did not meet the quality of 
traditionally prepared infusion. Therefore in order to obtain the best quality in fragrance, color, and taste as well as 
the refreshing properties of the beverage it should be prepared by the traditional method. 
 
Total antioxidant capacity 
The trolox equivalent antioxidant capacity was given as µmoltrolox/g of the extract. The Trolox equivalent 
antioxidant capacity (TEAC) for test extract was 1143.8 (µmol/g), while it was 1128.4 (µmol/g) and 1115.8 (µmol/g) 
for green tea and black tea respectively. Trolox equivalent antioxidant capacity assay measures total antioxidant 
capacity based on the ABTS decolonization. The antioxidant capacity of the test sample is given compared to the 
standard, Trolox. There is no significant difference (P > 0.05) between the total antioxidant capacity of the test extract 
and that of the black and green tea. This result reflects the antioxidant capacity is more or less similar to the activity 
of the black and green tea. Thus, the health effects exerted though the antioxidant capacity of the test infusion may 
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also similar to that of the consumption of teas. The previous studies done on black and green teas revealed, that they 
exert the effect against oxidative stress-related chronic diseases have been attributed in part to free-radical 
scavenging and metal-chelating activity[12]. The ingestion studies done on healthy volunteers observed that 
consumption of tea routinely has a clear impact on the enhancement of plasma total antioxidant activity of 
consumers [13]. A study done by Kyle et al. (2007) reported that the consumption of black tea was associated with 
significant increases in plasma total antioxidant activity as well as the plasma concentrations of total phenols, 
catechins, quercetin and kaempferol within 80 minutes of ingestion[14]. 
 
Thus, as the hot water extract of dried flowers of A. marmelos exerts in vitro total antioxidant capacity to a similar 
extent of the black and green tea, it may also exert similar effect in consumers’ body. Therefore, further studies are 
recommended to study the effect of this infusion on plasma total antioxidant activity as well as the concentrations of 
bioactive compound in healthy people, in order to confirm the health benefits. 
 

CONCLUSIONS 
 
The hot water extract of the dried flowers of A. marmelos is one of most popular traditional beverage used by Sri 
Lankan rural population to get refreshed during their laborious work. Results of the current study revealed that the 
traditionally prepared extract has appreciable oganoleptic properties and antioxidant activity which are comparable 
to that of black tea. But those properties of the extract prepared by the instant methods were not comparable to those 
properties of tea or traditionally prepared extract. Therefore, if it is promoted among the population, there is a high 
possibility to accept it as a herbal beverage which can be consume routinely as tea. It will be a great advantage for the 
consumers as the infusion has been proved to possess many bioactivities which leads to a healthy life. 
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Table 1: The percentages of scores obtained for Tea and traditionally prepared extract (TPE) 
 

 
Tea Traditionally prepared extract 

 Flavor Color Fragrance 
Overall 

score Flavor Color Fragrance 
Overall 

score 
Bad 0 0 0 0 0 0 0 0 
Not 

Satisfactory 
0 0 3.3 0 0 0 3.3 0 

fair 3.3 0 3.3 0 6.7 6.7 10 6.7 
Good 26.7 20 30 13.3 26.7 20 23.3 16.7 

Very good 26.7 43.3 33.3 53.3 40 53.3 50 56.7 
Excellent 43.3 36.7 30 33.3 26.7 20 13.3 20 

Between 80-100 % of participants rated the flavour, color and fragrance of Tea and TPE were under the category of 
excellent, very good or good. 
 
Table 2: The percentages of scores obtained for drink prepared instantly using powered flower (PFE) and 
commercially available sachets (CIS). 

Between 55 – 85 % of participants rated the flavour, color and fragrance of PFE and CIS were under the category 
of excellent, very good or good. For the CIS, none of participants categorized under excellent. 

 
 
 

 Drink prepared using powered flower Drink prepared using commercially available sachets 

 Flavor Color Fragrance 
Overall 

score Flavor Color Fragrance 
Overall 

score 
Bad 0 0 0 0 3.3 0 0 0 
Not 

Satisfactory 3.3 0 6.7 3.3 13.3 6.7 20 10 

fair 40 16.7 26.7 26.7 16.7 10 10 6.7 
Good 40 53.3 40 53.3 43.3 50 43.3 50 

Very good 10 16.7 16.7 13.3 23.3 33.3 26.7 33.3 
Excellent 6.7 13.3 10 3.3 0 0 0 0 
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Figure 01: Percentage of the participants felt a feeling of coolness, muscle relaxation and relieving of stress 
throughout 30 min after drinking traditionally prepared extract (TPE), powdered dried flowers (PFE), 
commercially available instant sachets (CIS) and unbranded black tea (TEA). The TEA and TPE showed a higher 
percentage for feeling of coolness, muscle relaxation and relieving of stress throughout 30 min after drinking, 
while the percentage for PFE and CIS were low. 
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Buckwheat flour and muskmelon seed flour are better supplier of nutrients and are rich in protein, carbohydrate, 
fiber, vitamins, minerals and antioxidants therefore these are used to develop the gluten free food product. This 
study aimed to explore the nutrient content of gluten free burfi as a functional food and to evaluate sensory 
attributes of the product. The gluten free burfi were prepared by using composite blends of buckwheat flour (BWF) 
and muskmelon seed flour(MSF) in different combination such as 50:0 (BWF) sample code T0, 40:20  (MSF 20%) T1, 
30:20 (MSF 20%) T2, 20:30 (MSF 30%)T3, and 10:40 (MSF 40%)T4 respectively. The experiment was replicated five 
times and Data obtained were then analyzed statistically using ANOVA at 5% level of significance by SPSS software 
version 0.25. Gluten free burfi were determined according to the AOAC methods, and their sensory attributes by 
using 9-point Hedonic Scale. Sensory properties of the samples revealed that, T4 had highly acceptable to control 
sample. A proximate test showed that sample T4 gluten free burfi contained protein (18.3%), carbohydrate (22.3%), 
and fat (36.9%), iron (7.8 mg) and energy value (493.7 Kcal/100g). The gluten free burfi gained acceptability in terms 
of sensory attributes hence was concluded to be a potential nutritious product for celiac disease with nutrient 
deficiency as well as for all vulnerable age group. Overall, the study leads to a development of a protocol and an 
innovative, nutritious sweet delicious product (gluten free burfi) with a view to popularize among other parts of the 
globe.  
 
Keywords:  Nutritional value, Gluten free, Buckwheat flour, Muskmelon seed flour, Sensory properties, Functional 
ingredients. 
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INTRODUCTION 
 
Food Based approaches are recognized as an essential part of an urgently needed more comprehensive strategy for 
improving nutrition by increasing the availability, health promoting functional ingredients into traditional recipes 
and consumption to combat nutrient deficiencies. In recent years, there has been increasing interest in the benefits of 
buckwheat as a raw base food material owing to its “re-discovered” nutritional quality for healthy life 
style. Buckwheat is a pseudo-cereal from the family of Polygonaceae used as a functional ingredient in the form of 
flour [1].  Buckwheat is rich in starch, lipids micronutrients as well as nutritionally valuable protein with a well-
balanced amino acid profile. Besides high-quality proteins, buckwheat flour contains bioactive components with 
healing benefits: flavonoids and flavones, phytosterol and thiamin-binding proteins. These are a source of dietary 
fiber, antioxidants, along with other health-promoting components such as phenolic compounds and sterols, which 
have attracted growing attention to buckwheat as a potential functional food [2]. Buckwheat is well known to 
contain high concentrations of rutin compared with other common plant foods [3]. Buckwheat or buckwheat-
incorporated products is associated with a wide range of health benefits, including anticancer, anti-inflammatory, 
hypoglycemic and hypocholesterolemic effects, although the specific bioactive components responsible for the 
beneficial effects of buckwheat [4]. Buckwheat has the potential of improving lipid metabolism and could be utilized 
as a functional food for the obviating of NAFLD and hyperlipidemia [5]. 
 
In addition, the absence of gluten makes buckwheat-containing products potential alternatives for patients suffering 
from celiac disease and as such has become a popular functional ingredient incorporated in diverse recipes/products 
with particular use in the gluten free market. Due to gluten free,  buckwheat or buckwheat enriched ingredients has 
increased significantly over recent years with many buckwheat-based products appearing globally [6]. Another 
ingredient for making the base of gluten free burfi was muskmelon seed flour. The seeds of muskmelon are generally 
considered as agro-waste and are spitted out in spite of having its high nutritional value as well as therapeutic 
benefits. Muskmelon seeds are a good source of lipids, proteins, dietary fibers and antioxidant properties in addition 
to their prebiotic [7,8]. Seeds are also rich in minerals such as magnesium, phosphorus, sodium, and potassium [9].  
In addition, the presence of flavonoids and phenolic compounds reaffirms that the muskmelon seed flour Cucumis 
melo L. has high antioxidant properties [10].  They contain significant amounts of lipids, mainly polyunsaturated fatty 
acids, especially linoleic and linolenicas well as considerable amounts of essential amino acids [11]. The seed flour 
has positive impact on growth; cardio protective effect, anti-diabetic effect, and anti-inflammatory, anti-obesity as 
well as it can be used as functional ingredients during food formulations. 
 
Burfi is a sweet, square shaped or rectangular Indian specialty prepared with khoa, fruit, pulses, cereals and millets. 
Once confined to household production, burfiis gaining an international market in recent years owing to its delicious 
taste, flavour and texture an also as a nutrition dense delicacy for consumers. The most popular varieties of burfiare 
mawa / khoa , mango, moongdal, coconut, pista ,chocolate, cashew, saffron and rava burfi. These ingredients can be 
used singly or in combination [12]. The present study designed the development of a burfi made from buckwheat 
flour and muskmelon seed flour, in the form of healthy gluten free sweets, is essential with the aim of producing 
functional foods. This product then can be used in patients of celiac disease as well as an effort to overcome the 
problem of nutrition-health, especially in communities in India. The gluten free burfi developed should be acceptable 
to celiac and all the groups i.e. convenient for everyone to carry and use. Therefore, a powdering process for this 
food may be a good way to maintain the existing of the product and keep it as ready-to- eat-food products, which 
contain 18% of protein with high-quality amino acid along with 493kcal/100g as energy dense sweets. 
 
Aim of the study  
The aim of the present study is to develop a gluten free nutritional sweet food product and to study its nutritional 
value with sensory properties. 
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MATERIALS AND METHODS 
 
Locale of the study 
The study was executed in the research laboratory of Nutrition & Dietetics, Faculty of Allied Health Sciences, SGT 
University, Gurugram and Haryana. 
 
Procurement of raw material 
The raw materials for preparation of buckwheat flour, musk melon seed flour, sugar powder, almond, ghee were 
purchased from the local market of Gurugram, Haryana. The raw material was carefully monitored and sorted out 
for any deformities or weeds present and stored at room temperature in glass containers. 
 
Design 
This research was pre-experimental design. Samples formation was at first started and first step was to divide the 
ratios. Sample burfi were divided into 5 types (formula) and the different ratios of two flour were taken detailed in 
(Table 1). The total numbers of trials were 30 in this study.  
 
Process and development of gluten free burfi  
Buckwheat seed and muskmelon seed was purchased from market and then it grinded in laboratory by mixer and 
grinder and roasted. Similarly almond were also grinded to powder form and roasted. Mixing of roasted ingredients 
with addition of sugar and ghee. It was cut into a desired shaped and kept in freezing for 10 minutes. The various 
operations involved in the preparation of burfi are detailed in (Fig. 1). Five types of smples are represented in (Fig.2). 
 
Sensory evaluation  
The sensory evaluation was carried out to find the overall acceptability of burfi. Gluten free burfi were analysed for 
different sensory characteristics like colour and appearance, body and texture, flavor and taste and overall 
acceptability and it was performed by a panel of 20semi - trained panelists from Faculty of Allied Health Sciences, 
SGT University, Gurugram ,Haryana(India). Sensory evaluation was carried out by using 9-point Hedonic rating 
scale (1 = dislike extremely, 9 = like extremely) was used for evaluating the appearance, body & texture, flavor, taste 
and overall acceptability of the gluten free burfi [13]. 
 
Nutrition composition of gluten free burfi 
Protein Content – 
Micro Kjeldahl Method  
The estimation of various gluten free burfi was done by Micro Kjeldahl method [14]. as described in (AOAC 2000). 
The following formula was used:  
N (%) = 1 ̊4(V2-V2) Normality of HCI ×250 (dilution)/ weight of Sample  

Where, 
(V2- V1) = Volume made of the digest  

Protein % = N% x Conversion factor (6.25)  
 
Crude fat  
The method of fat extraction was followed accordance with AOAC 1995 [15].  
Calculations                    
                                    Wt. of ether soluble material 
Crude fat (%) =        --------------------------------------- X 100  
                                              Wt. of sample  
Energy value  
The Energy value of the product was calculated based on given formula- 
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Energy value (Kcal/100 g) = (4 X Protein %) + (9 X Fat %) + (4 X Carbohydrate %)  
 
Total carbohydrate  
The total Carbohydrate was calculated by the difference method [16]. 
 
Iron  
Iron content of gluten free burfi was determined using atomic absorption spectrophotometer method [17]. 
 
Cost evaluation  
Cost of the developed products was analyzed based on input cost of different ingredients used for the preparation of 
the gluten free burfi. 
 
Statistical analysis 
The significant difference of mean value was assessed through analysis of variance ANOVA using a software SPSS 
version 25.0.  Mean and standard deviation was calculated for each sample and each parameter.  
 

RESULTS AND DISCUSSION 
 
Sensory properties of gluten free burfi 
Sensory analysis is an integral part of the development of products that fulfill consumer expectations. Sensory 
analysis was performed primarily to identify the gluten free bufi with the highest acceptability and to contribute to 
one’s understanding of consumer’s product selection. Gluten free burfi were evaluated for color and appearance, 
body and texture, flavor and taste, as well as overall acceptability of different sample presented in (Table 2).  In this 
study, it was observed that the colour and appearance, of the muskmelon seed flourenriched gluten free was 
perceived to be significantly different (p<0.05) from that of the control sample. It was also noticed that gluten free 
burfi with higher content of muskmelon seed flour(40g/ 100 g gluten free burfi) sample T4 had a stronger appeal 
than those with considerably lesser amounts. The research showed that the sensory acceptance of the cake developed 
using melon seed flour as an ingredient [18]. 
 
Body and texture of the gluten free burfi were mostly affected by blending of buckwheat flour and muskmelon seed 
flour used for making the different sample of burfi. It was found that there was an increase in body and texture score 
in the gluten free burfi sample T4 with increased levels of muskmelon seed flour highly acceptable by panelists. The 
results showed significantly (P≥0.05) difference from that of the control sample. The better flavor and taste, the more 
likely it is for the product to gain the acceptability of consumers. It was observed in the study that sample T4 had 
highest flavor and taste score. The results observed significantly (P≥0.05) difference from that of the control sample. 
All samples had mean scores that ranged from ‘like slightly’ to ‘like very much’.  Samples did not fall into the 
category of dislike or neither like nor dislike. Sample T4 had the highest overall acceptability, which significantly 
vary (p<0.05) from the control sample. It was found that gluten free burfi sample T4 with mixing of 40 % muskmelon 
seed flour and10 % buckwheat flour was the most favorite product by panelists based on sensory analysis which was 
indicated by the highest value in terms of, color and appearance (8.05±0.76), body and texture (7.9±0.72), flavor and 
taste (7.9±0.72), so that more accepted by the control sample. Sensory markers can affect the level of preference and 
quality of food products. The incorporation of health promoting functional ingredients such as buckwheat into 
traditional recipes are often complemented by the evaluation of appearance, aroma, taste and texture as well as 
overall quality through standardized procedures involving trained judges or consumer panels [19]. 
 
 
Nutrition composition of gluten free burfi 
Proximate composition of gluten free burf made from BWF-MSF blend is shown in (Table 3).Thepresent study, there 
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was increase in the protein content of the product with the incorporation of muskmelon seed flour. The control 
sample was found to have 11.1±0.35g-protein/100 g sample. It was noticed that the highest protein content, 18.3±0.26 
g/100 g of gluten free burfi, was found in the variant containing 40g muskmelon seed flour/ 100 g sample T4. The 
protein content of the enriched was subject to the quantity of muskmelon seed flour, which helped as an increased 
protein in the gluten free burfi. Statistically significant difference (p≤0.05) was observed in the protein content of 
gluten free burfi.  Buckwheat flour and muskmelon seed flour which are good sources of protein, also contributed to 
its increase in the gluten free burfi. Buckwheat proteins may show a strong supple- mental effect due to the well-
balanced amino acid composition [20].  
 
The fat content of the samples ranged from 23.5±0.035-g/100 g T0 to 36.9±0.2826-g/100 gT4. It was found that  samples 
of gluten free burfi had  high  fat content. There was a gradual increase in fat content with increasing composition of 
muskmelon seed flour and vice versa. It was found that the high levels of fat content from sampleT4 containing (40g 
muskmelon seed flour/ 100 g) with increased levels muskmelon seed flour, which is known as high fat content. The 
results showed significantly (P≥0.05) difference was found in fat content among the samples. The carbohydrates 
content in the gluten free burfi were mostly contributed by sugar, buckwheat flour and muskmelon seed flour. The 
total carbohydrate content was found to be 45.0±0.2 g/100 g in the control sample containing 50g buckwheat 
flour/100g, while the lowest carbohydrate content was at 22.3±0.18 g/100 g, found in sample (T4) which was made 
with 40g muskmelon seed flour/ 100 g sample. It was concluded that there was a significant increase in the total 
carbohydrate content of the variants enriched with buckwheat flour. There was significant difference (P≤0.05) 
observed among the samples. Formulated products like biscuits, chapaties and namakpar using buckwheat flour 
which have low glycemic index, these developed foods was beneficial for  diabetes patients [21] .   
 
The iron content of the samples ranged from 2.69±0.34-mg/100 gT0 to7 .85±0.1926-mg/100 g T4.  The sample T4 had 
highest iron content from that of the control sample. It was found that with the increase in the muskmelon seed flour 
proportion in the blends, there was increase in iron content of gluten free burfi. The analysis of variance showed 
significant differences (P≤0.05) among the samples. Energy value of control as well as treated sample were calculated 
and found to be 436.9, 451.1,464.8,479.5,and 493.7±0.5 for TO, T1, T2, T3 and T4 respectively. The analysis of variance 
showed that there was significant difference (P≤0.05) among the samples.The addition of buckwheat in wheat flour, 
may not only improve the physico-chemical and functional properties of the blended flour but may also enhance the 
nutraceutical potential of the product prepared from it [22]. 
 
Cost of the product 
The cost of this gluten free burfi is a crucial parameter for marketing of this product. Hence, it is calculated based on 
the current market price of raw ingredients used in the development of gluten free burfi. Highest cost of product (89 
Rs) was recorded in sample T4 followed by T0 (57 Rs) ,T1( 65 Rs), T2 (73 Rs) and T3 (81Rs) respectively. 
 

CONCLUSION 
 
From our study, it can be concluded that the addition of muskmelon seed flour and buckwheat flour enhances the 
nutritional composition, in reference to energy, protein, fat and iron as well as functional  and sensory  properties of 
gluten free burfi.Nutritional properties were also significantly affected. Buckwheat and muskmelon seed flour flour 
could be a potential raw material for gluten free burfi with improved bioactivity potential. This product is gluten free 
hence it can be a good option/ choice for people having celiac disease and under nutrition. Gluten-free food products 
for celiac sufferers are essential for healthy living.The gluten free burfi can be useful in diseases where 
macronutrients and micronutrients are needed. Therefore, the newly developed gluten free burfi with balanced 
nutrition composition is beneficial to society as well as our food industry. This study may provide scope for the 
utilization of buckwheat flour and muskmelon seed flour in other food products. 
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Table1: Formulation of gluten free burfi of different sample combinations. 
 

Ingredient T0 T1 T2 T3 T4 
Buckwheat seed flour 50g 40g 30g 20g 10g 
Muskmelon seed flour - 10g 20g 30g 40g 

Ghee 10g 10g 10g 10g 10g 
Sugar 20g 20g 20g 20g 20g 

Almond 20 g 20g 20g 20g 20g 
T= treatments, g= grams 
 
Table 2: Sensory properties of gluten free burfi 
 
S. No. Parameters T0 T1 T2 T3 T4 

1. Colour & appearance 7.25±0.55 7.75±0.72 7.1±0.55 6.3±1.03 8.05±0.76 
2. Texture 7.15±0.49 7.6±0.68 7.1±0.55 6.4±0.66 7.9±0.72 
3. Flavour& taste 7.1±0.55 7.7±0.66 7.1±0.55 6.4±0.82 7.9±0.72 
4. Overall acceptability 7.2±0.39 7.6±0.64 7.1±0.42 6.38±0.55 7.95±0.66 

*Values are presented Mean ± SD from the samples of gluten free burfi.  
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Table 3: Nutrition composition of gluten free burfi. 

S. No. Parameters T0 T1 T2 T3 T4 
1 Energy value (kcal/100g) 436.9±0.37 451.1±0.47 464.8±0.31 479.5±0.39 493.7±0.5 
2 Total carbohydrate (g) 45.0±0.2 39.3±0.23 33.6±0.23 28.0±0.29 22.3±0.18 
3 Protein (g) 11.1±0.35 12.9±0.46 14.7±0.33 16.5±0.26 18.3±0.26 
4 Fat (g) 23.5±0.035 26.9±0.29 30.2±0.33 33.6±0.26 36.9±0.28 
5. Iron (mg) 2.69±0.34 3.98±0.28 5.27±0.29 6.56±0.28 7.85±0.19 

*Values are presented Mean ± SD from  the samples of gluten free burfi. 

 
Fig 1: Flow sheet for the process development of gluten free burfi enriched with buckwheat and muskmelon seed 

flour 
 

 
Fig 2. Formulation of five type samples of gluten free burfi enriched with buckwheat and muskmelon seed flour 

Akanksha Yadav et al. 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33173 
 

   
 
 

 

Some Applications of Semi Group Theory 
 
Mantha Srikanth1,2* and G. Shobhalatha3 

 

1Research Scholar, Department of Mathematics, Sri Krishnadevaraya University, Ananthapuramu, 
Andhra Pradesh, India. 
2Assistant Professor, Department of Mathematics,  Malla Reddy Engineering College (Autonomous), 
Hyderabad, Telangana, India. 
3Professor, Department of Mathematics, Sri Krishnadevaraya University, Ananthapuramu, Andhra 
Pradesh, India. 
 
Received: 04 Jun  2021                              Revised: 06 Jun 2021                                   Accepted: 10 July 2021 
 
*Address for Correspondence 
Mantha Srikanth 

Assistant Professor, Department of Mathematics, 
Malla Reddy Engineering College (Autonomous), 
Hyderabad, Telangana, India. 
E.Mail: manthasrikanth9@gmail.com 

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 
(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. All rights reserved. 
 
 
This paper deals with some applications of semi groups in the various fields. Consider such applications 
Partial differential equations; automate theory, biology, formal language, sociology, network analogy, 
etc. 
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INTRODUCTION 
 
In mathematics, a semigroup is an algebraic structure consisting of a set together with an associative binary 
operation. The binary operation of a semigroup is most often denoted multiplicatively : ‘a.b’, or simply ‘ab’, denotes 
the result of applying the semigroup operation to the ordered pair (a,b). Associativity is formally expressed as that 
(ܽ.ܾ). ܿ = ܽ. (ܾ. ܿ) for all a,b and c in the semigroup.The theory of finite semigroups has been of particular importance 
in theoretical computer science since the 1950s due to the natural link between finite semigroups and finite 
automata via the syntactic monoid. In probability theory, semigroups are associated with Markov processes. In other 
areas of applied mathematics, semigroups are fundamental models for linear time-invariant systems. In partial 
differential equations, a semigroup is associated to any equation whose spatial evolution is independent of time. The 
areas of applications of such as Partial differential equations, formal languages and the software use the language of 
recent algebra in terms of Boolean logic, semigroups et al..But also parts of other area like biology, biochemistry and 
sociology. 
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The theory of automata has its origins within the work by Turing (Shannon 1984 and Heriken 1994). Turing 
developed the theoretical concept of what’s now called Turingmachines, so as to offer computability a more concrete 
and precise meaning. Many various parts of pure mathematicians are used as tools like abstract algebra, universal 
algebra, lattice theory, graph theory and therefore the theory of algorithms.The beginning of the of formal languages 
can be traced Chomsky, who introduced the concept of context-free language so as to model natural languages in 
1957.  Semigroups are often utilized in biology to explain certain aspets within the crossing of organisms, in genetics 
and in consideration of metabolisms. The expansion of plants are often described algebraically in Hermann and 
Rosenberg (1957). Language theory is employed in cell – development problems, as introduced by Lindenmayes 
(1968), Hermann and Rosendalg (1975). Sociology includes the study of human interactive behavior in group 
situations, especially in underlying structures of societies. Such structures are often revealed by mathematical 
analysis. This means how algebraic techniques could also be introduced into studies of this type. 

 
Applications of Semi groups 
 
Semi groups - partial differential equations 
Semigroup theories are often wont to study some problems wthin the field of partial differential equations. Roughly 
speaking, the semigroup approach is to regard a time-dependent partial differential equation as an ordinary 
differential equation on a function space. 
 
For example, consider the subsequent initial/boundary value problem for the heat equation on the spatial interval (0, 
1) ⊂ R and times t ≥ 0: 
 

 ቐ
߲௧ݐ)ݑ, (ݔ = ௧߲

ଶݐ)ݑ, ݔ           ,(ݔ ∈ (0,1), ݐ > 0;
,ݐ)ݑ (ݔ = ݔ                             , ∈ {0,1}, ݐ > 0;
,ݐ)ݑ (ݔ = ݔ                   ,(ݔ)ݑ  ∈ (0,1), ݐ = 0.

 

 
Let ܺ =    of square-integrable real-valued functions with domain the intervalܮ ଶ((0,1)ܴ) be theܮ
(0, 1) and let A be the second-derivative operator with domain 
(ܣ)ܦ = ݑ} ∈ (0)ݑ/ଶ((0,1);ܴ)ܪ = (1)ݑ = 0}, 
  
Where ܪଶ is a Sobolev space. Then the above initial/boundary value problems are often interpreted as an initial value 
problem for an ordinary differential equation on the space X: 
 

൜̇ݑ
(ݐ) = ;(ݐ)ݑܣ 

(0)ݑ =  .ݑ        

 
On a heuristic level, the answer to the present problem "ought" to be (ݐ)ݑ = ݁(௧)ݑ. however, for a rigorous 
treatment, a meaning must tend to the exponential of tA. As a function of t, ݁(௧) is a semigroup of operators 
from X to itself, taking the initial state ݑ. at time t = 0 to the state (ݐ)ݑ = ݁(௧)ݑ. at time t. The operator A is said to be 
the infinitesimal generator of the semigroup. 
 
Semi groups - Biology 
Semi groups are often utilized in biology to explain certain aspects in the crossing of organisms, in genetics, and in 
consideration of metabolisms.  
 
Example 
In breeding a strain of cattle, which can be white or red monochromatic or spotted, it’s known that white is dominant 
and red receive which monochromatic is dominant over spotted. Thus there are four possible sorts of cattle in this 
herd.  
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x = white monochromatic  
y = white spotted  
z = Red monochromatic 
w = Red spotted.  
Due to dominance, in crossing a white spotted one with a red monochromatic one, we expect a white monochromatic 
one.  
This will be symbolized by  
ݖ  ݕ =  .The operation ‛o ’can be studied for all possible pairs to get the table .ݔ

 x y z w 
x x x x x 
y x y x y 
z x x z z 
w x y z w 

 
Then  ܣ =  .is a semi group with identity element w {ݓ,ݖ ݕ,ݔ}
 
Semi groups – Sociology 
 
Sociology includes the study of human interactive behavior in group situations, especially in underlying structures 
of societies. Such structures are often revealed by mathematical analysis. This means how algebraic techniques could 
also be introduced into studies of this type.  
 
(S(A), *) is called the relation semi group on A. The operation ‘o’ is called the relation product, where A is a monoid. 
A kinship system may be a semi group R = {X, A} where A is a relation on X, which express equality of kinship 
relationships. 
 
Example 
Let the Kinship system R = {X, A} be defined by 
X = {U = (“is mother of”), V = (“is son of”)}, 
R = {(UU, U), (UV, VU), (VV, V)}. Let x,y,z be the equivalence class of U, V and UV respectively. Now “o” is given by 
 

 x y z 
x x z z 
y z y z 
z z z z 

 
Then (R,o) is a semi group. 

 

CONCLUSION 
 
We’ve seen different areas of applications of semi groups. We identified some examples in biology, sociology and 
partial differential equations etc. Further we would like to review some more structures of semi groups which can 
find applications in several areas. 
 
 

Mantha Srikanth and Shobhalatha 
 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33176 
 

   
 
 

REFERENCES 
 
1. Wikipedia Encyclopedia.  
2. Boyd, J. P., Haehl,J. H. and Sailer,L.D. “Kinship Systems and Inverse semigroups”,J.Math.Sociol.76,(1972), 37-61. 

(Google Books).  
3. Clifford, A. H. and Preston, G. B. “The algebraic theory of semigroups”, Math.Surveys No.7,Amer.math.soc., Vol. 

I, (1967). (Google Books).  
4. Clifford, A. H. and Preston, G. B. “The algebraic theory of semigroups”, Math.Surveys No.7,Amer.math.soc., Vol. 

II, (1967). (Google Books). 
5. P.Sreenivasulu Reddy & Mulugeta Dawud.  “Applications of semigroups”, Global Journal of Science Frontier 

Research: F Mathematics and Decision Sciences. Vol.15, Issue 3, version 1.0, year 2015. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mantha Srikanth and Shobhalatha 
 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33177 
 

   
 
 

 

Ecological and Breeding Behaviour of Selected Anurans in India: A 
Review 
 
Bhagyashree. Panda* and Siba Prasad Parida 
 
Department of Zoology, School of Applied Science, Centurion University of Technology and 
Management, Bhubaneswar Campus, Odisha, India. 
 
Received: 14 May 2021                              Revised: 21 May 2021                                   Accepted: 10 June 2021 
 
*Address for Correspondence 
Bhagyashree. Panda 
Department of Zoology,  
School of Applied Science,  
Centurion University of Technology and Management,  
Bhubaneswar Campus, Odisha, India. 
Email: lucky.panda79@gmail.com 

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 
(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. All rights reserved. 
 
 
Anurans are mostly wetland species and found near perennial water. Some are found on trees, in tree 
holes and in house. Foam nest of anurans of Rhacophorids is adhered to twigs above the water level. 
Anurans of Ranid family are found in permanent ponds rich with hydrophytes or thick vegetation 
nearby. If we study the nature, anurans of Rhacophorids are mostly arboreal and frequently encountered 
near the habitation of human. In anurans, vocalizations of the male and tactile cues are important in 
courtship and mating. Sound production is an important reproductive fraction of male anurans. Species 
specific advertisement calls attract females for breeding and announce to other males that a given 
territory is occupied. Most anurans are normally solitary but large breeding aggregations are found 
during the spring or rainy season. Amplecting pairs of Ranid move and lay eggs in scattered manner 
which adhered to aquatic plant. Construction of foam nest and parental care is important characters of 
rhacophorid anurans. Inspite of close relationship between the families, difference in ecological niche, 
habitat and breeding behaviour is prominent. 
 
Keywords: foam nest, amplecting pair, Arboreal, parental care, advertisement calls 
 

INTRODUCTION 
 
Information on systematics, natural history, distribution, description and various other biological data of Indian 
anurans have been published by Guenther, Ahl, Parker, Rao, Daniel, Pillai and Chanda, Inger and Dutta, Daniel and 
Sekar [1][2][3][4][5][6][7][8]. Amphibians are grouped into three orders: Caudata (Urodela), Gymnophiona or Apoda 
(Caecilia) and Anura (Salientia) and they represent 5150 species all over the world, and 209 species in India Among 
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amphibians, the order Anura forms the largest living order, which constitutes total of 4120 species under 17 families 
and 248 genera are known from the world, of which only 180 species under 6 families and 24 genera have been found 
from Indian region [9]. The amphibian fauna of India constitute 210 species [10][11]. The Ranids are represented by 
90 species and the majority of the species are the inhabitants of wetlands and they may be facultative and obligatory 
aquatic animal. Either temporary or permanent rainwater pools are utilised by these species for breeding. However, 
variations in the time period of breeding and resource utilization of such species are noticed. In addition, the larval 
forms of several sympatric species are morphologically similar. As most of the Indian ranids are the inhabitants of 
wetlands and some of them also live in similar environmental conditions, it is necessary to know more about the 
variations and similarities in their morphology and biology. Publication by Boulenger [12][13][14][5] , Chanda [16], 
Daniel [17][18][19][20], Rao [21] provide data on the above parameters. Dutta et al [22] established size analysis of 
Rana crassa. Rath [23] reported a detailed account on the morphometric analysis of Polypedates maculates for the first 
time. Sex ratio of Indian anurans was studied by Mohanty- Hejmadi and Dutta [24] who reported the sex ratio of 
Rana tigerina. Kalb and Zug[25] provided data on age estimation of Bufo americanus. Twenty nine modes of 
reproduction were identified among the anurans [26]. Publications of Mc Cann [27], Inger and Greenberg [28][29], 
Basu[30], Dutta[31] and Platt[32] described reproductive behaviour of asciatic anurans. There could be of two types 
of reproductive pattern, continuous (acyclic) and potentiality continuous (seasonal) breeder [33]. The acyclic species 
are abundant to the area where temperature, humidity and rainfall are quite high. The seasonal breeders are 
confined to areas where there is fluctuation in temperature, humidity and rainfall. Majority of anurans of odisha fall 
within the limits of the second category. Ratio of clutch size to body weight serves as a useful approximation of 
reproductive effort [34]. A detailed study on the ontogeny of teeth row structure of Indian anurans was by Dutta and 
Mohanty-Hejmadi [35]. There are series of papers on life history and development of Indian anurans [36][37][38][39]. 
Seshadri et al [40] observed a new reproductive mode in the white spotted bush frog, Raorchestes chalazodes who 
breeds and lays eggs in live bamboo with narrow openings. The reproductive mode of anurans includes oviposition 
site, clutch characteristics, developmental mode, stages and type of parental care, if any. Utilisation of similar habitat 
but different breeding behaviours are observed in between the allied families. 
 
Body form and size of anurans 
Since the time of Darwin [41] body forms and sizes of organisms have been considered which are determined by the 
powerful forces of natural selection, and may mirror a wide range of ecological interactions. Size of animals is an 
evolutionary response to demands of the immediate environment, related to key life history traits, such as fecundity, 
foraging, locomotion and reduction of predation, desiccation, heating and cooling. Optimal size, according to 
Phillipson [42] is dependent on competitive abilities and survival probabilities of the various size and age classes. 
However, large species tend to appear later in a groups evolutionary history and an exception being the Amphibia 
[43]. Within ecological communities, environmental resources are partitioned according to dimension and 
differences in comparative sizes of the organism [44][45][46]. Infact such apparent differences were reported much 
earlier by Hutchinson [47], who found constant differences in the ratio of linear dimension of the trophic (feeding) 
apparatus among closely related sympatric species. 
 
Nature of habit and habitat 
Rhacophorids are arboreal frogs with long limbs and enlarged toe pads for holding on to leaves and branches of 
trees, and some genera have extensive webbing on the hands and feet inhabit in dense forest of the Western Ghats 
and Eastern Himalayas. Frogs of rhacophorids family have horizontal pupil, free and deeply notched tongue. They 
possess specialized breeding habits and build foam nests on rocks or vegetation overhanging water bodies. The 
tadpoles drop into the water for further development at the time of hatching. The Rhacophoridae of India comprises 
of two subfamilies (Rhacophorinae and Philautinae) and five genera (Rhacophorus, Polypedates, Philautus, Chirixalus 
and Theloderma). Two species of the genus Polypedates, five species of the genus Rhacophurus and six species of the 
genus Philautus from Northeast India have been reported by Sen[48]. Ranids are found in restricted pockets where 
permanent source of stagnant water is observed. Liem [49] and Taylor [50] described that Polypedates live in trees and 
tree holes or among grass and weeds near water. McCann [51] suggested this species lives near perennial water and 
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in house where water is at hand and can be seen all the year round. Anurans found in Odisha are seasonal breeders 
and observed in areas with temperature and rainfall fluctuation. 
 
Morphometry 
Lack of data on morphometries of Indian anurans is mainly based on the size analysis from systematic description. 
Mohanty-Hejmadi and Dutta [24] reported the size correlation of the Indian Bull frog, Hoplobatrachus tigennus. 
Shaffer [52] published the data on the size and scaling in the Indian frogs Nyctibatrachus and Nannobatrachus 
(Ranidae). Rath [23] studied on Polypedates maculatus and Das [53] reported on Tomopterna rolandae. Das [54] has also 
given the data on size gradation in sympatric frogs in South India. 
 
Sex ratio 
Sex ratio analysis are rather limited with regard to Indian anurans. For statistical analysis significant number of 
specimen of both sexes of any species of 3 are required. The first study Mitra and Ray [55] studied on the sex ratio of 
the Indian anurans and reported on the sex ratio of Bufo melanostictus. Mohanty- Hejmadi and Dutta [56] described 
the sex ratio of H tigennus. Abdulali [57][58] reported the sex ratio of the same species from Western India. A report 
on sex ratio were studied on H crassus by Dutta et al [22] which is closely related to H tigennus. A study on sex ratio of 
another ranid, L limnochans by Mohanty [59]which lives in sympatry with H tigennus and H crassus. Excluding the 
above ranid, the study of a burrowing ranid, T rolandae has been reported by Das [53] and of a rhacophorid, P 
maculatus has been reported by Rath [23]. 
 
Clutch size 
Reproductive pattern and clutch size of amphibians are well studied for temperate climate species 
[60][61][62][63][64]. However, the information is available on the annual reproduction of tropical species of anurans 
from Southeast Asia is, Bufo melanostictus in Java [65] and Singapore [66], Rana cancnvora in Java [67] L limnochans in 
Singapore [66] Rana erythraea in Borneo[68] Kaloula pulchra, Microhyla butlen, Microhyla heymonsi and Leptobrachium 
mgrops in Singapore [66] Rana blythi, Rana macrodon, Rana ibanroum, Rana hosei and Amolops charganensis in 
charganensis in Borneo[69]. A series of papers on the egg per clutch of Hyla tigerinus, L limnochans, Hyla crassus, Rana 
vanegata, Bufo melanostictus, Polypedates maculatus and T rolandae by Das [53], Dutta [70], Dutta and Mohanty-Hejmadi 
[37], Dutta et al[56][31], Mohanty [59] , Mohanty-Hejmadi and Dutta[71] , Rath [23] are available with regard to 
Indian anurans. 
 
Reproductive cycle 
Data on reproduction and breeding of Indian anurans are limited to only few species (Bufo melanostictus, 
Hoplobatrachus tigerinus, Hoplobatrachus crassus, Euphlyctis cyanophlyctis, Euphlyctis hexadactylus, Polypedates maculatus, 
Tomoptera rolandae and Microhyla ornata [72][73][74][75][76][77][78][79][53][37][80][81][33] [82][83][84][85][86][87] [71] 
[88][89][90][91][92]. Reproductive pattern could be of two types, continous (acyclic) and potentially continuous 
(seasonal) breeders [33]. Premating congregation has been observed in both groups of ranids and rhacophorids. 
Construction of foam nest in rhacophorids has been reported by Ikeda [93] and Bhaduri [94]. The seasonal breeders 
are confined to areas where there is fluctuation in temperature, humidity and rainfall and the acyclic species are 
restricted to the areas where the temperature, rainfall and humidity are high. Majority of the anurans of eastern India 
lie under of first category. A senes of papers report the patterns of testicular and ovarian activity of some Indian 
Anurans [94][95][96][97]. The reproduction in anurans begins when a male clasps a female in a process called 
amplexus and sheds sperm over the eggs as they are being extruded from the female into the water. Fertilization is 
almost always external and eggs and larvae are typically aquatic in nature. Oviposition and fertilization are 
accomplished by synchronized movements by both partners. First the female chooses the oviposition site in an 
amplexus. The male maintains a close contact with the dorsum of the female in arboreal oviposition and we will find 
a juxtaposed vents. To avoid predators of larvae female frogs of several species select oviposition sites or conspecific 
eggs or larvae [97][98][99][100][101]. Some amphibians lay their eggs while others lay eggs and guard them by 
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showing parental care. The external fertilization and development of their eggs make them a prime candidate for 
investigations involving biological and mechanical manipulations 
 
Anuran communication with respect to breeding behaviour  
In anurans, vocalizations of the male and tactile cues are important in courtship and mating. Sound production is an 
important reproductive fraction of male anurans. Advertisement calls attract females for breeding and announce to 
other males that a given territory is occupied. Advertisement calls are species specific, and any one species has a very 
limited repertoire of calls. Most anurans are normally solitary but they often come together in large breeding 
aggregations during the spring or rainy season [99][100]. Anurans depend on acoustic communication to attract 
mates and advertise territory ownership. The hypertrophied muscles of male frogs can be used as sexually selected 
trait, driven by competition among males for attracting females. Anurans have high calling rates and they posses 
highly aerobic muscles with high mitochondrial and capillary densities. Most male anurans have advertisement calls 
to advertise their species identity, sexual receptivity, and spatial location to females and to other males. During close-
range courtship interactions males of some species change advertisement calls with females, and in some species, 
females respond with calls of their own. There is lack of knowledge of both male and female courtship calls and 
much more common than currently recognized. [104] 
 
Tadpole characteristics 
The tadpoles are radiated into a variety of microhabitat and modes of life has been accompanied by modification of 
their ovoidal body form [105][106]. Morpholgical structures of tadpoles show the differentiation between ranids and 
rhacophorids and in between two species of ranids. When larval mouth structures are lost, forelimbs emerge and the 
mouth takes on adult form as the tail begins to shorten [107]. The oral teeth rows and structures are quite variable 
between tadpole of two different species. The detailed study on the ontogeny of teeth row structures of Indian 
anurans, H. tigerinus is reported by Dutta and Mohanty-Hejmadi [108]. Agarwal and Niazi [109] studied on the 
development of mouth parts of the same species. There are various publications on the oral structure or teeth row 
formula of several Indian anurans. Oral morphology of anuran tadpoles differs specifically reflecting adaptive 
radiations of each species. Basic elements constituting the oral disc are same in tadpoles belonging to different genera 
and families. Tadpoles are permanently herbivores, they become opportune carnivores occasionally supplementing 
their carbohydrate rich primary diet with protein by feeding on dead tadpoles and other animals, a bid to hasten 
development [110]. 
 

CONCLUSION 
 
If Comparative analysis on the nature of habit, habitat, breeding biology, anatomical peculiarties, and development 
of anurans of different families will be worked out, the study will add to conservation of the species. 
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Figure 1: Generalized diagram of the three types of spermatogenetic cycle displayed in anuran 
species [103].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2      Figure 3 
Calling males of some anurans in which vocal communication (Fig.2) Hyla ebraccata (Hylidae). 
(Fig.3) Hyla microcephala (Leptodactylidae) has been studied [104]. 
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Figure 4      Figure 5 
Calling males of Eleutherodactylus coqui (Leptodactylidae) (Fig.4) and Physalaemus pustulosus 
(Leptodactylidae) (Fig.5) in which vocal communication has been studied [104].  
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Cyber security is that the world that deals with protecting from cyber terrorism. Cyber-attacks 
include access control violations unauthorized intrusions and denial of service also as insider 
threat. Security of a data or information system is its vital property especially today when 
computers are interconnected via internet. Because no system is often absolutely secure the timely 
and accurate detection of intrusions is important. For this purpose, Intrusion Detection Systems 
were designed. The IDS together with data processing can provide the safety with next level data 
processing is that the process of posing queries and extracting patterns, often previously unknown 
from large quantities of data using pattern matching or other reasoning techniques. This Paper 
gives the over view of the various data processing techniques which may be utilized in Cyber 
security for intrusion detection. 
 
Keywords: Cyber security, Intrusion Detection System, Data Mining. 
 

INTRODUCTION 
 
Cyber security cares with protecting computer and network systems from corruption owing to malicious 
software including Trojan horses and viruses. Data processing for cyber security applications for instance, 
anomaly detection techniques might be want to detect unusual patterns and behaviours. Data processing or 
mining is that the process of identifying patterns in large datasets. Data processing techniques are heavily 
utilized in research project also as in business, mostly to collect statistics and valuable information to improve 
customer relations and marketing strategies. In this paper, we specialise in data processing application for 
cyber security. To grasp the mechanism to be adopted so as to safeguard the computers and network, it's 
imperative to know the kinds of threats that endanger the cyber network. 
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Cyber Security  
Cyber security is about of rules and technologies which are mean to guard our systems, network, and data 
from unauthorized access, attacks, and unwanted interrupts. they're aim to take care of the confidentiality, 
integrity, and availability of data and knowledge management systems through various cyber defence 
systems. To safe the cyber infrastructure against possibly malicious threats, a rising collaborative effort 
between cyber security professionals and researchers from institutions, private industries, and various 
agencies has engaged in abusing and designing a spread of cyber defence systems. Cyber security systems are 
composed of network security systems and host security systems. Each of those has, firewall, antivirus software, 
and an intrusion detection system (IDS). IDS discover, determine, and identify unauthorized use, duplication, 
alteration, and destruction of data systems [1].The second line of cyber defence consists of reactive security 
solutions, like intrusion detection systems (IDSs). IDSs detect intrusions supported the knowledge from log 
files and network flow, in order that the extent of injury is often determined, hackers are often tracked down, 
and similar attacks are often prevented within the future. data processing or knowledge discovery (KDD) may 
be a method want to analyse data from a target source and compose that feedback into useful information. In 
cyber security data processing techniques are getting used to spot unsure conditions. 
 
Cyber Terrorism, Threats and Malicious Software  
Now a days internet has allowed for a huge exchange of data. Thus, has created a cyber space during which 
terrorists can implement attack. Cyber-terrorism, consistent with the O’ Leary (2010) is committed through the 
utilization of cyberspace or computer resources. This use of cyber space leads to there not being simply a 
physical threat of terrorism. Janczewski, & Colarik (2008) defines cyber terrorism as: “Cyber terrorism means 
pre-mediated, politically motivated attacks by sub national groups or clandestine agents or individuals 
against information and computer systems, computer programs, and data that leads to violence against non-
combatant targets.” Cyber Terrorism is one among the main threat to world now. Over recent decades, it's 
become apparent that our society is becoming increasingly information technology dependant. 
 
For instance, of banking system. If surprise attack such a system and deplete accounts of funds, then the bank 
could lose millions or billions of dollars. Crippling the pc system many hours of productivity might be lost, 
which is ultimately like money loss. Even an easy power outage at work could cause several hours of 
productivity loss which ends in loss. Therefore, it's imperative that our data system might be secured. Threats 
can occur from outside or inside a corporation. Malicious software are the codes or procedures or programs 
which are mean to damage the systems, networks, clients and servers, databases. The most common sorts of 
this are virus, warms, trojan horses. Intruders try to tap into network and get vital information. It is often a 
person's or malicious software set by humans. 
 
Data Mining  
In general, it's a process that involves analysing information, predicting future trends, and making proactive, 
knowledge-based decisions supported large datasets. It is a process that involves scanning the knowledge, 
predicting future trends, and making the knowledge-based decisions supported large datasets. Data mining 
consistent with Silltow (2012) automates the detection of relevant patterns during a database, using defined 
approaches and algorithms to seem into current and historical data which will then be analysed to predict 
future trends. 
 
While the term data processing is typically treated as a synonym for Knowledge Discovery in Databases 
(KDD), it’s actually only one of the steps during this process. The main goal of KDD is to get useful and 
sometimes previously unknown information from large sets of knowledge. Due to the supply of huge 
amounts of knowledge in cyber infrastructure and increasing number of cyber criminals attempting to realize 
unauthorized access to the information, there's need of capabilities to address the challenges of cyber security. 
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Data mining tools predict future trends and behaviours by reading through database for hidden patterns, 
learning these behaviours is vital, as they will identify and describe structural patterns which helps to get the 
knowledge on the idea of that data, and helps the organization to answer the questions that were too time-
consuming perversely. Data mining application for cyber security is that the use of knowledge mining 
techniques to detect cyber threats. Data mining with the mixture of machine learning is being applied to 
problems areas like intrusion detection and auditing in cyber security and which is extremely effective 
technique. In recent years, many IT industry giants like Comodo, Symantec, and Microsoft have started using 
data processing techniques for malware detection. 
 
Data Mining Methods for Cyber Security 
This segment labels the different Data Mining methods for cyber security. 
 
Association Rule  
The association rule mining discovers the relationship among variables in database. Consider an example IF 
(P AND Q) THEN S. This rule implies that IF P and Q are present, then it is also presence of S. Association 
rules have metrics that tell how often a given relationship occurs within the data. Association Rule Mining 
was introduced by Agrawal et al. [2] as how to get interesting co-occurrences in supermarket data. It finds 
frequent sets of things (i.e., combinations of things that are purchased together in a minimum of N 
transactions within the database), and from the frequent items sets such as {A, B}, generates association rules 
of the form: A → B and/or A → B. 
 
Clustering 
Clustering is employed to assign the similar data object in groups called clusters in order that the objects in 
one cluster are more almost like one another than objects in other clusters. In simple word this process is 
employed to spot data items that have similar characteristics. Clustering [4] may be a set of techniques for 
locating patterns in high-dimensional unlabelled data. The main advantage of clustering for intrusion 
detection is that it can learn from audit data without requiring the supervisor to supply explicit descriptions 
of varied attack classes. 
 
The decision tree technique  
The decision tree may be a tree like structure having leaves which represent the classification and branches 
which represent the conjunction of features that cause those classifications. Decision tree depends on if–then 
rules, but it doesn't require parameters and metrics. This simple and interpretable structure allows decision 
trees to unravel multi-type attribute problems. Decision trees also can manage missing values or noise data. 
However, they cannot guarantee the optimal accuracy that other machine-learning methods can. [5] The 
advantages of decision trees are simple implementation. 
 
The neural network  
Neural Networks are inspired by the brain and composed of organized artificial neurons capable of certain 
calculations on their inputs [6]. The input data to the first layer activate the neurons of the network whose 
output is the input to the second layer of neurons in the network. Neural networks re long training times and 
are therefore more suitable for applications where this is often feasible.  
 
IDS use two kind of Neural Networks, they are 

 Multilayered Feedforward NN 
 Kohonen’s Self-Organizing NN 
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These techniques are used to model complex relationships between inputs and outputs and to discover new 
patterns. The combination of Self organizing map and back propagation neural network supply a very 
efficient mean for detection of new intrusions. 
 
Data Mining in Malware Detection  

Data mining is one of the wide method used today for detecting malware. While building a security 
app, software developers uses the data mining methods to improve the speed and quality of malware 
detection. 
 
There are three strategies used to detect malwares: 

 Anomaly Detection 
 Misuse Detection 
 Hybrid Detection 

 
Anomaly Detection is the identification of infrequent actions or observations which raise uncertainties by 
differing significantly from the majority of the data. It contains demonstrating the normal behaviour of a 
system or network in order to identify deviations from normal usage patterns. Anomaly based detection can 
also detection the previous unknown attacks and use for defining the signature for misuse detectors. The 
main problem with anomaly detection is that any deviation from the normal, even if it is a legitimate 
behaviour, will be reported as an anomaly, thus producing a high rate of false positives. 
 
Misuse Detection is also referred as a signature-based detection, identifies only known attacks based on 
examples of their signatures. It states to detection of attacks by observing for specific patterns, such as byte 
sequences in network traffic, or identified malicious instruction sequences used by malware.  
 
Hybrid approach is a combination of anomaly and misuse detection techniques in order to rise the number of 
detected intrusions while reducing the number of false positives. It does not build any models, but in its place 
uses information from both harmful and clean programs to create a classifier – a set of rules generated by the 
data mining algorithm. 
 

CONCLUSION 
 
In this paper we have studied the different data mining techniques for cyber security. It is a young 
interdisciplinary, drawing from areas such as database systems, data warehousing, statistics, machine 
learning, data visualization, information retrieval, and high-performance computing. Data mining have great 
potential in place of malware detection tool which allows you to analyse enormous sets of information and 
extract new knowledge from it. When determining the efficiency of the methods, there is not only one 
principle but several that need to be taken into account. Depending on a particular Intrusion Detection System 
some might be more important than other [9]. Another vital aspect data mining for cyber intrusion detection 
is the importance of the data sets for training and testing the systems. The main advantage of using data 
mining techniques for detection malicious software is the ability to identify the both known and zero day 
attacks. 
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Functional foods are the foods that proffer health benefits beyond their nutritional value. Functional 
foods are known to stimulate the immune system by providing adequate amount of nutrients which will 
have direct effect on our immune system. Such functional foods or super foods are packed with rich 
amount of nutrients and antioxidants which can strengthen the immune system. Malnutrition can cause 
immune dysfunction. Individuals with malnutrition are also prone to severe infection. Therefore; 
functional food plays an important role in overcoming such malnutrition. Functional foods such as 
probiotics and prebiotics offer immense immune boosting effects. It is also seen that any effect on the gut 
microbiota can directly or indirectly can affects the immune system. Probiotics and prebiotics play a very 
important role in maintaining the gut microbiome ultimately enhancing the immune system. Prebiotic 
enhances the immunity by increasing the beneficial microbes and reducing the harmful bacteria. 
Probiotics are also known to modulate the immune system if taken in appropriate amount. Functional 
food regulates the immune system by enhancing the immune responses and inhibiting the infections. The 
micronutrients such as vitamin A, C, E and B6, folate or B9, zinc and iron acts as an immuno-modulator. 
This review highlights the relationship between the functional food, gut microbiota immunity and their 
action of mechanism as immuno-boosters. 
 
Keywords: Functional foods, mechanism of action, micronutrients, gut microbiota. 
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INTRODUCTION 
 
Functional foods are those fortified, enriched or enhanced foods that will deliver health benefits beyond its 
nutritional value i.e. essential nutrients (eg: Vitamins and minerals).Nutrients play a major role in the development 
of strong immune system. Malnutrition impairs the immune system by inhibiting the immune responses, which are 
essential for the overall health of an individual. Immunity is affected by deficiency of nutrients such as essential 
amino acids, fatty acids, vitamin A, folic acid, vitamin C, vitamin B6, vitamin B12, vitamin E, zinc, iron and (Calder & 
Kew 2002).The intake of micronutrients are essential for the efficient running of the immune system. Micronutrient 
deficiency affects the innate immune system and adaptive antibody responses (adaptive immune system)resulting in 
immune dysfunction (Silvia Maggini et al., 2007). 
 
Functions of various nutrients in nervous system (J M Bourre 2006): 
1. Vitamin B1 : It helps in modulating cognitive performance 
2. Vitamin B9: It helps in preserving brain during aging. 
3. Vitamin B6: It helps in treatment of premenstrual depression. 
4. Vitamin B12: It helps in the synthesis of neurotransmitters. 
5. Vitamin D:It prevents neuroimmune diseases 
6. Vitamin E (alpha to copherol): It helps in protecting nervous membrane. 
7. Iron: It helps in producing energy in cerebral parenchyma. 
 
Brain diseases can be cause for immune dysfunction due to deficiency of some micronutrients. Copper and iron 
plays a major role in immunity and well-being of an individual (Carlos Munoz et al.,2007).The intake of functional 
foods having immuno modulatory effect packed with various essential minerals and nutrients helps in enhancing the 
immune system of an individual. The immune system is mainly comprises of innate and adaptive immune system. 
The adaptive immune system identifies the particular foreign antigen for longer period of time. The T-cells and B-
cells (lymphocytes) plays a major part in the adaptive immune system. B-cells will produce the antibodies against the 
foreign antigen.T-cells helps in controlling immune cells and secretion of cytokines. The innate immune system 
responds to the pathogen attack by recognizing the specific microbial pattern. NK-cells (Natural killer cells) are the 
cells responsible for innate immunity, which will eliminate the virus infected cells (Hachimura et al., 2018). 
 
The figure 2 is taken from the review “Hippo Pathway in Mammalian Adaptive Immune system” by Yamauchi and 
Moroishi published in 2019 which represents the typical mammalian immune system. 
 
Basic nutrients for immune system 
Vitamins and minerals 
Vitamins are the organic molecule that is essential micronutrients which an organism needs in small amount for 
proper bodily function and metabolism. It plays a key role in both the immunity i.e. innate and adaptive. Vitamin 
helps in enhancing immune system by activating the lymphocytes and proliferation of helper cell, production of 
antibodies and regulation of immune responses. Vitamin A and D acts as an immune-modulator by inhibiting and 
handling inflammation and autoimmune diseases. Vitamin A improves cytotoxicity and T-cell proliferation and also 
it can blocks the proliferation of B-cell (Mora et al., 2008).Vitamin A helps in maintaining mucosal surface, 
production of antibody and in the functioning of T and B lymphocytes .Vitamin A is also very important in 
maintaining the gut immunity. Vitamin E acts an antioxidant and its reduction can cause a decrease in immune 
responses (Hachimura et al., 2018).Vitamin B1 is known to maintain the immune homeostasis (Kunisawa et al., 
2015).People with vitamin C deficiency suffered from scurvy which later cured by consuming citrus fruits which are 
rich in vitamin C. Micronutrients are the essential part of the immune system. Both vitamin C & E together helps in 
cell membrane protection from free radicals. The higher concentration of the reactive oxygen species can leads to 
cellular damage, oxidative stress and DNA damage whose concentration can be reduced by action of antioxidants 
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(Gombart et al., 2020). Folate mainly decreases the rate of infection, proliferation of T lymphocytes and enhances the 
immunoglobulin production. Zinc activates the T lymphocytes and iron helps in cell-mediated immune mechanism. 
Different functions of micronutrients are as follows (Maggini et al., 2018) Table 1. 
 
Fatty acids 
Fatty acids are carboxylic acids with long aliphatic or straight chain or branched, saturated or unsaturated. The 
activity of polyunsaturated fatty acids (PUFA) is very much appreciated in enhancing the immune functions. These 
can influence the inflammatory responses. The intake of omega-3 or omega-6 fatty acid can helps in activation of T-
cells and neutrophils by improving their functions by incorporating them into membrane phospholipids. Diet rich in 
monounsaturated fatty acid helps the individual by decreasing the chances or possibility of cardiovascular diseases 
(Kumar et al., 2019).Fatty acids are known to take part in innate and adaptive immune system by playing a key 
role.Omega-3 fatty acid is known to regulate the generation of cytokines and chemokines that are essential for the 
stimulation of macrophages, which plays a major role in innate immune system. It also regulates the inflammation 
process (Gutiérrez et al., 2019). 
 
Amino acids 
The human intestine and the gut-associated lymphoid tissue (GALT)play a very important role in the overall 
mechanism of immune system of an individual. Gut-associated lymphoid tissue helps in the defense of mucosa. 
Amino acids plays an important part in the development of the intestine and GALT. Glutamine helps in maintaining 
redox homeostasis in lymphocytes and also maintains the mucosal structure in the intestine. L-Agrinine is also 
known to exhibit immuno-modulatory function. It is also observed the amino acids containing sulphur are known to 
modify immune functions as well. Threonine helps in maintaining the gut barrier function. Therefore, the intake of 
some amino acids such as glutamine, glutamate, threonine, arginine, methionine and cysteine enhances the immune 
functions of intestine and GALT immune cells(Ruth and Field 2013). 
 
 
Carbohydrates 
These are the biomolecules and compound of carbon, hydrogen and oxygen which occur in the plant food and in 
some dairy products. Carbohydrates are also known as saccharides because their basic components are sugar. It acts 
as a reservoir of energy. There are some carbohydrates which are involved in immunity. Polysaccharides are known 
to activate the immune responses by enhancing the production of cytokine and chemokines and it also helps in 
proliferation of the cell. They can activate the T-cells and innate immune cells(Ibrahim kankia 2015).Higher intake of 
carbohydrates can cause hyperglycemia, metabolic syndromes and dysfunction of immune system. Dietary fiber can 
act as an anti-inflammatory agent and it feeds on gut bacteria, Befidobacterium and Bacteriodes. Dietary 
polysaccharides are known to improve the health in gut microbiome, which will eventually improve the nutrition, 
stimulates the immune system and resistance to pathogens. Glucose, fructose and sucrose provides energy as well as 
some essential calories in an individual. Flavonoid glycosides will act as an antioxidant and anti-inflammatory agent 
(Smith et al., 2015). 
 
Carotenoid 
Carotenoid is the colorful pigments present in various fruits and vegetables. Vegetables and fruits containing 
carotenoids such as lycopene, lutein, β-carotene, and zeaxanthin are known to exhibit many health benefits. Food 
rich in β-carotene are well-known for decreasing the incidence of various types of chronic diseases. Carotenoids in 
lower rate can cause immunodeficiency in GALT immune system (Toti et al., 2018). Carotenoid are recognized to 
lower the chances of breast cancer and cervical cancer in womens. Lycopene has many properties such as inhibitory 
agent as antioxidant agent, anti-inflammatory agent, anti-mutagen, anti-carigogenic &cardio protective. Carotenoid 
helps in stimulating the immune responses through proliferation of lymphocytes, releasing cytokines and 
phagocytosis. Curcumin which is a carotenoid, it can act as an Immunomodulatory agent by stimulating the 
adaptive immunity through T-cells proliferation. β-carotene is known to be very effective in reducing the breast 
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cancer. Carotenoids are also known to reduce the various cardiovascular diseases by decreasing the blood pressure, 
reducing cytokines, reducing inflammation and by stimulating insulin sensitivity in muscles, adipose tissue and 
liver(Milani et al.,2016). 
 
Examples of immune boosting functional foods  
A functional food mainly helps in reducing the risk of diseases and also provides health benefits beyond its 
nutritional value. Functional food can be classified according to the active ingredients present in them i.e. vitamins, 
minerals, fatty acids, carbohydrates, amino acids and carotenoids or as medicines which can be used in treating 
microbial diseases such as prebiotics and probiotics (Ashaolu 2020). The criteria for food to be considered as 
functional food according to Japanese FOSHU (Foods for Specified Health Uses) are as follows (Varela et al., 2002): 
 
1. It should be taken as normal diet on daily basis. 
2. It should stimulate the immune system. 
3. It should prevent the various microbial diseases. 
4. Ageing process should also be slowed down with functional food. 
5. It should control both physical and psychological factors.  
 
The components which can be added to food are as follows: 
1. Probiotics: These are the live microbial food taken in appropriate quantities which provides health benefits on 

consumption. 
2. Prebiotics: These are the indigestible materials that provide a beneficial physiological effect for the host by 

enhancing favorable growth of limited number of beneficial indigenous bacteria. 
3. Synbiotics: It will act as both prebiotic and probiotic. 
4. Nutrients: It includes dietary fibers, vitamins, minerals, carotenoids, fatty acids, amino acids and carbohydrates. 

 
Examples of immune boosting functional foods 
Tomato 
It is a rich source of vitamin B9 commonly called as folic acid which reduces the incidence of microbial infections due 
to its antimicrobial property and it can also act as an Immunomodulatory agent (Fernández et al., 2019). It also 
contains vitamins A, B6 and C and a modest amount of magnesium as well which will act as an anti-inflammatory 
agent. The bioactive compound present in tomato i.e.lycopene is known to lower the chances of prostate cancer 
(Clare Hasler 2002).Carotenoids are the potent antioxidant which can helps in treating various cardiovascular 
diseases. It is also seen that increase in the intake tomatoes is known to lowers the possibility of cardiovascular 
diseases (Volker Böhm 2018). Lycopene is known to exhibit more effective antioxidant property as compared to 
alpha-tocopherol and β-carotene. It will also act as a cardioprotective agent (Mozos et al., 2018). 
 
Green leafy vegetables 
Green leafy vegetables are very beneficial for the overall health of an individual as it is rich in vitamins, minerals, 
carbohydrates and carotenoids. Green vegetables like spinach, broccoli, cauliflower and kale are rich in vitamin C 
which is very beneficial for the immune system in case of elderly people. Green leafy vegetables are abundant source 
of vitamin E, which is necessary for maintaining overall health of an individual mainly in elderly people. It will act 
as a potent antioxidant which provides protection against infection, harmful bacteria and viruses. It also conserve 
humoral and cell-mediated immunity.Covid-19 is known to mainly affects the individual with lower immunity, so 
one should restore his/her immunity by consuming such functional foods abundant in vitamins like vitamin C, D&E, 
minerals like magnesium and zinc and by drinking plenty of water (Arshad et al., 2020).Vitamin E (tocopherol) is one 
of the greatest effective vitamin well-known to boost the immune system. Vitamin E deficiency affects the cell-
mediated immunity and antibody production. It reduces the production of reactive oxygen species (ROS) and 
oxidation which have direct influence on the functioning of the immune system. Vitamin E is also known to suppress 
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respiratory infections such as Streptococcus pneumonia, asthma and influenza by boosting the innate immunity (Lewis 
et al., 2018). 
 
Garlic and onion 
These are well known to boost the immune system. Garlic is rich in vitamin C and also it is an antimicrobial agent. 
Garlic is also very effective against various types of infection caused by bacteria, virus and fungi and it exhibit 
anticancer properties as well (Mirabeau & Samson 2012).It will exhibit anti-inflammatory properties. Garlic 
maintains the homeostasis in the immune system by enhancing cytokine secretion, increasing phagocytosis, 
activating macrophage and promoting production of immunoglobulin. Due to presence of fructooligosaccharide in 
garlic, it exhibits immunomodulatory property (Arreola et al., 2015).Onion maintains the balance of bacteria in gut 
eventually benefiting the immune system of an individual. Onion is also a strong powerful antioxidant. Red onions 
are known to decrease the risk of heart diseases, certain cancer including stomach & colorectal and diabetes due to 
presence of anthocyanins. It will act as an antibacterial agent against harmful bacteria such as E.coli, Pseudomonas 
aeruginosa, Staphylococcus aureus and Bacillus cereus (Sharma et al., 2018). 
 
Cereals (brown rice, wheat, oat, buckwheat, flaxseed and barley) 
Cereals are rich in vitamins, minerals, antioxidant, proteins and it also provides dietary fibre. Cereals can also be 
used for the development and growth of probiotic microbes such as lactobacilli and bifid bacteria as fermented 
substrate (Das et al., 2011).The outer bran layer of cereals is known to be rich in vitamin B and phytonutrients such as 
flavonoids and indoles. Endosperm is mainly rich in carbohydrates and germ layer is packed with minerals like iron 
and zinc. Cereals can reduce the risk of cardiovascular diseases and cancers. It can also helps in maintaining 
gastrointestinal health. There are various phytochemicals present along with antioxidants in the bran layer of brown 
rice. The main reasons for the less consumption of brown rice over normal rice is its appearance, limited, more 
cooking time and less awareness regarding its nutritional value (Ravichanthiran et al., 2018).Buckwheat has 
numerous benefits on the health as it reduces the cholesterol, hypertension and it will also act as an anti-
inflammatory as well as an antioxidant agent (Giménez et al., 2015).Flaxseed is the best source of omega-3 fatty acid 
for vegeterians. It also a rich source of linolenic acid, protein, fibers and phenols and amino acids such as arginine, 
aspartic and glutamic acid. It will also act as an effective antifungal agent against Alternaria solani, Candida albicans 
and Aspergillus flavus. Therefore, flaxseed is considered as a functional food due to presence of some bioactive 
compounds (Kajla et al., 2014). 
 
Milk and dairy products (Yogurt and cheese) 
Milk is the most abundant source of vitamin A (retinol), vitaminB12 and minerals. The intake or consumption of dairy 
products is known to lower the chances of higher blood pressure, stroke and colon cancer. Milk also helps in 
maintaining immune system in case of babies (Mohammed et al., 2017).Vitamin A and D are necessary for 
stimulating the mucosal immune system. The consumption of milk known to treat the respiratory tract infection, 
asthma, hay fever and allergies (Perdijk et al., 2018).It also helps in strengthening both the innate and adaptive 
immune system as it contains antibodies. Yogurt is also known to stimulate the immune system due to presence of 
bacteria in it. It enhances the immune responses of gut-associated lymphoid tissue (GALT) and systemic immune 
system (Meydani & Ha 2000).Cheese can enhance the immune system as well in case of elderly people as it can act as 
a carrier for probiotic bacteria which is necessary for overall health restoration (Shaikh 2010). 
 
Pulses and legumes 
Pulses are the superior source of protein, vitamins, minerals, omega-3 fatty acid &dietary fibre. Pulses such as beans 
and lentils exhibits antioxidant property which helps in reducing the production free radicals which are harmful for 
the body. Lentil contains a mineral i.e. selenium which helps in decreasing the rate of tumor growth. Legumes are 
good source of proteins and amino acids such as lysine and methionine as compared to cereals. Saponins are also 
present in all the legumes which help in preventing cancers, higher cholesterol and high blood glucose (Martin-
Cabrejas 2019). 
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Citrus fruits 
Citrus fruits are the abundant source of vitamin C (ascorbic acid) which plays a major part in modulating the 
immune system by encouraging the generation of more while blood cells which helps in preventing infections. Citrus 
fruits like grapefruit, lime, lemon and oranges are good for health. 
 
Apples 
Apples are rich source of dietary flavonoids and antioxidants and it helps in preventing chronic diseases. Apples can 
prevent liver and colon cancer due to antioxidant property. The bioactive compounds present in apple are catechins, 
epicatechin, procyanidins and phloridzin which are responsible for its antioxidant property (Boyer & Liu 2004). 
 
Mango 
Mango is rich in vitamins A, B6, C and E, minerals, dietary fiber and polyphenolic flavonoids such as β-carotene, α-
carotene and β-crytoxanthin. It helps in restricting the cardiovascular diseases and cancer. The vitamin C present in 
mango is mainly responsible for boosting the immune system in an individual (Board 2021). 
 
Effects of functional food on immune system 
Functional foods helps in maintaining well-being of an individual, preventing certain chronic diseases and providing 
numerous health benefits contributing in enhancing the immune responses. Vitamins, minerals, dietary fibers, 
amino, acids, fatty acids and carotenoids have a huge effect on the functioning of the immune system(López-Varela 
et al.,2002; Hachimura et al.,2018).There are several factors that are responsible for weakening of the immune system 
such as aging, pollutants in the environment, obesity, chronic diseases, malnutrition, irregular sleep pattern and 
stress which can depress the immune responses of an individual(Nutrition and immunity 2021).Gastrointestinal tract 
is known to contribute 70% of the immune responses and functional food plays an important role in maintaining the 
gut microflora via the means of probiotics. Probiotics are the live microbial food such as yogurt, kimchi, cheese and 
pickles stimulates the immune system by antimicrobial activity, enhancing defense mechanism and activating 
metabolic enzymes (Shandilya 2017).It exhibits excellent immune boosting ability. Intake of probiotics such 
Lactobacillus and Bifidobacterium improved the immune phagocytosis. The consumption of yogurt increases the 
amount of beneficial bacteria in the gut as the result cytokine production is boosted (López-Varela et al, 2002). 
Probiotics can also prevent gastrointestinal diseases such as irritable bowel syndrome and diarrhoeas. Prebiotics can 
also be used as a synergist with probiotics called as synbiotics as it helps in maintaining the balance of beneficial 
bacteria in the gut eventually enhancing the immune system (Markowiak & Śliżewska 2017). 
 
Mode of action of functional food as immuno-boosters (Ashaolu 2020) 
Action mechanism of probiotics 
1. pH reduction in the intestine by producing organic acids. 
2. Probiotic bacteria will compete with other harmful microbes for food and nutrition preventing colonization of 

pathogenic bacteria as a result harmful bacteria growth is terminated. 
3. Production of antimicrobials such as hydrogen peroxide and bacteriocins against harmful pathogenic bacteria 

both gram-positive and gram-negative by direct interaction with gut microbes. The low molecular weight 
bacteriocins are antimicrobial in nature. It also leads to the production of acetic and lactic acid which can inhibit 
Salmonella spp. 

4. Host-probiotic relationship is mediated via pilli, mucin-binding protein and tool-like receptor ligands. 
5. Production and activation of metabolic enzymes and antibodies for enhancing defensive mechanism against 

pathogens. 
6. Epithelial barriers are maintained via secretion of mucin which helps in maintaining acidity in intestine and it 

also provides protection against gastrointestinal diseases. 
7. Immunostimulation by reducing the inflammation and phagocytosis. Probiotics exhibit an important role in 

innate and adaptive immunity along with monocytes and lymphocytes. Probiotic bacteria can use capsule and 
fimbriae as driving force for Immunomodulation. 
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Action mechanism of prebiotics (Ashaolu 2020) 
The most common prebiotics are fructo-oligosaccharide (FOS), galacto-oligosaccharides (GOS) and xylo-
oligosaccharides (XOS) which cannot be digested by mammalian enzymes but it can be used by gut bacteria like 
lactobacilli and bifidobacteria. 
1. Maintain the defense mechanism by increasing the phagocytic and natural killer cell activity resulting in 

immunomodulation. Therefore, risk of infections is also minimized via production of antimicrobials. 
2. Mineral absorption is improved. 
3. Immune cell responses are modulated by the action of prebiotics. 
4. Improved bowel functions resulting in prevention of gastrointestinal diseases. 
 
Functional food and gut microbiota 
The gut health is maintained through epithelial barriers in the intestine and gut microbiota which will have direct 
effect on the immune system. The components of functional foods such as probiotics, prebiotics and synbiotics have 
beneficial effect on the gut health and overall well-being of an individual (Wan et al., 2018).Functional food 
components like dietary fiber and polyunsaturated fatty acids can limit the development of pathogenic bacteria like 
Helicobacter pylori. The consumption of functional food maintains the normal metabolism via reducing the bacterial 
translocation, decreasing inflammation, maintaining intestinal epithelium and helping in regulation of T-cells while 
the intake of unhealthy fast foods such as fried ones, saturated fats and foods with excessive salt and sugar damages 
the intestinal epithelium through increased bacterial translocation and inflammation leading to higher chances of 
colorectal cancer (Mendonҫa et al., 2018).The maximum number of microbes are present in the distal region of the 
digestive tract where they helps in maintaining the overall health of the host by synthesizing the essential vitamins 
and amino acids that are essential for stimulating the immune system of an individual. The probiotic microbes like 
bifidobacteria present in the intestine breakdown the prebiotic food into short chain fatty acids which are important 
for maintaining intestinal barriers. These short chain fatty acids are directly engaged in the inflammation of the gut. 
Lactobacilli will also breakdown the prebiotics into short chain fatty acids resulting in anti-inflammation and anti-
cancer activities. The plant proteins are preferred more over the animal protein as it increases the number of 
beneficial bacteria like bifidobacteria and lactobacilli leading to more production of short chain fatty acids thereby 
decreasing the inflammation and strengthening the gut barrier. The intake of animal proteins increases the number 
of harmful bacteria like Bacteriodes spp., Bilophila spp., Ruminococcus spp. and Alistipes spp. resulting in decreased level 
of short chain fatty acids causing cardiovascular diseases and gastrointestinal diseases like irritable bowel 
syndrome(Singh et al.,2017). 
 

CONCLUSION 
 
The intake functional foods therefore can enhance the immune system as well as preventing various types of diseases 
if consumed in appropriate amount because excess amount of nutrients can cause over-activation of the immune 
responses leading to chronic and autoimmune diseases. This review mainly explains how various components of 
functional food play an important role in managing various kinds of diseases and also providing health benefits to 
an individual. Functional foods such as probiotics and prebiotics can be used as an alternative to antibiotics in 
preventing and treating various microbial diseases. The requirement of various nutrients for immune modulation 
can also be fulfilled with the intake of various types of functional foods like cereals, legumes, dairy products, fruits 
and beverages. Therefore, diet plays a major key role in affecting the metabolic and cardiovascular health. 
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Different functions of micronutrients are as follows (Maggini et al., 2018).  
 

Micronutrients Function 
Vitamins (A, C, D, E, B6, B12& folate) and minerals 
(iron and zinc) 

Contributes to integrity 

Vitamins( C & E) and minerals 
(iron, zinc, copper, selenium and magnesium) 

Oxidative burst and self-protection 

Vitamins (A, D, C, E, B6, B12 & folate) and minerals like 
zinc, iron, copper, selenium and magnesium. 

Differentiation and proliferation of innate 
immune-cells 

Vitamins (A, D & C) and minerals such as zinc, iron, 
copper and selenium 

Antimicrobial activity 

Vitamins (A,D,C,E,B6,B12 & folate) and minerals like zinc, 
copper, selenium and magnesium 

Production of antibodies 

Vitamins(A,D,C,E,B6& B12) and minerals such as zinc, 
iron, copper and selenium 

Proliferation and Differentiation of T-cells 

Vitamins D,E and B6 Inhibitory activity 
Vitamins(A,D,C,E,B6,B12&folate) and minerals such as 
zinc, iron, copper and selenium 

Cell-mediated immunity 

Vitamins(A,C,E &B6) and minerals 
( zinc, iron, copper, selenium and magnesium) 

Regulation of inflammation 

 
Table 2: Different sources of food which provides basic nutrients 

Basic nutrients Sources 
Vitamins such as A,D,E,C,B6,B9 or folate and B12 Carrot, tomato, papaya, mango, eggs, milk,cod liver oil, green 

leafy vegetables, citrus 
fruits,amla,guava,cereals,peanuts,soyabean,meat,banana,fish 
and spirulina 

Minerals(zinc,iron,copper 
selenium and magnesium) 

Meat,shellfish,fish,legumes,nuts,eggs,milk,yogurt,whole grains, 
seeds of pumpkin, watermelon and 
hemp,cereals,spinach,peas,broccoli, dark chocolates, avocados 

Fatty acids(omega-3) Fishes such as salmon, mackerel,shrimp,sardines and 
tuna,nuts,seeds,seaweed and algae 

Amino 
acids(Glutamine,arginine,threonine,metheonine 
and cysteine) 

Pumpkin seeds, sesame seeds, sunflower 
seeds,nuts,fish,chicken,beef,lamb,soyabean,dairy products 

Carbohydrates Whole grains,fruits,potatoes,dairy products, green leafy 
vegetables, nuts and seeds 

Carotenoid Tomato,carrots,spinach,broccoli,bell pepper, orange and mango 

Vadditandra Bhavani et al. 
 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33202 
 

   
 
 

 
Figure 1: The flowchart describes the classification of functional food and their functions 

 
 
 

 
 

Figure 2. Hippo Pathway in Mammalian Adaptive Immune system 
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Cumin (Cuminum cyminum L.) is widely grown as an important spice crop in arid and semi-arid regions 
of the Indian subcontinent. India is the world’s largest producer, consumer, and exporter of cumin.The 
fungal disease wilt, caused by the soil-borne phytopathogens, Fusarium oxysporum f. sp. cumini (Foc), is 
one of the major threats to cumin production in India and worldwide. A few chemical compounds and 
microbes are utilized for the administration of cumin wilt disease. Compound fungicides utilized are 
Azoxystrobin, Carbendazim, Tricyclazole, Propiconazole, Mancozeb, Carboxin. Powder-based 
definitions of Trichoderma viride, Aspergillus versicolor, T. harzianum, and Psuedomonas fluorescens microbes 
are utilized. A review of the research findings on symptomatology, ecology, various types of disease 
prevention strategies, their potential effects on the causative agent, and the only successful way to treat 
this threat is effective bio control agents, seed dressing with fungicides, and wilt resistant varieties, as 
well as other traditional approaches such as organic amendment, summer ploughing, crop rotation 
throughout the year, solarization of soil and time of seed sowing to reduce the pathogen's population 
below the economic threshold level. 
 
Keywords:  Cumin, Cuminwilt, Fusarium wilt, Soil borne pathogen. 
 

 
 
 

ABSTRACT 

 REVIEW ARTICLE 
 

http://www.tnsroindia.org.in
mailto:panchalrrce@yahoo.com
mailto:rrpanchal@gujaratuniversity.ac.in.


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33204 
 

   
 
 

INTRODUCTION 
 
Flavors are a significant horticultural item that has affected human development. It is most established herb 
normally known as "Jeera"in India. Its dried seeds are used as a flavor. It is a little yearly herbaceous plant that is an 
individual from the fragrant plant family (Apiaceae). There are three varieties accessible based on their seed colour 
for example Black, White, yellowish-brown [1][2]. 
 
History and Development 
It has been used since ages. It is cultivated in Chile, Iran, Uzbekistan, Tajikistan, Morocco, Turkey, Syria, Mexico, 
Egypt, Bulgaria, and India. India is the world's chief in the creation of cumin seeds with over 90% productivity, 
trailed by Syria and Turkey [3].It is farming monetarily in Gujarat, West Bengal, Punjab, Jharkhand, Himachal 
Pradesh, Bihar, Assam, and Rajasthan. Uttar Pradesh, Madhya Pradesh, and Tamil Nadu are small-scale cumin 
cultivar states. In India, the area under cumin improvement is around 8,41,940 hectares with a yearly production of 
5,46,750 tones [Table -1] [4]. 
 
Weather and Field Requirement 
Cumin develops best on all around depleted sandy topsoil and desirable pH for farming is between 6.6 and 8.3 
[5].This plant cannot withstand high moistness and hefty precipitation. It needs cool and dry climatic conditions for 
better development and crop required temperatures up to 25-300C. It is usually filled in dry locales like Gujarat and 
Rajasthan. 
 
Disease prevalence in cumin 
Wilt, blight, and mildew are significant infections. Cuminvascular wilt is caused by Fusarium oxysporum f.sp. Cumini, 
while Alternaria burnsii is a pathogen of blight, and infectious agent of mildew is Erysiphe polygoni. All these fungi are 
responsible for a hefty decline in productivity. Shrivel is damaging infection of the crop. From that point forward the 
infection has likewise been accounted for numerous different nation become a customary issue in limiting the 
creation of cumin seed yield between  25-40% and sometimes possibly high as up to 80%[6,7]. 
 
Symptoms 
The plants are influenced by wilt causing mold at all development stages, however, the seriousness of shriveling 
increments with the age. Around one month old, the sickness shows up in the field. At the point when they achieve a 
stature between 2.5 cm to 5.0 cm. Diseased plants show particular indications of dropping of tips and leaves, 
darkening of roots and leaves, drying of leaves and stems, hindrance in plant development, restraint of root 
arrangement, and prompting mortality of the whole plant [8].Seeds whenever framed are dainty, little, and withered. 
It is regularly defiled during the gathering and the microorganism spreads to more current territories. In halfway 
withered plants, development used to be captured and the leaves become pinkish yellow in shading. 
 
Disease Cycle 
The growth of mycelium continues to attacking the crops underlying foundations. Roots can be tainted 
straightforwardly through the root tips, through injuries in the roots, or at the development point of horizontal roots. 
It is developed through the cortex, xylem and stays in the vessels. The mycelium branches and delivers microconidia, 
which are conveyed upward inside the vessel at a point when microconidia grow and infiltrate the xylem vessel 
[9].The hereditary qualities of biosynthesis of mycotoxins and their method of activity are being accounted for 
pathogenicity [10]. The enzymes that can degrade the cell wall of a plant are the crucial elements in pathogenicity 
[11]. 
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Management of wilt 
Individuals from the Fusarium oxysporum species complex are phylogenetically assorted [12]. It has two sorts of 
strains viz. pathogenic and non-pathogenic strains. F. oxysporum can get by in the soil of the farm through 
chlamydospores for around 3 years [13]. Plant microbes interactions will in general arise, reappear, and can be 
endemic [14]. To create climate agreeable and maintainable yield in this advanced logical period. Microbial 
inoculants containing microorganisms as beneficial plant-organism combinations have an extraordinary potential to 
arrive at the objective [15].The pathogen populate and stays stable for more than a half-year time frame and their 
level used to be higher when added to conducive soils [16]. The impact of mold and bacterial populace, dampness, 
and temperature on the populace elements of F. oxysporum f. sp. cumini were concentrated in soils with or without a 
hostcrop [17]. Fusarium wilt developsin warm regions and under drying conditions. This sickness is accounted for as 
an issue restricting the productivity of cumin [18]. According toa review of Suthar [19], 10 to 45 % loss of cumin 
creation happened by vascular wither sickness. According to outcome arrangement was adjusted 99.78% to Fusarium 
species at nearby BLAST worker, in FUSARIUM-ID v. 1.0, utilizing ITS1&2 groundwork. Talaviya [20] investigated 
fungicide for controlling wilt. Soil dousing with 0.1% Carbendazim before one month of planting Fusarium populace 
in the dirt can be decreased. Summer furrowing and utilization of neem mixture and mixture of mustard and pearl 
millet for a control shrinkincident. Powder-based Aspergillus versicolor and Trichoderma viride used [21]. A few 
summer furrows diminished wilt frequency [22].  
 
Champawat and Pathak [23, 24, 25] recommended expanded utilization of K+, carbofuran, carbendanzim and 
benomyl, phorate and aldicarb 30:10:10 NPK kg ha-1 was best in diminishing wilting.  Jadeja and Nandoliya. [26] 
Use of carbendazim granules one month after planting and vapam was used for soil drenching treatment, it is 
powerful in inhibition of wilt. Aghnoom [27] contemplated the impact of fungicides and found that combination of 
captan, liprodion and Carbendazim, carboxyl and thiram, diminished mycelial development. Seed treatment and soil 
dousing with Bavistin and Provax at a period of days from seedling to blooming stage lessening vascular wilt 
frequency and expanded seed yield [5]. Tawfic & Allam [28] revealed that until this point in time, no wilt-safe 
assortment has been grown so one just uses physical and organic control of fungi. Mawar and Lodha [29] studied the 
impact of powder-based bio-seed dresser where Trichodermaviride best followed by Aspergillus versicolor, T. harzianum, 
and Psuedomonas fluorescens. Sharma revealedthat [30] P. fluorescens and P. aeruginosa are isolated from the 
rhizosphere the outcomes show that P. fluorescens  gave the most elevated impact in limiting the disease 7.70 and 
7.73%. According to Mohamed [31] particular blend of T. viride and P. fluorescens could have the more prominent 
adequacy in the limiting development of pathogen in contrasted and individual strains. Double culture of T. viride 
fundamentally diminished 29.0% to 82.2% mycelial development of pathogenic organisms [32]. 
 

CONCLUSION AND FUTURE PERSPECTIVES 
 
In this survey, an exertion has been made to arrange research discoveries created during recent a very long time on 
symptomatology, nature, and the board techniques. To deal with this disease certain microorganisms, chemical, and 
integrated techniques are a successful approach.It will improve the yield cumin productivity  
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Table - 1. State-wise area and production of cumin. 
 

State wise area and production of cumin 

State 
2016-17 2017-18 2018-19 2019-20 

Area Production Area Production Area Production Area Production 
Gujarat 278750 291490 382720 384470 349552 319862 337007 331940 

Rajasthan 500140 206940 581360 302930 676240 378654 503230 213070 
(Production area in ha and national production in tons) 
(Souce:https://www.indianspices.com/sites/default/files/majorspicestatewise.pdf ) 
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A layered perovskite ferroelectric SrBi2Ta2O9 ceramic has been synthesized by solid-state route and studied it’s phase 
formation mechanism from XRD and FTIR analysis. The precursors are preferred as the oxides and carbonates for 
more stability and low cost. Mixed oxide precursors are calcined at different temperature ranging from 800-1000oC 
interval of 50oC for 2 and 4 hrs durations for phase study. At 8000C onwards, XRD shows the formation of SrBi2Ta2O9 
phase with some intermediate phases like SrBi2O4, BiTaO4and carbonate groups. XRD spectrum at 10000C confirms 
the complete phase formations of SrBi2Ta2O9 and the temperature has been chosen for the further synthesis process. 
Using FTIR, the stretching and bending vibrations of the metal-oxide and carbonate bonds have been observed for 
various temperatures. Vibrations around 530-790 cm-1, confirms the vibration of Sr-O, Ta-O and Bi-O bonds. 
 
Keywords: Solid state route, Phase formation, Infrared spectroscopy, 
 

INTRODUCTION 
 
Recently ferroelectric materials have attracted interest for their application in ferroelectric random access memories 
(FRAM). These memories may replace the silicon-based electrically erasable programmable read-only memories 
(EEPROM) as they possess low operating voltage, high reading and writing speed, and non-volatility [1-5].Lead 
Zirconium Titanate (PZT) has been a promising material for the application of FRAM; however, it suffers severe 
polarization fatigue on platinum electrodes after long switching cycles. In order to improve the resistance to fatigue, 
conductive oxide electrodes have been used, but they have lower electrical conductivity than platinum electrodes 
[4,5]. On the other hand, Aurivillius compounds have been found to exhibit high fatigue resistance and polarization 
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retention up to 1012 switching cycles on Pt electrodes [6]. These layered-structured perovskites exhibit the 
characteristics of low leakage current, low operating voltage, stable imprinted characteristics, and high polarization 
retention up to long switching cycles [JPCS.69.480]. Because of these excellent electrical properties, SrBi2Ta2O9 is an 
attractive material for FRAM. The increasing interest is also due to fatigue-free behavior and low leakage currents of 
these compounds [7-8]. The chemical formula of Aurivillius compounds is (Bi2O2)2+(An-1BnO3n+1)2-, where n indicates 
the number of perovskite layers (BO6) between two (Bi2O2)2+layers, while A and B represents cations with low and 
high valances in the structure respectively. The BO6 octahedrons construct continuous layers perpendicular to c-axis 
direction, but in the c-axis direction these octahedrons are separated by the Bi2O2 layers. The presence of the Bi2O2 
layers has been thought to serve as the shock-absorber for enduring the fatigue of polarization [9]. The ceramic form 
of SrBi2Ta2O9 was first synthesized by Aurivillius, [10] and its dielectric properties and phase transformation were 
later studied by Smolenskii [11] and Subbarao[12].The microscopic origin of the ferroelectric instability in SrBi2Ta2O9 
was investigated from first-principles calculations by one of the authors [13]. Lattice instabilities along the [110] 
direction of the tetragonal paraelectric structure were searched by determining the phonon frequencies and 
eigenvectors of the infrared-active modes polarized perpendicular to the c-axis. One unstable phonon mode was 
found which mainly involves movements of the Bi2O2 planes relative to the SrTa2O7 perovskite like layers. This result 
indicated that most of the polarization in SrBi2Ta2O9 comes from the relative displacements of the Sr-Ta-O layers to 
the Bi-O layers, plus a small additional contribution arising from the movement of Ta relative to its surrounding 
oxygens. Extensive studies have been carried out examining the formation of SrBi2Ta2O9 films by different processes 
[14–22]; however, the literature regarding the preparation of SrBi2Ta2O9 powder is very limited [23-25].Lu and Lee 
[24] reported a solid-state two-step synthesis method using SrCO3 and BiTaO4. However, the solid-state method 
requires calcination at high temperature, which causes coarsening of the powder. The formation processes of 
SrBi2Ta2O9 in this process were investigated for adjusting the calcination conditions to produce the pure phase. In 
order to better control the reaction processes, the formation mechanism and the decomposition reaction of SrBi2Ta2O9 
at elevated temperatures were studied with the help of XRD and FTIR. 
 
Experimental techniques 
The precursors were used to prepare the SrBi2Ta2O9 are SrCO3 (99% purity, Merck Germany), Bi2O3 (99.5% 
Lobachemie, Kolkatta), Ta2O9 (99.5%, Merck Germany). All the precursors are measured stoichiometrically and 
mixed in agate mortar long time for the homogenous mixer. After mixing, the mixed precursors are calcined in a 
programmable furnace at different temperatures in various durations. The calcined powders were characterized the 
phase formation by XRD, IR spectra of the calcined powders were analyzed by FTIR spectrophotometer. XRD has 
studied by the powder X-Ray diffractometer (Phillips PANalytic Instruments) from 20-60 degree range in 2θ and 
matched with JCPDS cards no. 05-0418 for SrCO3, 16-0909 for BiTaO4, 39-1424 for SrBi2O4 and 46-0906 for SrBi2Ta2O9. 
FTIR has studied by the Perkin Elmer range from the 400 to 4000cm-1by taking the medium of KBr in the form of 
pellet.   
 
Spectroscopic analysis using FTIR was studied on the calcined powders in different temperature and timings. Fig. 1 
shows the FTIR results of calcined powders. For complete SrBi2Ta2O9, vibration starts from the 950oC onwards. For 
the calcined powder at 800oC for 2 and 4 hrs, the peak appears at the around 1450cm-1, indicating the presence of 
carbonate groups [26]. Upon calcining at 850°C for 4hrs, the band intensity of the carbonate group was reduced 
significantly, but the bands remained visible. All carbonate groups disappeared after the sample was heated at 
900°C, and also the removal of carbonate groups (i.e., SrCO3) is confirmed by XRD spectrum, as shown in the Fig. 2. 
Less intensity of carbonate groups in the spectrum at 850oC for 2 hrs but not in the spectrum of 850oC for 4 hrs, this 
may be due to the fast removal of carbonate groups in long soaking duration. At ≥950°C for 2hrs and ≥900°C for 4hrs, 
three low frequency bands appeared at ~550, ~650 and ~780 cm-1, indicates that the formation of SrBi2Ta2O9 phase has 
started at this temperature and it also denotes the vibration of Ta-O, Sr-O and Bi-O bonds respectively[26]. The 
metal-oxide vibration is appeared at 700-730cm-1 in all the spectrums above 800oC, this is may be due to the metal-
oxide vibration of SrBi2O4 and BiTaO4 phases. These intermediate phases have confirmed by the XRD spectrum. But 
the samples calcined at 900, 950 and 1000oC show the characteristic peak of SrBi2Ta2O9 at ~550, ~650, and ~780 cm-1, 
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indicating the complete removal of carbonates from the precursor and the precursors forming the complete 
compound of SrBi2Ta2O9. The 600–810 cm−1 TO-LO (Transverse-Optical and Longitudinal-Optical) bands are the 
main feature of the SrBi2Ta2O9 spectrum. The 503cm−1 band should be the TO frequency of Sr-O with rock salt 
structure [27]. 
 
To understand the fundamental issues of SrBi2Ta2O9 formation in the present case, the precursors were heated in air 
at different temperatures and different durations and then were analyzed by XRD. The XRD patterns for the samples 
were calcined for 2 and 4hrs at 800-1000oC in the interval of 50oCis shown in Fig.2. Small amount of SrBi2Ta2O9 phase 
with extra phases like SrBi2O4, BiTaO4 and carbonate groups were found as intermediate phases after calcination at 
800°C. At this temperature, the formation of SrBi2Ta2O9 has also started. With an increase in the heating temperature 
and duration, the amount of SrBi2Ta2O9 rapidly increased, accompanied with a corresponding decrement in the 
amount of extra phases. After calcining at 1000oC for 2 and 4 hrs, the single phase spectrum of well-developed 
layered structure SrBi2Ta2O9 is observed. The formation of SrBi2Ta2O9 powders calcined at 1000oC for 2hrs and 4hrs is 
not observed much variation in the phase pure spectrum (as shown in fig. 5). The relative amounts of extra phases 
and SrBi2Ta2O9 are shown in Fig.3. 
 
XRD quantitative estimation of SrCO3, BiTaO4 and SrBi2O4 on the samples heated at different temperatures for 2 and 
4 hours shows that the quantity of SrCO3, SrBi2O4 and BiTaO4 slowly decreases and SrBi2Ta2O9 slowly increases up-to 
950oC. At 950oC, SrCO3 and BiTaO4 decomposed and formed SrBi2O4 and SrBi2Ta2O9. Decomposition of SrBi2O4 with 
BiTaO4 gives the formation of SrBi2Ta2O9 is rapid from 900 to 1000oC. When the temperature reached 1000°C both the 
phases were entirely consumed, revealing that the formation of SrBi2Ta209 was complete as well as the crystallinity of 
the pure SrBi2Ta2O9 is increased. According to our XRD spectrum, we are concluding the reactions between the 
precursors used in the starting material and intermediate phases in the different heating duration as follows, 
 
SrCO3+Bi2O3 ======> SrBi2O4 + CO2   (1) 
Bi2O3 + Ta2O5 ======>2BiTaO4   (2) 
SrBi2O4 + Ta2O5 =====> SrBi2Ta2O9         (3) 
SrCO3 + 2BiTaO4 ======> SrBi2Ta2O9 + CO2  (4) 
SrCO3 + Bi2O3 + Ta2O5 ======> SrBi2Ta2O9 + CO2 (5) 
 
At 800oC, we found the SrBi2O4, BiTaO4 and SrCO3 compounds in the XRD spectrum. The reason for the formation of 
SrBi2O4 and BiTaO4, may be due to the fast decomposition of Bi2O3 compounds. Because of fast decomposition, Bi 
atoms easily diffused with the other precursors and forms a new extra phase. According to Chung-Hsin Lu et al [25], 
Ta2O5 and SrCO3 precursors are having a high decomposition temperature, so the extra phases like SrTa2O6 would 
need to form above 1150oC.  
 
Fig.4 shows the indexed spectrum of SrBi2Ta2O9 calcined at 1000oC for 2 and 4 hrs. From these spectrums, we 
calculated the crystalline size, 2θ position and other related parameters are tabulated in Table.1. The crystallite size 
of the calcined powder was calculated from the broadening at half maximum of the X-ray spectral (115) peak of 
SrBi2Ta2O9 based on Scherrer’s formula [29]. 
ܮ =  ఒ

ఉ௦ఏ
     (6) 

Where L is the crystallite size, K is a constant (0.9), λ is the wavelength of x-rays (1.5406Å), β is the Full Width at Half 
Maximum (FWHM) and θ is the angle of the diffracted peak. Fig.5 shows the variation of crystallite size and 
calcination temperature. Crystallite size is increasing gradually with increasing the calcination temperature which 
corresponding to the higher angle shifts of diffracted peaks. The shift of 2theta position for 4 hrs calcination is almost 
comparatively parallel to the 2hrs calcination. It is indicating the peak position shift may be linear in long duration 
soaking hours. May be this is the reason to coincide the crystallite size in higher temperature calcination for 2 and 4 
hrs duration. 
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CONCLUSION 
 
Bismuth layered ferroelectric SrBi2Ta2O9 had been synthesized by a solid state route using oxide precursors. The 
removal of carbonate groups has found by the FTIR analysis from the calcination temperature above 900oC and 
metal-oxide vibration has observed around 550-780cm-1. The 600–810 cm−1 TO-LO bands are the main feature of the 
SrBi2Ta2O9 spectrum. The complete phase formation of SrBi2Ta2O9 has confirmed by the XRD at the calcination 
temperature above 1000oC and also confirms the SrBi2Ta2O9 compound formation starts at above 800oC. Calcination 
temperature and duration dependence of crystallite size and peak shift has been calculated. 
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The study aimed to identify the impact of internal marketing on employees' performance in government 
sectors. The study sample was selected randomly from the government’s employees, where a 
questionnaire designed to collect data from respondents, and 550 questionnaires distributed to the study 
sample. The study adopted the descriptive analytical approach to testing hypotheses using the SPSS. 
Findings showed a statistically significant impact at the level of 0.05 of internal marketing in dimensions 
of (internal communications, training, courses, leadership, incentives and rewards) on the employees’ 
performancein the government sectors. The dimensions of empowerment and authority have no impact 
on the employees’ performance. The study recommended empowering employees to encourage them to 
participate in decision making and express their opinions on various issues related to the working 
environment in government sectors. In addition, the government must pay attention to internal 
marketing as the cornerstone of the success of external marketing of clients. 
 
Keywords: Internal marketing, employees, government sectors, performance. 
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INTRODUCTION 
 
 
Recent developments in organizations adopted a new idea in marketing called internal marketing, which is based 
mainly on the interest of employees within organizations to satisfy their needs and desires. The essence of internal 
marketing is dealing with the organization’s staff as clients and recipients of services. However, suppose 
governmental organizations attract, retain and understand their mission and objectives as well as the needs and 
desires of their employees. In that case, the outcome is a constant development of the quality of services provided by 
these employees, if they were clients from abroad. In addition, it will raise the morale of employees through self-
continuous development by receiving training courses. In addition, clarifying their career roles provides a good 
working environment and makes communication easier between all organizational units. Moreover, to provide 
incentives and rewards, leading employees willing to provide a high level of services and high quality to domestics 
residents, then achieve an unprecedented level in governmental performance according to Saudi Vision 2030. Lately, 
a strategic goal has been set within the national transformation program to increase the productivity of public 
services. Meanwhile, it is applicable by governing frameworks and regulations of the civil service sector and 
empowering government activities to create a stimulating working environment. Accordingly, it will raise the 
efficiency of human capital, thereby enhancing the implication and productivity of the government sector, such as 
initiatives and objectives that are also suitable for implementation in the private sector that would contribute to 
creating stimulating work environments for employees within the Kingdom. 
 
Study problem 
The study problem arises through a lack of complete awareness of applying internal marketing to the employees of 
government organizations. Meanwhile, internal marketing is in the interest of the customers outside the 
organizations. In addition, the problem arises because of low achievement; satisfying employees' needs to be a 
central pillar of the organization through applying the concept of internal marketing in all its dimensions. It is 
applicable based on motivating employees with financial rewards, training, involving them in decision-making and 
improving their situation. That is all to encourage them to work with all their energies. In addition, providing better 
services will help them raise their productivity and help achieve the satisfaction of the external customers of the 
organizations. The problem of study stems from the following question: Do the government sectors apply the 
dimensions of internal marketing to increase the performance of their employees? 
 
Study Importance 
The study's importance stems from recognizing the reality of applying internal marketing in the Saudi government 
sectors from employees' perspectives. Meanwhile, expected results appeared to improve organizations' internal 
marketing implementation to determine the weaknesses and shortcomings and correcting them through the 
proposals to be presented by the study. 
 
Study Objectives 
Through research and investigation, the study seeks to achieve several objectives, the most important of which are:  
 Identify the level of application of internal marketing to government organizations.  
 Identify the level of staff satisfaction with internal marketing processes in government organizations.  
 Identify the level of performance of employees in government sectors in government organizations. 
 We are exploring obstacles to the application of internal marketing.  
 Reveal recommendations and make recommendations not decision-makers in government sectors to work under 

them. 
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Study hypotheses 
The first hypothesis: There is a statistically significant effect of the dimensions of internal marketing in 
increasing the employees' performance in the government sectors.  
 
Sub-hypotheses   

The following sub-hypotheses derived from the first hypothesis: 
 H1: there is a statistically significant effect of the Dimension of training in increasing the employees' 

performance in the government sectors. 
 H2: there is a statistically significant effect of the Dimension of empowerment inincreasing the employees' 

performance in the government sectors. 
 H3: There is a statistically significant effect of the incentives and rewards in increasing the employees' 

performance in the government sectors. 
 H4: There is a statistically significant effect of the Dimension of internal communications in increasing the 

employees' performance in the government sectors. 
 H5: There is a statistically significant effect of the distance of the granting of authority inincreasing the 

employees' performance in the government sectors. 
 H6: There is a statistically significant effect of leadership distance inincreasing the employees' 

performance in the government sectors. 
 
The second hypothesis: There are no statistically significant differences from sample perspectives about staff 
performance in government sectors due to demographic variables (gender, age, income, social status, years of 
experience). 
 
Theoretical Framework and Previous studies 
[1] explored the impact of internal marketing practices on the job satisfaction of Saudi universities. The analysis 
results showed a statistically significant relationship between internal marketing and the emotional intelligence of 
faculty members in Saudi universities. Recommendations revealed that training courses and workshops urging 
faculty members to identify emotions, feelings, self-emotions and the ability to control them.[2] explored the 
compatibility or difference between both internal marketing literature and conducting human resources by following 
public service laws. They concluded that public service laws are constantly changing to keep pace with 
developments in human resource management. Public institutions need internal marketing, which is an effective tool 
that contributes significantly to the success of these institutions, both of which counterpart each other.[3] investigated 
the role of internal marketing pillars and their impact on the performance of the university's administrative and 
academic staff and after the analysis showed a positive relationship between the dimensions of internal marketing 
used by the University of the Northern Border in Saudi Arabia, particularly the training processes of university 
members to improve their performance of work [1]. 
 
[4]addressed the dimensions of internal marketing and its impact on achieving satisfaction and increasing the 
performance of employees in commercial banks in Karak province. Findings showed a statistically significant effect 
of internal marketing dimensions on job satisfaction and work performance [5]. observed a positive relationship that 
affected employee motivation and job stability, leading to the provision of high-quality services desired by the 
customer when banks use internal marketing. [6] found a positive association when the hospital implements the 
concept of internal marketing, and the positives reflected in dealing with the hospital's reviewers and achieving 
functional commitment [7]. observed in their study entitled that internal marketing programs significantly impact 
employees' commitment to commercial banks and a significant impact on increasing the organization's profitability. 
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Internal marketing 
Internal marketing is one of the marketing activities that emerged in the 1990s until now. It pushed organizations to 
take care of their employees and consider them partners who strive to achieve their goals by caring for employees 
and considering them the first customers[8]. Internal marketing can satisfy employees' needs and desires. It makes 
them one of the priorities for organizations to make them happy, reflecting positively on their performance, 
increasing their productivity, and providing high-level services to overseas customers. It gives a distinct impression 
to the recipients of services and builds a mental image of the organization and its employees[9]. Therefore, internal 
marketing is ambiguous as the process that is interested in providing products or services to sell them. Also, as a 
process that cares about working individuals and provides them with services and benefits and works to improve 
their abilities and performance and achieve satisfaction and retention [10].Here comes work on the development of 
workers through training courses, incentive system, nature of supervision, employee empowerment and promotion 
system. Therefore, when organizations give some importance to their staff, they will improve the capacity and skills 
of their team and increase their productive efficiency, which all organizations want to achieve. Internal Marketing 
has been defined by [11] as a planned effort using a marketing-like approach to motivating employees to implement 
and integrate regulatory strategies towards customers.[12]defined internal marketing as a proactive attempt to use 
the approach input. He observed the meaning of marketing to overcome regulatory resistance, change, 
harmonization, motivation and coordination among staff, and their unification to implement career strategies [13]. 
 
defined the concept of internal marketing as a management philosophy of meeting many previously separate areas 
and working methods, such as strategic management, quality management, human resources management, 
corporate communications and customer relationship marketing based on the idea of employees as internal clients. 
The concept of internal marketing based on a simple equation: "saturated employees equal to saturated customers", if 
the organization can attract, maintain and instil in its minds an understanding of its mission and objectives as well as 
the needs of its customers, the recent result is a permanent development of the quality of service provided by these 
employees[9]. Internal marketing has been defined as "internally connected marketing and works towards 
employees within the organization, which is one of the requirements for the success of the organization's work[14]. 
Internal marketing defined as the way and method by which qualified employees within the business treated as 
internal clients. Accordingly, with a range of procedures and steps taken by senior management, this definition is 
attracting efficiently and successfully to achieve the goals of all parties dealing with the organization[15]. Internal 
marketing defined as recruiting, training and motivating qualified human resources who can provide services to 
customers well[16]. 
 
Internal marketing objectives 
Internal marketing as an administrative philosophy aims to increase employees’ awareness of customers’ needs and 
more motivated to serve them. It aimed at the strategic level to create the appropriate internal environment that 
supports customer understanding and mental openness among individuals. Its target at the tactical level is to sell 
services and promote marketing efforts to employees. Internal marketing also sought to create a clear vision of the 
organization and make the staff attract customers and achieve their ambitions and aspirations [17]. Internal 
marketing also ensures that employees perceived management concern with their well-being and needs. When 
internal marketing is applied effectively, employees positively affect their tasks, including job satisfaction. It 
positively affects job satisfaction in services and affects job satisfaction among employees [18]. Internal marketing 
aims to determine staff’s outcomes they accomplished, interact with customers or other employees, and activate 
internal communication channels between employees. Internal marketing seeks to create an effective internal 
environment and increase employees’ attitude to escalate efforts to achieve organizations' goals as loyal consumers . In 
addition, internal marketing focuses on making employees like the clients treat them as a resource of any helpful 
idea in the organization [19]. 
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The importance of internal marketing 
Internal marketing is a strategic direction that is concerned with providing a suitable working environment for 
employees and success in applying internal marketing, which leads to a successful performance. It increases 
production efficiency and achieves better customer services[20]. Internal marketing also has a significant and clear 
impact on organizational processes. One of the essential factors that have led to employees' commitment is to treat 
employees as internal corporate clients, to enhance and improve their commitment and involvement. Moreover, the 
organizations act with employees as responsible, independent and active entities to realize they are acapital asset 
rather than a cost to be controlled [21]. Internal marketing is the best activity in attracting and retaining the best 
talent by providing a healthy working environment that enhances employees' motivation for creativity, efficiency 
and performance [22]. Internal marketing also raises employee loyalty to the organization, impacting the quality of 
services and products offered to customers [23]. 
 
Internal marketing properties 
Internal marketing has features and characteristics emanating from the integration of human resources management 
and marketing management applications, and the essential attributes of internal marketing mentioned as follows: 
 Internal marketing is generally not a separate activity. Still, it serves as the essential quality of the customer 

service program, strategies and tactical work, where the structure of accompanying activities is a preliminary 
structure for external marketing activity. 

 Communication is a critical point for the success of internal marketing and has a crucial role to play in gaining a 
competitive advantage and reducing conflict within the staff. 

 Marketing is successful when the top management and all employees commit, and the open-door styleis the 
prevailing method. 

 Internal marketing is also an optional process that enhances results and facilitates creativity[2]. 
 Internal marketing is a social process that goes beyond the function of satisfying the material needs of employees 

and works to provide them with job stability and security and increase job satisfaction, which will increase 
productivity among employees[24].  

 
Blended marketing 
Recently, a developed model used in the marketing field to present the mixture of internal marketing that combines 
the most critical activities and procedures that appear to play an essential role in the application of internal 
marketing in organizations while at the same time mimicking the elements of external marketing. The following is an 
explanation of the crucial aspects of this model: 
 Internal product (job): It expressed by job or job, which is the set of tasks organized and accomplished by a 

particular person in a specific place. 
 Internal price (obligation): Means the psychological cost of adopting new ways of working, i.e. the cost of 

abandoning the usual methods and methods to implement these new policies or when moving from work in one 
section to another. 

 Distribution (workplace): Distribution means placing the suitable person in the proper position, especially 
frontline employees (liaison workers), and distribution generally refers to the workplace or working 
environment. 

 Internal promotion: Promotion defined as a marketing communication activity that aims to inform, convince or 
remind individuals to accept, repurchase, use a particular product, accept the idea and deal with the 
organization[18]. 
 

Internal marketing components 
Internal marketing has specific components as well as attributes and properties, which could be as follows:  
 Training: defined as an administrative and organizational efforts that linked to the state of continuity. In 

addition, it makes a skilled, cognitive and behavioural change in the individual's current and future 

Odai Falah Mohammad AL-Ghaswyneh and Khaled Adnan Oweis 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33220 
 

   
 
 

characteristics. So, they will meet working requirements or develop a better functional and behavioural 
performance. 

 Empowerment: means an internal state of mind that needs to be adopted. The individual applies this situation to 
have self-confidence and conviction with the knowledge abilities that help make decisions and test results. It is a 
liberation from restrictions, motivation, and rewarding for entrepreneurship and creativity[25].  

 Motivation and rewards: Incentives and rewards raise the employee's performance and increase commitment to 
the work. Motivation increases production efficiency, which contributes to achieving the organization's 
objectives[26]. 

 Internal communications: Communications defined as activities through which information and ideas exchanged 
to achieve a perception that reflects positively on conducting administrative process and thus gains the objectives 
of the organization[20] 

 Granting powers: Giving powers to employees is an essential factor in producing and providing the best services 
to customers, provided that this process linked to the employees' efforts in their best efforts to take responsibility 
for their work. 

 Leadership: leadership is the process of pushing and encouraging individuals towards achieving specific goals. 
Also, leadership defined as the manager's ability to understand staff behaviour to guide working to achieve the 
organization's objectives [27]. 

 Employees' performance: employees' performance is the degree of achievement and completion of the tasks. It is 
a Job reflection of how the individual accomplished the requirements of the job and the ability to convert the 
organization's inputs into outputs in goods, processes and services with determined specifications and at the 
lowest possible cost [9]. 

 

Methodology 
The study relied on the descriptive-analytical approach and divided it into two sections. The first section 
interested in extrapolating the mentioned results in the theoretical literature and previous studies. Moreover, 
to select the related subjects of the current research, whether in books or scientific periodicals. Meanwhile, the 
second section concerned the field side by preparing survey lists as a primary tool for collecting data. 
 
The study community and sample 

The study community were the employees of government sectors. While the sample of the study was a total 
of (600) employees of the government sectors randomly selected, where (600) questionnaires distributed 
among the study sample and (550) questionnaires valid for statistical analysis for 91.6% of the total 
questionnaires distributed. However, it is an acceptable ratio for scientific research purposes, and the 
following table shows the distribution of the study sample members according to their demographic 
variables.  
 
Study tool 

The study instrument was a questionnaire that authors designed to meet study purposes based on Leckert 
fifth-scale ranging from "strongly disagree" to "strongly agree" by relative weight (1-5), which included three 
sections, as follows:  
 The first section concerns the personal and functional variables of the sample.  
 The second section concerned with the tool related to internal marketing and included (22) paragraphs 

distributed over (6) domains. 
 The third section concerned with the tool related to the employees’ performance included (10) paragraphs. 
 

 
 

Odai Falah Mohammad AL-Ghaswyneh and Khaled Adnan Oweis 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33221 
 

   
 
 

RESULTS AND STATISTICAL ANALYSIS 
 
Results First: Answering study questions Question 1: What is the impact of internal marketing on increasing the 
performance of employees in government sectors?  
Upon question, arithmetic averages and standard deviations of the independent variable calculated. Table two 
explains the results. 
 
 
The table shows that the calculation averages of the internal marketing researchers as a whole came in an average, 
with an average calculation (3.29) and a standard deviation (0.10). At the dimensions' level, after "leadership", it 
ranked first, with an average calculation of (0.10). 3.43) With an average approval rating, followed by "internal 
communications" with an average account of 3.43 and an average approval rating, and in third place came after the 
"powers" with an average account average of (3.28) and an average approval score. Then, it followed by the fourth 
place after "training" with an average account average of (3.35) and a medium approval score, and in fifth place after 
"incentives and rewards" with an average account average of (3.38) and an average approval score, and in the sixth 
and final place came after the "empowerment service" with an average account average of (2.91) and with medium 
approval. The following is the presentation of the calculation averages and standard deviations for each Dimension 
at a limit. 
 
The table shows that the calculations of the researchers' estimates of the variable performance of employees in the 
government sectors at the macro level came with an average analysis (3.29) and standard deviation (0.17), and at the 
paragraph level, the paragraph "The training courses I obtain improved the performance of the work" ranked first, 
with an average calculation of (3.72) and a high approval rating. Meanwhile, the paragraph "My authorities help me 
complete the work in the right way." 
 
Prior – Testing hypotheses 
Before analyzing the regression test to examining the study hypotheses, some tests were conducted to ensure that the 
data were appropriate to regression analysis assumptions. Data confirmed that there was no high correlation 
between independent variables (Multicollinearity). After using the Variance Inflation Factory and Tolerance test 
(VIF) for each study variable, and taking into account that the  (VIF) does not exceed the value (10) and the tolerance 
test value at (0.05), a Normal Distribution calculated Skewness Factors, taking into account that the data tracked 
natural distribution. Meanwhile, this is a fact if the value of the twisting factor obtained. See Table 4, which shows 
the results of these tests. We note that VIF test values for all variables are less than ten and range from (1.369-1.681) 
and that tolerance test values ranged from (0.596-0.731), which is more significant than (0.05) and this is an indication 
of the lack of a high correlation between independent variables (Multicollinearity). Then, it confirmed that the data 
follow the natural distribution by calculating skewness, where values were close to the value (0) meaningless than 
(1), so it can be said that there is no real problem with the natural distribution of study data. The validity of the form 
and table five shows the results. 
 
 
Table 5 shows the study hypothesis test model's validity after calculating F value allowance and the accompanying 
indication level at the α ≤ 0.01. Internal marketing as overall explains (9.6%). From the variation of dependent 
variables: staff performance in government sectors confirms the impact of internal marketing on interpreting the 
disparity in employee performance, so we can test the research hypotheses as follows. 
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Testing hypotheses 
The first hypothesis: there is a statistically significant impact at the level of (a≤0.05) for internal marketing in all its 
dimensions (empowerment, training, incentives and rewards, internal communications, powers, leadership) in the 
performance of employees in government sectors. The statistical results in Table 6, beta transaction follow-up and 
testing (t) show that the following sub-variables (training, incentives and rewards, internal communications, 
leadership) impact employees' performance in government sectors. Beta transactions for these variables showed an 
indication of increment in T value. It calculated from their scheduling value at the indicative level of (a≤ 0.05).There 
is a statistically significant impact at the level of ( a≤0.05) for some dimensions of internal marketing (training, 
incentives and rewards, internal communications, leadership) in the employees' performance of government sectors 
from the sample's perspectives. To determine the importance of each independent variable to predict the change in 
the effectiveness of Stepwise Multiple Regression analysis, table 7 shows the results.  
 
Table 7, which shows the order of entry of independent variables into the regression equation, shows that after 
incentives and equivalents, it followed by contacts after training after leadership. The researcher attributes this result 
to the fact that internal marketing will help employees in the government sectors achieve and complete the business 
as desired by the government sectors, increasing production efficiency. Internal marketing achieves the delivery of 
information to employees in a serial manner that makes employees get the information correctly. This process will 
lead to proper completion if the information is available in the hands of the staff and will help provide services to the 
reviewers in a way that achieves satisfaction and satisfies their needs. The training process will work to develop the 
skills of employees, especially those who need such a type of courses that suit their needs. It is customary that the 
training process will make employees knowledgeable in the performance of their work and keep employees away 
from getting into problems, mainly if these courses aim at the needy and understaffed, as well as internal marketing 
through the application of an effective system in the process of incentives and rewards. A practical leadership 
approach on employees that strengthens the relationship between presidents and subordinates will benefit 
employees and the sectors in which they work and achieve the goals properly. 
 
Sub-study hypotheses 
 H1:There is a statistically significant effect at the level of ( a≤0.05) after training in increasing the performance of 

employees in government sectors. The statistical results in Table 8, beta transaction follow-up and t testing show 
that the variable (training) impacts increasing the performance of employees in government sectors. 

 H2: There is a statistically significant effect at the level of (a≤0.05) for internal communications in increasing the 
performance of employees in government sectors. Statistical results in Table 9, beta transaction follow-up and t 
testing show that the variable (internal communications) impacts increasing the performance of employees in 
government sectors.  

 H3: There is a statistically significant effect at (a≤0.05) motivation and rewards in increasing the performance of 
employees in government sectors. The statistical results in Table 10, beta transaction follow-up and t testing show 
that the variable (incentives and rewards) has an impact on increasing the performance of employees in 
government sectors.  

 H4: There is a statistically significant effect at (a≤ 0.05) to enable the increased performance of employees in 
government sectors. The statistical results in Table 11, beta transaction follow-up and t testing show that the 
"empowerment" variable does not affect the increased performance of employees in government sectors. Sub-
hypothesis 5: There is a statistically significant effect at (a≤0.05) for leadership in improving the performance of 
employees in government sectors. The statistical results in Table 12, beta transaction follow-up and t testing show 
that the (leadership) variable impacts increasing the performance of employees in government sectors. 

 H5: There is a statistically significant effect at the level of (a≤0.05) to grant authority in increasing the performance 
of employees in government sectors. It is clear from the statistical results in table 13, the follow-up of beta 
transactions and the test (t) that the variable (granting authority) does not affect the increased performance of 
employees in the government sectors. 
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The second hypothesis 
There are no statistically significant differences in the perceptions of staff performance of the study sample members 
in government sectors due to demographic variables (gender, age, income, social status, years of experience). 
 Herewith, to test this hypothesis, multiple Anova analysis used, and table 14 shows the results.Data in Table 14 
indicate no statistically significant differences at the indicative level (α≤0.05) in the study sample in terms of 
estimating the level of performance of employees in government sectors due to variables (sex, age, social status, 
income, years of experience). 
 

DISCUSSION 
 
After examining the study's hypotheses, it turns out that there is a statistically significant effect at the level of (a≤0.05) 
of training in increasing the employees' performance in the government sectors. Therefore, the government sectors 
consider identifying the problems facing employees and working to solve them through employee training, whether 
central or decentralized. In addition, the selection of trainers who have the capabilities, knowledge, and experience 
will improve the employees' performance. Also, there is a statistically significant effect at the level (α≤0.05) of 
internal communications in increasing the employees' performance in the government sectors from the sample's 
perspectives. The researcher considered that this result is a fact because government sectors' contribution to the 
communication process within the sectors has dramatically helped employees obtain information. According to these 
results, it works to develop performance when data is available. They indicate the nature of the regulations in place 
that allow the exchange and transmission of information to staff. There is a statistically significant effect at (a≤0.05) 
incentives and rewards in increasing the employees' performance in the government sectors from the sample’s 
perspectives. The researchers attribute this finding to the fact that the systems used for incentives and rewards in 
government sectors have impacted the performance of employees.  
 
Because these sectors usea fair system between employees in distributing rewards and incentives, this factor affected 
the employees' performance in the desired form and completed the work assigned to them in the best way. There is 
no statistically significant effect at (a≤0.05) to increase the employees' performance in the government sectors from 
the study sample's perspectives. There is also a statistically significant effect at (a≤0.05) for leadership in increasing 
the employees' performance in the government sectors from the sample’s perspectives. The direction of the sectors in 
which they work through sound guidance, and when there is no statistically significant effect at the level of (a≤0.05) 
to increase the employees' performance in the government sectors from the sample's perspectives. The employees 
achieve these things will push them to perform their work and accomplish it in high quality. The results of the 
second hypothesis showed that there were no statistically significant differences at the level of (α≤0.05) among 
sample’s perspectives in terms of estimating the level of employees’ performance in government sectors due to 
demographic variables (sex, age, social status, income, years of experience). 
 

CONCLUSION 
 
It was concluded that internal marketing dimension have impactful direction on employees’ performance[3]. 
Government sectors should take care of internal marketing as the cornerstone of the success of external marketing of 
customers[5]. In addition, part of the authority must be given to staff, not their concern, and enable them to make 
decisions about the reviewers' problems[9]. Governments that utilizes from expanding empowering to staff to 
encourage them to participate in decision-making and express their views on various issues related to their sector 
has organic growth in assets and productivity[21]. Moreover, government should pay more attention to training 
employees at all administrative and professional levels because of their importance in improving their 
performance[17, 27]. It was observed the need to focus on the internal communication process enables employees to 
obtain accurate and correct information. Also, to activate the channels of official communication in the delivery of 
information[24]. 
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RECOMMENDATIONS 
 
Based on the findings, the research recommends: 
 Government sectors should motivate employees with material, moral, individual and collective incentives 

without relying on one type of incentive. 
 It must pay attention to the human aspect of the staff and the treatment of staff in an atmosphere of civility and 

kindness. 
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Table 1. demographic variables distribution 
Variable Domain Frequency Percent 

sex 
male 322 58.54% 

female 228 41.45% 
total 550 100% 

(Years) age 

20-30  113 20.54% 
31-40  155 28.18% 
41-50  172 31.27% 

more than 50 110 20% 
total 550 100% 

 single 121 22% 

Social manner 
married 387 70.36% 

otherwise 42 7.64% 

 total 550 100% 

(SAR) Income 
less than 10000 192 34.90% 

10001 -15000  222 40.36% 
15001 -20000  97 17.63% 
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20001 more than 39 7.11% 
total 550 100% 

Experience  ) Years( 

Less than 160 29.10% 
10- May 247 44.90% 

more than 10 143 26% 
total 550 100% 

 
Table 2. internal marketing dimensions means and importance index II 

Dimensions mean Std. Dev Average  - degree II 
Empowerment 2.91 0.41 Medium 6 

Training 3.35 0.49 Medium 4 
Incentives and Rewards 3.38 0.64 Medium 5 

Internal Authorities 3.41 0.63 Medium 2 
Authority 3.28 0.34 Medium 3 

Leadership 3.43 0.45 Medium 1 
Overall 3.29 0.1 Medium  

 
Table 3. Internal marketing impact on employees’ performance – Major Paragraphs 

Dimensions mean 
Std. 
Dev 

Average 
- degree 

II 

Internal communication and quick access to information enabled 
me to perform the work as required 

3.7 0.75 H 2 

I feel like I am part of the team that developed my performance 3.47 0.77 M 5 
Employees in government sectors are selected according to the 
specifications and conditions of the job. 

3.08 0.34 M 9 

The promotion system used to promote employees is fair 3.26 0.69 M 7 
The services I need to perform my work are available. 3.27 0.49 M 6 
The support I get from the leader has made me complete the 
work to achieve the sector's goals in which I work. 

3.12 1.13 M 8 

Doing my job, the way I see it is appropriate enables me to do 
the job successfully. 

3.61 0.54 M 4 

The authority which I have to help me get the job done the right 
way. 

3.06 0.64 M 10 

The incentive and reward systems used in the sector I work in 
have made me work efficiently and effectively. 

3.64 0.74 H 3 

The training courses I get have improved the performance of the 
work. 

3.72 0.44 H 1 

Overall 3.29 0.17 M  
 
Table 4. VIF, tolerance and Multicollinearity test 

Dimensions VIF tolerance Multicollinearity 
Empowerment 1.681 .596 -1.702 
Training 1.542 .689 0.328 
Incentives and Rewards 1.492 .718 -1.403 
Internal Authorities 1.369 .731 -1.673 
Authority 1.475 .651 0.358 

Leadership 1.584 .687 0.324 
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Table 5. Analysis Of – Regression – Model Variance 

Dependent variable source R2 
Sum-
Sqr 

Mean-
Sqr 

F Correlation F* 

Employees' 
Performance 

variance 
0.096 

0.386 0.386 
14.593 0.000* 

error 3.653 0.026 
 

Table 6. multiple regression analysis 
Independent variable's Dimension B Std-Error Beta T-Value T* 

Training -0.33 0.029 -0.949 -11.466 .000* 
Incentives and rewards -0.109 0.025 -0.416 -4.414 .000* 
Internal communication 0.1 0.035 0.371 2.893 .004* 

leadership -0.132 0.029 -0.355 -4.611 .000* 
*: Significance Correlation at the level of (α≤0.05) 
 
Table 7. Stepwise Multiple Regression 

Ranking dependent variable Pre-
prediction 

R2value T 
value T  *  

Cumulative Factor 
Training 0.612 9.084 0.000* 

Incentives and rewards 0.747 7.53 0.000* 
Internal communication 0.772 3.614 0.000* 

leadership 0.791 3.269 0.000* 
*: Significance Correlation at the level of (α≤0.05) – variable regression equation excluded (empowerment, 
authorities) 
 
Table 8. Excluded Multiple Regression- Training 

Independent variable's Dimension B Std-Error Beta T-Value T* 
Training .096 0.034 235 2.835 .005* 

*: Significance Correlation at the level of (α≤0.05) 
 
Table 9. Multiple Regression- Internal Communication 

Independent variable's Dimension B Std-Error Beta T-Value T* 
Internal Communication 0.084 0.021 -0.318  3.941 .000* 

*: Significance Correlation at the level of (α≤0.05) 
 
Table 10. Multiple Regression- Incentives and rewards 

Independent variable's Dimension B Std-Error Beta T-Value T* 
Incentives and rewards  0.213 0.023 0.612 9.084 .000* 

*: Significance Correlation at the level of (α≤0.05) 
 
Table 11.Excluded Multiple Regression- Empowerment 

Independent variable's Dimension B Std-Error Beta T-Value T* 
Empowerment 0.002 0.032 0.004 0.048 .962** 

*: Significance Correlation at the level of (α≤0.05) 
 
Table 12. Multiple Regression- Leadership 

Independent variable's Dimension B Std-Error Beta T-Value T* 
Leadership 0.076 0.022 0.28 3.424 .001* 

*: Significance Correlation at the level of (α≤0.05) 
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Table 13. Excluded Multiple Regression- Authorities 
Independent variable's Dimension B Std-Error Beta T-Value T* 

Authorities  0.052 0.041 0.107 1.268 .207** 
*: Significance Correlation at the level of (α≤0.05) 
 
Table 14. ANOVA analysis 

Variable Sum-Sqrt free-Degree mean  - sqrt F value F* 
sex 0.016 1 0.016 0.557 .457** 
age 0.033 3 0.011 0.397 .755** 

social manner 0.001 1 0.001 0.03 .863** 
income 0.003 2 0.001 0.048 .954** 

experience 0.011 2 0.006 0.201 .818** 
Error 3.496 125 0.028 

  
Total 1527.32 550    

*: Significance Correlation at the level of (α≤0.05) 
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Air pollution happens when gases, dust particles, smoke are introduced into nature in a way that makes 
it a problem to people, animals, and plants. Air pollution injurious to the health of humans and other 
living beings on our planet. It creates smog and acid rain, causes cancer and respiratory diseases, 
decreases the ozone layer environment, and contributes to global warming. Air pollution is influenced by 
the presence in the environment that poisonous or causes health effects, it affects every human being and 
to all sectors: that are animals, cities, forests, ecosystems. In recent years, we though interested in two 
areas, which hurt many unfavourable consequences of air pollution: nature or environment and human 
health. The situation in Bangalore is particularly worst because of the cocktail of contamination recorded 
daily, in which a lot of pollutants exceed the air quality standards at the exact time. If the small particle 
contamination levels in there ever reached the same levels as Bangalore, this is all about the health care 
how it is affecting human health and same to measures taken to control the study the air contamination 
in Bangalore city. Air pollution is a major environmental cause. It can affect human health and life 
support systems as well, however, fresh air is an essential thing of life.   
 
Keywords: Air Pollution, Diseases, Ecosystems, Environment, Human Health. 
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INTRODUCTION 
 
Air pollution currently one of the most squeezing natural concerns.  While nine out of the ten most dirtied polluted 
cities in the world lie in India and Pakistan that leaves no room for self-satisfaction amongst other countries 
somewhat because they also have their issues and because we live in an associated biological system. Air pollution is 
a multiplex thing as so many components or elements are answerable for the poor quality of our air. Air pollution 
happens when gases, dust particles, smoke are introduced into nature in a way that makes it a problem to people, 
animals, and plants.  Air pollution injurious to the health of humans and other living beings on our planet. It creates 
smog and acid rain, causes cancer and respiratory diseases, decreases the ozone layer environment, and contributes 
to global warming. In this industrial age, air pollution cannot be evicted fully, but steps can be taken to deduct it. The 
government has developed and continues to develop, guidelines and instructions for air quality and order to restrict 
outflow to control air pollution. On an individual level, we can reduce our contribution to the pollution threat by 
using public transportation. furthermore, purchasing energy-efficient light bulbs and machines or otherwise 
reducing our electricity use will reduce the pollutants released in the production of electricity, which creates most of 
the industrial air pollution. 
 
Air pollution is the introduction into the atmosphere of chemicals, particulates, or biological materials that cause 
discomfort, disease, or death to humans, harm other living organisms such as food crops or harm the natural 
atmosphere or built environment. Fabric in the air that can be disadvantageous to humans and the atmosphere is 
known as an air pollutant. Pollutants can be in the form of strong particles, fluid beads, or gases. What is more, they 
might be natural or manmade. Air pollution can be classified into two different categories;  visible and invisible, both 
can guide to an alternation of the elegant balance of our environment and threat to health on a local scale and also 
the risk to the system globally in types of consumption of the ozone layer leading to weather change, air pollution 
can arise in two main paths, first pollutants can be discharged straight into the climate are and known as basic 
pollutants can consolidate to frame optional pollutants and can be found in the arrangements of issues, for example, 
smog. 
 
IMPORTANCEOFTHEPROBLEM 
Air pollution is the most significant one among those causes natural pollution, reducing poisons noticeable all 
around is significant for human wellbeing and condition, henceforth the investigation of air pollution is significant 
since the air pollution control is important for better condition,  all have to bothered about the reality of the air 
pollution and battle against for the control, the investigation about the air pollution is designed to expectation the 
environment counteractive action.  because air pollution is one of the best wrongdoings ever committed, even 
though dirtying the air is deemed satisfactory. It kills many people every year, it's additionally the main thrust 
behind climate change, we study air pollution so that we can better understand its effects and sources, we use the 
information to make informed decisions on meaningful ways to prevent and mitigate air pollution, we're still a long 
way away from having clean air.  90% of the world’s total populace breaths messy air the size of wretchedness from 
birth surrenders, ailment, wellbeing, loss of efficiency is stunning, we cannot settle on information-based choices 
without information, furthermore, that is the reason we must study air pollution. 
 
Air pollution is one of the significant contaminations among the natural pollution because each living being needs air 
in each second, none of the living things can make it without air. Also, that air ought to be crisp and clean, since the 
investigation of ait pollution is important, air pollution is likewise prompt’s environmental change, the investigation 
of air pollution is comprehending the impacts and source, so we can take the counteractive action strategy 
effectively. 
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STATEMENTOF THEPROBLEM 
Air pollution is influenced by the presence in the environment that poisonous or causes health effects, it affects every 
human being and to all sectors: that are animals, cities, forests, ecosystems. In recent years, we though interested in 
two areas, which hurt many unfavourable consequences of air pollution: nature or environment and human health. 
 
THE CONSEQUENCES OF AIR POLLUTION ON THE ENVIRONMENT 
In our environment all people, animals, trees, entire things can suffer facing problems facing from air pollution, that 
hide shapes and colours, air pollution particles, in the long run, fall back on the earth, air pollution can 
straightforwardly pollute the surface of bodies of water and soil, this can murder crops or diminish their yield, it can 
murder youthful trees and different plants. like people creatures can experience the ill effects of the introduction of 
air pollution, birth imperfections, infections, and lower conceptive rates have all been attributed to air pollution. 
The contaminated air, floating on the outside of the earth, is diverted by wind and downpour. Clouds and high 
temperatures likewise help to scatter contamination to arrive at extremely huge spans from its place of the starting 
point. 
• Air pollution has a great crash on the process of plant evolution by averting photosynthesis in many cases, with 

genuine results on the filtration of the air we relax or breathe. 
• If there is a clean environment only the human beings, animals, plants are also in a clean that is the reason it is 

harmful to the environment, that is only the thing mentioned in above point. 
• Air pollution adds to the arrangement of acid rain, barometrical precipitation as downpours, which are 

discharged during the burning of petroleum products. by contact with water vapor in the air, acid. 
 
THE CONSEQUENCES OF AIR POLLUTION ON HUMAN HEALTH 
Air pollution impacts on humans:  humans experience a long range of health effects from being exposed to air 
pollution, effects can be fell into short-term effects and long-term effects. Short-term effects that are temporary this is 
not permanent, include illness, they also include discomforts such as irritation to the nose, skin, throat, and eyes, this 
pollution affects humans a lot and it creates headaches. And here long-term impacts of air pollution can keep going 
for quite a long time for a whole lifetime, they can even prompt a person's passing, long term health effects from air 
pollution include all disease, lung cancer, a few researchers suspect air pollution cause birth defects, almost 2.5 
million individuals die world• wide every year from the impacts of open-air or indoor air pollution. 
 
Our continued subjection to these air pollutants is reliable for the decline of human health., Specifically, air pollution 
can cause cardiovascular issues, sensitivities, asthma assaults, blood issues in the psychological advancement of the 
youngster, among others. The most helpless are youngsters the older, pregnant ladies, and the sick.  Here how the air 
pollution is a consequence of human health, that is. 
 
• Because of the air pollution, human health is not in a good position, he had to face a lot of problems because of 

the air pollution. 
• Human beings are very sensitives, they can live without pollutants in nature, if there is pollution happens means 

human beings are in a dangerous situation. 
 
Air pollution might be introduced as the presence of two or more pollutants like dust, smoke, colour in the 
environment that are affect human beings, forests, and animals. And all these related for the reason of this pollution 
that how it causes the pollution itself. 
 
THE CONSEQUENCES OF AIR POLLUTION TO DIFFERENT SOURCES 
Air pollution cause in various ways in all that these different sources it means that it affects the things that harmful 
to the human beings and also affected by the human beings that gives a lot of strength to the study of this here, that 
is the reason it will include here itself,  Different sources it means  I want to tell here about that global warming, 
global warming is an environmental phenomenon caused by natural and anthropogenic air pollution. It refers to 

Gurusamy et al. 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33232 
 

   
 
 

raise air and sea temperatures around the globe, this temperature rise is in any event in part brought about by an 
expansion in the measure of ozone-depleting substances in the air, ozone-depleting substances trap heat vitality in 
the earth's air, Here in this I will going to tell about the pollution how it is acquiring different sources in all different 
categories, in that the air pollution is acquiring dust and construction, waste burning, transport, diesel generator, 
industries, domestic cooking these different things that would be the pollution acquiring things. 
 
CAUSES OF AIR POLLUTION 
 
• The burning of fossil fuels: sulfur dioxide released from the burning of fossil fuels like coal, petroleum and 

another factory inflammable is one the major reason of air pollution, pollution emitting from vehicles including 
trucks, jeeps, cars, trains, airplanes cause a huge amount of pollution we depend on them to fulfill our daily basic 
needs of transportation.  But their overuse is killing our nature as dangerous gases are polluting the environment 
or nature. Carbon monoxide caused by improper or incomplete burning and generally discharged from vehicles 
is another major pollutant along with nitrogen oxides, that are produced from both natural and manmade 
processes. 

• Because of agricultural activities : here because of air pollution affects for the agricultural activities a lot and it is a 
threat or causes for the agricultural things what we are do in the agricultural things, most farmers center around 
addressing to difficulties of nuisances and sicknesses and agronomic practices yet a major test could be the 
impact of air pollution.  Crops can be harmed when presented to high groupings of different air poisons, damage 
ranges from unmistakable markings on crop leaves, to decreased development and yield to unexpected passing, 
if there should arise an occurrence of creatures, it might prompt pollution because of eating bad feed and water, 
the development and seriousness of the damage depend not just on the grouping of the specific poison yet in 
addition on various things, these incorporate the length of introduction to the poison the plant species and its 
phase of advancement just as the ecological variables helpful for the development of the pollution and to the 
preconditioning of the plant,  which makes it either defenceless or impervious to damage. 

 
NEED AND RELEVANCE OF THE STUDY 
 
The techniques introduced to decrease or delete the emission into the nature of substances that can threaten the 
nature or atmosphere or human health.  The control of air contamination is one of the principal areas of 
contamination control, along with wastewater treatment, solid-waste management, hazardous-waste management. 
The better path to save air quality is to decrease the release of pollutants by changing to cleaner fuels and processes, 
pollutants do not remove in this way must be collected or catch by related air-cleaning devices as they are showed 
and before they can went-off into the environment, these devices are portrayed below. The accentuation of this 
article is air pollution control innovation as it is intended to expel particulate and vaporous toxins from the outflows 
of stationary sources, including force plants and mechanical offices.  
 
The situation in Bangalore is particularly worst because of the cocktail of contamination recorded daily, in which a 
lot of pollutants exceed the air quality standards at the exact time. If the small particle contamination levels in there 
ever reached the same levels as Bangalore, this is all about the health care how it is affecting human health and same 
to measures taken to control the study the air contamination in Bangalore city. 
 
OBJECTIVES OF THE STUDY 
 To create public awareness about air contamination and its impacts to help the community or the society. 
 To save the public are from different types of diseases, including tuberculosis, asthma, and other skin diseases. 
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RESEARCH METHODOLOGY 
 
Here in the methodology of the research, I will brief the description which I have collected or received from the 
respondents, people, and all. In all the places they have said that what is all in the ways they are facing the problem 
with the pollution that comes from the air and that company and the employees are facing the problems these are all 
the problems that company employees facing the problems. I visited one of the companies in the Bangalore they are 
all said that due to the pollution only they have not done works properly and what are all the threats they are taken 
to come up from that pollution this is also one of the main reasons to that and also the companies want the good 
atmosphere nature for them and their work. there is now and then seen in the structure of an overview the evident 
aim to describe the environment of a region by itemized concoction investigation of the greatest number of 
substances as can be taken care of in the research facility. After-effects of such works, notwithstanding, uncover a 
drearily comparative character in the air solids in various urban areas all through the nation and such contrasts as 
are seen are discouraging without real noteworthiness, the most significant one here is that nobody knew for a long 
time what the reason for brown haze was and all specialized research was committed for an extensive stretch to 
responding to this inquiry. Generally, for all the companies they want good nature with unpolluted air or nature, the 
pollution is sometimes it creates by vehicles, factories all those of thinks.  This is about the methodology of my 
research. 
 
LIMITATIONS FOR THE STUDY 
Air pollution has been one of the highest threats that people have been facing fora lot of years, this is not a problem 
for some specific places, some people across the world need to restrict the issues related to air contamination. The air 
contamination index has been at every time highs for quite some of the time, the effects of air contamination can be 
serious and very affecting to your overall health. 
 
SWOC ANALYSIS 
Strengths 
When talking about the strength of this article it is a social subject, that is the reason all people responsible for this 
thing and they must think about threats which are corning on the earth, human beings, animals, plants and also 
creatures, and this articles strength is to that what I have collected the data and analysis that is only the strength of 
my report. Information's which I have got regarding the air pollution it is very useful for thisarticle and also it is very 
understood to the public, and also make very neat clear picture regarding control the threats of this, And one more 
thing is what the data I have collected from the air pollution board that is all enough to control the pollution in the 
city, and also which I have got the information's from the respondents aboutthe topic that also comes under this, 
finally these are all the strength softish report. 
 
Weakness 
In this also the weakness of this article is to the information's which I have collected by the people or with the 
respondents I thought that that is all not the full information's that I have got that is only the reason this is the 
weakness of the article, no one is ready to follow the rules and regulations which regarding the air pollution, it cause 
all weakness to this pollution and also in this nation many are not able to understand the problems which arise by 
the pollution, they have to understand and precautions must be taken from them, and one more thing is many are 
still doing threat to the society with the help of pollution,  and also they must follow the rules and regulations from 
the government and also they have to think on it and they have to work on it then the only pollution will be 
controlled in the earth, and then only humans are chance to leave safely in the beautiful environment this is all about 
the weakness of this report. 
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Opportunities 
There is a lot of measurement want to take from the government and from all the people that who are including in 
the society that is the reason it is only about the topic of all the setting of the people that would be under the method 
of this. Here in opportunities also which things are right to have an opportunity means personnel care and measures 
have to be taken from the people because different kinds of situations decide different things and also different 
minds have different kinds of ideas or plans also, all the things were very important and matters here telling that 
because of this pollution measures would be taken and also care will be taken from the people then only we escape 
from the things which we have face the threats and also in a certain way that we follow the things matters a lot, and 
another thing is there is a lot of observations would take from the government it is very necessary for that if there is a 
government will strict and serious only the public also becomes serious, if the government will leave the things 
which cause the people the public also do the same, that is the reason this is also one of the opportunities to 
overcome with this. 
 
Challenges 
Day by day nature and also in the environment will change, every day it is very from one atmosphere to another, 
here the challenge is to control or limit with the climate change, sometimes it decides how the things will going on 
and also it is our responsibility to keep the climate in balance that is the reason it is one of the challenge to the report 
and the people,  and another thing is there are no people who come and support for this social activities, there are 
busy with some of the works, no one is there to come and give stand with anyone, that is the reason it is also one of 
the challenges to the report, and final thing is that the reducing risks or threats from the toxic air pollutants, this is 
also one of the challenges to this, these are all the challenges to this report. 
 
OUTCOME OF THE RESEARCH 
PESTANALYSIS 
 
Political 
In political analysis, there is no understand between the state and also in central government, if there is an 
understanding and when cooperation between the state and central government only the works should be done 
perfectly, and if the state government is accepted to do some activities regarding the air pollution at the same time 
not ready to do the central government for these activities because every party, they have own clashes on the things 
here. There are very bad politics they are going to make some of the non-sense in their way that is the reason no 
chances to bring the part of it, and a lot of misunderstanding between the political parties this is about the political 
things in this analysis. 
 
Economical 
In this report economically how it affect or impact the study of air pollution here and also economically how the 
report will be considering these points here,  here increasing the economic extension and energy demand will lead to 
a notable increase in global discharge of air pollutants and the GDP level also decreasing because of this reason and 
also air pollution is effects on the market because of the air pollution, which include impacts on labor productivity, 
agricultural crop surrender, and health costs.  This is about the economic thing, it is caused only for the set of all the 
problematic thing of the situation that arises by the way of the economical thing, and it will come under the method 
of the way of it, economically it is very harmful to the people and to the environment. 
 
Social 
Here in the social thing the things which are must follow by the people they are not following the rules and 
regulations properly and also they have done the things that are safe to the society, and also the people they are not 
aware of the pollution that is the reason they must aware about the pollution and also which are the bad things to the 
society and all and another thing is the pollution is affects the trees, rivers, soils and also wildlife that is the reason 
the people follow the precautions that give by the government to protect the environment and also nature, it is the 
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social thing that will affect the things in a socialistic way and make some of the things that ever consuming some of 
the situations also in a proper source of this, air pollution is not good to the society and also that is our responsibility 
to protect the environment from the pollution. This is the social thing of the research. 
 
Technology 
In these technological ways also a lot of things must follow in the way and give thigs to the in a good way of all the 
systematic problems of this. Nowadays a lot of technologies are implemented in the world which are not affected to 
the people as well as the environment, here we are using the petroleum vehicles, better to use solar vehicles and 
battery charging vehicles because it does not give the air that comes from the vehicle,  if we are using the petrol 
vehicles it gives the bad air to the environment that is the reason better to use the solar vehicles and battery charging 
vehicles behalf of the petrol or diesel vehicles, this is the study of air pollution. 
 
EXPERIENCES, LEARNINGS, AND CONCLUSION 
 
Experiences 
• When I go to collect the information regarding the air pollution, Peoples or respondents were positive and 

cooperative. 
• It is very eager to know the information's regarding air pollution because of this study. 
• It gives the full information regarding how we would be in society and how we are as human beings. 
• I understand a lot of things related the air pollution that from which are all the way air pollution happening and 

affecting society. 
• My experience is about this study is that I thought it gave full information to control air pollution. 
• This study helps to study more things related to pollution and about the air pollution control board. 
• It was an amazing experience, sometimes the respondents they were not reacted properly. 
 
Learnings 
• In this, I got more knowledge regarding how pollution happening in the city, that when I visited the places 

relating to the pollution. 
• Lots of things I got to know that what I am studied regarding things everything is a new thing to study. 
• Another thing that I learned from this is that many things that teach a lot of knowledge regarding this. 
• Huge necessary information was collected from the air control board relating to the study which controls air 

pollution. 
• Made plans for how to take measures to control air pollution in Bangalore city. 
• In this, I learned that in the future how to control air pollution with measures that are not affected society. 
• It gives knowledge in how the air pollution is affecting and how the measures are taken the way these are all the 

things that I knew from this study and very useful it is for everyone. 
 

CONCLUSION 
 
Air pollution creates very bad impacts on the earth, as above all saying that all the precautions that to be taken for 
the control of the pollution, we must follow that, and also that is our responsibility to keep the good atmosphere in 
the earth because of the plants, animals, human beings and creatures. Air contamination can be prevented just if 
people and organizations quit utilizing dangerous substances that reason air contamination, in any case, this would 
require the end of all non-renewable energy source consuming procedures, from modem assembling to home 
utilization of forced air systems, this is a far-fetched situation right now, be that as it may, we need to make rules 
which set most grounded guidelines on modem and power supply assembling and taking care of. The guidelines are 
to be intended to further decrease hurtful outflows into the earth's climate. Nowadays the air pollution is very 
problematic to society and the environment, also to public health.  Because of the huge dust in the city, the public is 
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falling diseases to various complex victims, including asthma, respiratory complications, other skin diseases, 
tuberculosis, and bronchitis, etc, the only path to brief or expand the accountability of public administration is 
government should speedily translate is national atmosphere policy, transport policy into action to advantage the 
people of this nation, otherwise, this nation will be in risk. 
 
The main thing I am going to conclude for this study is to all the peoples who are in the nation they must take care of 
the environment and they must make it in clean. The system which gives the government to reduce the air pollution 
we must follow and control the threats which are going to happen in the future, we want to reduce the bad air 
consuming which comes from the vehicles, and we must precaution that control to the environment, behalf of the 
petroleum vehicles we can use battery vehicles and solar system vehicles then only we control the air pollution. Air 
pollution is from different sources and includes vehicles that come waste air, fuels have been shown to have effects 
of air pollution. In air pollution, we must follow the things which control from the pollution. Air pollution causes 
health effects on human beings and plants. And we must take measures strictly to take control of air pollution. 
 
Air pollution is a major environmental cause. It can affect human health and life support systems as well, however, 
fresh air is an essential thing of life.  Air contamination has long been a threat in the world and without air, the earth 
would be not able to leave a beautiful life, effective administration and outside water can be tuff for build articles, 
groundwater can be reduced by pumping factors and barring methods, environmental impacts including ground 
settlement and movement of contaminated groundwater. It must be is being done to control, screen, and amend 
harm done by contaminations, the issues different and some are just being perceived yet it is essential to keep a 
nearby power over poisons with the goal that we can keep up nature in an adequate condition for who and what is it 
come. And this air contamination is a major nature-related health problem to children and a tuff thing for both acute 
and chronic respiratory disease, to control this problem want to action by central or state government and also raise 
awareness among the public,  the conclusion of this report is we have to follow the rules and regulations of all the 
measures taken to control the pollution, and we take precautions to control the air pollution primarily,  it is the 
conclusion of this article. 
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Not only does fish play a significant role in food demand for people, but has also become a crucial model 
for several scientific studies. There have been various tests in fish with the use of different medications. 
Bacterial diseases in fish are most common. Antibiotics are often used to manage bacterium-led fish 
illnesses, although antibiotic resistant forms of bacteria are being developed. Medicinal herbs can serve 
as immune stimulants, allow the non-specific defensive systems of fish to be activated early and increase 
a particular immune response. The plant contains various components of the immune system, including 
as polysaccharides, organic acids, alkaloids, glycosides and volatile oils that might improve immune 
activities. The immune system means an assembly of cells, chemical production processes that guards 
our bodies against invading antigens like viruses, bacteria, cancer cells and so on. The immune system's 
key duties include protecting against bacterial infection organisms pathogenic. Antigens in today's 
society are increasingly resistant to antibodies and numerous illnesses are caused. We are concentrating 
in this review on the action of the unicellular alga spirulina platensis as an immune stimulator. Spirulina is 
historically used as a dietary supplement that can reinforce the immune system. Furthermore, it is 
unavoidable that such an immunological booster will remain free from sickness as Spirulina platensis is 
rich in protein, vitamins, and minerals and carotenoid. 
 
Keywords: Immune Boosters, Spirulina,  Immunity, Fish, Health Benefits.. 
 

 
 
 

ABSTRACT 

 RESEARCH ARTICLE 
 

http://www.tnsroindia.org.in
mailto:pradipta.banerjee@cutm.ac.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33238 
 

   
 
 

INTRODUCTION 
 
Fish is a delicious and protein-rich food for humans. India is on the brink of the Blue Revolution and has made great 
strides in inland fisheries. In addition to playing an important role in meeting human nutritional needs, fish are also 
widely used in various biological experiments .In addition to playing an important role in meeting human 
nutritional needs, fish are also widely used in various biological experiments. In relation to the pharmacokinetic and 
pharmacodynamic parameters, the antibacterial, ant parasitic and anaesthetic drugs were widely experimented on 
the fish. A successful fish trial has been conducted on medications such as tetracycline’s, penicillin’s, macrolides, 
quinolones, sulfonamides, anti-cancer agents, herbal medicinal medicines, vaccines, etc. Antibiotics are widely used 
to fight diseases caused by these bacteria. However, there is an increased risk of developing bacterial strains resistant 
to antibiotics. Medicinal plants can be used as immunostimulants to activate the non-specific defense mechanisms of 
fish in the early stage and enhance specific immune responses. Medicinal plants have been used as medicines and 
immune enhancers in humans for thousands of years. In recent years researchers and feed companies have shown 
increasing interest in the use of plants in animal feed. Plants contain many immune-active ingredients, such as 
polysaccharides, organic acids, alkaloids, glycosides and essential oils, which can improve immune function. The 
therapeutic plants have been utilized as medication to treat distinctive fish infections and to control of shrimp, 
particularly within the nations like China, Mexico, India, Thailand and Japan. The immune stimulating role of some 
herbs in aquaculture has raised interest. Some blends of Chinese herbs in shrimp and tilapia have increased the non-
specific immune system, such as bactericidal activity and leucocyte function. 
 
In contrast to the induction of other inflammatory elements, the non-specific protective mechanism of fish involves 
neutrophil activation, peroxidase and oxidative radical synthesis. As mentioned below, certain herbs with 
immunostimulatory effects were used both experimentally and clinically to diagnose and monitor various diseases 
of fish in various medicinal plants (Govind et al. 2012). Fish are in close interaction with aquatic diseases. 
Overpopulation and low hydrodynamics and diet lead to increased infection susceptibility. Different drugs are being 
used for treating and preventing illnesses to avoid significant economic losses related to diseases. The use of 
antimicrobial medicines in aquaculture will contribute to bacterial pathogens becoming resistant. Over the past few 
years, alternatives to antibiotics are being pursued and medicinal plants are one of the choices available (Stratev et al. 
2017).  
 
IMMUNOSTIMULATING HERBS IN FISH 
By use of red clover in tilapia diet has indeed been observed to enhance feed intake, growth performance, the protein 
digestibility, and visible protein usage (Yilmaz et al. 2018).By use of immunomodulators for the prevention of fish 
diseases in fish crops is gaining the interest of many researchers as a solution to medications, chemicals and 
antibiotics. In this sense, many concentrated on the use of herbs to deter and prevent fish diseases as possible 
therapeutic steps for the modulation of immune response and, in particular, on the use of herbs. Medicinal plant 
rehabilitation are profoundly established and intimately related to the preservation of better health and to the 
cultural history of many people from various cultures and nations. Macrophages, monocytes, granulocytes, 
Humoral components, including lysozymes or the supplementary system are the principal components of the Innate  
immune system. Injection, bath or oral should be used for immunostimulants, which are the most feasible in this. 
The most commonly recognized immune stimulants are bacterial cell membrane components such as lipo 
polysaccharides and glucans, but they can also stimulate the unspecific immune response of fish by means of 
synthetic materials, polysaccharides, vitamins and animal and plant extracts. Substances that encourage growth, 
antimicrobial agent, nutrients and many other applications are currently used in commercial aquaculture. They are 
also studying their capacity for preventing and controlling fish diseases. A comprehensive scientific research has 
focused on modulate the immune response using medicinal herbs as a therapeutic potential measure. Medicinal 
plants form a deep-rooted part of the cultural patrimony and are closely tied, as such, to the preservation of good 
health of many people from varied cultures and nations (Galina et al. 2009). 
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HERBS AND VACCINATION 
The use of immunostimulants with fish vaccinations shows potentiality as a way of raising fish's safeguarding 
capacity and reducing the immunostimulant's vaccine dose to improve the vaccine's strength while decreasing the 
dose required achieving the same impact. In association with carp vaccine Ganoderma (Ganoderma is a genus of 
fungi in the family Ganodermataceae commonly known as called Lingzhi, it is one of the most known medicinal 
species. Recognized as the “marvelous herb”. It is widely used in china) and Astragalus (It is a flowering plant in the 
family Fabaceae. It is one of the herbs used in traditional Mongolian medicine. Commonly combined with other 
herbs, it has been utilized as a dietary supplement in case of several conditions, including the respiratory 
infections.)noted that the respiratory burst response of the phagocytes as well as increased phagocytosis and 
lysozyme activities in bloodstream were significantly improved in these fish. There were also high levels of immune 
reactions, but the vaccinated community did not include herb extracts with herbal extracts and vaccinated fish did 
not show significant variations. The highest survival rate was seen by fish feeding all herbs vaccine. Herbal products 
can be applied in the fish culture as a vaccine, particularly as they are easy to produce, not costly and work against a 
wide range of pathogens. Most herbal products can be administered orally, as it is the most efficient 
immunostimulation process (Galina et al. 2009). 
 
 
SEAWEEDS 
Seaweed is renowned chief constituent hydrocolloids, i.e. agar, alginates and carrageenan. The aquatic organisms are 
regarded as aquatic macro algae or algae. They can flourish in shallow waters and 180 m deep ocean. The algae are 
divided into three major groups: brown, red, and green. They are also known as Phaeophyceae, Rhodophyceae, 
and cholorophyceae. The aquatic algae have several microbial, medicinal and sulfated polysaccharide behaviors. 
Furthermore, the health effects of nutritional quality are many. It has plenty of molecules that promote fitness, 
including nutritional fibers, essential fatty acids, amino acids and vitamins A, B, C and E. Eatable seaweeds are 
rich in bioactive compounds, which function as a food product for disease control and with a variety of 
diagnostic properties, including anti-obesity, antivirals, antifungals, antibacterial, antidiabetics, anti-
hypertensions, antibiotics, anticancer, antioxidants and thyroids (Singh et al. 2020). Oceans, whose top layer is 
occupied by algae, are two thirds of the earth. This suggests that these photosynthetic microbes are widely 
available. In recent decades, algae have seen a surge with concomitant breakthroughs and progress in this area. 
Not only are algae of significant environmental significance, but are also quite economically important (Gomez-
Zavaglia et al. 2019).The seaweed had lost its initial or genuine identity by this time and, in its broadest sense, had 
been understood to be the closest approximation of algae. Seaweeds or algae are a crucial ingredient in coastal 
marine environment primary biomass production and perform vital ecological functions as a habitat and substratum 
for invertebrates, fish, mammals and birds (Rebours et al. 2014). Seaweeds provide fascinating growth elements for 
innovative food and nutraceuticals. A nutraceutical item is a food that does not have a nutritional value but has a 
favorable impact on human health and might therefore assist to avoid health issues like cancer, arthritis, diabetes, 
auto-immune disorders, the eye and cardiovascular disease (Cotas et al. 2021).In the development and proliferation 
of macro algae in direct or indirect ways, seaweed related bacteria play a vital role. Phyla-borne bacterial colonies the 
most common surfaces of seaweed are proteobacteria and firm cuts. Proteobacteria a consortium comprised of 
microbes comprising bacteria, fungus, diatoms, protozoa, spores and larva of invertebrates is a very sophisticated, 
dynamical and complicated microbe that lives on the surface (Singh et al. 2014). 
 
SEAWEED CLASSIFICATION 
Seaweeds are classified into three major groups according to pigmentation: brown algae (Phaeophyceae), green algae 
(Chlorophyta), and red algae (Rhodophyta). These are all different in terms of characteristics – morphology and size. 
Seaweed are divided into two classes according to their size, that is, phytoplankton and seaweed with 6000 various 
species (Singh et al. 2020). 
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BROWN ALGAE 
Brown seaweed has historically been exploited for nutritional, functioning and technical uses by coastal people  
(Reboleira et al. 2019).  Algae in cold areas around the continental shores, the class contains around 1,500 species of 
seaweed in the Chromophyta division. Species colors ranges, depending on the ratio of brown (fucoxanthin) to green 
pigments, from dark brown to olive green (chlorophyll). Brown algae varies in their shape and size from little 
epiphytic filament to complicated massive kelps of 1 to 100 meters (Bhutia et al. 2018). This brown color is derived by 
the supremacy of the component xanthophyll fucoxanthin, which conceal other components, like chlorophyll a and c 
(there seems to be no chlorophyll b), beta carotene and xanthophyll. The majority of brown algae are haploid and 
diploid. The haploid thallic isogamous gametes, anisogamous or oogamous, and the diploid thallic, often meiosis, 
create zoospores (Guiry, 2014). The brown seaweed holds a number of anti-oxidant compounds. These substances 
are developed to deter bodily damage that can lead to cancer and other disorders. Brown algae chemicals may 
potentially affect inflammation and the body's immunological system. They are utilized for treating cancer, 
fibromyalgia, arthritis, stress, weight reduction, cardiovascular disease, high cholesterol, etc. (Wong, 2021). 
 
GREEN ALGAE 
Green algae are an extensive, diverse category of algae possessing chlorophyll a and b as main photosynthetic 
activity, xanthophyll, beta carotene, as well as auxiliary pigments. Green algae for the photosynthesis are used by 
higher species. Other green algae are related to other creatures symbiotically. The member’s includes simple, multi-
cell, colonial and flagellate.  Notable examples include Spirogyra, Ulothrix, Volvox, etc. Green alga. The typical mobile 
or non-mobile green algal cell has a central vacuolar, plastid pigments, and two-layer cellulose and pectin cell wall. 
The cell is formed of several kinds (Rimsa, 2007). Green algae have cellular structure which comprises cellulose-like 
assemblies of polymers, hemicelluloses, arabinogalactan, extension and lignin found in embryophytic walls 
(Domozych et al. 2012).The majority of green algae reside in fresh water, generally on rocks and woods or as scum in 
standing water; terrestrial and marine species also exist. Microscopic species that float freely assist aquatic creatures 
as food and oxygen sources. In the evolutionary plants research, Green algae are also of importance; 
Chlamydomonas with a single cell is seen as the ancestral shape likely to give rise to terrestrial plants (Rimsa, 2007).  
 
RED ALGAE 
The color red is obtained by the phycoerythrin and phycocyanine pigments, which hide other pigments, chlorophyll 
a and chlorophyll b absent, beta-carotene and many distinct xanthophylls. Typically Florida starch and floridoside 
are the primary reservations; there is no real starch like those of higher and green plants. Cellulose and agar walls 
and carrageenans, both of which are long-chained polysaccharides for commercial usage. A few unicellular agents of 
varying origin; filaments are made of more sophisticated thallic. Coralline algae, which produce calcium carbonate 
into their cells, are a particularly significant category of red alga. Some of these corals are interconnected.These 
corallines were employed in therapy for bone repair.  Coral algae were used as insect repellent in ancient times. 
Therefore, the binomial Corallina officinalis. The Kappaphycus red algae and Betaphycus are currently the leading 
carrageenic sources, a popular element in foods, yoghurt and chocolate milk and puddings. In the creation of all-
important, extensively used, micro-organism agar as a growth medium and in food and biotechnological 
applications Gracilaria, Gelidium, Pterocladia and other red algae are employed (Guiry, 2014). Red algae have been 
used as a source of nutrition and to treat diseases for thousands of years. It is rich in vitamins, minerals and 
antioxidants, and the body can easily use it. The main benefit of red algae is their ability to promote healthy blood 
circulation. It can regulate blood sugar and lower bad cholesterol in the human body, because it is rich in fiber, a rich 
source of calcium and magnesium, which can promote bone health; in addition, because it contains antioxidants, it 
helps to strengthen the immune system. Systematize and nourish your skin (Lawrence, 2014). 
 
MEDICINAL VALUE OF SEAWEEDS 
The nutritional and physiological advantages of seaweed were intensively investigated among the functional 
impacts. Seaweed is rich in wellness chemicals and components such as nutritional fiber comparison to terrestrial 
plants and animal-based diets (Rajapakse et al. 2011). In many coastal countries, seaweed is used as a food source, 

Khumbar Debbarma et al. 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33241 
 

   
 
 

industrial use and fertilizer. The biggest food use of these crops is in Asia, especially Japan, South Korea and China, 
where algae cultivation has become an important industry. In most western countries, the consumption of food and 
animals is limited, and there is almost no pressure to develop algae growth methods. These are the current and 
potential uses of algae. , Some excellent biochemical reagents. Today, algae are used as human nourishment, 
cosmetics, and fertilizers and for industrial gum and chemical production. They are capable of being employed as a 
source of medical and industrial usage for big or small chain compounds. Marine algas can also be utilized as energy 
collectors. Fermentation and pyrolysis can extract potentially valuable chemicals (Guiry, 2014).  
 
ANTIOXIDANT PROPERTIES 
The hunt for natural antioxidants has attracted substantial interest over the past decade and there has almost been a 
quadruple in the number of publications on antioxidants and oxidative stress. A variety of illnesses such as chronic 
inflammation, atherosclerosis, cardiovascular and cancer illnesses and ageing processes are crucial for antioxidant 
chemicals, explaining their great economic potential in medicine, food production and the beauty business.  Marine 
algae are exposed to a mixture of light and oxygen, like other photosynthesis plants, that lead to the development of 
free radicals and other powerful oxidizing agents. Moreover, the lack of oxidative damage and stability in 
preservation in the structural components of microalgae indicate that the cells contain antioxidant-protective 
protection mechanisms. Algae have protective enzymes as well as antioxidant molecules, which are comparable in 
size to those of vascular plants, such as phlorotannins, ascorbic and carotenoids, phospholipids, chlorophyll, amino 
acids, polysaccharides, etc.  Antioxidant effects of algae extracts have been researched in several geographical zones, 
but only a few studies on tropical algae have been conducted. Antioxidant activity of tropical macro algae is 
remarkable as the antioxidant defense system in the tropical environment is predicted to provide a very powerful 
antioxidant system. Earlier investigations have shown that UV radiation promotes antioxidant protection of macro 
algae. Many macro algae species have been subject to strong sunlight on the Gulf of Mexico and the Caribbean coast 
and some have been never examined for antioxidant activity (Shelar et al. 2012). 
 
ANTIFOULING PROPERTIES 
Marine bio fouling is defined as a binding of microbial slime, macro algae and invertebrates on any evolving surface, 
such as barnacles, moles and sponges. This phenomenon has several repercussions and many sectors, such as 
fisheries and the industrial sector, have to face bio fouling implications. For example, the ship hull marine bio fouling 
increases fuel use, drag and therefore cleanup and painting, resulting in the estimated cost for the US Navy alone of 
1 billion US dollars a year. Moreover, fastened hulls and propeller blades boost engine stress, thus expanding carbon 
dioxide emissions, adding significantly to global warming. Bio fouling in the process known as epibiotic, affects 
marine organisms themselves. Their surface colonization can lead to the change from plankton to benthic existence 
and to the transition from motility to the form of the sessile life. Marine organizations have developed fouling 
mechanisms, including mechanical defense, physical defense or chemical defense. Marine algae, produce a wide 
variety of active chemical metabolites that can help avoid or minimize access to light and nutrients, and guard 
themselves from other settling organisms. Active metabolites are reported as antibacterial, anti-antifungal, anti-algal, 
and anti-macro fouling agents beneficial in preventing the bio fouling of many species of marine and microalgae 
(Shelar et al. 2012). 
 
ANTIMICROBIAL PROPERTIES 
Seaweed is a bioactive source since it may create a number of secondary metabolites with a broad diversity of 
biological activities. While seaweed grows in a hostile environment, throughout metabolism it rarely suffers from 
major photodynamic damage. This means that marine cells are protected by certain defensive substances and 
processes. Since seaweed is an excellent source of antibiotic agent, omega-3 fatty acids, antioxidants and other 
bioactive substances, these items should be used in nutraceuticals and functional meals. Selected methanol extracts 
of red or brown seaweed have also been discovered as polyphenolic chemicals, such as catechins, flavanols and 
flavanol glycosides and exhibit antioxidant and antibacterial action. Experts successfully identified brown algae 
Sargassum sagamianum, sargaquinoic acid derivatives with antibacterial activity. The effects of various levels of 
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brown algae, Listeria monocytogenes, Salmonella, Enterococcus faecalis and Pseudomonas aeruginosa.  The In vitro 
antibacterial property against gram positive and gram negative bacteria was demonstrated in the extracts and active 
ingredients of several algae; selected cases are listed. Antimicrobial production was seen as a sign of the capability of 
seaweed to produce secondary bioactive compounds. Many microalgae substances, including anti-bacterial, anti-
antivirals, anti-tumor, anti-coagulant and anti-fouling, have been reported in this field. Antioxidants are by far the 
most thoroughly discussed among the various compounds with functional characteristics. Furthermore, there was a 
demonstration of the crucial role of antioxidants in one’s nutrition, thus boosting customer attention in and demand 
for these products. The marine algae provide for bioactive natural compounds as essential resources. Phenolic 
substances were found in Brazilian red algae. The nutrients and antioxidants of Kappaphycus have a varied 
antibacterial activity. The thalli are also recognized in several portions (Shelar et al. 2012). 
 
ANTICANCER ACTIVITY 
Many species have been identified to be isolated from algae to reduce the spread of cancer cells. The bioactive 
compounds of algae may kill cancer cells through apoptosis by induction. Separated bioactive compounds with an 
anti-cancer activity by multiple modes of action along with cancer causing inhibitory activity and incursion, and 
metastatic action. Apoptosis can either be triggered by intrinsic or external paths. Colorectal and breast cancers are 
caused by Fucoidan isolated from the brown algae fucus species. Anti-proliferative action against cellular cancer was 
observed by enzyme elimination of algae, eclonia cava with polysaccharides and polyphynolic (Singh et al. 2020). 
 
ANTI-INFLAMMATORY PROPERTY 
A major part of anti-inflammatory compounds has been provided by marine algae in recent years (Abad, 2013).Lung 
dysfunction, gastrointestinal problem, atherosclerosis and endothelial dysfunction are all influenced by oxidative 
stress. The two varieties of red algae species identified as having anti-inflammatory characteristics are Gracilaria 
verrucosa and Gracilaria textorii. Gracilaria tenuistitata contributes to the suppression of viral inflammation (Singh et al. 
2020). 
 
ANTIVIRAL PROPERTY 
A wide range of viruses have demonstrated anti-viral potential with water-soluble compounds from seaweeds. Hong 
Kong's coastal areas include more than 200 types of algae (Wang et al. 2008).A variety of antiviral action is contained 
in marine derived polysaccharides and in their lower molecular weight oligosaccharide derivatives. Sulfated 
polysaccharides help prevent enveloped virus, arena virus, rhabdovirus, orthopox virus etc. from replicating. 
Carrageenan helps avoid human papillomavirus from being first infected. The prevention of influenza virus caused 
pulmonary edema in mouse has been well recognized to have low molecular weights of carrageenan and its 
products. The action against both enclosed and non-enveloped viruses is highly antiviral (Singh et al. 2020). 
 
BIOACTIVE COMPOUNDS IN SEAWEED 
POLYSACCHARIDES 
Polysaccharides are characterized by all species, whether marine or upper flora as an energy reservoir and structural 
constituents. Polysaccharides in algae are the largest macro molecule with a weight of about 80%. These stable 
polysaccharides are called nutritional fibers not to be metabolized in the body; they can ferment to different degrees 
owing to the enzyme action of bacteria in the gut. In plants like Codium, Gracilaria, Ulva where polysaccharides are 
greater above wheat bran, edible marine algae have a significant quantity of dietary fiber ranging from 23.5% to 64% 
DW (dry weight). Algal polysaccharide varies from tropical Polysaccharides; some are methylated, acetylated, 
pyruvylated or sulfated, and they consist of unusual polyuronides (Ganesan et al. 2019).  

LIPIDS AND FATTY ACIDS 
Seaweed lipids are mostly made up of the long-chain fatty acids with the numerous saturated fatty acids (SFA) and 
palmic acid in each species, notably polyunsaturated fatty acids (PUFA) with atoms of 18 and 22 carbohydrates 
according to species. In Brown Marine Algae, accompanied by Green and Red Algae, also essential fatty acids (EFA) 
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and PUFA were identified in abundance. In the normal metabolic profile of cardiac and obese linked questions, 
PUFA is highly variable across species of seaweed and omega 6-fatty acid ratio and the omega-3-fatty acid ratio. In 
Ulva species, Acanthophora, Gracilaria and Ulva fatty acids are discovered to be rich. These are widely documented for 
anti-inflammatory, anti-hypertensive, anti-hyperlipidemic and angiotensin inhibitors I-converting enzyme (Ganesan 
et al. 2019). 
 
VITAMINS 
Vitamins are the main micronutrients that initiate a number of metabolic pathways and are prior to the co-factors of 
enzymes. As higher species do not have the method of synthesizing these cofactors metabolically, they must thus be 
received from an external entity. It contains practically all crucial and indispensable vitamins. Algae are the finest 
source of vitamins. Many algae’s such as Porphyra, Himanthalia and Gracilaria have a high content of vitamin C 
comparison to land vegetables. Vitamin B12 is often processed by prokaryotes that are closely related to the surface 
of eukaryotic alga's and further strengthen levels of B12 in maritime algae. The vitamin B12 level of Chlorella and 
Spirulina microalgae is much greater than the one of nori macro algae. In algae, such Codium fragile, and Gracilaria 
chilensis, vitamin A (carotenoids) is comparatively high than in carrots (Ganesan et al. 2019). 
 
USES OF SEAWEEDS 
AS A FOOD 
Seaweeds are mostly used in the Far East and Australian regions as food. Fresh seaweed is often used as food by 
folks residing on the shore in these nations. Nori, Kombu and Wakame seem to be the most significant food species 
in Japan. It is one of the largest edible algae, and the output Amanori and Asacusa-Nori are created from it in 
Japanese Porphyria tenera (Nori). Kelps have been used in China from at least the 5th century. Laminaria is the most 
common species utilized, but few species are primarily employed in japan. Plants would be dried and chopped into 
bands or crushed upon collecting. Kombu is often used in Japan as a vegetable for preparing fish, meat meals, soups 
and rice. Powder form Kombu may be either used in sauces and soups or used as curry to rice. There are some types 
used to make tea-like beverage. The Nori is served in sauces, soups and broths, which may be roasted to provide the 
green color. It's just moistened and consumed occasionally. For cool rice balls, which are a favourite midday meal for 
Japanese youngsters dry nori sheets are utilized. The dietary content of nori, vitamins, mineral salts and particularly 
iodine, is its main cause (Madhusudan et al. 2011). 
 
AS A SOURCE OF AGAR 
The most effective agar is generated from Rhodophyceae Gelidium, which is also known as vegetable agar. 95% 
is produced in the world.  Agar is also made out of numerous different marine algae and produced from eleven 
species Gelidium, Sarconema, hypnea, and Gracilaria the output of agar, the settings of temperatures and the gel 
strength of the result. Japan is the largest producers of agar and sells agar to almost all of the major countries. The 
agar is handled in several ways. It is used in ice cream, jellies, pastry production etc., fabric size prepping and liquid 
cleaning. It is also used in lotions, cosmetics and shoe polishing. The agar is continuously used for media production 
in biological labs (Madhusudan et al. 2011). 
 
AS A FERTILIZER 
Because of the abundance in seaweed potassium chloride (KCI) is utilized in several nations, like Japan, France, the 
United States, England and South India, as a fertilizer. Marine algae are employed for diverse soil cultivations in 
various places of the world as a fertilizer. Retrieved and cast onshore algae are often used as fertilizer for coconut 
planting in India in Tamil Nadu and Kerala, possibly directly or in the form of compost. Seaweed manure is known 
to be preferable than manure from the farming field (Madhusudan et al. 2011). 
 
AS A MEDICINE 
Pharmaceutical companies have begun in recent times in the quest for novel pharmaceuticals of natural ingredients 
from marine species, including algae (Smit, 2004).The salty flavor of seaweeds shows that the material may disperse 
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the phlegm build-up especially since the material creates soft masses, including goiter, the thyroid enlargement 
indicating serious iodine shortage (Madhusudan et al. 2011). 
 
SEAWEED AS AN IMMUNOSTIMULANT 
Notable achievement was obtained with application of more ecologically friendly immunostimulants by framework 
of the management of fish diseases. It's also famous the inborn immune system can be activated in fish .Through 
numerous antibiotics. However, a few of the immunostimulants cannot be employed due to its huge cost. In 
contrary, several plants were employed in indigenous remedies for many illnesses prevention and diagnosis. 
Ergosan consists of 0.002% non-specified plant extract based on algae. It is utilized for its immunomodulation 
activities in aquaculture. Immunity in the rainbow trout and snakehead showed Improvement after intraperitoneal 
utilization of Ergosan operation. The antibiotic and antioxidant effects of seaweeds are widely established. They 
include polysaccharides, alkaloids; fatty amino acids, micro vitamins and nutrients, and they have important traces 
of them. Various investigations have found that elements of seaweed can improve immunological function 
(Balaraman et al. 2017). 
 
SPIRULINA 
Spirulina is like a helix of long slender strands underneath Arthrospira genus, the phylum Oscillatoriaceae, a 
photosynthetic and filamentous cyanobacteria. It is named blue-green algae since this cellular structure contains both 
green and blue pigmentation. The two most commonly Known species that are utilized due to its nutrition purpose, 
Spirulina maxima and Spirulina plantensis (Mosha, 2019). Spirulina is an algae used for generations because of the 
excellent potential and the alleged beneficial effects on health. Today the people of support popular spirulina 
lifestyles as a hidden, powerful super-food. It was formerly categorized as a plant due to "its abundance in plant 
characteristics as well as its capability of photosynthesis," as per an issue of the journal Cardiovascular 
Therapeutics. Spirulina is grown in minute springs, which are usually adhered to and harvested easily. Its hue is 
strong blue and green yet its flavor is very modest (Cox, 2018). It is manufactured commercially under specific 
situations in enormous outdoor pools. The information provided on the human clinical possibilities and uses of 
spirulina,  the efficacy and impact of spirulina,  has been summarized. It is largely beneficial to its chemical 
makeup, including proteins, carbonates, vital amino acids, minerals, vital fats, vitamins and colors. The major 
reasons for this are its significant health advantages (Reboleira et al. 2019).Two of the most famous genera of algae 
are Chlorella and Spirulina. Chlorella is single and spirulina is a filamentous cyanobacterium, both exist in fresh water 
(Andrade, 2018). 
 
SPIRULINA AS AN IMMUNE BOOSTER 
The earliest category of gram negative blue green algae, widespread in nature, is the oxygen photoautoto-
procarytodios with a broad variety of bioenergy provider in both aquatic environment and terrestrial, from 
hydrothermal vents to the Arctic and Antarctic areas. They are the precious resource of industrial and 
pharmaceutical natural assets. Spirulina is a blue-green microalga famous due to use by NASA, as it includes 70% of 
the protein, it also includes vitamins, including B12 and carotenoids. it is a nutritional remedy for astronauts. The 
Arthrospira platensis is a tiny, filamentous, unicellular prokaryote, which is often popularly called Spirulina platensis 
and may be seen in fresh water resources, ponds and sea-water. No such feature was assigned to Arthrospira, unlike 
some of the other cyanobacteria which have shown to be poisonous. Macronutrients and micronutrients are high in 
spirulina. For thousands of years, spirulina is being used for nourishment. Spirulina has various uses in farming, 
pharmacies, perfumery, medicine and research. There are several other uses. It aims to improve the immune function 
as spirulina contains chlorophyll and removes bloodstream impurities. Spirulina contributes to the improvement of 
immunity and boosts virus - induced infections resistance. It helps to establish the mucosal and systemic immune 
response components by activating the innate cells of the immune system. It demonstrates activities like antioxidant, 
anti-inflammatory activity, and immunosuppressive activities and bio-modulatory qualities more than the high 
active ingredients of phycocyanine found in Spirulina (Praveena et al. 2020). 
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IMMUNITY 
Immunity is defined as a complicated biological system, capable of recognizing, accepting and rejecting what is 
unfamiliar to itself (Rodgers, 2011).Immunity is an individual's strength to protect from infections. The immune 
system defends us against the invasion of pathogens into to the body. It is a body-based defensive system for 
recognizing non-self or external materials. Immune defense or bodily immunity works in two ways that are to some 
extent interrelated.  
 
i. Innate immunity. 

ii. Adaptive immunity. 
 
Innate immunity offers instant protection against pathogens in particular. This is not organism-specific and offers 
initial line of protection from contamination. It is claimed to be non-specific and not unique to a certain disease. It is a 
fast reaction that takes place in a few minutes; there is no memory and it will not provide the organism long-term 
immunity. In comparison a particular immune response focused at an invading pathogen is different from an innate 
immunity which is a non-specific adaptive immunity. There is always an initial EFFECTOR RESPONSE after 
introduction to a foreign organism that removes or neutralizes a disease. Later re-exposure to the very same external 
organism generates a faster reaction rate to the MEMORY RESPONSE that removes illness and removes the 
pathogens. It is only in vertebrates that this reaction found (Praveena et al. 2020). 
 
HEALTH BENEFITS OF SPIRULINA 
The characteristic of Spirulina is distinctive and is an immunological boon. It demonstrates immunomodulative 
activities and biomodulative qualities in addition to antioxidant, anti-inflammatory action. Many researches have 
demonstrated the immunological enhancement capabilities of Spirulina. As well as in the individuals with different 
cancers, AIDS, and other viral diseases, this alga boosts immunologic tolerance (Praveena et al. 2020). Spirulina has 
been widely used as a protein and vitamin boost in aquaculture meals and has become more common in the wellness 
food business. The supplement has often been used by humans because the concentration of macro and micro in 
shellfish cultivation, it is greatly enhanced in the diet of giant freshwater prawn, independently of the 
supplementary amount, by 5 - 20 percent in growth, survival and consumption of feeding stuffs. In young Pacific 
white shrimp, the partial substitution of fishmeal by Spirulina was also studied, with positive results. Nutrients are 
relatively high. In addition, the manufacturing, extraction and preparation need basic technologies (Mosha, 
2019).Several spirulina antioxidants have actions against inflammation in the body. The contribution of chronic 
inflammation to cancer and other disorders. Photosynthetic pigments in spirulina has been proven to not only lower 
bodily inflammation but inhibit tumor development and destroy cancer cells, it also causes in destroying cancer cells. 
Studies have indicated that the spirulina protein can diminish the body's cholesterol absorption and decrease 
cholesterol levels. This helps maintain a clean artery and decreases the stress on your heart which can contribute to 
cardiovascular disease and blood coagulation (Brennan, 2020).The threat related to spirulina supplements may 
sometimes outweigh the benefits (Greger, 2007). 
Spirulina's significant health advantages:- 
 Radioprotection. 
 Protection of kidneys and liver. 
 Improvement of blood quality and prevention of anemia. 
 Prevention of liver and renal toxicity. 
 Immune protection. 
 Removal of heavy metals from the body. 
 Relief in allergic reaction. 
 Reduction of blood pressure (Praveena et al. 2020). 
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HOW SPIRULINA INCREASES IMMUNITY IN THE BODY? 
Spirulina is filamentous alga that is multicellular and able to reduce inflammation and to display antioxidant 
properties. In old adults with a history of anemia, it may improve anemia and immunosenescence (Selmi et al. 2011). 
The extract of Spirulina platensis has a wide variety of uses in medicinal practice; and has the qualities of anti-AIDS in 
vitro activity, anti-inflammatory, anti-microbial, immunomodulatory.  Hyperlipidemia, diabetes and cancer are also 
reduced effectively in people and animals, as are anticancer and antiviral effects (Praveena et al. 2020). 
 
IN FISHES 
The outcome of the fish test demonstrated a boost in fish development by substituting Spirulina with 5 percent FM 
protein. The Spirulina's growth impact is related to its function in the digestion of nutrients and its great nutritional 
content, such as vitamins and minerals. Including fish into meals would guard against injury to tissues by inhibiting 
the generation of reactive oxygen agents per an increase in dietary antioxidant capability of Spirulina platensis. it has a 
function in the digestion of nutrients and a high level of nutrients like vitamins and minerals. Including fish into 
meals would guard against injury to tissues by inhibiting the generation of reactive oxygen intermediates according 
to an increase in dietary antioxidant capability of Spirulina platensis.  It is a possible immunostimulant that increases 
mucosal and systemic immune systems by activating the non-specific immune response. Its extract has been 
influenced by increased phagocytic activity and activation of NK immune system cells. The rate of growth of the fish 
fed with spirulina additive also increased considerably and the hematocrit, nitro-blue tetrazolium, and lysozyme 
activity increased considerably. There were also considerable increases in growth rate. The sulfated polysaccharides 
in algae are highly likely to prevent viral infections. These algae have been shown to be anti-viral.Since Spirulina is 
called a super-food, it could be used to improve the resistance and management of the disease, as prevention is 
thought to be better than treatment (Praveena et al. 2020). Spirulina is farmed extensively to fulfill market 
requirements. The open canal ponds with paddles are used to tumble the water. In the United States, Thailand, India, 
China, and Pakistan, the principal spirulina farms are located (Hvizdak, 2014). 
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In recent years, bio resources derived antioxidant and byproducts attracting much attentions due to 
replace chemical based antioxidants. Among the bioresources, microalgae being prime candidate to 
convert the biomasses to the valuable byproducts. This study dealing with assessment of growth with 
reference to media and analyses of proximate compositions, antioxidant, and phytochemical constituents 
of marine diatom Amphiprora paludosa. Among the five media tested, TMRL medium result higher 
growth and protein being as dominant constitutes in proximate compositions. The DPPH radical, super 
dioxide radicals, and hydroxyl radicals were higher in 10 mg of A. paludosa with the value of 65, 52 and 
53 % respectively. In phytochemical constituents analysed methanol reacted in all the constituents and 
revealed better results. The present findings inferred that the A. paludosa biomass and their extracts 
provided much biological applications for economical and eco-friendly development.  
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INTRODUCTION 
 
Microalgae are photosynthetic eukaryotes that constitute one of the major components of both marine and 
freshwater environments as primary producers and they form food source for secondary and tertiary marine 
organisms. They are also excellent sources of pigments, lipids, carotenoids, ω-3 fatty acids and other fine chemicals 
[1]. As photosynthetic organisms, this group plays an important role in the productivity of marine environs and 
which constitutes the basis of the marine food chain or food web. Moreover, phytoplankters are responsible for half 
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of the oxygen release in the atmosphere [2]. Their long evolutionary and adaptive diversification to a multitude of 
habitats and extreme conditions (e.g., cold/hot environments, hydrothermal vents) make them good candidates for 
drug discovery, because they may have evolved compounds for communication, defense and survival that are often 
unique and such things may not have any terrestrial counterparts [3]. There are around 40 % of global 
photosynthesis is assumed to be performed by microalgae [4,5] thus, becoming important in the alteration of 
inorganic nutrients (e.g, C, N, and P) towards the transformation into organic forms [5] and thus contributing to 
approximately 50 % of the total planetary primary productivity [6]. 
  
Microalgae  have  been  considered  to be an  important  source  of  bioactive  compounds  since  they  are  the 
sustainable resources, easy to culture that do not require an arable land and freshwater unlike the terrestrial plants. 
Some researchers have already reported the interesting and remarkable antioxidant potential of microalgae [7]. As 
regard their biotechnological applications there is a constant effort actually provided for both finding and exploiting 
new microalgal resources and developing their putative commercial utilization. 
 
Antioxidants are molecules that inhibit or quench free radical reactions and which delay or inhibit cellular damages 
[8]. The antioxidant enzymes convert dangerous oxidative product in to hydrogen peroxide (H2O2) and then to 
water, through a multi-step process in the presence of cofactors such as copper, zinc, manganese, and iron. Non-
enzymatic antioxidants work by interrupting free radical chain reactions. The free radicals used to attack all the 
major classes of biomolecules, mainly the polyunsaturated fatty acids (PUFA) of cell membranes, alter the enzyme 
activity and increase the susceptibility of protein to proteolytic attack. These may lead to diseases like rheumatoid 
arthritis and cataract through oxidative damage to lens crystalline [9]. Microalgae represent an almost untapped 
resource of natural antioxidants, as they exhibit enormous biodiversity, much more diverse than higher plants. 
During the photosynthesis process, they absorb solar light which is converted into chemical energy, later used in the 
conversion of CO2 into carbohydrates, and at the same time, generating molecular oxygen, which can reach locally at 
a high concentration levels. However, not all groups of microalgae can be used as natural sources of antioxidants, 
due to their widely varied contents of target products and growth rate or yields. Hence, the present research work 
was focused to examine the biochemical, phytochemicals and antioxidant activity of aquaculture important 
microalgae. Thus, this research aims to characterize microalgae of interest for aquaculture for their potential 
biological activities, especially in antioxidant properties. 

 
MATERIALS AND METHODS 
 
Indoor Cultivation and Molecular Characterization 
The marine diatom Amphiprora paludosa were taken from Marine Planktonology & Aquaculture Laborotary, 
microalgae culture collections and the indoor cultivation of diatom was made according to the method of Perumal et 
al. [10]. For indoor cultivation F/2 medium were used and the detailed composition of medium were provided in 
Perumal et al. [10]. Initially the culture media optimization were carried out and the detailed medium composition 
were given in our previous publication Santhanam et al. [11].  The A. paludosa strains were preliminary identified by 
microscopic analysis, then were further confirmed by 18S rDNA sequence analysis. The cultured cells was harvested 
in mid-exponential growth phase by centrifugation (10,000g for 10min) and the cell pellets were washed twice using 
sterile deionized water in a sterile centrifuge tube. Total DNA was extracted using a CTAP method according to the 
Doyle and Doyle [12]. The DNA extracts were analyzed by electrophoresis on 1.5% agarose gel to confirm the 
presence and approximate concentration of products, and then used for PCR amplification. Then the amplified 
sequence further analysed with primers followed by genbank submission of accession number.  
 
Evaluation of Phytochemical Compounds and Proximate Composition 
The extracts were obtained from different solvents based on the polarity (polar: methanol, ethanol and water, 
Intermediate: chloroform, Non polar: petroleum ether and hexane). 1mg/ml of the microalgal powder was taken for 
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secondary metabolites extraction and soaked in different solvents and kept in room temperature for 24 hours. After 
the extraction, the solvent was filtered through Whatman no.1 filter paper. The crude extracts were stored at 4oC for 
further analyses. The phytochemical compounds viz; tannins, flavonoids, terpenoids, steroids, saponins and 
alkaloids were estimated as described [13]. The protein content level estimated according to the method of Lowry et 
al. [14]. Lipid was estimated by using the chloroform-methanol method as described by Folch et al. [15]. 
Carbohydrate was estimated according to the method of Dubois et al. [16].  
 
Evaluation of Antioxidant Activities 
The free radial scavenging activity of the microalgal extracts was evaluated using standard procedures and Ascorbic 
Acid was used as the reference compound. All analysis were run in triplicates and the average was taken. The 
potential of marine microalgal extract to scavenge the stable radical DPPH (1, 1-diphenyl-2-picrylhydrazyl) was 
measured by the method described by Brand-Williams et al.  [17] with slight modifications. The hydroxyl radical 
scavenging activity of different crude extract was determined by the method of Halliwell et al.[18]. The super oxide 
radical of the sample was determined by adopting the method of Liu et al. [19].  
 

RESULT AND DISCUSSION 
 
Figure-1a shows the microscopic view of A. paludosa.  The genomic DNA from A.paludosa isolates were extracted and 
subjected to the agarose gel. Then the isolates procured genomic DNA with bp of 615. Then the amplified sequences 
were analyzed using NCBI database and proceed with highest similarity of Amphiprora paludosa (MN966871). The 
obtained NCBI accession and identification were confirming that Amphiprora paludosa (Fig. 1b). Figure 2 shows the 
growth curve of the A. paludosa at various culture medium and highest growth were observed at TMRL (0.423 abs) 
medium followed by Conway’s (0.414 abs), Miquel's (0.405 abs), F/2 (0.211 abs), and Schreiber's (0.171 abs) medium. 
Santhanam et al. [11] stated that the growth and biomass production of microalgae may vary based on nitrogen and 
phosphorus availability on the medium and present study confirms that the higher growth were observed in TMRL 
medium followed by Conway’s medium.Figure-3 shows the proximate composition of the A. paludosa; among the 
three parameters tested protein (30.6%) was found high followed by carbohydrate (12.15%) and lipid (11.58%). 
 
The fluctuation of salinity in the culture medium may affect the protein accumulation in algal cells opined by Gu et 
al. [20]. The synthesis of protein getting triggered when the ATP emissions was nill while unstapled NaCl 
concentration occur [21]. The lipid and carbohydrate getting stimulated when nitrogen, light intensity, salinity, and 
pH was supplied at enough concentration and even the supply of CO2 was varying  [22].  The carbohydrate and 
starch accumulation might be varried species to species when the salinity and their metabolism changed due to 
favorable and unfavorable environmental conditions [23].  Borowitzka [24] stated that microalgae considered bank 
for protein, pigments, fatty acids, and polysaccharides. Due to the presence of different bioactive compounds, 
microalgae consisting many antioxidant proprieties from their crude extract. The antioxidant activity like DPPH 
radical, hydroxyl radical, and super dioxide radical has been given in the Figure. 4a-c. The DPPH radical treatment 
were analyzed in different concentration of crude extracts like 2, 4, 6, 8, and 10 mg. The highest DPPH radical were 
observed in 65% whereas ascorbic acid (control) result 79%. The same trend has been observed in super dioxide 
radicals, and hydroxyl radicals were highest was observed in 10 mg of crude extract and percentage of activity were 
52 and 63 respectively. Banskota, [25] opined that, microalgae have huge quantity of antioxidant protection like in 
vitro and in vivo due to presence of alpha tocopherol β-carotene, and phenolic acids.  The various groups of phenolic 
compounds were present in the microalgae and their concentration and may vary species to species like medicinal 
plants, fruits, herbs and etc. Manivannan et al. [26] stated that the antioxidants characteristics are high in microalgae 
than the other terrestrial and aquatic plants. Table-1 shows the phytochemical constituents of A. paludosa with 
various extracts cultured under TMRL medium. Among the four extracts (methanol, ethanol, ethyl acetate, hexane) 
tested, methanol result all phytochemical components except steroids, saponin and tannins. Ethanol extracts shows 
terpinoids, phenols, and glycosides where as ethyl acetate results steroids and glycosides. However, hexane extract 
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did not react with any phytochemical constituents. The results showed that the A. paludosa extracts contained 
diversified phytochemicals with various bioactivities. The necessary of alkaloids, saponins and tannins were utilized 
as antibiotics to treat common pathogenic diseases [27]. 
 

CONCLUSION 
 
The present study dealt with growth, proximate compositions, antioxidant activities and phytochemical constituents 
of A. paludosa extracts. The results showed that the A. paludosa possess higher growth, proximate compositions, 
phytochemicals, which directly or indirectly can apply to human health treatment activities. And also this findings 
suggest that the A. paludosa have better antioxidant properties that would be deliberated in the medication, food 
supplements, cosmetics, and aqua feed industries for future economical and ecofriendly applications. 
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Table-1. Phytochemical constituents of Amphiprora paludosa with various extracts cultured under TMRL medium 

Phytochemical constitutes 
Extracts 

Methanol Ethanol Ethyl acetate Hexane 
Alkaloids + - - - 

Flavonoids +- - - - 
Steroids - - + - 

Terpenoids + + - - 
Saponin - - - - 
Phenols +- + - - 
Tannins - - - - 

Glycosides + + +- - 
Note: + denotes present; - denotes absent. 
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(a) 

 
(b) 

Fig 1.Microscopic view (a) and phylogenetic tree (b) of Amphiprora paludosa 
 

 
Fig2. Growth curve of Amphiprora paludosa under 

various culture medium 
Fig 3. Proximate compositions of Amphiprora paludosa 
cultured under TMRL medium. Values shown are 
averages of three triplicates ± standard deviation, and 
the standard deviations were calculated from three 
repetitions. 

 
(a)                                                             (b)                                                           (c) 

Fig 4. Scavenging of DPPH radical, super oxide radical, and hydroxy radical of Amphiprora paludosa cultured 
under TMRL medium. Control was assessed against ascorbic acid as standard and treatment was assessed 
against A. paludosa sample. 
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The Leaves of Hedyotis herbacea Linn. which was claimed to have wound healing activity was extracted 
with various solvents such as Petroleum ether, Chloroform, Ethyl acetate, and Ethanol. The extracts were 
screened for Ursolic acid by HPTLC. The literature review suggests that Ursolic acid was scientifically 
validated for wound healing activity. HPTLC evaluation showed that chloroform extract contained a rich 
fraction of Ursolic acid. So the Ursolic acid, rich fraction of chloroform extract of Hedyotis 
herbacea(CEHH), and isolated constituent of Ursolic acid were subjected to cytotoxicity and scratch assay 
by utilizing H9c2(2-1)cells. Based on the cytotoxicity study nontoxic concentrations such as 40 µg/ml and 
80µg /ml were chosen for further study. The Report suggests that 80µg /ml of chloroform extract was 
having the better percentage of wound closure than an isolated constituent of Ursolic acid. 
 
Key words: Wound healing, Hedyotis herbacea, Chloroform extract and Ursolic acid. 
 

INTRODUCTION 
 
Cell migration is that the movement of cells from one area to another usually in response to a chemical signal. It is a 
key property for achieving functions like wound repair, cell differentiation, embryonic development, and therefore 
the metastasis of tumours [1 & 2].Throughout this assay, a cell-free area is made during a convergent monolayer by 
physical exclusion or by removing the cells from the area through mechanical, thermal, or chemical impairment. The 
exposure to the cell-free area induces the cells to migrate into the gap [3 & 4]. The main principle of cell migration 
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assay is the ability of cells to grow after the wound formation. The fundamental steps involve creating a "wound" in 
a cell monolayer, capturing the images at the beginning and at regular intervals during cell migration to close the 
wound, and comparing the images to quantify the migration rate of the cells. It’s notably appropriate for studies on 
the results of cell-matrix and cell-cell interactions on cell migration [5]. Cell movement is calculated by measuring the 
decrease of the uncovered region at different time points until the ‘‘wound’’ is closed [6].  
 
Hedyotis herbacea Linn (family- Rubiaceae) is an erect, glabrous annual shrub found in temperate and tropical regions 
of Africa and Asia. A paste of leaves is considered as emollient and applied to abscesses and wound [7 & 8]. The 
whole plant of Hedyotis herbacea contains the interesting triterpenoid of nature, Ursolic acid in a good amount. It 
provoked us to identify and determine the presence of ursolic acid in the leaves [9]. The aim of the research work is 
to find out the in-vitro wound healing effectiveness of  Hedyotis herbacea by comparing Ursolicacid rich fraction 
(CEHH) and isolated constituent of UA by using H9c2(2-1)cells 
 

MATERIALS AND METHODS 
 
Petroleum ether, Chloroform, Ethyl acetate, Ethanol, EDTA and DMSO were purchased from Merck (India). Cell 
lines were purchased from National Centre for Cell Science (NCCS), Pune. Dulbecco's modified eagle medium 
(DMEM), Foetal bovine serum (FBS), Phosphate buffered saline (PBS) and Trypsin procured from Invitrogen. 
 
Preparation of leaves extract 
Leaves were dried in shade and ground to obtain a fine powder. The crude powder was subjected to extraction with 
various solvents such as Petroleum ether, chloroform, ethyl acetate and ethanol. The crude powder was kept in a 
contact with respective solvents for 7 days at room temperature with occasional shaking by the maceration 
technique. Then the extract was filtered and the filtrate was concentrated at reduced pressure to obtain the residue. 
 
Isolation of Ursolic acid:[10] 
The crude chloroform extract (2g) of Hedyotis herbacea was subjected to column chromatography using chloroform 
with increasing concentration of ethanol, as eluent. Twenty-five fractions were collected, of which fractions 20-24 
contained the major compound with a few minor constituents. The fractions were combined and then subjected to re-
column chromatography using ethyl acetate/chloroform (10:90) as the eluent. Ten fractions (30 ml each) were 
collected. Fractions 4-7 contained the desired compound (20 mg).  
 
HPTLC Estimation 
Various extracts of Hedyotis herbacea were examined to determine the Ursolic acid rich fraction. So, a High-
performance Thin-Layer Chromatographic method was developed for quantitative estimation of Ursolic acid 
in Hedyotis herbacea . The Separation was performed on silica gel 60 F254 HPTLC plates using toluene: ethyl acetate: 
formic acid (7 :3: 0.1) as mobile phase for elution of markers from the extract. The determination was carried out by 
using densitometric absorbance-reflection mode at 516 nm for Ursolic acid. The HPTLC reports suggested that 
CEHH contain higher amount of Ursolic acid than other extracts. So, chloroform extract of Hedyotis herbacea was 
choosen for in vitro assay (“In press” (ijpsr/ra-15083/07-20)- Quantification of Ursolic acid and minerals from Hedyotis 
herbacea linn. IJPSR,vol. 12, issue 7; july 2021) 
 
Cytotoxicity studies for H9c2(2-1) cell line by MTT method 
Cell lines and culture medium 
 
H9c2(2-1) cell line was purchased from National Centre for Cell Science (NCCS), Pune. Stock cells was cultured in 
DMEM  supplemented with 10% inactivated foetal Bovine Serum (FBS), penicillin(100IU/ml), streptomycin 
(100µg/ml) in a humidified atmosphere of 5% CO2 at 37oC until confluent. The cell was dissociated with cell 
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dissociating solution (0.2% trypsin, 0.02% EDTA, 0.05% glucose in PBS).  The cells were checked  for viability and 
centrifuged. Further, 50,000 cells /well was seeded in a 96 well plate and incubated for 24 hrs at 37oC, 5 % CO2 

incubator. 
 
Procedure for MTT assay: [11] 
The monolayer cell culture was trypsinized and therefore the cell count was adjusted to 5x105 cells/ml using 
respective media containing 10% FBS. To each well of the 96 well microtiter plate, 100µl of the diluted cell 
suspension (50,000cells/well) was added. After 24 hrs, when a partial monolayer was formed, the supernatant was 
removed, washed the monolayer once with medium and 100µl of different test concentrations of test drugs were 
added on to the partial monolayer in microtiter plates. The plates were then incubated at 37oC for 24hrs in 5% CO2 
atmosphere. After incubation the test solutions in the wells were discarded and 100 µl of MTT (5mg/10ml of MTT in 
1X PBS) was added to each well. The plates were incubated for 4 hrs at 37oC in 5% CO2 atmosphere. The supernatant 
was removed and 100 µl of DMSO was added and the plates were gently shaken to solubilize the formed formazan. 
The absorbance was measured using a microplate reader at a wavelength of 590 nm. The percentage growth 
inhibition was calculated using the following formula and concentration of test drug needed to inhibit cell growth by 
50% (IC50) values is generated from the dose-response curves for each cell line. 
 
Calculating Inhibition 
% Inhibition = ((OD of Control – OD of sample)/OD of Control) x 100. 
 
Statistical evaluation 
IC50 Value: [12] 
The half maximal inhibitory concentration (IC50) is a measure of the effectiveness of a compound in inhibiting 
biological or biochemical function. This quantitative measure indicates how much of a particular drug or other 
substance (inhibitor) is needed to inhibit a given biological process (or component of a process, i.e. 
an enzyme, cell, cell receptor or microorganism) by half. The IC50 of a drug can be determined by constructing 
a dose-response curve and examining the effect of different concentrations of antagonist on reversing agonist 
activity. IC50 values can be calculated for a given antagonist by determining the concentration needed to inhibit half 
of the maximum biological response of the agonist. IC50 values for cytotoxicity tests were derived from a nonlinear 
regression analysis (curve fit) based on sigmoid dose response curve (variable) and computed using Graph Pad 
Prism 6 (Graph pad, San Diego, CA, USA). 
 
In vitro scratch assay 
Preparation of test solutions and Procedure: [13 & 14] 
32mg/ml stock of the samples was taken and serial two-fold dilutions were made to obtain 50µg/ml to 100µg/ml 
using DMEM media. 0.25% Trypsin-EDTA solution used to detach cells from the tissue culture. Pellet cells in a 15ml 
conical tube was centrifuged, aspirated the supernatant, and re-suspend cells in culture media. Plated the 
appropriate number of cells in a 6-well plate for 100% confluence in 24hrs. Tests was used to determine the time and 
number of cells to achieve 100% confluence due to the cell type and the size of the well being used. In a sterile 
environment (typically a biosafety hood) 200μl pipette tip was pressed firmly against the top of the tissue culture 
plate and swiftly made a vertical wound down through the cell mono layer (2 mm Scratch was made). A different 
sized pipette tip was used to made the desired wound size. Carefully aspirated the media and cell debris. Slowly 
added the enough culture media along with desired concentrations of samples against the well wall to cover the 
bottom of the well and care taken to avoid the detaching additional cells. Initial picture was taken by following the 
generation and inspection of the wound. Placed the tissue culture plate in an incubator set at the appropriate 
temperature and CO2 concentration (typically 37°C and 5% CO2). At several time points, e.g. every 24hrs, removed 
the plate from the incubator and place it under an inverted microscope to take a snapshot picture and its checked for 
wound closure. Depending on the cell type, wound closure time may change. Image J software was used to analyze 
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the results of snapshot pictures, measure the distance of one side of the wound to the other using a scale bar. 
Analyze and clearly present wound closure over time using a bar graph. percentage growth inhibition was 
calculated by below mentioned formula. 

 

࢚࢈ࢎࡵ % =
࢚࢘ ࢌ ࢇࢋࡹ) (ࢋࢇࡿ ࢌ ࢇࢋࡹ−

࢚࢘ࢌ ࢇࢋࡹ ×  

RESULTS 
 
In the attempt to carry out the wound healing property of CEHH and Ursolic acid, in vitro scratch wound-healing 
assay to the monolayer of HaCaT cells was chosen for the study. MTT assay was performed to know the cell viability 
and IC 50 was calculated and it was depicted in table no.1 and figure no.1&2. IC 50 was not calculated for Ursolic 
acid due to lesser inhibition whereas IC 50 for chloroform extract is 240.3µg/mL. Henceforth non-toxic concentrations 
such as 40µg/ml and 80µg/ml of both the samples were taken for scratch assay and cell migration was calculated and 
the results were shown in table no.2 and figure 3-7. Percentage wound closure of untreated control at 24hrs and 
48hrs were 50.50% and 74.50% respectively. Percentage wound closure of Ursolic acid and CEHH with a 
concentration of 80µg/ml at 48hrs was 84.02% and 90.77% respectively. This result suggests that chloroform extract is 
having significant effect than an isolated constituent. 
 

DISCUSSION 
 
Pentacyclic triterpenoids are a category of C30 isoprenoid compounds found widely in distinct parts of a plant, such 
as the leaves, pollen, seeds, and fruits. They accelerate wound healing mainly due to their effects on the production 
and activity of inflammatory mediators and growth factors, and thus produce wound contraction and increase the 
rate of epithelialization. A Natural pentacyclic triterpenoid the Ursolic acidis widely distributed in various plants 
that have become an integral part of the human diet. Isolated Ursolic acid from methanolic extract of Shorea robusta 
leaves has been reported to have healing activity in rats using distinct wound models [15]. Based on the literature 
review Ursolic acid was identified and quantified in Hedyotis herbacea, which was collected from Tirunelveli, Tamil 
Nadu by HPTLC with the help of standard Ursolic acid. The extract rich in Ursolic acid content, the Chloroform 
extract was chosen to isolate the Ursolic acid. Isolated Ursolic acid and Chloroform extract was assayed for in-vitro 
wound healing activity by using H9c2(2-1) cells. The results showed that CEHH has more potential wound healing 
activity than isolated Ursolic acid.  
 
Nevertheless, Ursolic acid isolated from other plants has exhibited better wound healing activity than its plant 
extracts. But in the present study, the Ursolic acid rich extract of the plant exhibited better activity than the isolated 
compound. So, the present study reveals that compounds present in the extract, other than Ursolic acid, are 
producing an additive effect. The isolation and wound healing activity of other compound require further study. 
 

CONCLUSION 
 
CEHH showed an IC50 value of 240.3µg/ml in H9c2(2-1) cells, whereas Standard Ursolic aciddid not show 
significant inhibition, hence IC50 was not calculated. For the wound healing Assay, non-toxic concentrations such as 
40µg/ml and 80µg/ml for both the samples were considered. CEHH with concentrations of 40µg/ml and 80µg/ml 
have shown better migration of cells which was seen in Fig 6 and 7 respectively. Where as Ursolic acid with 
concentration  40µg/ml and 80µg/ml did not show effective migration of cells comparatively.  Hence it is proved that 
CEHH 80µg/ml was having effective migration of cell. Though Ursolic acid was proved to be a good wound healing 
agent, in the present study the Ursolic acid rich extract as a whole has better activity than the isolated compound. 
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This may due to the presence of other phytoconstituents present in the extract which may give a synergistic effect. 
The In vivo wound healing evaluation of CEHH is under progress for further confirmation of the above results. 
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Table 1: Ic 50 Value of Chloroform Extract of Hedyotis herbacea 

H9c2(2-1)  
Compound name Conc. µg/ml OD at 590nm %  Inhibition IC50 µg/mL 

Control 0 0.654 0.00 

IC50 is not 
calculated due 

to lesser 
inhibition 

UA 

10 0.620 5.20 
20 0.588 10.09 
40 0.546 16.51 
80 0.503 23.09 

160 0.455 30.40 
320 0.374 42.81 

CE 

10 0.602 7.95 

240.3 

20 0.574 12.23 
40 0.525 19.72 
80 0.480 26.61 

160 0.388 40.67 

320 0.285 56.42 
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Table 2. % Wound Closure of the Control and Sample Treated Cells 
 

Samples Conc. 
µg/ml 

Migration distance in mm % Wound Closure 
at 24 hrs 

% Wound Closure at 48 
hrs 0 hrs 24 hrs 48 hrs 

Control 0 2.00 0.99 0.51 50.50±0.1360 74.50±0.3600 

Sample UA 
40 1.92 0.87 0.40 54.69±0.2450 79.17±0.1415 
80 1.94 0.80 0.31 58.76±0.1415 84.02±0.2427 

Sample CE 
40 1.99 0.85 0.36 57.29±0.2356 81.91±0.1360 
80 1.95 0.74 0.18 62.05±0.1416 90.77±0.1387 

 
Cell viability assay 

   
Control Sample CE 10   ug/ml Sample CE 320 ug/ml 

  
Sample UA 10 ug/ml Sample UA 320 ug/ml 

Fig 1: Cell viability assay of Chloroform extract of Hedyotis herbacea and Ursolic acid 
 
 
 
 
 
 
 
 
 
 
 

  
Figure no.2:  Cell viability study of chloroform extract 

Scratch assay 

 
a) Day 1 – 2.00mm        

 
b) Day 2 – 0.99mm                       

 
c) Day 3 – 0.51mm 

Fig. 3.Control 
 
 

MTT assay using H9c2(2-1) cells
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0
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a) Day 1 –1.92mm   

 
b) Day 2–0.87mm 

 
c) Day 3–0.40mm 

Fig. 4. Sample UA– 40µg/ml  

 
a) Day 1 –1.94mm 

 
b) Day 2–0.80mm 

 
c) Day 3–0.31mm 

Fig 5: Sample UA-80µg/ml 

 
a) Day 1 –1.99mm      

 
b) Day 2–0.85mm 

 
c) Day 3–0.36mm 

Fig 6: Sample CE– 40µg/ml 

 
a) Day 1 –1.95mm 

 
b) Day 2–0.74mm 

 
c) Day 3–0.18mm 

Fig 7: Sample CE-80µg/ml 

 
Fig no.8: Wound healing assay 

 

Anand Babu et al., 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33262 
 

   
 
 

 

Anti Multi Fuzzy BH-Ideals in BH-Algebras 
 
K. Anitha1* and N. Kandaraj2 
 

1Research Scholar, PG and Research Department of Mathematics, Saiva Bhanu Kshatriya College, 
Aruppukottai, Tamil Nadu, India. 
2Associate Professor, PG and Research Department of Mathematics, Saiva Bhanu Kshatriya College, 
Aruppukottai, Tamil Nadu,  
 
Received: 19  Jun 2021                              Revised: 24 Jun 2021                                     Accepted: 29 Jun 2021 
 
*Address for Correspondence 
K. Anitha 

Research Scholar, 
PG and Research Department of Mathematics,  
Saiva Bhanu Kshatriya College,  
Aruppukottai - 626 101, Tamil Nadu, India. 
Email: anithamaths19@gmail.com 

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 
(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. All rights reserved. 
 
 
In this paper we speak approximately the Anti multi fuzzy BH-Ideals and associated homes in BH-
Algebras. Multi Fuzzy set concept isa extension of fuzzy set concept. These offers with the multi-
dimensional fuzziness. we introduce the perception of Anti multi-fuzzy BH-ideals, the Anti multi-level 
subset of BH-ideals. And additionally we outline a few associated Anti multi-fuzzy BH-ideals based on 
level subset of it.   
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INTRODUCTION 

 
Y. Imai and K. Iseki [1,2&3] are brought lessons of summary algebras. BCK- algebras and BCI-algebras. It is 
understood that the elegance of BCK-algebras is a right subclass of th elegance of BCI-algebras. K. Iseki and S. 
Tanaka [4] are brought creation to concept of BCK-algebras. L.A. Zadeh [5] are brought fuzzy units. S. Sabu and T.V. 
Ramakrishnan [6] are brought Multi-Fuzzy units, The preception of BH-algebras is brought with the aid of using J.B.  
Jun, E.H. Roh and H.S. Kim [7] .Since then, numerous authors have studied BH-algebras. In particular, Q. Zhang, 
E.H. Roh and Y.B. Jun [8] studied the fuzzy concept in BH-algebras. K. Anitha and N. Kandaraj [9] are brought Fuzzy 
subalgebras on BH-algebras. K. Anitha and N. Kandaraj are brought Fuzzy ideals and Fuzzy dot ideals on BH-
algebras.  In this paper, we outline Anti multi-fuzzy ideals in BH-algebra and talk a number of their associated 
primarily based on level subsets and homomorphism. 
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PRELIMINARIES 
In this phase we talk the fundamental definitions of a BH-algebras. 
 
Definition: [ 1,2,3] Let ܺ be a nonempty set with a binary operation ∗ and a constant 0. Then (X, *, 0) is referred to as 
a BCI-algebras if it satisfies the subsequent conditions. 
 
1. ൫(ݔ ∗ (ݕ ∗ ݔ) ∗ ൯(ݖ ∗ ݖ) ∗ (ݕ = 0 
2. ൫ݔ ∗ ݔ) ∗ ൯(ݕ ∗ ݕ = 0 
ݔ .3 ∗ ݔ = 0 
ݔ .4 ∗ ݕ = 0  and ݕ ∗ ݔ = 0 ⟹ ݔ = ݕ,ݔ∀  ݕ ∈ ܺ. 
 
Example Let ܺ = {0,ܽ,ܾ, ܿ} be a set with the subsequent cayley table. 
 
 
 
 
 
 
Then (ܺ,∗, 0) is known as a BCI-algebras. 
 
Definition [1,2,3] Let ܺ be a nonempty set with a binary operation ∗ and a constant 0. Then (X, *, 0) is known as a 
BCK-algebras if it satisfies the subsequent conditions. 
 
1. ൫(ݔ ∗ (ݕ ∗ ݔ) ∗ ൯(ݖ ∗ ݖ) ∗ (ݕ = 0 
2. ൫ݔ ∗ ݔ) ∗ ൯(ݕ ∗ ݕ = 0 
ݔ .3 ∗ ݔ = 0 
4. If ݔ ∗ ݕ = 0 and ݕ ∗ ݔ = 0 ⟹ ݔ =  ݕ
5. 0 ∗ ݔ = 0 for all ݕ,ݔ, ݖ ∈ ܺ. 
 
Example : Let ܺ = {0,1,2,3} be a set with the subsequent cayley table. 
 
 
 
 
 
 
 
Then (ܺ,∗, 0) is known as a BCK-algebras. 
 
Definition:[7,8] Let ܺ be a nonempty set with a binary operation ∗ and a constant 0. Then (ܺ,∗, 0) is referred to as a 
BH-algebras if it satisfies the following conditions. 
 
ݔ .1 ∗ ݔ = 0 
ݔ .2 ∗ 0 =  ݔ
 
 
 
 
 

* 0 a b c 
0 0 0 0 0 
a a 0 a 0 
b b b 0 0 
c c c c 0 

* 0 1 2 3 
0 0 0 0 0 
1 1 0 1 2 
2 2 3 0 0 
3 3 1 2 0 
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 If ݔ ∗ ݕ = 0 and ݕ ∗ ݔ = 0 ⟹ ݔ = ݔ for all  ݕ ݕ, ∈ ܺ. 
Example : Let ܺ = {0,1,2,3} be a set with the subsequent cayley table. 
 
 
 
 
 
 
 
Then (ܺ,∗, 0) is known as a BH-algebras. 
 
Definition :[8] Let ܵ be a nonempty subset of a BH-algebra ܺ, then ܵ is referred to as subalgebra of BH-algebra if 
ݔ ∗ ݕ ∈ ܵ for all ݔ ݕ, ∈ ܵ. 
 
Definition [8] Let ܺ be a BH-algebra and ܫ be a subset of X, then I is known as a ideal of ܺ if  
Satisfies the following conditions. 
 
1. 0 ∈  ܫ
ݔ .2 ∗ ݕ ∈ ݕ and  ܫ ∈ ܫ ⟹ ݔ ∈ ݕ,ݔ for all ܫ ∈  ܫ
ݔ .3 ∈ ݕ and ܫ ∈ ܺ ⟹ ݔ ∗ ݕ ∈  ܫ
 
Definition : [9] Let ߪ be a fuzzy set in a BH-algebra X. Then ߪ is referred to as a fuzzy BH-subalgebra if ݔ)ߪ ∗ (ݕ ≥
min{(ݕ)ߪ,(ݔ)ߪ} ∀ݔ, ݕ ∈ ܺ 
 
Definition [7,8,10] Let ߪ be a fuzzy set in a BH-algebra X. Then ߪ is referred to as a fuzzy BH-ideal if it  
satisfies the subsequent conditions. 
 
(0)ߪ .1 ≥  (ݔ)ߪ
(ݔ)ߪ .2 ≥ min{ݔ)ߪ ∗  {(ݕ)ߪ,(ݕ
ݔ)ߪ .3 ∗ (ݕ ≥ min{(ݕ)ߪ,(ݔ)ߪ}∀ݕ,ݔ ∈ ܺ. 
 
Definition [7,8] 
A mapping ݃:ܺ → ܻ of a BH-algebra is referred to as a homomorphism if     ݃(ݔ ∗ (ݕ = (ݔ)݃ ∗ ݕ,ݔ∀ (ݕ)݃  ∈ ܺ. 
 
Definition [6] Let ܺ be a nonempty set. Define a multi-fuzzy set B in X is a set of ordered sequences: 
ܤ     = ,ଶߪ,ଵߪ,ݔ)} … ߪ… … . . ݔ:( ∈ ܺ}, where ߪ:ܺ → [0,1] for all i 
 
Remark 6] 
1. If the sequences of the membership functions have only k-terms(finite wide of terms) k is called the 

dimension of B. 
2. The set of all multi-fuzzy sets in X of dimension k is denoted through ܯܵܨ(ܺ). 
3. The multi-fuzzy membership function ߪ(ݔ) is a function from ܺ to[0,1]such that for all 

ݔ ∈ (ݔ)ߪ ܺ ,(ݔ)ଶߪ,(ݔ)ଵߪ)= … . ,  ((ݔ)ߪ
4. For the sake of simplicity, we denote the multi-fuzzy set as    ܤ = ,ݔ)} ,(ݔ)ଶߪ,(ݔ)ଵߪ … (ݔ)ߪ… … . . ݔ:( ∈ ܺ} as 

ܤ = ,ଶߪ,ଵߪ) …  .(ߪ…
 
Definition [6] 
Let k be a positive integer and allow B and C in ܯܵܨ(ܺ),  where ܤ = ,ଶߪ,ଵߪ) … ܥ ) andߪ… = ,ଶߩ,ଵߩ) … …  ) then weߩ
have got the subsequent members of the relations and operations: 
 
ܤ .1 ⊆ ߪ if and only if ܥ ≤ ݅ , for allߩ = 1,2, … … , ݇ 

* 0 1 2 3 
0 0 1 2 3 
1 1 0 2 1 
2 2 3 0 0 
3 3 2 3 0 
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ܤ .2 = ߪ if and only if ܥ = ݅ , for allߩ = 1,2, … … , ݇ 
ܤ .3 ∪ ܥ = ଵߪ) ∪ ,ଵߩ … . ߪ. ∪ (ߩ = {൫ݔ, max൫ߪଵ(ݔ), ൯(ݔ)ଵߩ , … . . max൫ߪ(ݔ),ߩ(ݔ)൯൯:ݔ ∈ ܺ} 
ܤ .4 ∩ ܥ = ଵߪ) ∩ ,ଵߩ … . ߪ. ∩ (ߩ = {൫ݔ, min൫ߪଵ(ݔ), ൯(ݔ)ଵߩ , … . . min൫ߪ(ݔ),ߩ(ݔ)൯൯:ݔ ∈ ܺ}. 
Definition [6]: Let B be a multi-fuzzy set in BH-algebra ܺ. For any ݏ = ,ଶݏ,ଵݏ) … . . ݏ ) whereݏ, ∈ [0,1] for all i, the set 
∪ ;ܤ) (ݏ = ݔ} ∈ (ݔ)ܤ/ܺ ≥  .is referred to as the multi-level subset of B {ݏ
 
Definition [6] 
Let B be a multi-fuzzy set in BH-algebra ܺ. Then B is referred to as  Anti multi-fuzzy closed ideal in ܺ if it satisfies 
the subsequent conditions 
(ݔ)ܤ .1 ≤ max{ݔ)ܤ ∗  {(ݕ)ܤ,(ݕ
0)ܤ .2 ∗ (ݔ ≤  (ݔ)ܤ
 
Example: Let ܺ = {0,1,2,3} be a set with the subsequentcayley table. 
 
 
 
 
 
 
 
Then ܤ is known as Anti multi-fuzzy closed ideal in ܺ. 
 
Definition [6]: Let ߪ be a fuzzy set in a BH-algebra X. Then ߪ is referred to as Anti fuzzy BH-ideal if it satisfies the 
subsequent conditions. 
(0)ߪ .1 ≤  (ݔ)ߪ
(ݔ)ߪ .2 ≤ max{ݔ)ߪ ∗  {(ݕ)ߪ,(ݕ
3. ݔ)ߪ ∗ (ݕ ≤ max{(ݔ)ߪ, ݕ,ݔ∀{(ݕ)ߪ ∈ ܺ 
 
ANTI MULTI-FUZZY BH-IDEAL IN BH-ALGEBRAS 
In this segment we mentioned the Anti multi-fuzzy BH-ideal and its properties. 
 
Definition [6] Let B be a multi-fuzzy set in BH-algebra ܺ. Then B is known as a multi-fuzzy BH-ideal in ܺ if it 
satisfies the subsequent conditions. 
(0)ܤ .1 ≤  (ݔ)ܤ
(ݔ)ܤ .2 ≤ max {ݔ)ܤ ∗  {(ݕ)ܤ,(ݕ
ݔ)ܤ .3 ∗ (ݕ ≤ max{(ݕ)ܤ,(ݔ)ܤ}∀ݔ, ݕ ∈ ܺ 
 
Example: Let ܺ = {0,1,2} be a set with the subsequentcayley table. 
 
 
 
 
 
 
Define a multi-fuzzy set ܤ:ܺ → [0,1] with the aid of using B(0)=B(1)=(ଵ,ଶ) and B(2)=(ݍଵ,ݍଶ)where ଵ, ଶ, ݍଵ, ݍଶ∈ 
[0,1] with ଵ > ଶ ଵ andݍ >  .ଶ . Then B is Anti multi-fuzzy BH-ideal in BH-Algebrasݍ
 
Theorem : Let ܺ be a BH-algebra. Then B is Anti muti-fuzzy BH-ideal in X if and only if B is a Anti multi-fuzzy 
subalgebra of ܺ. 

* 0 1 2 3 
0 0 1 2 3 
1 1 0 1 1 
2 2 2 0 2 
3 3 2 2 0 

* 0 1 2 
0 0 1 2 
1 1 0 1 
2 2 2 0 
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Proof: 
Let X be a BH-algebra. 
Let B be  Anti multi-fuzzy BH-ideal in BH-algebra X.  
To show that B is Anti multi-fuzzy subalgebra in BH-algebra X 
We recognize that Every Anti multi fuzzy BH-ideal of a BH-algebra X is a Anti multi- fuzzy subalgebra of X. 
Let B beAnti multi fuzzy subalgebra in X. 
To show that B is Anti muti fuzzy BH-ideal in X. 
Let ݔ, ݕ ∈ ܺ 
 
By the use definition of BH-algebras conditions. 
(0)ܤ (1 = ݔ)ܤ ∗  (ݔ

≤ max {(ݔ) ܤ,  {(ݔ)ܤ
=  ܺ߳ݔ∀ (ݔ)ܤ 

(ݔ)ܤ (2 = ݔ)൫ܤ ∗ (ݕ ∗ (0 ∗  ൯(ݕ
≤  max ݔ)ܤ}  ∗ ,(ݕ 0)ܤ ∗  {(ݕ
≤ max ݔ)ܤ}  ∗ ,(ݕ  max  {{(ݕ)ܤ,(0)ܤ} 
≤ max ݔ)ܤ}  ∗ ,(ݕ  {(ݕ)ܤ

3) It is in reality true. 
 
Hence B is a Anti multi fuzzy BH- ideal in X. 
 
Theorem : Let ܤଵ and ܤଶ be two Anti multi fuzzy BH-ideals of a BH-algebra X. Then ܤଵ ∪  ଶ is a Anti multi-fuzzyܤ
BH-ideal of X. 
Proof: 
Let ܤଵ and ܤଶ be two Anti multi fuzzy BH-ideals of a BH-algebra X. 
To show that  ܤଵ ∪  .ଶ is a Anti multi-fuzzy BH-ideal of Xܤ
Let ݔ, ݕ ∈ ଵܤ ∪   .ଶܤ
Then ݔ, ݕ ∈ ,ݔ ଵ and ܤ ݕ ∈  ଶܤ
 
By the usage of multi fuzzy set union definition conditions 

ଵܤ     .1 ∪ ଶ(0)ܤ = ݔ) ∗  (ݔ

ଵܤ            ∪ ଶܤ = max{ܤଵ(ݔ ∗ ݔ)ଶܤ,(ݔ ∗  {(ݔ

≤ max {max{ܤଵ(ݔ),ܤଵ(ݔ)}}. max {ܤଵ(ݔ),ܤଶ(ݔ)}} 

= max{ܤଵ(ݔ),ܤଶ(ݔ)} 

= ଵܤ ∪  (ݔ)ଶܤ

ଵܤ .1 ∪ (ݔ)ଶܤ = max{ܤଵ(ݔ),ܤଶ(ݔ)} 

≤ max{ܤଵ(ݔ ∗ {(ݕ)ଶܤ,(ݕ , max{ܤଶ(ݔ ∗  {{(ݕ)ଶܤ,(ݕ

= max{ܤଵ(ݔ ∗ ݔ)ଶܤ,(ݕ ∗ ,{(ݕ max{ܤଵ(ݕ),ܤଶ(ݕ)}} 

= ଵܤ ∪ ݔ)ଶܤ ∗ ଵܤ,(ݕ ∪  {(ݕ)(ݔ)ଶܤ

ଵܤ .2 ∪ ݔ)ଶܤ ∗ (ݕ = max{ܤଵ(ݔ ∗ ݔ)ଶܤ,(ݕ ∗  {(ݕ

≤ ,{(ݕ)ଶܤ,(ݔ)ଵܤ}maxݔܽ݉ max{ܤଵ(ݔ),ܤଶ(ݕ)}} 

= {(ݔ)ଶܤ,(ݔ)ଵܤ}maxݔܽ݉ , max{ܤଵ(ݕ),ܤଶ(ݕ)}} 

= max {ܤଵ ∪ ଵܤ,(ݔ)ଶܤ ∪  {(ݕ)ଶܤ

Hence the proof. 
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Definition Let B be a multi fuzzy set in a BH-algebra X. Then B is referred to as Anti multi fuzzy closed ideal in X  if 
it satisfies the subsequent conditions: 
 
(ݔ)ܤ .1 ≤ max{ݔ)ܤ ∗  {(ݕ)ܤ,(ݕ
0)ܤ .2 ∗ (ݕ ≤  (ݔ)ܤ
 
Example : Let ܺ = {0,1,2,3} be a set with the subsequent cayley table. 
 
 
 
 
 
 
 
Let ܤ:ܺ → (0)ܤ be a multi-fuzzy set described with the aid of using ܫ = (1)ܤ = (0.6,0.8) and (2)ܤ = (3)ܤ = (0.3,0.4). 
Then ܤ is known as multi-fuzzy closed ideal in ܺ. 
 
Theorem : Every Anti multi-fuzzy closed ideal is a Anti multi fuzzy ideal in X. 
Proof: Let B be a Anti multi fuzzy closed ideal in ܺ. 
To show that B is a Anti multi fuzzy ideal in X 
It is sufficient to show that (0)ܤ ≤  (ݔ)ܤ
Now , (0)ܤ ≤ max {0)ܤ ∗  {(ݔ)ܤ,(ݔ
Since through the use of Anti multi fuzzy closed ideal conditions 

(0)ܤ ≤ max {(ݔ)ܤ,(ݔ)ܤ} 

=  (ݔ)ܤ

Clearly ii and iii are true. 
 
Remark  
The speak of the above theorem is not always true. 
 
Theorem 
If B is a Anti multi fuzzy BH-ideal in X, then the set ∪ ;ܤ) ݏ is a BH-ideal in X for (ݏ = ,ଵݏ ,ଶݏ … . . ݏ ) whereݏ ∈ [0,1], 
for all i. 
Proof: 
Let B be a Anti multi fuzzy BH-ideal in X. 
To show that ∪ ;ܤ)  is a BH-ideal in X (ݏ
i) Since (0)ܤ ≤ (ݔ)ܤ ≤  ݏ
ii) Let ݔ ∗ ݕ ∈ ;ܤ)ܷ ݕ and (ݏ ∈ ,ܤ)ܷ  (ݏ
 
Then ݔ)ܤ ∗ (ݕ ≤ (ݕ)ܤ and ݏ ≤  ݏ
 
Now B(x)≤ max{ݔ)ܤ ∗  {(ݕ)ܤ,(ݕ

≤ max ,ݏ}  {ݏ =  ݏ
This implies that ݔ ∈ ;ܤ)ܷ  (ݏ
iii) Let ݔ ∈ ;ܤ)ܷ ݕ and (ݏ ∈ ܺ 
Choose ݕ ∈ ܺ such that (ݕ)ܤ ≤  ݏ

ݔ)ܤ            ∗ (ݕ ≤ max {(ݕ)ܤ,(ݔ)ܤ} 
≤ max ,ݏ}  {ݏ =  ݏ

 

* 0 1 2 3 
0 0 1 2 3 
1 1 0 1 1 
2 2 2 0 2 
3 3 3 3 0 
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 This implies that ݔ ∗ ݕ ∈ ;ܤ)ܷ  (ݏ
Hence ܷ(ܤ;  .is a  BH- ideal in X (ݏ
 
HOMOMORPHISM OF ANTI MULTI-FUZZY BH-IDEALS 
In this segment we mentioned approximately the properties of Anti multi fuzzy BH-ideals under homomorphism. 
 
Definition  
Let ݃:ܺ → ܻ be a mapping of BH-algebra and B be a Anti multi fuzzy set Y then ݃ ିଵ(ܤ) is the pre-image of B under ݃ 
if ݃ିଵ(ݔ) = ݔ∀((ݔ)݃)ܤ ∈ ܺ. 
 
Theorem  
Let ݃:ܺ → ܻ be a homomorphism of BH-algebra. If B is Anti multi fuzzy BH-ideal of Y. 
Then ݃ିଵ(ܤ) is a Anti multi fuzzy BH-ideal of ܺ. 
Proof: 
Let ݃:ܺ → ܻ be a homomorphism of BH-algebra. 
Let B is a Anti multi fuzzy BH-ideal of Y. 
To show that  ݃ିଵ(ܤ) is a Anti multi fuzzy BH-ideal of ܺ. 
For any ݔ ∈ ܺ, 
By the usage of Anti multi fuzzy BH-ideal. 
 
1)݃ିଵ(ܤ)(ݔ) = ൯(ݔ)൫݃ܤ ≤  (0)ܤ

=  ൫݃(0)൯ܤ
 
= ݂ିଵ(ܤ)(0) 

 
2)݃ିଵ(ܤ)(ݔ) = ൯(ݔ)൫݃ܤ ≤ max൛ܤ൫݃(ݔ)൯ ∗  ൯ൟ(ݕ)൫݃ܤ,൯(ݕ)൫݃ܤ
 

=  max {ݔ)݃)ܤ ∗  {൯(ݕ)൫݃ܤ,(ݕ
 
= max  {݃ିଵ(ܤ)(ݔ ∗  {(ݕ)(ܤ)ଵି݃,(ݕ

 
3)݃ିଵ(ܤ)(ݔ ∗ (ݕ = ݔ)൫݃ܤ ∗ ൯(ݕ = (ݔ)൫݃ܤ ∗  ൯(ݕ)݃
 
≤ max  {൯(ݕ)൫݃ܤ,(ݔ)݃)ܤ} 
 
= max {݃ିଵ(ܤ)(ݔ),݃ିଵ(ܤ)(ݕ)} 

 
Hence ݃ିଵ(ܤ) is a Anti multi fuzzy BH-ideal of ܺ . 
 
Theorem  
Let ݃:ܺ → ܻ be an epimorphism of a BH-algebra. If ݃ିଵ(ܤ) is a Anti multi fuzzy ideal in X then B is a Anti multi 
fuzzy ideal in Y. 
Proof: 
Let ݃:ܺ → ܻ be an epimorphism of a BH-algebra 
Let ݃ିଵ(ܤ) is a Anti multi fuzzy ideal in X 
To show that B is a Anti multi fuzzy ideal in Y. 
Let ݕ ∈ ܻ there exists ݔ ∈ ܺ such that ݃(ݔ) =  (ݕ)ܤݕ
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= ൯(ݔ)൫݃ܤ = ݃ିଵ(ܤ)(ݔ) 
≤ ݃ିଵ(ܤ)(0) 
= ൫݃(0)൯ܤ =  (0)ܤ

That is (0)ܤ ≥  (ݕ)ܤ
ii) Let ݔ ݕ, ∈ ܻ there exists ܽ,ܾ ∈ ܺ such that ݃(ܽ) = (ܾ)݃,ݔ =  ݕ
 

(ݔ) ܤ =  ൫݃(ܽ)൯ܤ

= ݃ିଵ(ܤ)(ܽ) 

≤ max{݃ିଵ(ܤ)(ܽ ∗ ܾ),݃ିଵ(ܤ)(ܾ)} 

= max൛ܤ൫݃(ܽ ∗ ܾ)൯,ܤ൫݃(ܾ)൯ൟ 

= max൛ܤ൫݃(ܽ) ∗ ݃(ܾ)൯,ܤ൫݃(ܾ)൯ൟ 

= max{ݔ)ܤ ∗  {(ݕ)ܤ,(ݕ

iii)ݔ)ܤ ∗ (ݕ = (ܽ)൫݃ܤ ∗ ݃(ܾ)൯ 
= ܽ)൫݃ܤ ∗ ܾ)൯ 

=݃ିଵ(ܤ)(ܽ ∗ ܾ) 

≤ max{݃ିଵ(ܤ)(ܽ),݃ିଵ(ܤ)(ܾ)} 

= max൛ܤ൫݃(ܽ)൯,ܤ൫݃(ܾ)൯ൟ 

= max{(ݕ)ܤ,(ݔ)ܤ} 

Hence B is Anti multi-fuzzy BH-ideal in Y. 
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This paper deals with the study and simulation results of a wearable device for the diagnosis of cancer. 
This study is based on electromagnetic imaging behavior of skin dermal tissue dielectric property. 
Cancerous tissue had a high concentration of water content in comparison to healthy tissue. The sensor 
proposed in this paper has unique characteristics to couple with the tissue due to small size, easy 
fabrication & direct coupling with sample tissue. For an initial development and validation, and data 
availability consideration in the open literature, basal cell carcinoma (BCC) is used for simulations. 
Results validate that the proposed technique provides fast, easy fabrication and low-cost solution is 
accurate skin cancer detection. 
 
Keywords: Skin, Microstripline, Cancer, Dielectric Properties 
 

INTRODUCTION 
 
Recently media have highlighted the concern for increment in cancerous cases in the northern part of India, 
especially in the state of Punjab. Many researchers are attributing this rise to the local environment governing the 
area.  Fortunately, though skin cancer has not till been a major concern, the recent spike in cases may alter this view 
[1-3]. Cancer developed in skin is classifiedbased on type of skin cell in which it developed. The main categories of 
cell are: 
 Melanoma (MM) 
 Basal cell carcinoma (BCC) 
 Squamous cell carcinoma (SCC) 
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Basal cell & Squamous cell carcinoma are collectively named as Non-Melanoma Skin Cancer (NMSC). Basal cell 
epithelioma arises due to damage to the skin by the sun. It very rarely develops on the palm, sole or the mucous 
membrane. BCC is a slow-growing tumor but is highly destructive. It disfigures local tissues in case of delay in 
treatment. In clinical examination, it appears as flesh/pink colored widen venules vessels in form of clusters. The 
major affected area of BCC is the head or neck in maximum reported cases [4][5]. BCC has 26 different subcategories 
still four major categories identified by dermatologists are based on clinicopathologic nodular, fibroepithelial, 
superficial and  morpheaform. Combination of all four types of BCC also occurs. BCCs appear majority in cases as 
amelanotic, in which the number of melanin present within the tumors. 

The etiological factor shows that the development of BCC in humans is due to exposure to Ultraviolet(UV) light rays, 
especially UVA & UVB rays due to its wavelength. UVA rays cause premature aging and wrinkle formation on the 
skin due to deep penetration in the skin layer, whereas UVB causes sunburn on skin which plays a major role in the 
development of skin cancers. Research shows that UVA rays are approximately 500 times more in comparison to 
UVB rays. This also shows a higher level of risk of skin cancer in outdoor workers in exposure to UV rays [6-7]. 
Development of skin cancer not only due to UV rays exposure this can also develop due to several other types of 
exposure such as arsenic/ionized radiation, immune-suppression and genetic predisposition.  

Pathophysiology analysis of BCC explains that delay diagnosis of Chronic sun exposure develops a high level of risk 
in clinical onset [8]. The formation of BCC due to UV exposure directly damage DNA and indirectly impact to 
reactive oxygen species (ROS) of cellular system and the immune system.UVA rays absorbed by melanin damage 
DNA by free radicals, whereas UVB rays damage RNA & DNA by changing mutation by CC/TT transition. Despite 
the past two decades’ advancements, cancer treatment remains a challenge and a motivation for many researchers 
worldwide. New treatment possibilities are constantly arising and show promise in improving treatment 
effectiveness, survival rates, and the patient quality of life, while at the same time decreasing unwanted side effects. 
 
Diagnostic Procedures 
The current diagnostic procedure to identify melanoma skin is through self-examination by visualization of own by   
patients or by performing dermoscopy which is a non-invasive method, where the doctors use lenses and high 
intensity the light source, which enables us to distinguish typical skin cancer skin changes, to determine if lesions are 
benign or malignant and if they require excision for biopsy for a conclusive diagnosis. Prospective total skin 
photography is also used as one method of looking at the onset of 8melanoma in patients with several atypical moles 
since it is more frequent the case that melanin carcinoma arises as a new lesion rather than as a changed existing 
lesion. However, when one has hundreds of moles, many of which are located on the back, it is unlikely that either 
the patient or the doctor who sees the patient once every 6 months can investigate all lesions without expensive 
photography and detailed review. Existing imaging techniques for skin cancer diagnosis (such as total body 
photography and sequential imaging at the macroscopic level) have a low resolution. At the microscopic level, where 
higher resolution imaging can be achieved; invasive biopsy samples need to be imaged to determine the type and 
stage of skin cancer [5, 9, 10-13]. 
 
Techniques like optical coherence tomography, ultrasound, near-IR, and Raman spectroscopies, MRI, positron 
emission tomography, and X-ray techniques are gaining popularity as most of them  render nonionizing solutions, 
upright resolution, adequate acquisition rates, and well-targeted contrast implementation. Microwave imaging 
provides a solution towards the detection of lesions in skin because of very good resolution and the ability to limit 
the depth of penetration in subcutaneous fat layer.   Moreover, instead of unnecessarily penetrating deep into our 
vital organs which may be harmful, penetrating power can be restrained up to our subcutaneous fat layer. But, the 
development of EMI needs reliable information regarding the dielectric properties of the cutaneal tissues. Several 
research teams have examined and characterized the dielectric properties of different healthy tissues found in 
different body parts. But the study of unhealthy tissue dielectric properties is quite limited by the researchers. The 
tissues exhibit dielectric properties based on the criterion like the amount of water content in the cells, Na+, K+ ion 
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concentration, protein content, and other physiological properties. The healthy tissues can be distinguished from the 
unhealthy ones based on dielectric criteria. Due to the development of tumor in the unhealthy tissues, their 
physiological opus changes as there arise variations in the water content and salt, ion concentration in the cells. In 
succession, these criteria bring about differences in the dielectric properties of the unhealthy tissues.  optical 
coherence tomography, ultrasound, near-IR, and Raman spectroscopy, MRI, positron emission tomography, and X-
ray techniques are receiving the most attention [14,30-31]. 
 
Principle of Operation 
Human organ system has complex dielectric characteristics in which change of water content identify various health 
and unhealthy tissues, so by estimating water content in biological tissue identify tissue condition. For biological 
tissue dielectric properties are represented as: 
 
ε୧୪୭୧ୡୟ୪ =Delectric Permitivity (εୈ୧ୣ୪ୣ ୡ୲୰୧ୡ ) -    j Delectric loss(εୈ୧ୣ୪ୣୡ୲୰୧ୡ ୭ୱୱ) 
 
As per Lichtenecker’s theory biological healthy and unhealthy tissue dielectric property [11] rewritten as: 
 
εୌୣୟ୪୪୲୦୷= electric Permitivity(εୟ୲ୣ୰

ୟ . ε୰ୟ୬ଵିୟ  ) - j Delectric loss ( εୟ୲ୣ୰
ୟ . ε୰ୟ୬ଵିୟ ) 

 
ε୳୬୦ୣୟ୪୪୲୦୷= electric Permitivity(εୟ୲ୣ୰

ୠ . ε୰ୟ୬ଵିୠ  ) - j Delectric loss ( εୟ୲ୣ୰
ୠ . ε୰ୟ୬ଵିୠ ) 

 
Where a & b are water content percentage in  healthy & unhealthy biological tissue of skin respectively. 
For unhealthy biological tissue effective dielectric property re-writes as [16]: 
 

ε୳୬୦ୣୟ୪୪୲୦୷  =Delectric Permitivity ቆεୟ୲ୣ୰

ౘష
భష . εୌୣୟ୪୲୦୷

భషౘ
భష ቇ - j Delectric lossቆεୟ୲ୣ୰

ౘష
భష . εୌୣୟ୪୲୦୷

భషౘ
భష ቇ 

 
The detection of Basal cell carcinoma (BCC) in early stage can investigated on basis of variation in dielectric property 
of skin tissue. Major innovation of this work is to design testing strip and analyze skin modeling with test strip. The 
Electromagnetic wave (EM) developed by the test strip penetrate the skin sample and reflect back to the receiving 
terminal. The reflected signal carries unique information at different frequency. The penetration of signal  on healthy 
skin sample and unhealthy skin sample show variation in characteristics parameter which help in identification of 
condition of skin tissue. This can be achieved by evaluating relative permittivity and conductivity in respect to 
frequencies. After evaluating parameter test strip designed than, test strip analyzed with skin sample by 
electromagnetic simulator CST microwave studio. Modeling of complex dielectric properties of human skin modeled 
by Debye theory of frequency dependent dielectric variable[5, 17-18]. 
 
Permittivity in terms of frequency function of skin is modeled as: 
 
௧ ி௨௬  +ఌೄೌ ିఌೝೌೡߝ =(ݓ)ௗߝ

ଵା௪ఛೌ
 +ఌೝೌೡ ିఌ

ଵା௪ఛೌ
 

 
This complex dielectric property of human tissue consists of real and imaginary part. 
 

ௗߝ = ோߝ  −  ௬ߝ݆
 
Effective conductivity of skin,                     ߝ௬ =    ఙಶೡ

ଶగఌಷೝ ೞೌ
 

 
Designed test antenna with waveguide port work as test strip sensor for sensing firing field to discriminate healthy 
tissue of skin and BCC. 
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Proposed Antenna Design 
The monopole antenna proposed in this paper can used for imaging of BCC in human skin at the range of 1GHz to 
10GHz. To simulate antenna with multilayer human forearm three layers model of epidermis, adipose tissue and 
bone are taken as sample. To evaluate the accuracy of proposed test antenna with human model develop three layer 
mimic structure of epidermis, adipose tissue and bone. In proposed model cancerous tumor is embedded in adipose 
tissue. This tumor is between epidermis& adipose tissue. The permittivity and conductivity of each layer is tabulated 
in table-1[17, 19-22]. 
 
To design proposed monopole antenna designed for fire redundant substrate (FR4) material for dielectric constant 
4.4, substrate thickness 1.6mm and loss tangent 0.002 as shown in figure 1a & 1b. The dimension of proposed 
antenna is shown in figure 1a simulated by CST microwave studio [23]. To feed antenna wave guide port of 50Ω is 
used. 
 

RESULT AND DISCUSSION 
 
Simulated test antenna shown in figure 1a and 1b analyzed for 1GHz to 8GHz frequency range. Reflection coefficient 
for the test antenna is shown in figure-2 in which resonance appears at 1.5GHz in L-band, 4GHz in S-Band and 
6.5GHz in C-band.  Designed microwave antenna sensor, when placed in contact with biological sample material, on 
the permittivity of sample material, affects the resonating frequency and quality factor of the proposed antenna 
design. The electromagnetic properties of monopole antenna change with distance from effective area and size of 
effective area [24]. Permittivity, permeability and free carrier concentration are the function of electromagnetic 
properties of the biological skin sample. Moisture content present in biological skin samples is a measurable 
parameter of conductivity. To analyze these variations near field patterns of microwave antenna sensors are mapped 
with the density of tissue and permittivity of the biological sample [5, 18]. Various techniques are available to 
evaluate electromagnetic properties by near field sensors. The setup of proposed triple-band microwave antenna 
with human multi-layer skin model is shown in figure-3. 
 
Electromagnetic property of multi layer phantom with the proposed strip is show in figure-4a. The variation in 
reflection coefficient shows that with change in dielectric properties help to identify the abnormality in the skin 
tissue. Figure -4b shows equivalent model of phantom different layer with senor strip. Figure 4a explain comparison 
between S11 parameter with and without human model. Dielectric properties with frequency dielectric properties 
with reflection coefficient are shown in  figure-5a& 5b. As dielectric properties of human body change with the 
moisture content present various tissues this will help in imaging any kind of abnormality in the tissue system[25-
26]. Far field pattern of proposed microwave sensor test strip  shows Omni directional pattern  as shown in figure 6a, 
6b & 6c. Simulation result explains capability of microwave sensor strip for diagnosis of all four type of tissue which 
are consider in phantom. Electric field pattern for frequency of 1.5GHz, 4GHz & 6.5GHz is shown in figure 7a, 7b & 
7c. This explains that for different frequencies, electromagnetic properties of sensor is changed which help in 
detection of abnormality in the tissue. To achieve good resolution of image microwave sensor is placed on phantom 
directly [27-28].   
 

CONCLUSION 
 
Microwave sensor strip is simulated & designed in this paper to analyze skin abnormality by variation in dielectric 
properties of biological tissue. The proposed phantom is this paper is simulated for epidermis, tumor, adipose tissue 
and bone. Surface imaging by microwave sensor strip shows good resolution image at resonance frequency of 
1.5GHz, 4GHz and 6.5 GHz. This early diagnosis provides primary care to patient and help in managing BCC. Result 
obtained from simulation of microwave sensor strip shows good agreement with available literatures. The result 
show feasibility of electromagnetic imaging non-invasive skin tissue scanning. The next stage is to verify the concept. 
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This is performed by pre-clinical analysis using animal models constituting BCC and normal control skin [29]. This 
acts as a precursor to vitro study and research with human skin samples. In order to validate the studies’ sensitivity 
and specifics a statistical study is advocated.  
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Table:1 Dielectric property and conductivity of Human Tissue 

Sample Permittivity (Ɛ) Conductivity(σ) Radius taken for sample (mm) 
Epidermis[3] 40 0.91 6 

Adipose Tissue[17] 27 2.14 5 
Tumor[17] 50 3 1 
Bone[17] 10 0.96 3 

 

Figure1a: Proposed Antenna Figure 1b: Proposed antenna with port 
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Figure: 2 S11 parameter of Proposed Antenna Sensor          Figure 3: 3D model of Antenna sensor with phantom 

Figure: 4a S11 parameter with Human skin model Figure 4b: Equivalent of model  

Figure: 5a Plot between Frequency & Dielectric of 
Human Tissue 

Figure5b: Plot between S11 & Dielectric of Human 
Tissue 

   
Figure: 6a Polar Plot at 1.5GHz Figure: 6b Polar Plot at 4GHz Figure: 6c Polar Plot at 6.5GHz 
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Figure: 7a Electric Field at 1.5GHz     Figure: 7b Electric Field at 4GHz    Figure: 7cElectric Field at 6.5GHz 
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Modern lifestyles also created a new emphasis on beauty and personal care, attracting a large number of 
customers to cosmetics. The market for natural-ingredient skincare products is increasingly rising. 
Seaweeds are a significant source of in-demand active compounds that have a wide range of uses. Many 
scientific studies have shown the possible skincare properties of seaweed bioactive compounds, leading 
to an increase in the use of seaweed-derived ingredients in cosmetic products in recent years. The 
potential skincare properties of seaweed bioactive compounds are highlighted in this study. The study 
explains the mechanism behind skin disorders, which includes a large number of immune-boosting 
properties. Researchers have been studying the use and utilisation of invertebrate immune systems by 
corals and seaweeds in recent years, especially their potential for therapeutic applications of corals and 
seaweeds as immune boosters. Corals that have been shown to have therapeutic properties, particularly 
those derived from soft and hard corals. Researchers have already demonstrated many uses, including 
anti-inflammatory properties, anti-cancer properties, bone regeneration, and neurological benefits. 
 
Keywords : Bioactive compounds, corals, seaweed. 
 

INTRODUCTION 
 
Plants materials are used in Ayurvedic methods of the treatment. Generally, they are non-toxic and without any side 
effects (Babich, O., et.al (2020). Various parts of medicinal plants and trees such as Neem tree (Azadirachta indica), 
Emblica officinalis commonly known as Indian gooseberry or amla have been reported for acquiring 
immunomodulatoy properties such as : modulation of cytokine secretion, histamine release, immunoglobulin 
secretion, cellular co-receptor expression function etc.,  (Mirunalini, S., et.al, (2010) and (M., Rahal,et.al.,2012),and 
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some other plants are popular for their antiviral activities and immunity boosting capacity (Patil, A., &Kakde, M. , 
2020) ,other than that the marine environment is a dynamic environment, which is having most valuable natural 
resources and provide majority of the food in the form of in fish, shellfish, corals and seaweeds contains 60 trace 
elements whose concentration is higher than terrestrial plants . Marine water contains enormous amounts of 
biodiversity, which makes it as a source of huge amounts and wide varieties of bioactive compounds with immune 
boosting (Singh, H. (2020). Aquatic plants are a major production component of mariculture in the Asia-Pacific 
region. About 13.5 million tonnes of aquatic plants were produced in 2003. China is the largest producer, producing 
just less than 10 million tonnes. The dominant cultured species is Japanese kelp (Laminaria japonica) and Corals are 
also considered to contain a diverse and abundant microbial community with immune-boosting properties and a 
variety of bioactive compounds. 

What are seaweeds 
The plant species which were found along the sea-shore are known as “seaweeds” or the term “Seaweed” refers to 
multi-cellular, marine algae that are large enough to be seen without the aid of a magnifying glass. Seaweed are 
large, multicellular algae, Most familiar type of marine algae , Some biologists prefer the name macrophytes or 
macroalgae (MDPI, M. M. (2018). Some species can reach a length of 60 meters. Algae from the red, brown, and green 
families make up from seaweeds. The multi-cellular algae Takes different structure, types of pigments and store food 
products into consideration Lack highly specialised structures and reproductive mechanisms like terrestrial plants 
they Vary in shapes and sizes. 
 
They were reported all along the Indian coastal state waters in variable amounts. Among all these Indian coastal 
state Tamil Nadu and Gujarat State waters contribute more seaweed resources and seaweeds are mainly found along 
the coastal waters of the ocean. According to colouration and pigmentation in plants they were classified into three 
categories as mentioned above; i.e. Red, Brown, Green seaweeds. It is reported that the seaweed utilized for many 
different purposes all along the world. 

The foliose blade (also known as the frond), the stem likestripe, and the holdfast that attaches the plant to a hard 
substrate make up the traditional structure of seaweed in other words holdfasts keep the kelp firmly anchored to the 
ground, preventing it from being carried away by the waves; must glue on to a rock or hard substrate, not soft, 
sifting sand; differs from roots in that nutrients can access any portion of the plant, allowing it to 
photosynthesize(CAS, C. A. (2015).As a result, the thallus refers to the whole plant. The thallus's arrangement varies 
greatly, resulting in a wide range of shape. The thallus morphology of seaweeds varies greatly, ranging from simple 
crusts, leafy blades, tubular and filamentous forms with simple branching to more complex forms. Seaweeds can 
vary in size from a few centimetres to several metres. The temperate giant kelps can reach a height of 60 metres in 
length . 

The red seaweeds contain chlorophyll a and d, as well as phycobilins (phycoerythrin and phycocyanin), which give 
the thallus its distinctive red colour. In contrast to green seaweeds, red seaweeds can live in low-light environments 
and can be found even in the darkest depths of the ocean, where only blue light can penetrate.Brown algae contain 
chlorophyll a and c, as well as fucoxanthin, which gives them their brown colour. It needs sunshine, but not as much 
as green seaweed. 

The brown algae L. japonica and Undaria pinnatifida, the red algae Porphyra , Eucheuma, Kappaphycus, and 
Gracilaria, and the green algae Monostrema and Enteromorpha are among the 200 species of seaweed used globally, 
with roughly ten species intensively grown. Seaweeds are grown for a variety of reasons, including direct 
consumption as food or medicine, production of the commercially valuable polysaccharides alginate and 
carrageenan, usage as fertilisers, and feeding of other aquaculture commodities like abalone and sea urchins. Iron, 
zinc, magnesium, riboflavin, thiamin, vitamin A, B, C, and K, among other minerals, are abundant in seaweeds. (TOI, 
T. O. (2020). 
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Production of seaweeds  
Seaweed cultivation has enormous potential as a mariculture diversification activity all along the Indian coast. In 
2016, the global production of seaweed was expected to be 30.1 million wet tonnes (FAO 2018), with 95 percent 
coming from culture and the remaining 5% coming from natural sea beds. China, Japan, Korea, Indonesia, the 
Philippines, Malaysia, and Vietnam are the main seven contributors to seaweed production. In India, however, agar 
and alginate are derived from wild stocks of seaweeds, while carrageenan is derived from cultivable Kappaphycus 
alvarezii 
 
Phycocolloid production 
Polysachharides generated from seaweeds are known as phycocolloids. Alginates, agars, and carrageenans are the 
three major phycocolloids. Brown seaweeds are used to extract alginates, while red seaweeds are used to extract agar 
and carrageenan 
 
Agar - (Red algae)  
Gracilaria edulis and Gelidium micropterum were used as raw materials, and there are currently 25 agar processors in 
operation, producing between 300 and 400 tonnes of agar each year. 
 
Carrageenan - (Red algae) 
 
One of the most commonly traded tropical red seaweeds, Kappaphycus alvarezii is used to extract the commercially 
important phycocolloid kappa carrageenan (-carrageenan). Kappa-carrageenan is utilised as an emulsifier, binder, 
thickening, and gelling agent in a wide range of products, including toothpaste, cosmetics, ice cream, pet meals, 
drinks, pharmaceuticals, personal care, and dairy products, due to its unusual gelling qualities. 
 
The health consequences of carrageenan have been a source of debate. Carrageenan may cause inflammation, 
gastrointestinal ulcers, and harm to your digestive system, according to some studies. More human investigations 
are needed to confirm any relation between carrageenan and digestive issues. In the meanwhile, you may want to 
reduce your intake of carrageenan. (This substance is still approved by the Food and Drug Administration. 
Carrageenan was removed from the National Organic Standards Board's authorised list in 2016. This means that 
items containing carrageenan cannot be classified as "USDA organic."(Wilson et.al, 2017). The cultivation of 
Kappaphycus alvarezii in India began with the importation of a few grammes of biomass from Japan by CSIR-CSMCRI 
in the early 1990s; the importation followed the proper quarantine procedures for cultivation and consumption. 
Polythene bags, fish net bags, net enclosed open culture, and bamboo raft method were used as cultivation methods. 
 
Alginates – (Brown algae) 
Sargassum spp. and Turbinaria spp. are gathered from natural populations along the Gulf of Mannar coast and used to 
make alginate. Alginates have been employed in a variety of applications in the food and feed processing industries 
as thickening and gelling agents, as well as in the pharmaceutical sector as stabilizers, and in the textile business as 
water proofing, paper coating, and also used for wastewater treatment. 

Utilization of seaweed  
In Southeast Asian nations, the direct intake of seaweeds as food in the form of salads, soups, and a variety of other 
culinary preparations is highly widespread. Japan, China, and Korea are in the forefront in using seaweeds in human 
food preparations, whereas seaweeds are solely utilised in India to extract industrially essential phycocolloids such 
as agar, alginate, and carrageenan. 
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Seaweeds as Nutrition Supplement 
Seaweeds have a higher nutritional value than land-based plants. Seaweeds do not waste energy because they lack a 
circulatory system, leaves, roots, and stem. It's a delicacy in traditional Japanese and Chinese cuisine. The Chinese 
consume more seaweed species than any other ethnic group on the planet. 
 
Polysaccharides from seaweed 
Sulphated galactans and acidic polysaccharide are found in green algae (Chlorophyceae). Ulva species have a high 
polysaccharide content, with polysaccharides accounting for 65 percent of the dry weight. Alginic acid, fucoidan, 
and laminarin are produced by brown algae (Phaeophyceae). Agar, carrageenan, floridean, and Porphyra n are all 
produced by red algae (Rhodophyceae). 
 
Dietary fibres from seaweed 
Both water-soluble (alginic acid, agars, furonan, laminarin, and Porphyran) and water-insoluble (cellulose, mannans, 
and xylan) fibres are abundant in marine algae, and both contain vital nutrients and serve as functional foods. 
Obesity, cholesterol, and large intestine cancer can all be prevented with these fibres. Algae have higher levels of 
dietary fibres (approx. percentage dry weight basis) as mentioned in table.1 mentioned below. 
 
Proteins and amino acids from seaweeds  
The protein content of seaweeds varies greatly by phylum. Brown algae have a protein content of 5-16 percent, while 
green algae have a protein content of 10-30 percent and red algae have a protein content of 15-20 percent. Some red 
seaweeds, such as Palmaria palmata and Porphyra  tenera, have protein content of 36 percent and 48 percent, 
respectively, which is comparable to soybean protein content of 35 percent. Protein content in Ulva species ranges 
from 15 to 20%. Alanine, aminobutyric acid, citrulline, hydroxyproline, ornithine, and taurine are the free amino 
acids. The basic amino acid composition of edible algae is almost identical (Paul Cherry, et.al 2019). Porphy ratenera, 
Ulva pertusa, and Undaria pinnatifida, for example, have a high arginine content. Porphyra  species contain up to 70% 
dry weight protein, as well as all of the essential amino acids that humans cannot synthesise. Porphy ratenera, Ulva 
pertusa, and Undaria pinnatifida, for example, have a high arginine content. Porphyra  species contain up to 70% dry 
weight protein, as well as all of the basic amino acids that humans cannot synthesise, such as leucine, lysine, 
methionine, threonine, tryptophan, and valine. 
 
Lipids and amino acids  
Polyun saturated fatty acids, such as omega-3 and omega-6 acids, are found in seaweed lipids and are essential in the 
prevention of cardiovascular disease, diabetes, and osteoarthritis. Alpha-linolenic acid is abundant in green algae, 
while eicosapentaenoic acid and docosahexaenoic acid are abundant in brown and red algae. Omega-3 fatty acids 
such as alpha-linolenic acid, eicosapentaenoic acid, and docosahexaenoic acid are important for human physiology. 
Seaweeds have been found to contain a variety of sterols. Cholesterol, methylene cholesterol, and -sitosterol are all 
found in green algae. Red algae contain desmosterol, cholesterol, sitosterol, fucosterol, and chalinasterol. Fucosterol 
is found in abundance in brown algae. Fucosterol makes up 83-97 percent of total sterol in Laminaria and Undaria 
species (0.66 - 2.32 mg/g dry weight). Desmosterol makes up 87-93 percent of total sterol in Palmaria and Porphyria 
species (0.08 - 0.33 mg/g dry weight). 
 
Minerals  
Seaweed is also a good source of a range of minerals that are good for you. Calcium, iodine, iron, potassium, 
phosphorus, and sodium are all abundant in seaweeds. Porphyra contains have a high iron content, ranging from 0.2–
0.7 g/100 g. Pseudo fallaciatenera has a high manganese content, ranging from 33.2 to 409 g/g dry weight. Seaweeds are 
an excellent source of iodine, particularly in areas where food is scarce. Because of their high iodine content, 
Laminaria and Saccharina species have long been used to treat thyroid and goiter and there are different sources of 
mineral content in seaweed as shown in Table 2(MDPI, M. M. (2018). 
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Vitamins  
Vitamin A, B1, B2, and B12 are abundant in some red seaweeds, such as Palmaria palmata and Porphy ratenera. Codium 
fragile and Gracilaria chilensis have higher levels of -carotene (provitamin A) than carrots. Vitamin B12 is found in 
abundance in Ulva and Pyropia sp. Brown algae have a higher concentration of vitamin E than green and red 
seaweeds. Tocopherols range from 200 to 600 mg/kg dry weight in Ascophyllum and Fucus sp. 
 
Seaweed as Medicine  
Seaweeds have higher concentrations of the inhibitor vitamins C and E than land plants. antioxidant protects against 
scurvy, whereas fat-soluble vitamin aids within the management of medicine problems caused by poor nerve 
conductivity and anaemia caused by aerophilicharm to red blood cells. Due to its blue pigment called as  
phycocyanin, that forms soluble complexes with iron and alternative minerals throughout digestion, protoctist iron 
is a lot of without delay absorbed by the build than iron from higher land plants. The phenolic-rich extracts obtained 
from Alaria, Ascophyllum, Palmaria, and Protoctist genus species are natural antioxidants that conjointly suppress 
biological process enzymes and have antidiabetic drug properties. Brown algae which is called Laminaria species 
(kelp) (Seaweed, B. O. (2021)produce up to 13 times more calcium than milk and are high in antioxidants. Kelps high 
in fucoxanthin and fucoidan are high in vitamin B, C, and K1, as well as magnesium, potassium, and iron (Ganesan, 
et.al  (2019). 
 
Seaweed as an immune booster  
The brown, red, and green algae are the three primary divisions of marine algae based on their natural pigmentation. 
The presence of fucoxanthin pigment gives the phaeophyceae their colour , which has many physiological functions 
and biological properties such as anticancer influence and other immune strengthening effects. The presence of 
phycoerythrin and phycocyanin pigments, which have antioxidative and anti-inflammatory properties, gives 
Rhodophyceae its colour. The presence of chlorophyll pigment, which aids in the development of RBC and is also 
used for detoxification, gives Chlorophyceae its green colour(Khalid et al., 2018).  

Bioactive compounds in seaweed boost immunity  
Edible seaweeds are rich in bioactive compounds and act as a novel food helps in preventing diseases as well as 
having many therapeutic properties such asantiobesity, antiviral, antifungal, antibacterial, antidiabetic, 
antihypertensive, immune-modulatory, antihyperlipidemic, anticoagulant, anti-inflammatory, antiestrogenic, 
thyroid stimulating, neuroprotective, anticancer,  antioxidant and  tissue healing properties. The intake of seaweed 
helps reducing the risk of calcium deficiency. Seaweeds are a natural wealth of the sea, with exceptional immune 
boosting properties and diverse groupsof bioactive compounds, as shown in Tables 3 (Khalid et al., 2018). 

Other uses of seaweed  
Industrial use  
In many maritime nations, seaweeds are utilised as a food source, for industrial uses, and as a fertiliser. Currently, 
seaweeds are utilised for human consumption, fertilisers, and the extraction of industrial gums and chemicals. They 
might be utilised to create long- and short-chain compounds for medical and industrial purposes. Algae from the 
ocean may additionally be used as a supply of energy and Fermentation and transmutation could also be wont to 
take away doubtless helpful compounds from marine protoctis t(Niobiotics, S. U. (2011). 
 
Cosmetics: Seaweeds as a potential Source 
People nowadays prefer natural ingredients to artificial ingredients in cosmetics. Since natural products are safe to 
use and have no side effects, many customers seek out natural products to maintain a youthful appearance and 
healthy skin. As a result, the beauty industry has put a greater emphasis on ingredients extracted from natural 
resources such as plants, algae, bacteria, and their metabolites. A large range of organisms with numerous bioactive 
compounds are in high demand in the marine environment like seaweed (Jesumani, V., et.al , 2019). 
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As food  
Sea weeds are also consumed as a food source in the Far East and Australia. Sea weeds are consumed in large 
amounts by the people of Hawaii. Chile's indigenous people consume a lot of Durvillea antarctica and some Ulva 
plants. Certain green sea weeds are used in salads and soups by New Zealand natives. Porphyra  spp., or nori, is a red 
alga (Bangiophyceae). Nori comes in sheets that can be toasted for a green colour before being flaked and used in 
sauces, soups, and broths. It is often simply soaked and eaten. Cold rice balls are wrapped in small, dry nori sheets 
and served as a popular lunchtime snack in Japan. Nori's nutritional value comes from its high protein content (25-35 
percent dry weight), vitamins, and mineral salts, particularly iodine. It has 1.5 times the vitamin C content of 
oranges, and humans can absorb 75% of the protein and carbohydrates, which is very high for seaweeds. Apart from 
ascorbic acid, Chlorella has been found to contain a number of vitamins. Thiamin, niacin, pyridoxine, pantothenic 
acid, chlorine, biotin, vitamin B, and lipoic acid are among the vitamins present in Chlorella. 
 
As a source of agar 
The best agar is made from Gelidium of Rhodophyceae, also known as vegetative agar, and Japan is the largest 
producer of agar. It accounts for 95% of global demand. Agar was obtained from ten species belonging to Gelidium, 
Sarconema, Hypnea, and Gracilaria, and the yield of agar, setting temperature, and gel intensity of the product were 
obtained. Agar can be used in a variety of ways. It's used to make ice cream, jellies, and cakes, as well as measuring 
textiles and clearing a variety of liquids. Shaving creams, cosmetics, and shoe polishes are all made with it. In 
biological laboratories, agar has long been used for media preparation. 
 
Corals  
Corals are colourful and interesting invertebrate species that belong to the “Cnidaria” family of creatures. Other 
species in this group include jellyfish and sea anemones, which you may have seen in rock pools or on the beach. 
Polyp is a single coral animal living in a colony of hundreds to thousands of GM polyps. Coral polyps have evolved 
particular defensive mechanisms to protect themselves against predators and other natural pressures in the coral reef 
environment. The colony is generated through a process known as budding, in which the original polyp reproduces 
itself. “Hard coral” and “soft coral” are the two types of coral that are commonly found. (EPA, U. (2019) Hard corals, 
popularly known as "reef builders," are thought to number approx. over 800 species. Soft corals, such as sea fans, sea 
feathers and sea whips, do not have the calcareous rock structure of other corals, but have a supporting wooden core 
and a soft shell for protection. Soft corals live in colonies similar to bright plants. Their polyps are different from hard 
corals. Polyps have eight tentacles and have a typical feather-like appearance. From the equator to the north and 
south poles, soft corals have been found in caves or ledges in the water. Healthy coral reefs are beneficial. The 
community in different ways. Coral reef ecosystems provide food for people all over the world, coastal protection, 
tourism and fishery income. ( National history museum, N. (2018,) 
 
What are coral reefs? 
Coral reefs are the world's largest living structure and the only one that can be seen from space. Coral reefs as we 
know them now evolved on Earth over the last 200 to 300 million years, and the highly evolved form of symbiosis is 
likely the most unique aspect of corals over this evolutionary history. Corals are motile, which means they can move 
on their own.(Hawaii's Coral Reefs, H. (2020) Corals feed on  plankton, which includes small crustaceans, mollusks, 
and reef animal larvae. Hard corals collect a lot of calcium from the water around them and use it to harden their 
structure for protection and growth. Coral reefs are formed by millions of tiny polyps forming massive carbonate 
structures that provide a framework and home for hundreds of thousands, if not millions, of different species. This 
symbiosis between plant and animal is the reason of the bright colours of coral that can be seen while diving on the 
reef. Corals fight for space on the floor, because the light is important. In a competitive environment with so many 
diverse species it continually tests its physiological tolerances. Coral reefs belong to a broader ecosystem which 
includes mangroves and seagull beds. When coral polyps lose their symbiotic algae, the zooxanthellae, “coral 
bleaching” occurs. The live tissues are practically transparent without their zooxanthellae, and you can see right 
through to the rocky skeleton, which is white, hence the name coral bleaching(Nancy Knowlton, O. F. 
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(2020).Mangroves are salt-tolerant trees with submerged roots that serve as nurseries and breeding grounds for 
marine life prior to their migration to the reef. (NOAA, C. (2019) Mangroves also filter pollutants from land-based 
run-off, stabilise the shoreline, protect the coastal zone from storms, and trap and create nutrients for food. Sea 
grasses are flowering marine plants that function as primary producers in the food web. Turtles, seahorses, 
manatees, fish, foraging sea life such as urchins and sea cucumbers, and a variety of juvenile sea animal species rely 
on them for food and habitat. 
 
Types of corals 
Fringing reefs, barrier reefs, atolls, and patch reefs are the four types of coral reefs identified by scientists. 
 
Fringing reefs 
Near emergent land, fringing reefs can be found. They're shallow, narrow, and new to the area. A navigable 
waterway (which is sometimes wrongly referred to as a "lagoon") might separate them from the coast. 
 
Barrier reefs 
Barrier reefs are larger and are located further from the shoreline. They are separated from the coast by a body of 
water that can be several miles long and tens of metres deep. On top of a barrier reef, sandy islands with a distinctive 
flora pattern have occasionally evolved. These islands' coastline is fragmented by passages that have taken over 
previous riverbeds. 
 
Atolls 
Atolls are similar to barrier reefs, except they're round and enclose a shallow lagoon with no land in the center. 
Large, ring-shaped reefs off the coast with a lagoon in the centre are known as atolls. The emergent area of the reef is 
frequently covered with accumulated sediments, and coconut trees are the most common flora found on these reefs. 
Atolls form near the sea surface on underwater islands or sinking or subsiding islands.(Biology discussion, B. D. 
(2016) 
 
What is coral calcium? 
Coral calcium is a supplement made from the sands of coral reefs. These sand deposits, which were once part of a 
coral reef, are usually obtained directly from the shore or nearby shallow waters. The coral sand deposits are refined 
to eliminate any toxins or other undesirable substances before being ground into a powder to make coral calcium 
(Biology discussion, B. D. (2016). This powder is available unprocessed or in capsule form. Calcium carbonate makes 
up the majority of coral calcium supplements, although small quantities of magnesium and other trace minerals may 
also be present. Coral calcium has been used as a bone graft material for over 30 years since its composition is close 
to that of human bone. It's now often used to avoid or treat low calcium levels in people who don't get enough 
calcium from their diet. While it is said to have several additional health benefits, the majority of these have yet to be 
proven by researchers. 
 
Pharmaceutical uses of corals  
Coral reefs are sometimes referred to as the 21st century's medicine cabinets(Ravishankar C.N. et.al (2018). New 
treatments for cancer, arthritis, human bacterial infections, Alzheimer's disease, heart disease, viruses, and other 
disorders are being developed using coral reef flora and animals.Corals evolved chemical defences to protect 
themselves from predators because they are immobile animals. The therapeutic potential of these compounds is still 
being investigated by scientists. Medical treatments, nutritional supplements, pesticides, cosmetics, and other 
commercial items could all be derived from coral reef ecosystems in the future. Corals have been discovered to be 
useful in the development of novel therapeutic products by the pharmaceutical sector. For example, many corals 
promote the fusion of shattered bones. The components of a Caribbean sponge are utilised to make Zidovudina, an 
HIV-treatment drug. 
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Corals as immune booster  
Anti-cancer properties are found in the Sinularia genus of soft corals. Sinularia crassa steroid inhibits liver cancer 
while also suppressing pro-inflammatory activities. Soft coral yields 13-acetoxysarcocrassolide, which has cytotoxic 
properties against bladder cancer cells. Michaolides and lobomichaolides are newly discovered cembranolides from 
soft corals. Lobophytum michaelae has anticancer properties. Euniceafusca contains three diterpenes that have been 
shown to have anti-inflammatory properties. One of the diterpenes obtained from the same plant had both 
antibacterial, anticancer and anti-inflammatory properties other than this corals have many other bioactive 
components which show immune boosting properties (Cooper, E., et.al (2014,) and the Coral calcium has a long list 
of health benefits, including stronger bones and less arthritis symptoms, as well as cancer and Parkinson's disease 
prevention and other benefits also. Recent progress and challenges for seaweed bioactives as a nutraceutical in terms 
of biocompatibility and bioavailability, as well as therapeutic properties (Britannica (2020). 
 
Bioactive compounds in corals boost immunity 
Bioactives found in seaweed, such as polysaccharides, pigments, fatty acids, polyphenols, and peptides, have been 
shown to have a variety of biological properties that could aid in the production of functional foods and 
nutraceuticals. There is a wide range of potent bioactivities, such as anti-cancer, cytotoxic, anti-inflamation, anti-bone 
loss, etc are present in corals. In an in-vitro and in-vivo model system, these bioactives are investigated for 
antioxidant, antibacterial, anticancer, antidiabetic, antitumor, antiviral, anti-inflammatory, and anticoagulant 
properties. 

Other uses of corals  
The coral polyp is a small, plant-like marine invertebrate with an exterior skeleton similar to coral. Generations of 
these organisms living as colonies on top of one another can create huge structures. Coral has been utilised in 
carvings, cabochons, and other jewellery pieces since the beginning of time and also the Corals are commonly used 
as souvenirs, home decor, and costume jewellery (Gregorietti, G. (2019), but they are living animals that feed, grow, 
and reproduce. Leave corals and other aquatic life on the reef because it takes them decades or longer to construct 
reef structures. Coral reefs are among the world's most biologically diverse and economically important habitats, but 
they are under threat from a growing number of factors, including global climate change, unsustainable fishing, and 
pollution. In addition, the United States is the world's largest recorded user of Corallium, red and pink corals 
commonly used in jewellery. In the marketplace, finished pieces of jewellery and art made from this form of coral 
will fetch anywhere from $ 20 to $ 20,000 (₨.1,459.63 to ₨.1458201.02 INR). Continued market demand is leading to 
the global depletion of these fragile corals. (US Department of Commerce, N. (2011). 

 
CONCLUSION  
 
Enhanced aquatic vegetation or phytoplankton formation, as well as algal blooms, disrupt the normal functioning of 
aquatic ecosystems all over the world. When toxic microalgae and cyanobacteria play a role in the eutrophication 
process, a variety of ecological, economic, and public-health issues can arise. The majority of the bioactive 
compounds derived from seaweeds have been used for biocidal (anti-fungal, anti-bacterial) and medicinal purposes. 
However, only a few studies by researchers have looked into their anti-cyanobacterial and algicide properties and 
with other immune boosting effects. It's important to encourage people to eat seafood because of the immune-
boosting properties found in seaweed. We should also encourage people to take coral supplements and strive to eat 
less high-fat, high-sugar foods, such as fast food. Exploitation of the marine ecosystem occurs as a result of the 
widespread use of available marine organisms in both medicinal and human use. As a result, we must consider the 
future generation's  better survival.  
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Table 1.  Shows the dietary fibre content of various seaweeds (Peñalver, R , et.al(2020). 
 

Types of seaweed 
Dietary fibre (% in dry weight basis) 

(Approximate %) 
Soluble Insoluble Total 

Phaecophyceae( brown algae ) 
Himanthaliaelongata 21.70 6.00 32.70 
Sargassumfusiforme 33.90 16.30 49.20 
Laminariadigitata 32.50 5.63 38.00 
Undariapinnatifida 31.00 5.30 35.30 
Chlorophyceae ( green algae ) 
Ulva lactuca 22.40 17.60 38.00 
Rhodophyceae ( red algae ) 
Pyropiatenera 19.00 6.90 35.81 
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Table 2. Seaweed Mineral Content 
 

Minerals 
Approx. Mineral contents in algae ( mg/100 dry matter) 

Palamariapalamata Undariapinnatifida Laminariasps. Ulva sps. 
Calcium 500 – 3000 360 – 1200 1100 – 3000 860 – 560 
Iodine 11 – 100 25 300 – 1000 5 – 26 

Iron 16 – 150 08 5 – 70 7– 100 
Magnesium 160 – 600 1000 – 2000 500 – 3000 2000 – 5300 

Phosphorous 370 300 – 600 150 – 800 90 – 270 
Potassium 8000 – 9000 5600 – 6400 1400 – 10700 730 – 1033 

Sodium 1600 – 2600 1700 – 5000 900 – 7000 900 – 5800 
 
Table 3.  List of bioactive compounds that promote immunity 
 

IMMUNE BOOSTING EFFECTS  BIOACTIVE COMPOUNDS 
Cardiovascular disease protection Carotenoids, DHA, EPA. 
Anti-inflammatory activity Bioactive peptides, sulfated polysaccharides, fucoidan, 

terpenes. 
Anti-oxidant activity Fucoxanthin, phcoerythrobilin. 
Anti-viral activity Sulfated Glucuronogalactan, Sulfated galactans, carrageenan. 
Anti - cancer activity Fucoidans, glucans, stypoldione, carotene, fucoxanthin. 
Anti - coagulant activity  Sulfated polysaccharides. 

 
Table 4. List of bioactive compounds with health claims from different coral reef(K., &Sammarco, P.2014) 
 

SCIENTIFIC NAME  BIOACTIVE COMPOUNDS  HEALTH CLAIMS 
Sinularia granosa 9,11-Secosterol Anti-inflammation and Cytotoxicity 
Sinularia crassa Crassalone A Cytotoxicity 

Sinularia querciformis 
II-epi-Sinulariolide, sinularin, 

acetate 

Anti-bone loss, Anti-inflammation, 
anti-neuroinflammation and 

antinocicettion 
Cladiellakrempfi Kremptielins Anti-inflammation and cytotoxicity 

Capnella imbricata capnellenes anti-neuroinflammation and 
antinocicettion 

Scleronephthyagracillimum Sclerosteroids Anti-inflammation and Cytotoxicity 

Paraminabeaacronocephala Paraminabic acid Anti-inflammation and Cytotoxicity 

Lemnaliacervicomitenuis Lemnalol Anti-inflammation and 
antinocicettion 
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This study aimed to develop a predictive model of STEM career preference. It investigated what 
significantly predict STEM career preference among socio – economic profile, personal interest, family 
influence, school facilities and equipment, social orientation, and self – efficacy in STEM. It also 
determined the preferred career of the respondents. A predictive research design was utilized where data 
were gathered from 137 STEM graduates of the three divisions in the province of Surigao del Norte using 
a modified researcher-made questionnaire and analyzed using frequency count and percent, mean and 
standard deviation, and logistic regression. Findings revealed that most of the respondents are males 
whose mothers either have Non-STEM occupations or jobless and fathers either have Non-STEM 
occupations or jobless. Their average family monthly income is Php 31,051.84. Career preference is 
perceived to be influenced by personal interest, family influence, school facilities and equipment, social 
orientation, and self – efficacy in STEM. STEM related careers are mostly preferred by the respondents. 
Mother’s occupation, family influence and self – efficacy in STEM are significant predictors of STEM 
career preference. Based on the identified predictors, the predictive model for STEM career preference is: 
(݁ݏݎݑܥ ܯܧܶܵ ݊݅ ݈݈݃݊݅ݎ݊ܧ) ݐ݅݃ܮ = −(ܱܯ)1.58− (ܫܨ)2.10 +  In conclusion, STEM SHS .(ܧܵ)2.60
graduates preferred to enroll STEM related careers in college and a SHS STEM student would most likely 
enroll in STEM if his/her mother is jobless or has Non-STEM occupation, has independence in choosing a 
course in college, and strongly believes that he/she can deal with STEM-related activities. 

 
Keywords: predictors, career preference, predictive model, technology, engineering. 
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INTRODUCTION 
 
Effective STEM education spurs significant and positive effects towards productivity (Croak, 2018) that can 
potentially reduce job-skill mismatch. Moreover, careers in STEM drive economic growth (Powers, 2017). With this 
growing demand of globalization, the Philippine government enacted RA 10533 also known as the “Enhanced Basic 
Education Act of 2013” which gives every student an opportunity to receive quality education that is globally 
competitive based on a pedagogically sound curriculum that is at par with international standards. This law requires 
students additional two (2) years in Senior High School (SHS) wherein they have an avenue to hone and master basic 
skills and prepare them for the demands of the economy especially in the STEM industry. The acquired skills in SHS 
will be irrelevant if students will pursue a non - STEM career programs in college. This can be avoided if 
contributory factors to career choice are taken into accounts during SHS years. In fact, Nyamwange (2016) revealed 
that students’ interest precedes career choice.   Mau and Li (2018) added that socioeconomic status, math interest and 
self – efficacy are most vital in choosing a career. Moreover, students with low mathematical self – efficacy most 
likely do not choose STEM careers (Blotnicky, Franz-Odendaal, French and Joy, 2018). Furthermore, interest in STEM 
either intensifies or diminishes depending on the students learned abilities overtime (Wiebe, Unfried& Faber, 2018).  

 
Based on the foregoing premises, it is imperative to formulate a science career predictive model using the pre – 
identified factors in Senior High School so that alignment between learned skills in SHS and preferred STEM career 
programs in college is achieved thereby addressing the job – skill mismatch and ensuring quality STEM workforce to 
fuel economic progress in the future. 
 
 
Theoretical and Conceptual Framework 
This study is rooted from the Social Cognitive Career Theory (SCCT) developed by Robert W. Lent, Steven D. Brown, 
and Gail Hackett in 1994 which is based on Albert Bandura’s general social cognitive theory, an influential theory of 
cognitive and motivational processes. It aimed at explaining three interrelated aspects of career development: (1) 
how basic academic and career interests develop, (2) how educational and career choices are made, and (3) how 
academic and career success is obtained. The theory incorporates a variety of concepts (e.g., interests, abilities, 
values, environmental factors) that appear in earlier career theories and have been found to affect career 
development.  

 
Figure 1 shows the connection of the variables of the study through a research paradigm. Box No. 1 represents the 
factors or influencers such as socio – economic profile of the respondents such as sex, parents’ occupation in term of 
STEM related and non – STEM related, parent’s highest educational attainment, monthly income, personal interest 
(PI), family influence (FI), school facilities and equipment (SFE), social orientation (SO) and self – efficacy in STEM 
(SE) that influence STEM career preference. These factors will be tested to determine a predictive model of STEM 
career preference which is in the second box. Consequently, this model will be utilized to determine STEM career 
preference of Senior High School Students in college. 
 
Statement of the Problem 
This study aimed to create a model that significantly predicts career preference of SHS STEM students. Specifically, it 
seeks answers to the following questions: 
 
 What is the socio – economic profile of the respondents as to: 
 Sex, 
 Parents’ Occupation, 
 Highest Educational Attainment of Parents, and 
 Family Monthly Income? 
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 To what extent do the respondents perceive the influence in Career Preference in terms of: 
 Personal Interest, 
 Family Influence, 
 School Facilities and Equipment, 
 Social Orientation, and 
 Self – Efficacy in STEM? 

 
 What are the career preference of STEM graduates as to : 
 STEM Related and 
 Non – STEM Related? 

 
 Do the socio – economic profile of the respondents and the factors stated in problem 2 significantly predict STEM 

career preference of the students? 
 What model can be formulated to significantly predict STEM career preference of the students? 
 

METHODS 
 
This study made use of a predictive research design which was deemed appropriate because this was used to 
determine a predictive model that was formulated to predict STEM Career Preference of the students. The study was 
conducted online among SHS STEM graduates from the three (3) schools division of Surigao del Norte during the 
school year 2018 - 2019. The respondents of this study were the senior high school graduates of STEM strand in 
School Year 2018-2019 from the public schools of the three divisions of Surigao del Norte who were freshmen college 
students for Academic Year 2019-2020. They were chosen as a reference to gather authentic data which this study 
used in creating a predictive model of STEM career that will be beneficial to SHS STEM students.  The population 
size was 226. However, given the challenges of the pandemic and online constraints, the researcher only gathered 
137 samples. This study used a modified researcher-made questionnaire with some items derived from the study of 
Penedilla & Rosaldo, (2017). The following statistical tools were used in the study,  Frequency and Percentage Count, 
Mean and Standard Deviation and Logistic Regression.  
 

RESULTS AND DISCUSSIONS 
 
On the Socio-Economic Profile  
Table 1 presents the socio-economic profile of the respondents in term of sex, mother and father’s occupation, 
parent’s highest educational attainment and monthly income. For their sex, there are 76 or 55.47% males and 61 or 
44.53% females. There are 29 or 21.17% who have mothers with STEM – related occupations and 108 or 78.83% non – 
STEM related occupations/jobless. On the other hand, 14 or 10.22% who have fathers with STEM – related 
occupations and 123 or 89.78% non – STEM related/jobless. As to their parent’s highest educational attainment, there 
are 3 or 2.19% are elementary level, 4 or 2.92% are high school level, 6 or 4.38% are high school graduates, 33 or 
24.09% are college level, 73 or 53.28% are college graduates, and 18 or 13.14% are graduate level or higher. The 
average monthly income of parents is Php. 31, 051.84 with a SD of 39532.41. This could be said that these families 
belong to the middle-income class (Albert, Santos &Vizmanos, 2018). 
 
On the Perceived Influence to Career Preference  
The perceived influence to career preference is shown in tables 2, 3, 4 and 5.Table 2 shows the perceived influence of 
personal interest to career preference. This table reflects an average of 3.16 with SD=0.49 which suggests that the 
respondents agree that the personal interest can influence career preference. The respondents agree that all 6 items 
support that personal factor is influential. Among the items under personal interest, Item 2 “My personal choice in 
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Senior High School” got the highest mean value of 3.34 with SD=0.78. Item 4 “My childhood dream” got the lowest 
mean value of 2.97 with SD=0.95. The results are proven by Blotnicky et al. (2018) that students with greater interest 
in technical and scientific skills were more likely to consider STEM career for it will suit their skills. The perceived 
family influence to career preference is presented in table 3.The respondents generally agree that family influence 
affects career preference. This is based for the average mean of 2.76 with SD=0.7. Item 3 “The financial support of my 
family” got the highest mean of 3.4 with SD=0.80. However, Item 5 “The dominant profession in my family” got the 
lowest mean value of 2.49 with SD=1.04 which based on the responses, is not influential in choosing a career in 
STEM. The results as to family influence are in line with the study of Cridge and Cridge (2015) stated that parents 
play a vital role in their children’s life, including choices of career, they often guide their children to develop skills 
and observe their children's academic progress. Parents can also affect students' interest in STEM careers, because 
they can look more closely at the lives of their parents who are involved in STEM careers and gather information 
from them. The perceived influence of school facilities and equipment to career preference is shown in Table 4. 
 
As presented in the table, the obtained average mean is 3.35 with SD=0.44. This means that respondents perceived 
school environment as influential to career preference. Respondents mostly agree that using new facilities and 
equipment excites them. This is due to the highest attained mean value of 3.49 with SD=0.57. The quality of facilities 
in Senior High School were enjoyed by the respondents given the computed mean value of 3.09 and SD=0.78. This is 
the item that has the lowest mean value in school environment factor. School environment and curriculum that 
support active involvement in scientific activities or STEM engender aspirations and interest in related STEM careers 
could influence preference of learners (Sahin, 2015). Students pursuit their STEM career in college if students 
engaged in STEM activities in terms of knowledge, attitude and interest in STEM; and the desire to engage in STEM 
careers by the use of appropriate facilities and equipment to carried out science field work, science camps, learning 
in science centers, museums, zoos, and robotics competitions (Gwen et al., 2016).  Perceived influence of social 
orientation to career preference in presented in table 5. 
 
The table reflects an obtained average mean of 2.63 with SD=0.81. This means that generally, respondents perceived 
social orientation as a factor in choosing a career in STEM. The respondents agree that majority of the items in this 
factor are contributory. Most of the respondents agree that the support of their relatives contributes to their choice of 
career in STEM. This is supplemented with the highest obtained mean value of 2.85 with SD=0.89. Nonetheless, the 
respondents do not agree that friends in Senior High School enrolled in career programs affect their choice of getting 
into the same career. This is supported by a computed mean value of 2.49 with SD=1.06. Moreover, previous studies 
stated that support from friends also influence the ways of students thinking and it is the key in developing strong 
expectations in STEM careers (Cridge&Cridge, 2015). Peers who share an interest in STEM will help each other 
develop their vision as a scientist in the future. The attitude of friends, their achievements and norms have a strong 
influence on motivation and choice of programs (Nugent et al., 2015). This finding reinforces that friends can affect 
students in the selection of STEM careers (Halim, 2018). The perceived influence of self – efficacy to career preference 
is shown in table 6.It can be gleaned in the table that the respondents agree that self – efficacy influences career 
preference due to the average mean value of 3.30 with SD=0.40. In fact, they agree on all six items are influential 
given their obtained mean values. Among all the items, they agree that their belief of excelling in STEM – related 
programs is most influential. This is supported by the highest mean value of 3.43 with SD0.60. The respondents agree 
that they can usually find a solution when confronted by STEM problems. This is due to the lowest computed mean 
value of 3.19 with SD=0.56. 

 
Results of the present study is aligned with recent findings by  Nugent et al., (2015) stated that students are more 
likely to pursue careers in which they are confident of their capabilities and less likely to be drawn to careers where 
they doubt their skills and performance.  Self-efficacy has been shown to be a predictor of pursuing a college major 
in STEM. Furthermore, Compeau et al. (2016) show that self-efficacy along with knowledge of STEM careers are 
significant factors in whether or not adolescents pursue STEM careers. 
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On Career Preference 
The career preference of the respondents is reflected in table 7. The table shows that 113 or 82.5% of the respondents 
are enrolled in STEM programs. On the other hand, the table presents also that only 24 or 17.5% of the 137 
respondents are enrolled in non – STEM programs. Based on the study of Mangu et al. (2015), students who enrolled 
in STEM in high school were interested in pursuing a STEM career. Nearly 70% of students surveyed revealed that 
they were either somewhat likely or very likely to pursue a STEM career and 30% were less likely to do so. Majority 
of STEM graduates pursue STEM – related career programs. 
 
Significant Predictors of STEM Career Preference 
The significant predictors among sex, socio-economic status, mother and father’s occupation, parent’s highest 
educational attainment, monthly income, personal interest, family influence, school equipment and facilities, social 
orientation, and self – efficacy in relation to STEM career preference is presented in Table 8. It can be gleaned in the 
table that mother’s occupation is a significant predictor of STEM career preference. This is supported by B=-1.58 with 
p=0.02 which is less than 0.05 level of significance. The coefficient value of mother’s occupation is negative (B=-1.58). 
This suggests a negative correlation between mother’s occupation and STEM career preference. This further means 
that respondents whose mothers have non-stem occupations are most likely to enrol in STEM. This result is true in 
the study of Peters, Abukmail and Willis (2019) which found a significant relationship between mother’s work and 
students’ choice of employment. Moreover, in the same study above, revealed that parent whether worked in a 
STEM career field and student STEM career preference after high school were found to be not significant. Based on 
the results, family influence (FI) significantly predicts STEM career preference. This is due to B=-2.10 with p=0.01 
which is less than 0.05 level of significance. Like mother’s occupation, the coefficient of FI is also negative (B=-2.10). 
This proposes a negative correlation between FI and STEM career preference. This also means that SHS STEM 
students with low family influence would most likely enroll in STEM programs. 

 
This result contradicts the studies of Mtemeri (2017) and Kim, Ahn and Fouad (2015) which found that family 
influence is a vital factor in career intentions and growth. However, the result of this study may hold true because 
students may perceive their high family influence as a dictation rather than a motivation thereby pursuing a different 
career. Conversely, students with low family influence have their freewill intact so they have the freedom in 
pursuing a career of their choice – STEM career in the case of this study.  Another significant predictor of STEM 
career preference is self – efficacy in STEM (SE) given with B=2.60 with p=0.02 which is also less than 0.05 level of 
significance. Unlike MO and FI, SE has a positive value of coefficient (B=2.60). This means that there is a positive 
correlation between SE and STEM career preference. Those with high self-efficacy would most likely enrol in STEM 
programs. Indeed, self-efficacy in STEM is a vital predictor of STEM career (Nugent, et. al., 2015; Halim, 2018 & Mau 
and Li, 2018). Lastly, sex, father’s occupation, parents’ highest educational attainment, monthly income, personal 
interest, school equipment and facilities, and social orientation are not significant in predicting STEM career 
preference. This is supported by their respective p – values which are all greater than 0.05 level of significance. 
 
Predictive Model 
Based on the significant predictors in Table 9, the predictive model is given by: 
 
(݉ܽݎ݃ݎܲ ܯܧܶܵ ݊݅ ݈݈݃݊݅ݎ݊ܧ) ݐ݅݃ܮ = (ܱܯ)1.58− − (ܫܨ)2.10 +  (1)(ܧܵ)2.60
 
Where, 
MO – Mother’s Occupation (0 or 1) 
FI – Average Perceived Family Influence 
SE – Average Perceived Self-Efficacy 

 
Table 9 shows that the predictive model (1) significantly predict enrolment to STEM programs. This is based on the 
obtained Chi-square value of 34.514 which has a p-value of 0.002 at 14 degrees of freedom. Since the p-values is less 
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than 0.05, the null hypothesis is rejected. This implies that if the model is used, the likelihood that a senior high 
school student will enroll in STEM program in college can be predicted through probabilities. There are eight sample 
sets in the table that represent the probability of enrolling in STEM program using the predictive model. The 
significant predictors as to Mother’s occupation with coefficient (B) of -1.58, average perceived family influence with 
coefficient of -2.10, and average perceived self-efficacy with coefficient of 2.60 are factored into the computations. 
The Xi represents the value of the significant predictors which represent sample values or different combinations of 
possible outcomes. Probability of enrolling STEM Program will depend on the coefficient (B) as well as the 
combination of possible outcomes (Xi). 

 
Set 1 shows 0.9997 probability. This represents that there is a very high probability of the students to enroll in STEM 
Programs if the possible outcomes (Xi) were: mother occupation is Non-STEM/ Jobless/ Deceased (0), very low (1) 
average perceived family influence, and very high average perceived self-efficacy (4). Set 2 shows 0.9988 probability. 
This indicates that there is also a very high probability of the students to enroll in STEM Programs if the possible 
outcomes (Xi) were: mother’s occupation is STEM related (1), very low (1) average perceived family influence, and 
very high (4) average perceived self-efficacy. Set 3 also represents very high probability of the students to enroll in 
STEM Programs which is 0.8807 since the possible outcomes (Xi) were: mother’s occupation is Non-STEM/ Jobless/ 
Deceased (0), very high (4) average perceived family influence, and very high (4) average perceived self-efficacy.  

 
Set 4 shows 0.6039 probability. This represents that there is a high probability of the students to enroll in STEM 
Programs if the possible outcomes (Xi) were: mother’s occupation is STEM related (1), very high (4) average 
perceived family influence, and very high (4) average perceived self-efficacy. Set 5 shows 0.6224 probability. This 
indicates that there is a high probability of the students to enrol in STEM Programs if the possible outcomes (Xi) 
were: mother’s occupation is Non-STEM/ Jobless/ Deceased (0), very low (1) average perceived family influence, and 
very low (1) average perceived self-efficacy. Set 6 shows 0.2540 probability. This indicates that there is low 
probability of the students to enroll in STEM Programs if the possible outcomes (Xi) were: mother occupation’s is 
STEM related (1), very low (1) average perceived family influence, and very low (1) average perceived self-efficacy. 
Set 7 shows 0.0030 probability. This indicates that there is very low probability of the students to enroll in STEM 
Programs if the possible outcomes (Xi) were: mother’s occupation is Non-STEM/ Jobless/ Deceased (0), very high (4) 
average perceived family influence, and very low (1) average perceived self-efficacy. Set 8 shows 0.0006 probability. 
This indicates that there is very low probability of the students to enroll in STEM Programs if the possible outcomes 
(Xi) were: mother’s occupation is STEM related (1), very high (4) average perceived family influence, and very low 
(1) average perceived self-efficacy.  Thus, the combination of the possible outcomes (Xi) in set 1, 2, and 3 shows very 
high probability of the respondents to enroll in STEM programs since the probability results were close to 1.00 while 
the possible outcomes (Xi) in set 7 and 8 had very low probability for the respondents to enroll in STEM program 
since the results were near zero. 
 
Although 88% of parents believe they can help guide their children’s learning, less than 28% discuss the value of a 
STEM education with their children (“Let’s Talk Science Canada Annual Report,” 2015). Nonetheless, Peters et.al. 
(2019) stated that influence of parents was dominant as compared to other family members. This result supports the 
finding of Tzu Ling (2019) that there was a significant relationship between the mother’s employment and future 
career of students. 
 

FINDINGS 
Based on the results of the study, it was found that: 
1. Most of the respondents are males whose parents were college graduates and have Non-STEM occupations. Their 

average family monthly income is Php 31,051.84. 
2. Career preference is perceived to be influenced by personal interest, family influence, school facilities and 

equipment, social orientation and self – efficacy in STEM. 
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3. Most of the respondents were enrolled in STEM related programs. 
4. Mother’s occupation, family influence, and self – efficacy in STEM are significant predictors of STEM career 

preference. 
5. Based on the identified predictors, the predictive model for STEM career preference is: 

(݁ݏݎݑܥ ܯܧܶܵ ݊݅ ݈݈݃݊݅ݎ݊ܧ) ݐ݅݃ܮ = −(ܱܯ)1.58− (ܫܨ)2.10 +  (ܧܵ)2.60
 

CONCLUSION 
 
The study concluded that male students are more inclined and preferred to pursue STEM – related programs in 
college as long as their parents support them financially regardless of their occupation.  Career choice is a 
multifaceted decision between one’s ideals and aspirations, skill inclination, opinions of family member, peer 
decision, and appeal of the school in terms of availability and quality of facilities and equipment. Further, a SHS 
STEM graduate would most likely enroll in STEM-related programs in college if he/she is inclined to STEM, his/her 
mother has non-STEM work, and has a supportive family. 
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Table 1. Socio-Economic Profile of Respondents 
 

Profile f(n=137) Percent 

Sex 
Male 76 55.47 
Female 61 44.53 

Mother's Occupation 
STEM 29 21.17 
Non-STEM/Jobless 108 78.83 

Father's Occupation 
STEM 14 10.22 
Non-STEM/Jobless 123 89.78 

Parents Highest 
Educational 
Attainment 

Elementary Level 3 2.19 
High School Level 4 2.92 
High School Graduate 6 4.38 
College Level 33 24.09 
College Graduate 73 53.28 
Graduate Level or Higher 18 13.14 

Monthly Income 
Mean 31051.84 

SD 39532.41 
 
Table 2. Perceived Influence of Personal Interest to Career Preference 
 

Statement Mean SD Description 
I chose my career program today because it is…     
1. based on the school where I considered since Senior High School. 3.10 0.78 Agree 
2. my personal choice in Senior High School.  3.34 0.78 Agree 
3. connected to my favorite subject in Senior High School.  3.08 0.81 Agree 
4. my “childhood dream” 2.97 0.95 Agree 
5. an in – demand career. 3.28 0.71 Agree 
6. suited to my talent. 3.20 0.67 Agree 

Average 3.16 0.49 Agree 
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Table 3. Perceived Family Influence to Career Preference 
 

Statement Mean SD Description 
I chose my career program today based on…      
1. the recommendation of my family. 2.90 0.89 Agree 
2. idea that it will not compromise the reputation of the family. 2.86 0.86 Agree 
3. the financial support from my family. 3.04 0.80 Agree 
4. the wish of my family.  2.79 0.87 Agree 
5. the dominant profession in my family. 2.49 1.04 Disagree 
6. values and belief of my family. 2.59 0.96 Agree 
Average 2.78 0.73 Agree 

 
Table 4. Perceived Influence of School Facilities and Equipment to Career Preference 
 

Statement Mean SD Description 
I chose my career program today because…    
1. I always wanted to be exposed an environment that has 
good facilities and equipment. 3.42 0.62 Agree 

2. I enjoyed the quality of facilities in Senior High School. 3.09 0.78 Agree 
3. I want to experience using quality facilities and 
equipment. 3.42 0.62 Agree 

4. I gained new perspectives from SHS on the relevance of 
facilities and equipment in quest for knowledge. 3.25 0.76 Agree 

5. I want to reinforce my skills in using good equipment and 
facilities. 

3.43 0.58 Agree 

6. Using new facilities and equipment excites me. 3.49 0.57 Agree 
Average 3.35 0.44 Agree 

 
Table 5.Perceived Influence of Social Orientation to Career Preference 
 

Statement Mean SD Description 
I chose my career program today because…      
1. my friends in Senior High School were enrolled also in the 
same program.  

2.49 1.06 Disagree 

2. of the influence of my teacher in Senior High School. 2.52 0.94 Agree 
3. of the influence of my relatives. 2.64 1.00 Agree 
4. of the influence in my community. 2.66 0.93 Agree 
5. of the support of my relatives. 2.85 0.89 Agree 
6. of the recommendation of my friends. 2.64 1.00 Agree 

Average 2.63 0.81 Agree 
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Table 6. Perceived Influence of Self-Efficacy to Career Preference 
 

Statement Mean SD Description 
I chose my career program today because…    
1. I believe that I can excel in STEM related program. 3.43 0.60 Agree 
2. I can manage to solve difficult problems in STEM if I try 
hard enough. 3.38 0.53 Agree 

3. It is easy for me to stick to my aims and goals through 
STEM programs. 

3.34 0.64 Agree 

4. I am confident that I can deal with unexpected 
requirements in STEM. 

3.24 0.55 Agree 

5. I rely on my coping mechanism to remain calm when 
facing difficulties in STEM. 

3.23 0.53 Agree 

6. I can usually find a solution when facing problems in 
STEM. 

3.19 0.56 Agree 

Average 3.30 0.40 Agree 
 
Table 7. Career Preference of the Respondents 
 

Program Frequency Percent 
STEM 113 82.5 

NON-STEM 24 17.5 
Total 137 100.0 

 
Table 8. Significant Predictors of STEM Career Preference 
 

Independent Variable B df p Interpretation 
Male (1) -.66 1 0.25 Not Significant 
Mother’s Occupation STEM (1) -1.58 1 0.02 Significant 
Father’s Occupation STEM (1) .78 1 0.44 Not Significant 
High School Level (1) -19.40 1 1.00 Not Significant 
HEA High School Graduate (2) -1.36 1 1.00 Not Significant 
HEA College Level (3) -20.64 1 1.00 Not Significant 
HEA College Graduate (4) -18.73 1 1.00 Not Significant 
HEA Graduate Level or Higher (5) -19.26 1 1.00 Not Significant 
Monthly Income .00 1 0.80 Not Significant 
Personal Interest 1.19 1 0.12 Not Significant 
Family Influence -2.10 1 0.01 Significant 
School Equipment and Facilities .16 1 0.86 Not Significant 
Social Orientation .50 1 0.40 Not Significant 
Self-Efficacy in STEM 2.60 1 0.02 Significant 
Constant 13.76 1 1.00 Not Significant 

 
Table 9. Significance of Predictive Model 
 

Chi-square df p Decision on Ho Interpretation 
34.514 14 .002 Rejected Significant 

Nestor P. Elano Jr et al. 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33301 
 

   
 
 

Table 10. Sample Computations of Probabilities 
 

Predictor B Xi Bxi ΣBxi Odds Probability 
MO -1.58 0 0.00 

8.29 3984.50 0.9997 FI -2.10 1 -2.10 
SE 2.60 4 10.39 

MO -1.58 1 -1.58 
6.71 823.21 0.9988 FI -2.10 1 -2.10 

SE 2.60 4 10.39 
MO -1.58 0 0.00 

2.00 7.38 0.8807 FI -2.10 4 -8.39 
SE 2.60 4 10.39 

MO -1.58 1 -1.58 
0.42 1.52 0.6039 FI -2.10 4 -8.39 

SE 2.60 4 10.39 
MO -1.58 0 0.00 

0.50 1.65 0.6224 FI -2.10 1 -2.10 
SE 2.60 1 2.60 

MO -1.58 1 -1.58 
-1.08 0.34 0.2540 FI -2.10 1 -2.10 

SE 2.60 1 2.60 
MO -1.58 0 0.00 

-5.79 0.003 0.0030 FI -2.10 4 -8.39 
SE 2.60 1 2.60 

MO -1.58 1 -1.58 
-7.37 0.001 0.0006 FI -2.10 4 -8.39 

SE 2.60 1 2.60 
 

  
Figure 1. Schematic Diagram 
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Microalgae are considered as one of the most promising raw materials for the development of high value 
products for aquaculture, pharmaceuticals, nutraceuticals, and cosmetic industries, as well as being 
potential sources of protein, vitamins, and minerals for human consumption. Hence, the present study 
focus to assess and compare the proximate compositions, phytochemical and antioxidant properties of 
three different microalgae from three families such as Chlorophyceae (Isochrysis galbana), Cyanophyceae 
(Synechocystis sp.) and Bacillariophyceae (Nitzchia microcephala). The extraction were carried out using 
different solvents such as methanol, ethyl acetate and hexane. In vitro free radical quenching activity of 
extracts were investigated with 1,1-diphenyl-2-picryl hydrazyl, hydroxyl radicals and hydrogen peroxide 
activity and compared with ascorbic acid as positive controls. The highest protein (37.32%), and lipid 
(22.18%) contents were noticed high in I. galbana and carbohydrate (15.1%) were high in N. microcephala. 
The scavenging activity against DPPH, hydroxyl and hydrogen peroxide were high in I. galbana followed 
by Synechocystis sp. and N. microcephala. The present findings suggest that these microalgae are a natural 
source which can be used for healing purpose of various disease in human and animals and could be 
potential raw material for the animal and human food. 

 
Keywords: Isochrysis galbana; Synechocystis sp.; Nitzchia microcephala; phytochemicals; antioxidant. 
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INTRODUCTION 
 
The sea is habitat to half of the global biodiversity and is the largest remaining reservoir of bioactive compounds [1]. 
Microalgae are microscopic organisms, typically found in freshwater, estuarine, and marine environment. Marine 
microalgae can be categorized into five different family such as Chlorophyceae (Green algae), Dinophyceae 
(Dinoflagellates), Bacillariophyceae (Diatoms), Cyanophyceae (Blue-green algae) and Prymnesiophyceae 
(Coccolithophores) [2, 3]. The first reports of culturing microalgae for use as feed in aquaculture were published a 
100 years ago [4] and, since then, the use of microalgae for this purpose has developed rapidly. Today, microalgae 
are widely used as one of the most important feed sources for different groups of commercially important aquatic 
organisms in both freshwater and marine aquaculture [5]. Algae are used in various food, cosmetic, aquaculture, 
nutraceutical, medical, pharmaceuticals and agricultural industries. Algae are presently produced and sold as health 
food all over the world. Algal biomass is commonly used for aquaculture feed, as well as for other animal feed. 
Extracts from algae can be used for production of cosmetics and many different pharmaceutical products [6-8]. 
Microalgae have great potential to provide protein, lipids, vitamins, carotenoids, and energy in feed.  
 
Generally, microalgae contain 30–40% protein, 10–20% lipid, and 5–15% carbohydrate in the late logarithmic growth 
phase  [9].  Microalgae are an attractive and viable alternative source of high-value chemical compounds such as 
fatty acids, pigments, phytochemicals, fine chemicals and antioxidants [10].These compounds could be used for 
protecting humans from many diseases. Many biologically and pharmacologically active substances have been 
isolated from algae which are difficult to be synthesized chemically [11].  Fatty acids derived from microalgae have 
long been commercialized for animal feed, pharmaceuticals, and food supplement products. The long-chain 
polyunsaturated fatty acids (LC-PUFAs) especially omega-3 and omega-6 fatty acids such as arachidonic acid (AA, 
C20:4), eicosapentaenoic acid (EPA, C20:5), and docosahexaenoic acid (DHA, C22:6) have received much attention 
because of their role in human health and nutrition [12-14]. Many algae have the ability to survive harsh 
environmental conditions due to different adaptation strategies [15-16].  Generally microalgae contain high amount 
of secondary metabolites. When algae apply stress reactions for handling more difficult environmental conditions, 
algal species use very different methods for managing the change in the environment. Depending on their ability to 
handle the various types of stress, the algae will produce different secondary metabolites in order to increase their 
chance of survival. Metabolites are organic compounds involved in the metabolism of living cells. Some metabolites 
are not part of the primary metabolic processes of growth, reproduction or general maintenance of the cell systems, 
but are produced for use in secondary cell functions. These are called secondary metabolites, and are often produced 
as a reaction to environmental stress [17].  
 
Photodamage of the photosynthetic systems is a continuous process that occurs during light conditions in all 
photosynthetic eukaryotes. When the solar energy absorbed by the antenna pigments exceeds the capacity of the 
photosynthetic system to process the energy, this will lead to generation of long lived excited triplet state chlorophyll 
which can interact with oxygen to cause the formation of reactive oxygen species (ROS). ROS are toxic products of 
the metabolism, ROS can damage DNA, proteins and lipids in all living organisms; oxidative stress leads to severe 
health problems in humans and animals. Oxidative damage is linked to aging, atherogenesis, cancer, 
neurodegenerative diseases, infant retinopathy, macular degeneration and renal failure, along with other problems 
[18, 19].  The secondary defense system targets to quench the ROS before they cause damage to the photosystems 
[20].  Microalgae are often exposed to high oxygen levels and irradiance stress and, as a result, these organisms have 
developed defense systems in the form of antioxidants to prevent damage to the cells. Antioxidants are produced by 
algae in large amounts under certain stressful conditions in order to protect the photosynthetic cells from oxidative 
stress [19]. The aim of the present study is to evaluate the biochemical, phytochemicals and antioxidant properties of 
the methanol, ethyl acetate and hexane extracts of the three important microalgae such as I. galbana, Syncocystis sp. 
and N.microcephala. 
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MATERIALS AND METHODS 
 
Culture Condition and Utilization of Biomass 
Microalgal strains such as I. galbana, Synechocystis sp. and N. microcephala taken from microalgae culture facilities of 
Marine Planktonology and Aquaculture Laboratory (MPAL), Department of Marine Science, Bharathidasan 
University, Tiruchirappalli, Tamil Nadu, India. The stock culture was maintained using Conway's medium [21], 
BG11 medium [22] and TMRL medium [23] and the method of cultivation was followed according to standard 
method [23]. During the growth, the algal cells passed through different phases (e.g., lag, exponential, stationary, 
death). At the stage of stationary phase microalgae culture were harvested by centrifugation at 3000rpm for 10min 
and washed using distilled water. The biomass were dried at 60oC and stored in vacuum desiccator for further 
analysis. 
 
Preparation of Extract 
The extracts were bought from exclusive solvents such as methanol, ethyl acetate, and hexane. 1mg/ml of the 
microalgae powder was taken for secondary metabolites extraction and soaked in different solvents and stored in 
room temperature for 24 hours. After the extraction, the solvent filtered through Whatman No.l (0.45 µn) filter paper. 
The crude extracts were stored at 4°C for further analyses. 
 
Evaluation of Phytochemicals and Proximate Composition 
The phytochemical compounds viz., tannins, flavonoids, phenol, terpenoids, steroids, saponins, and alkaloids were 
estimated according to Sanjeet et al. [24].  The protein content was estimated according to the method of Lowry et al. 
[25]. Carbohydrate was determined according to the method of Dubois et al. [26]. Lipid was estimated by using the 
chloroform–methanol method as described by Folch et al. [27]. 
 
Evaluation of Antioxidant Activities 
The free-radical scavenging activity of the microalgal extracts was evaluated using standard procedures and 
Ascorbic Acid was used as the reference compound. All analysis were run in triplicates and the average was taken. 
The potential of marine microalgal extract to scavenge the stable radical DPPH (1, 1-diphenyl-2-picrylhydrazyl) was 
measured by the method described by Brand-Williams et al. [28] with slight modifications. The hydroxyl radical 
scavenging activity of different crude extract was determined by the method of Halliwell et al.  [29]. The hydrogen 
peroxide scavenging sample was determined by adopting the method of Ruch et al. [30]. The percentage scavenging 
effect was calculated using the following formula: 
Scavenging effect (%) = (Acont - Atest)/ Acont x 100 
 

RESULTS AND DISCUSSION 
 
The microalgae I. galbana, Synechocystis sp. and N. microcephala were resulted carbohydrate content of 10.29%, 13.21% 
and 15.1% respectively. Protein was noticed higher (37.32%) in I. galbana followed by Synechocystis sp. (29.48%) and 
N. microcephala (26.85%).The recorded lipid content in I. galbana, Synechocystis sp.and N. microcephala were 22.18%, 
6.24% and 8.2% respectivwely. Among the three microalgae strains tested, the highest protein and lipid was noticed 
high in I. galbana when compared to Synechocystis sp. and N. microcephala. The carbohydrate content was found to be 
higher in Synechocystis sp. than the N. microcephala and I. galbana (Fig. 1).  In current scenario, microalgae consider as 
major live feed in aquaculture and food supplement because they have higher nutritional value and there is an 
ability to synthesize poly unsaturated fatty acids which can help the fish and shrimp larvae growth and survival [31]. 
Among the many parameters, growth rate and biochemical composition of microalgae are consider to be a major 
factor in nutritional value of the certain species which is used for aquaculture purpose  [32]. Vasileva et al. [33] 
opined that the, nitrogen is one of the important components for microalgae growth and is related to protein 
biosynthesis. This trend suggests that the addition of nutrient solutions (without nitrogen) of the Conway’s culture 
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medium created an imbalance situation that affected the production of protein in microalgae. The high availability of 
phosphorus, trace metals and other components might have stimulated the synthesis of non-nitrogenaceous 
substances, such as ATP and carotenoids. The low availability of nitrogen in the stationary growth phase of N- 
experiments lead to a low protein content, which is in accordance with earlier study of Setta et al.[34]. Furthermore,  
biochemical  composition  of  microalgae  may  vary  among  species  depending  on  culture conditions,  
environmental  factors  or  different  harvesting phases [35, 36]. 
 
The results of phytochemicals screening have found secondary metabolite. Preliminary qualitative phytochemical 
analysis of three marine algal strains were extracted with three different solvents. The phytochemicals present in the 
algal strains were identified as flavonoids, alkaloids, steroids, saponins and phenol. Methanol extracts showed the 
presence of a larger group of molecules followed by ethyl acetate and hexane extracts (Table 1). Similar qualitative 
phytochemical results were obtained by some earlier authors [37-41]. They are reported that the microalgae have 
many biological and therapeutic properties [42, 43]. Hence, the microalgae is expected to participate in many 
medicinal applications. From present findings it can declare that the polarity level are playing major role in 
extracting the secondary metabolites product [44,45].  
 
Most commonly known phytochemicals with antioxidant property are phenolics, flavonoids and tannins which 
counteract the body’s reactions to allergens, viruses and carcinogens. They show many useful therapeutic roles such 
as antiallergic, anti-inflammatory, antimicrobial and anticancer activity [46].The present study focused the screening 
on antioxidant activity of different solvent extracts (methanol, ethyl acetate and chloroform) of three different 
microalgal strains including I. galbana, Synechocystis sp and N. microcephala. DPPH is a stable free radical at room 
temperature, which accepts an electron or hydrogen radical to become a stable, diamagnetic molecule [47]. In the 
DPPH assay, antioxidants reduce the DPPH radical to the non-radical form, DPPH-H; hence, absorption is reduced 
and the color of the DPPH solution changes from purple to yellow. The degree of reduction in absorbance at 517 nm 
is a measure of the radical-scavenging potential of a compound [48,49]. The maximum DPPH radicals scavenging 
activity was observed in ethyl acetate extract of I. galbana when compared to Synechocystis sp.and  
N. microcephala. The scavenging potential was increased with increasing concentrations of the 
I. galbana (2m-10mg), being comparable to that of an ascorbic acid (vitamin C) standard. The 
I. galbana at a concentration of 10mg brought about the highest percentage of inhibition (69%) while ascorbic acid 
(10mg) brought about 79% inhibition (Fig. 2).  
 
The hydroxyl radical, an extremely reactive free radical formed in biological systems, permits uninhibited 
accumulation of H2O2 in living systems, leading to the development of oxygen free radicals, such as peroxide and 
hydroxyl radicals, which cause marked damage to cell membranes [50]. In the current study, focused on the 
scavenging effect of an H2O2 using a potential microalgal extract to inhibit OH- -mediated deoxyribose damage was 
assessed by means of an iron (II)-dependent DNA damage assay in the current study. The methanolic extract ofI. 
Galbana was found to be exhibit maximum OH- radical-scavenging activity at a concentration of 10 mg. The capacity 
to scavenge OH- radicals increased with increasing concentrations of the extract and of ascorbic acid (Fig. 3). 
 
The highly reactive hydroxyl radical (•OH) generated via a biologic Fenton reaction (hydrogen peroxide with 
Fe2+ and Cu2+ causes cytotoxic effect through the alteration of [Ca2+] homeostasis [51]. The results suggested that the 
searching of hydrogen peroxide scavenging activity. The reducing ability was found to be highest for methanolic 
extract of I. galbana followed by Synechocystis sp I. and N. microcephala respectively (Fig. 4). The present findings 
clearly reveal that the marine microalgae I. galbana has promising antioxidant activity as the free radical scavenging 
activity assay has shown values less deviant to the standard values. 

 
 
 
 

Krishnaveni et al. 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33306 
 

   
 
 

CONCLUSION 
 
An in-vitro assays done using the different solvents of I. galbana, Synechocystis sp. and  
N. microcephala indicated that the microalgal extract are the efficient source of natural antioxidant which could be a 
potential one in reducing the oxidative stress naturally. By comparing the results, the solvent extracts of I. galbana 
contains high amount of bioactive compounds, antioxidant activity and free radical scavenging activity with high 
reducing power capacity. Scavenging ability of the ethyl acetate solvent extract of I. galbana were mostly observed in 
DPPH radical. They also rich source of nutrition which can provide a healthy life for both the environment and 
living organism which could be considered for future applications in medicine, dietary supplements, cosmetics or 
food industries. 
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Table-1. Phytochemical constituents of Isochrysis galbana, Synechocystis sp.and Nitzchia microcephala with 
various extracts. 

Phytochemical Isochrysis galbana Synechocystis sp. Nitzchia microcephala 
 Methanol Ethyl 

acetate 
Hexane Methanol Ethyl 

acetate 
Hexane Methanol Ethyl 

acetate 
Hexa

ne 
Alkaloids + +- - + + +- + + +- 
Flavonoids + + +- + + + + +- - 
Steroids + +- - + + - + + - 
Terpenoids +- - - - - - - - - 
Saponin + - - + + - + + - 
Phenols + + + + + +- + + +- 
Tannins - - - - - - - - - 
Glycosides +- - - - - - + +- - 
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Fig 1.Proximate composition of three marine microalgae I. galbana, Synechocystis sp.and  

N. microcephala 

 
Fig 2.Scavenging activity of DPPH radical against microalgae I. galbana (a), Synechocystis sp. (b)and N. 

microcephala(c) with different solvents 

 
Fig 3. Scavenging activity of hydroxyl radical against microalgae I. galbana (a), Synechocystis sp. (b)and N. 

microcephala (c) with different solvents 

 
Fig 4. Scavenging activity of hydrogen peroxide radical against microalgae I. galbana (a), Synechocystis sp. 

(b)and N. microcephala (c) with different solvents. 
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An optimized algorithm is designed and implemented that detects diabetic retinopathy, cardiovascular 
disease in early stages for clinical management. Scanned images of retina are used to process the images 
for recognizing the patterns of diabetic retinopathy and cardiovascular diseases.  An algorithm is 
designed with Artificial Intelligence and Particle Swarm Optimization for better accuracy and prediction.  
 
Keywords: unsupervised algorithms, artificial intelligence clusters, machine learning  
 
INTRODUCTION 
 
Artificial Intelligence (AI) simulates the human mind where, the intelligence is trained to the machines by observing 
or processing the data. It adapts the cognitive abilities of the human mind and also process numerous amount of big 
data and predicts for the accurate diagnosis. Particle Swarm Optimisation (PSO) is an optimization algorithm to find 
best solutions where computational procedure to select effective and best element from collection of accessible 
alternatives. Computations are done iteratively and calculated for the normalized mutual data with metrics, 
similarity indexes, and evolutionary techniques.  Every individual element or data is considered as particle and 
ability to store information as memory and remember previous points to optimize the accurate solutions from lists of 
computations. Feasible solutions can be computed through the real valued multidimensional data and the values of 
each particle. Artificial Intelligence processes these computational elements and finds out the prediction of particle 
through various iterations. PSO is an Artificial Intelligence technique to employ various iterations through 
computation and finds out the accurate data for predicting the constraints provided in the algorithm. Of all the 
behavior of the natural systems PSO is one of the Artificial Techniques in closest with genetic algorithms.  Using 
Artificial Intelligence an evolving technology with numerous computing to perform pattern recognition based on the 
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input data. Diabetic Retinopathy [DR] by detecting earlier and screening the disorder reduces the human 
intervention. DR requires continues screening for treatment and specialized care [4].  With AI by ability to process 
imaging of medical type provides an diagnosis in earlier stages [5]. Automatic analyses will lead to faster and 
accurate predictions in big volume of data.   In this paper section 2, describes the review literature, section 3 presents 
the proposed methodology.  section 4, provides results and discussions by providing conclusion in section 5.  
 
Review Literature 
Conventional Particle Swarm Optimisation (PSO) provides higher accuracy compared to the benchmark backward 
propagation  for training preceptors and predicting the outcomes of construction claims as discussed in [3]. PSO can 
be easily and readily adopted for fast convergence rates and multi layer perceptrons optimization techniques with 
low optimization cost. Prevalence of Diabetic Retinopathy was 30.5%. Risk of Cardiovascular disease was 
significantly higher in   Proliferative Diabetic Retinopathy (PDR).  vs No Diabetic Retinopathy (NDR), (18.7±10.0% 
vs. 11.3±8.4%, p= 0.01) .The prevalence of non proliferative diabetic retinopathy (NPDR) (32% vs. 17.8%, p=0.002) and 
PDR (20% vs. 4.1%, p=0.04) was more in high risk group for CVD in comparison with low risk group for CVD. After 
adjustment for traditional risk factor for CVD, the risk for CVD remained markedly increased in the presence of DR 
[2]. DR is associated with estimated risk of CVD in type 2 diabetic patients. In correlation to this data, the necessity 
for predicting diabetic retinopathy and cardiovascular disease for early prevention will lead to the significant 
improvement in saving the lives of people. Artificial Intelligence provides a significant contribution in treating 
cardiovascular along with the areas of ophthalmology. Family of algorithms of AI and Machine Learning (ML) can 
elucidate iterative patterns to optimise tasks like classification and prediction[6]. To provide a better diagnosis, an 
optimising of natural behaviour of algorithms like PSO provides better and effective prediction of early stages of DR 
and CVD.  
 
Proposed Methodology 
The proposed methodology deals with the algorithm for detecting diabetic retinopathy along with the cardiovascular 
disease using Artificial intelligence and Particle Swarm Optimisation.  Diabetic retinopathy needs frequent screening 
of the patients which increases the cost and also resources. By using the scanned images of the retina of the patients, 
the values are extracted and iterated through particles with the threshold of identifying the best value in predicting 
the DR along with CVD.  Algorithm RetiCard detect through PSO uses iteration of particles with the computation of 
mepbest.  Computations involves, swarming of particles towards the evolution of medical imaging data. Only, 
retinal images are provided as input. After, proper preprocessing of the image by removing noises and extracting the 
image values. The proposed algorithm, RetiCard Detect through PSO first retrieves the values through extracting 
pixilated values of the images. Preprocessing with retina by removing outliers are considered as input. Iterations of 
the values of images are processed by computing the particles of big data. meupbest process individual values by 
finding threshold and iterating with calculating the value. Computations are made of the particles which move 
through data of values which is closest and nearest to the particles of optimisation. The actions of swarms in the 
direction of threshold values provide a accurate diagnosis. The inter and intra base pairing directions between the 
molecular and secondary form for nucleic acids involves computation in the imaging and retrieving the value 
properties of the same. Pattern recognition in this form results in the loop in basing of the parings.  
       
The values are iterated and computed through iterative development and contemporary constraints. These 
constraints are threshold values with computing the mepbest. The resulted values are provided as a training set. 
Machine detects or learns through patterns. Artificial intelligence, emulates these behavior by training the data with 
threshold values of iterations and deciding which swarms of particles provides the new possible accurate diagnosis.     
The training data provides intelligence and decides accurate results towards the predicting of diabetic retinopathy 
through temperature. Temperature, blood pressure can be identified through retinal images. Based on these values, 
the computations of swarms with particles are done and predicted. Equation 1, mentions the particles i.e individual 
element of data that are used for predicting the diabetic and cardio diseases. These computations are provided in the 
loop through, iterations for calculating the values that identifies in which level the threshold stands. Whatever the 
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value that exceeds it, is targeted as data with diseases. Equation 2, loops the value for computation to provide 
optimized results in the particles that are provided as input. Predicting, with threshold values for optimized value 
with meupbest. The section 4, discusses the results of implementing the algorithm RetiCard through PSO.  
 

RESULTS AND DISCUSSIONS 
 
An image of retina that is used for processing is displayed in the figure 1. Retina image is processed for retrieving the 
temperature, blood pressure, age and muscular in retina to provide clear information on the disease related to it. Fig 
2, provides the patterns in retina so that the values can be retrived for predicting and computations. The values 
provided are based on the computations with threshold by providing the equation 1. After, providing these data as 
training data and simulated to provide a better and accurate results of diagnose.  Training data provides, the 
iterations with target error and number of particles. Equation 2, on training provides accurate diagnosis and particles 
are optimized with values that’s are swarmed towards the thresholds. Second level of iterations, target error and 
particles provides prediction at nearest values of target, with values like age.  
 
Table 1, mentions the swarms of particles that are iterated and where swarms are mutated with computational 
threshold values. Figure 3, provides age and threshold values that determines the DR and CVD. The green color line 
curves towards the upper values by providing particles that swarm towards the computational thresholds. 
Respectively, blue and green values also deignies towards it. Figure 4, provides age distribution through 
computations of iterations where the swarms are mutated or processed through it. Age wise distribution is swarmed 
with particles of values along with evolutionary computing of values that are extracted through images by detecting 
it the values prefaced. Figure 5 iteration values with target errors and swarms that are computated for accurate 
prediction. Figure 6, provides overall value distribution and iteration computations. Finally, figure 7 mentions the 
detections of Diabetic retinopathy and cardio vascular diseases through iterated value calculation and predicting 
with scattered values by providing the age wise distribution. Results and discussions graph and table provides the 
prediction of DR and CVD by using PSO technique with optimized result which has low cost and high accuracy.  
 

CONCLUSION AND FUTURE WORKS 
 

Particle Swarm Optimisation provides accurate prediction with computation of data in correlation to the associated 
comorbidity for early detection and prevention. The proposed algorithm in this paper RetiCard Detect through PSO 
shows the prediction of diabetic retinopathy and cardiovascular disease. Predicting by utilizing the behaviors of 
natural method resulted in accurate diagnosis. Swarming of particles with numerous iterations can provide for the 
values in distribution of age, muscular degeneration. Artificial Intelligence with proper legal and ethical codes in 
place may result in the saving the lives of people by utilizing it efficiently. Future works may move towards the 
Artificial intelligence in both the images and text based data. This paper considers only the medical imaging with 
proper filtering of noises and removing outliers.  
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Algorithm: RetiCard Detect through PSO 
 //input an retina image called r 
r = retina image to retrieve temp, bp and muscular values 
iter = iterations of the retrieved values 
p = particles /data for processing the iterations 
mepbest = iterations/particles * (∑ xij * p (i)) 
iterate the process with finding threshold in  

(݅)   ∗  ∏ ߲
ழ ݔ) + ܽ) =  ൫൯ݔ

ܽି/mepbest


ୀ
  ----------------------- equation 1 

threshold with particles optimizing 
for r in iterate , meupbest 

meupbest = p(i) ∗∗ ݔ) + ܽ) =  ൫൯ݔ
ܽି



ୀ
    --------------------------- equation 2  

training the particles and iteration of above steps 
test the data for prediction  
predict meupbest, particle for optimizing 
end  
 
Table 1 – Computational particles with iteration 
Inform the number of iterations: 100 
Inform the target error: 0.98 
Inform the number of particles: 100 
 
Prediction /care at  [-41.55695141  22.43614801]  meu pbest is  [-41.55695141  22.43614801] 
Prediction /care at  [22.08197007 42.8092406 ]  meu pbest is  [22.08197007 42.8092406 ] 
Prediction /care at  [-3.12113027  0.20007175]  meu pbest is  [-3.12113027  0.20007175] 
Prediction /care at  [ -2.49909654 -13.17466117]  meu pbest is  [ -2.49909654 -13.17466117] 
Prediction /care at  [ 27.15561923 -41.78813566]  meu pbest is  [ 27.15561923 -41.78813566] 
……. 
…… 
Prediction /care at  [-46.01626374 -34.44098502]  meu pbest is  [-46.01626374 -34.44098502] 
Prediction /care at  [ 41.51887621 -17.56320221]  meu pbest is  [ 41.51887621 -17.56320221] 
The best solution is:  [ 0.28743302 -0.88426944]  in n_iterations:  2 
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Inform the number of iterations: 100 
 
Inform the target error: 0.98 
 
Inform the number of particles: 100 
645.973406736464   [-17.73441896 -18.17866307] 
2962.9248833008037   [-44.95853017 -30.67010675] 
2223.5129615651776   [ 45.45661955 -12.49834793] 
865.8914777680203   [28.65583411 -6.61321779] 
3728.5552466569425   [40.11639456 46.0242342 ] 
198.33283569914656   [13.76309892 -2.81246225] 
3593.7632649079023   [-46.91345371  37.30805712] 
…….. 
…… 
1.8241612308695792   [0.87624535 0.23739276] 
29.998042605470527   [ 5.38116208 -0.20282332] 
23.08658605917278   [-2.76463737 -3.80044291] 
18.21939220552724   [3.44619395 2.31152319] 
 
 

  
Fig 1 : Retina Image Fig 2 : Pattern in retina 

  
Fig 3 : Age Vs Threshold Fig 4: Age distribution with iteration 
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Fig 5 : iteration values Vs error values Fig 6 : iteration values distribution 

 
Fig 7: Age and iteration distribution 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ajitha 
 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33316 
 

   
 
 

 

Analysis of Frequency and Temperature Dependent Dielectric and 
Conductivity Study of SrBi2Ta2O9 Ceramic 
 
G. K. Sahu1, S. Behera1* and S.R. Mishra2 

 

1Department of Physics, School of Applied Sciences, Centurion University of Technology and 
Management, Odisha, India.   
2Department of Chemistry, Gandhi Institute for Education and Technology, Baniatangi, Khorda, Odisha, 
India.  
 
Received: 06 June 2021                              Revised: 11 June 2021                                   Accepted: 18 June 2021 
 
*Address for Correspondence 
S. Behera 
Department of Physics,  
School of Applied Sciences,  
Centurion University of Technology and Management,  
Odisha, India.   
Email: saubhagyalaxmi.behera@cutm.ac.in 

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 
(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. All rights reserved. 
 
 
A Bismuth layered structure SrBi2Ta2O9ceramic is prepared by the solid-state reaction technique at 
calcination temperature of 10000C. X-ray diffraction analysis is used to analyze the phase purity with 
orthorhombic structure and A21amspace group. The fracture surface morphology of the sintered pellet is 
visualized by scanning electron microscopy. Diffusive phase transition behavior is existed in the 
temperature dependence dielectric study at Tc= 305oC. The electrical ac and dc conductivity study shows 
the negative temperature coefficient of resistance behavior. Activation energy from the Arrhenius plot is 
studied to discuss the fatigue property 

 
Keywords: Bismuth layered structure; Dielectric parameters; Conductivity study 
 

INTRODUCTION 
 
Strontium Bismuth Tantalate (SrBi2Ta2O9, SBT) is one of the promising materials of Aurivillus compounds with 
excellent ferroelectric properties of long fatigue endurance and large remanent polarization (Pr) [1,2]. The electrical 
properties of the SrBi2Ta2O9 system is widely studied in bulk materials and thin films [3-9]. Bulk SBT ceramics having 
a composition (Sr/Bi/Ta=1/2/2) have been investigated widely, and are mostly prepared by the conventional solid-
state reaction methods at high sintering temperatures of 1250°C. However, the solid-state method requires 
calcination at high temperature, which causes coarsening of the powder. It has also been reported that Sr-deficient 
and Bi-excess SrBi2Ta2O9 shows an increase in Curie temperature Tc with increasing compositional deviation and a 
marked increase in remnant polarization [10-12].  
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However, in this high temperature sintering methods, a procedure requiring long reaction times and high 
temperatures, and involving serious problems, such as stoichiometry losses and uncontrolled particle size. To avoid 
these problems, decrease of sintering temperature of SBT ceramics is an urgent task to make it useful for device 
fabrication. So the low calcination temperature can be obtained by a heat and trial method by checking the phase 
formation by subsequent interval of temperature. Mixed oxide precursors can be calcined at different temperature 
ranging from 800-1000oC interval of 50oC for 2 and 4 hrs durations for phase study. So we have synthesized the SBT 
ceramic by mixed oxide route in step increasing of calcination temperature up to 10000C starting from 8000C.The 
calcination temperature is fixed at 10000C basing on the absence of impurity phases. In this paper, we have explained 
the dielectric and conductivity study of bismuth layered ferroelectric SrBi2Ta2O9 (SBT) ceramic.  To the best of the 
author’s knowledge, this is the first report on the dielectric and conductivity studies of SBT ceramic synthesized by 
cost effective mixed oxide route at 10000C. 
 

Experimental methods 
Bismuth layered ferroelectric SrBi2Ta2O9 (SBT) was prepared by solid state route. SrCO3 (99.0%) (LobaChemie, 
Mumbai), Bi2O3 (99.9%) and Ta2O5 (99%) (Merck, Germany) were used as starting raw material. Initially, 
stoichiometrically measured precursors were mixed and calcined at 1000oC for 2 hrs in the programmable furnace. 
The calcined powder was mixed with 5% polyvinyl alcohol and pressed into disk under 60MPa for 3 mins. Finally, 
disks were sintered in the furnace at 1100oC for 3hrs with a heating rate of 30oC/min. The structural studies of the 
sintered pellet were examined by x-ray diffraction (XRD) (Powder X-Ray Diffractometer, Rigaku miniflex), scanning 
electron microscope (SEM) (JEOL JSM6480, USA). For electrical measurement, the pellet was coated with silver 
electrode on both sides using a silver paste. The impedance and dielectric data were collected from the computer 
interfaced Solartron 1260A Gain/Phase analyser over the temperature range from room temperature to 400oC at 
1oC/min. 
 

RESULT AND DISCUSSION 
 
Phase analysis, Morphology and elemental analysis 
Fig.1 (a) shows the well-defined and prominent peaks corresponding to the standard data of JCPDS no 49-0609 and 
the diffraction peaks are allocated to the single phase layered structure (m = 2) with A21am orthorhombic symmetry 
without any secondary phase. The lattice parameters are calculated by indexing the intense peaks by “Powd” 
software and are a=5.5394(10) Å, b=5.5491(9) Å, c=25.1768(31) Å and V=773.901(36) Å3. Orthorhombic distortion (b/a) 
values is 1.0017. Fig.1 (b) shows the fracture structure of sintered SBT ceramic. The clear grain growth and overall 
dense ceramic with little amount of porosity in the sample is observed. The relative density of the pellet is 92% is 
calculated by Archimedes principle.  
 
Temperature dependence dielectric study 
Fig 2 shows the temperature variation of dielectric constant of the compound at various frequencies. The dielectric 
constant (εr) increases gradually up to the maximum value (εm) with the rise in temperature upto 3000C (Tc), and 
then decreases with the further increase in temperature which suggests a phase transition from ferroelectric to 
paraelectric state. The increment of dielectric constant above phase transition at low frequency (i.e., 1 10 kHz) is due 
to the space charge polarization which acts as a dipole. The T 
The modified Curie–Weiss law [13] has been used to investigate the diffuseness of the ferroelectric phase transition, 
which is described by the following equation: 
ଵ
ε
−  ଵ

εౣ
=  (ିౣ)γ

େ′         (at T > T୫)    (2) 

where γ (1< γ<2) is the relaxation strength and C’ is a constant. The value of γ is 1 for the case of a normal 
ferroelectric and γ = 2 (quadratic) is valid for an ideal ferroelectric relaxor [14]. A plot of ln (1/ε − 1/εm) vsln (T – Tm) 
are shown in the Fig. 3 and the calculated diffusiveness is 1.675. 
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An intermediate value of γ confirms the diffuse phase transition in the material. The compositional fluctuation due 
to randomness of structure due to presence of more cations at one or more crystallographic direction causes 
diffuseness in the transition [14]. 
 
AC and DC conductivity 
Fig.4 (a) shows the AC conductivity versus angular frequency plot of the sample sintered at 1100oC for 30 mins. The 
plot between log σac versus log ω shows the linear behavior upto phase transition temperature. As the temperature 
increases the log σac curves flatten out at low frequencies. This frequency dependence of conductivity obeys 
Jonscher’s power-law [15], σac= σdc+ Aωs (0<s<1), where σdc is frequency independent term and σac is the pure 
dispersive component of ac conductivity, s is the frequency component and A is frequency independent but 
temperature-dependent term. It has been observed that low-frequency dispersion obeying the power-law feature 
σ(ω) and changes its slope governed by s. The frequency at which change in slope takes place is known as hopping 
frequency (ωp). At higher frequencies, the conductivity becomes more or less temperature dependent. The 
experimental data are fitted with the above equation for the given temperatures value of s is less than 1 obtained 
from non-linear fitting and confirmed the translational motion of the bound charge carriers [16]. Table 1 gives the 
data corelating   A and s with temperature. The increasing trend of σac in the low-frequency range may be due to the 
disordering cations between the neighboring sites and the presence of space charges that vanishes at higher 
temperatures and frequencies.  
 
Dc conductivity 
Fig. 4 (b) shows the variation of dc conductivity with respect to inverse of absolute temperature. The value of bulk 
conductivity of the material was evaluated from the complex impedance plots of the sample at different 
temperatures using the relation: dc = t / RbA, where Rb is the bulk resistance, t the thickness and A is the surface area 
of the sample respectively. The dc conductivity increases with rise in temperature confirming the negative 

temperature co-efficient of resistance (NTCR) behavior. This plot follows the Arrhenius relation: ୢୡ =  ୭eି
ు
ేా. The 

activation energy estimated from the conductivity variation was found to be 0.38 eV. 
 

CONCLUSION 
 
Bismuth layered SrBi2Ta2O9 ferroelectric material has been synthesized by solid state reaction technique and the 
dielectric and conductivity study has been studied. The temperature and frequency dependence dielectric study 
shows the diffuse phase transition behavior at 3000C. AC conductivity follows the Joncher’s power law and the DC 
conductivity has been calculated. The activation energy is calculated from dc conductivity plot. 
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Table.1. Fitting parameters of Joncher’s power law from AC conductivity 

Temperature 
oC 

 

A x 10-

10 
s 

325 1.7032 0.45728 
350 2.7669 0.43127 
375 2.7215 0.4504 
400 2.5655 0.47594 
425 3.0209 0.48477 

 

 
 

Figure.1(a) XRD pattern and (b) SEM of microwave sintered SBT pellet at 1100oC for 30 mins 

 
Figure.2 Temperature dependence dielectric permittivity εr at various frequencies 
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Fig.3 

 

 
Figure.4 (a) AC conductivity versus angular frequency of sintered SBT pellet and (b) Arrhenius 
plot of DC conductivity.  
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Using phenomenal descriptive qualitative research secondary information and literature related to 
modus operandi on the learning-teaching process during Covid-19 were analyzed thematically. Findings 
showcase that school administrators and teachers confused about how to substantiate their students’ 
learning because their life was threatened by the said virus. By then, this study generated three themes: 
First, Confused teaching strategies; Thereby this learning-teaching was strategized thru module blended 
with some electronics applications such as G-Suite, Facebook, YouTube, Zoom, etc. during teaching, 
discussions, and monitoring. Second, Students' capacity on adapting online classes: The discussion, class 
monitoring, tackling all of those assignments, and learning activities should be done through with the 
module provided as their ultimate guide. Aside from Module, G-suite, Facebook, YouTube, Zoom were 
utilized as means or tools during the learning-teaching process. Third, Implications for teacher's 
management: The quality Module is reflective, this mainly guides students on how to sustain their 
activities hence, and this module has an emphasis on self-face and experiential learning. However, every 
teacher was determined and accountable for their strategies in teaching. The study practically leads the 
Administrators and Educators to discover the most rightful decision and desirable learning-teaching 
methods during the crisis. 
 
Keywords: Covid-19; Life; Education; Module; G-Suite; YouTube; Facebook; Zoom. 
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INTRODUCTION 
 
Covid-19 challenged everyone and consequentially ruins man's life: their economic, education, and health condition.  
According to Anderson, Heesterbeek, Klinkenberg & Hollingsworth (2020) that the Governments will not be able to 
minimize both deaths from coronavirus disease 2019 (COVID-19) and the economic impact of viral spread. The 
ongoing epidemic of coronavirus disease 2019 (COVID-19) is devastating, despite of extensive implementation of 
control measures (Ji, Ma, Peppelenbosch & Pan, 2020). Nicola (2020) declared that the COVID-19 pandemic has 
resulted in over 4.3 million confirmed cases and over 290,000 deaths globally. It has also sparked fears of an 
impending economic crisis and recession. Social distancing, self-isolation, and travel restrictions reduced the 
workforce. Viner, et.al. (2020) reported that in response to the coronavirus disease 2019 (COVID-19) pandemic, there 
were 107 countries had implemented national school closures dated March 18, 2020. Rundle, Park, Herbstman, 
Kinsey & Wang (2020) proclaimed that the COVID‐19 pandemic is causing substantial morbidity and mortality, 
straining health care systems, shutting down economies, and closing school districts.  
 
Though it is presented that that literature above distinctly informed the worst scenarios brought by this virus, but for 
the sake of education, economic, health instructions, and discussion.  Purposively, the author studied a descriptive 
qualitative research that reviewed specified articles of few relatives on modus operandi in the learning-teaching 
process and so those administrators, educators, lecturers, and students with their intent should be guided or took the 
best judgment, desirable means in pursuing teaching during Covid-19, thus the following literature, below were 
critically reviewed. 
 
Previous studies relative to Modus Operandi in the Learning-Teaching process 
Harvey (2002) stressed that substantial questions on how to improve students should be addressed, rather than 
focusing on accountability, it is suggested by him that the quality of education should be examined, monitored, 
explored, and analyzed. Wherein, evaluation is to be examined in detail, though, evaluation is legitimate but failed to 
ask substantial questions about the nature of learning. Thus, quality monitoring with the method is conventional to 
research-learning theory, nature and styles of learning, and classroom innovations. Moreover, it is advocated that 
higher education teachers adopt an explicit 'transformation' approach to substantial questions about improving 
student learning". 

 
McPhee (2002) in the University of Glasgow understood that Problem-based learning (PBL) by Menon (1997) pointed 
out that this theory is not new, and originated by Dewey that by evolutions the applications of this methodology has 
been discussed and undertaken in some other county such that of United Kingdom e.g. the models of initial teacher 
education, and described that this PBL research was carried out. And that this modus operandi provides some 
discussion about the applicability in teacher education". 

 
Ansell, Sørensen & Torfing (2020) highlighted that this pandemic disease threatened the public sector into a difficult 
situation. He even accorded that this epic is not only complex but turbulent problems because these were 
characterized by surprising emergence of inconsistent, unpredictable, and uncertain events. This scenario demands 
robust governance solutions that are sufficiently adaptable, agile, and pragmatic to upheld a particular goal or 
function in the face of continuous disruptions. Entirely, this drawn that the consequences should focus on robust 
governance for public administration and leadership. 
 

METHODS 
 
The study is a descriptive review of qualitative research that described certain phenomenon [(Maxwell, 1992); 
(Boydell, Stasiulis, Volpe & Gladstone, 2010); (Patton & Westby, 1992); (Laanterä, Pölkki & Pietilä, 2011)] and using 
Observations and Critical thinking as tools to analyze premises. Thus, profoundly pondered this study and 
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generated overall concept and logical interpretation to convene the readers or else provides justifications, arguments 
that simply answer their doubts onwards to the teaching-learning in a midst of crisis because of Covid-19. (Stahl & 
Stahl, 1991; Baker & Campbell, 2004; Fisher, 2011).  The study showcase eventually the effects of this epic towards the 
teaching-learning process of certain State Universities and Colleges (SUCs) which set to be an example or basis. 
Mainly, theories of Harvey (2002); McPhee (2002), and Ansell, Sørensen & Torfing (2020) were reviewed to critically 
analyzed on how their theories augmented the ability of teachers to uphold their duties within the scheme of Covid-
19, and introduced the previous studies of Xu, Elomri, Kerbache, & El Omri (2020) to resolute against this pandemic. 
 

RESULTS AND DISCUSSIONS 
 
This Covid-19 has ruined the educational schemes, specifically in the case of the Surigao State College of Technology 
(SSCT) one of the State Universities Colleges (SUCs) in the Philippines. Whereby, the President of this institution has 
progressively ordered that all faculty should prepare a module; created a skeletal team as workforce; for 
humanitarian reasons allows Job orders and Guest lecturers to continually in the service; non-designated teachers 
were allowed to work at home and prepared logbook on their daily time records. But moreover the College 
President, issued office orders in some other times that proclaimed schedules of face-to-face and modified class 
program (blended learning). Then, lately issued again another memorandum order to suspend the face-to-face 
classes but continue the teaching-learning process using G-suite, Facebook, and YouTube. The study generated three 
themes: 
 
Confused teaching strategies 
These scenarios established conflicted opinions among faculty, staff, and students yet, the management were 
determined and enlightened everyone to be more attentive of the office orders thereby imposed that due to local 
transition of disease relative to the "Modified Enhance Community Quarantine" of the Executive Order No. 56, Series 
of 2020, Office of the Mayor, Surigao City (MyWay, n.d.). This is also consonant to the Situational report No. 48, of the 
National Disaster Risk Reduction and Management Council (NDRMMC), Republic of the Philippines (NDRRMC, 
n.d.), see screen shoot shot in Figure 1. 
 
Students' capacity on adapting online classes 
Subsequently, these report tended some of the students to drop out from the lists, and this scenario shortly impaired 
among faculty and students in joining G-suites, Facebook group chats, viewing blogs in You Tubes, attending 
meetings in Zoom besides the signals of internet is unstable, and their financial instability constrained the e-learning 
activities (Masuhay, 2020). Uncertainties duels in the mind and hearts of teachers and students which to prefer or 
prioritize either their lives safety or to secure their future endeavors.    
 
Implications for teacher's management 
Teachers' teaching was confused about what they cared off if this is all about their accountability to students or 
complying with the institutional standards substantiated for their students learnings. Yet, teachers tried to be 
responsive on how to substantiate their students learning with their creativity and teaching-learning tactics, and 
electronic classroom innovations of this era as what Harvey (2002) emphasized. Thus, rigid meetings and discussions 
were done to solicit and strategies their modus operandi in teaching and monitoring. Aside from module, some 
electronics applications have been adopted such as G-Suite, Facebook, YouTube, Zoom, etc. just to employ quality 
teaching and discussions, class monitoring. 
 
Although McPhee (2002) over-emphasized it that "Problem-based learning (PBL) is not new, as it is originated by 
Dewey and cited by Menon (1997) as pointed out that it has been around for a considerable time, by century. Yes, it 
is also agreeable that this theory is sustainable in this present day hence, though teachers, parents, and students 
hardly attained their responsibilities in terms of monetary and budgetary prerequisites during the learning process, 
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with time constraints, and suppressed their good intentions in attending classes or pursuing e-learning activities this 
scenario progressively brought them to stay at home and limit their expenses e.g. transportation and stipend, 
boarding house rentals. Then, took their studies sincerely with module as their ultimate guide, wherein G-suite, 
Facebook, YouTube, Zoom, etc. are their tools for the teaching-learning process, during submission of outputs, and 
class monitoring. This study is confirmed to what Ansell, Sørensen & Torfing (2020) claims that this Covid-19 is not 
only a complex problem, but also turbulent problem characterized by the surprising emergence of inconsistent, 
unpredictable, and uncertain events, this is also relative to the report of Xu, Elomri, Kerbache, & El Omri (2020) that 
"The Covid-19 pandemic is not the first disaster that abruptly damaged Global Supply Chains (GSCs). Several other 
natural catastrophes, such as the 2011 mega-earthquake in Japan (Takami, WON & Kawamura, 2013), the 2003 SARS 
outbreak in China (Heymann, 2004), and the 2004 tsunami in Indonesia (Paris, 2009) have led to shortages of parts 
and products. It is worth noting that production is recovered from these disasters in a matter of weeks. However as 
shown in Figure 2, based on the scope and magnitude, the Covid-19 are different from those of all previous events.  

 
CONCLUSION 
 
Although, the study showcase literature that demeans to sustain education momentarily for safety reasons, as if 
there is no other precious thing than life. The Surigao State College of Technology (SSCT) from one of the SUCs in 
the Philippines were still committed in complying their institutional standards and substantiated their students’ 
learnings during this pandemic. The philosophies of Harvey (2002); McPhee (2002); Ansell, Sørensen & Torfing 
(2020); and Xu, Elomri, Kerbache, & El Omri (2020) confirming to the teaching-learning process of SSCT and so, their 
teachers found to be flexible to their modus operandi in teaching while committed to substantiate their students 
learning.  
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Figure 1. Situational report No. 48, of the National Disaster Risk Reduction and Management Council 

(NDRMMC), Republic of the Philippines(NDRRMC, n.d.). 
 
 

 
 

Figure 2. Features of the damage of the Covid-19 pandemic o GSCs  (Xu, Elomri, Kerbache & El Omri, 2020).  
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Coleus amboinicus Lour belonging to the family Labiatae, is a perennial subshrub, erect and nearly reaching 
a meter in height. This plant is believed to be indigenous to the Moluccas. It was long ago introduced into 
many areas of the Old-World tropics and some of the Pacific islands. It was often used as a substitute for 
borage or thyme because of its aromatic leaves. Coleus amboinicus (CA) is known to exert different 
medicinal properties such as antimicrobial, analgesic, antidandruff, diuretic, fungitoxic and antioxidant 
activities. 
 
Keywords:Coleus amboinicus, biological activities, nanoparticles, inotropic effects, catalytic activity. 
 

INTRODUCTION 
 
Nature is a source of medical agents. A large number of modern drugs have been isolated from natural sources 
based on their use in traditional medicines. Plants from the genus Coleus have been used in traditional medicine in 
many parts of world. The major reported phytoconstituents of the Coleus species are flavonoids, glycosides, phenolic 
compounds and volatile constituents [1] Coleus amboinicus (Plectranthus amboinicus) belongs to the family Lamiaceae 
(Labiatae). It is a semi-succulent plant with a pungent oregano-like flavor and odor (Fig: 1, 2). Tropical region is 
mainly selected for the cultivation of Coleus amboinicus where it is used as a spice and ornamental plant. Indian 
borage, country borage, French thyme, Indian mint, Mexican mint, Cuban oregano, soup mint and Spanish thyme 
are the common names in English [2]. It is used as medicine in treating various diseases, such as diarrhoea, 
flatulence, constipation, cough, chronic asthma, bronchitis and malaria and also used as food and food additives.. In 
vitro studies reveals that the extract of C. amboinicus has antioxidant capacity, antibacterial, cytotoxic, anti-
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inflammatory and hepatoprotective activity.  In vivo studies using animals and human experiments showed that this 
plant possess anti-diabetic activity, immunomodulator, analgesic and lactagogue property [3].  
 
Taxonomic Classification [4] 

Kingdom: Plantae 
Division: Magnoliophyta 
Class: Magnoliopsida 
Subclass: Asteridae 
Order: Lamiales 
Family: Lamiaceae 
Genus: Coleus 
Species: amboinicus 
 
CULTIVATION 
Coleus amboinicus is a fast-growing plant, grows easily in a well-drained, semi-shaded location [5]. C. amboinicus is 
usually propagated by stem cuttings. It is a fast-growing plant. Commonly grown in gardens and indoors in pots. 
Stem cuttings is preferred propagation because it rarely seeds or sets seeds. It cannot withstand temperatures lower 
than 0 °C and is stressed even when it is colder than 10 °C. The plant grows best in rich, compost soil with neutral 
pH and high humidity, but if there is excess water in the ground its roots start to rot [6]. 
 
PHARMACOLOGICAL ACTIVITIES 
 
Antimicrobial Activity 
An endophytic fungus was isolated from the leaves of Coleus amboinicus Lour., by Ding et al. (2010). Preparative Thin 
Layer Chromatography is used for the isolation and purification of compounds. Antimicrobial activity was 
evaluated against Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis, Salmonella typhi and 
Staphylococcus mutans, by determining its IC50 and MBC (Minimum Bactericidal Concentration) values. Modified 
microdilution method was used to determine the IC50 and MBC values of isolated compounds. By spectroscopic 
data the structure of the bioactive compound was deduced (Fig: 3). 
 
The crystal showed a melting range of 202.37°C – 203.40°C. Structure elucidation was conducted based on analysis of 
FT-IR, LC-MS, 1H-NMR and 13C-NMR data. The study concluded that hemiterpenoid compounds isolated from an 
endophytic fungus Atheliarolfsii showed potential antimicrobial activities [7]. Francisco Fábio et al determined the 
effectiveness of Plectranthus amboinicus (Lour.) Spreng against MRSA clinical isolates. Broth microdilution and bio 
autography was used to determine the in vitro antimicrobial activity of the hydroalcoholic extract (HE), the ethyl 
acetate (EA) fraction ciprofloxacin and its sub fractions against MRSA clinical isolates. In vitro drug combination 
studies were assessed by the microdilution checkerboard method. Bacterial suspensions were added to Citodex in 
order to induce abscess formation, and inoculated subcutaneously into male Swiss mice. The treatment protocol 
consisted of intraperitoneal administration of 2 doses of HE, the EA fraction or vancomycin into mice at 3 and 12 h 
after infection. Lowest minimal inhibitory concentrations (MIC, 0.25 to 0.5 mg/mL) were presented by the EA fraction 
and its subfractions. Plant samples were bactericidal at 100 mg/mL and bacteriostatic at 2x and 4x MIC. The EA 
fraction presented an additive effect with ciprofloxacin and synergism with vancomycin. In the HE and EA fraction-
treated groups, reduction of abscess volume, bacterial cell counts in abscess slurries, and inflammatory scores was 
expressed. The samples can be used in treating the animals in a dose-dependent fashion. The above study revealed 
the effectiveness of P. amboinicus fractions against MRSA clinical isolates [8]. 
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Antidandruff Activity [9] 
Leaves of Coleus amboinicus and Eucalyptus globules were used for performing antidandruff activity. The essential oils 
from the shade dried leaves were obtained by hydro distillation procedure. The chemical composition of hydro 
distilled essential oils was analyzed by Gas Chromatography-Mass spectrometry (GC-MS). The pure essential oils 
and the essential oils diluted with coconut oil were used to check antidandruff activity against the dandruff causing 
fungus Malassezia furfur by agar well diffusion assay. The results of GC-MS explained the presence of eight 
compounds from Coleus amboinicus essential oil. The major component was identified as Thymol (41.3%) in Coleus 
amboinicus. In the antidandruff activity study, an inhibitory zone of 31mm was observed for Coleus amboinicus.  
Ketoconazole based shampoo was used as a standard. 

Anti Epileptic Activity [10] 
Fresh leaf juice of C. Amboinicus was used to evaluate antiepileptic activity on male albino rats of wistar strain. 
Generalized tonic clonic seizures were induced in the animals by using an electroconvulsiometer at 150 mA intensity 
of current for 0.2 sec using a pair of ear clip electrodes. A pretest was done by inducing MES (Maximum electric 
shock) in the above-mentioned strength and animals showing all the three phases of flexion, extension followed by 
clonus were selected. The selected animals were grouped into 6 groups (n=6). 24 hrs after pretest, MES was induced 
as discussed in the above manner one hour after treatment with fresh leaf juice of C. Amboinicus.  The test juice 
significantly stimulated Na+/K+ and Ca2+- ATPases levels in the rat whole brain in a dose dependent manner. It also 
showed dose dependent significant (p<0.05) increase in the GABA levels in the rat whole brain. Hence C. Amboinicus 
leaves may have the capacity to inhibit different types of seizures induced by the experimental models either by 
interaction with Na+ and Ca2+ channels or by enhancing the GABA activity. 
 
Lactogenic Activity [11] 
The lactogenic property of ethyl acetate fraction of Coleus amboinicus L leaves was assessed and identified 
compounds acted as ‘milk booster’ using LC- MS approach. Quantity of milk produced from the rats treated with 
commercial milk booster, ethyl acetate and water fractions of leaves and kaempferol were used to evaluate the 
lactagogue activity. Milk production was measured by weigh –suckle-weigh method and ELISA method was used to 
determine prolactin serum level. Mammary gland, liver, intestines and kidney tissues were subjected to 
Histopathological analysis. The study revealed that the ethyl acetate fraction of Coleus amboinicus L leaves and its 
bioactive compounds can stimulate and improve milk production. 
 
Antioxidant Activity [12] 
Roshan D. Patel et al., 2010 extracted coarsely powdered, air dried leaves of Plectranthus amboinicus (Lour) Spreng 
using petroleum ether, chloroform, ethanol and water by cold maceration in increasing order of their polarity. In 
addition to this, the fresh powder was defatted with pet ether and extracted with 95% ethanol (72 hours) and water 
(24 hours) separately. The extracts showed a significant antioxidant activity when they were assessed by various in 
vitro methods such as 2, 2-diphenyl-1-picrylhydrazyl (DPPH), Nitric Oxide screening method and reducing power 
assay (Fig: 4) 
 
Antimalarial Activity [13] 
According to Periyanayagam K et al., aqueous extract of the leaves of P. amboinicus shows antimalarial activity. They 
carried out in vivo study of the extract on Plasmodium bergheiyoelii on laboratory infected albino mice and compared 
with standard drug chloroquine. Decrease of parasitaemia at 250 mg/kg and 500 mg/kg of aqueous extract for 24 hrs, 
48 hrs, 72 hrs and 96 hrs were observed. The decrease of parasitaemia after 96 hrs was 100%, 67.9% and 76.2% for 
standard, 250 mg/kg and 500 mg/kg of aqueous extract respectively. 
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Diuretic Activity [14] 
Roshan Patel et al., evaluated the ethanolic and aqueous extract of Plectranthus amboinicus for its diuretic activity in 
male albino rats   by the method described by Lipschitz et al. At the dose level of 500 mg/kg b.wt, they reported that, 
there was a significant diuresis (P < 0.01) on treatment with single dose of the ethanolic extract (1.37 ± 0.06) and 
aqueous extract (1.18 ± 0.07) of Plectranthus amboinicus (Lour). After the administration of dose, it was comparable to 
significant (P < 0.01) diuresis produced by standard furosemide (1.41 ± 0.08), and when compared with the control 
rats (0.63 ± 0.10)after 5 hours. In order to obtain cumulative urinary excretion the urine output was stimulated 
throughout the study period, such that the cumulative urinary excretion was found significant (P < 0.01) in rats 
treated with furosemide and extracts when compared with the control after 24 h of drug administration.  
 
Treatment of Rheumatoid Arthritis [15] 
Jia-Ming Chang et al., investigated the therapeutic efficacy of   P. amboinicus in treating Rheumatoid Arthritis (RA) 
with the help of collagen-induced arthritis animal model. By immunization with bovine type II collagen, arthritis 
was induced in Lewis rats. In the Serum the presence of anti-collagen IgG, IgM and C-reactive protein (CRP) were 
analyzed. Production of TNF-α, IL-6 and IL-1β from peritoneal exudates cells (PEC) were analyzed to understand the 
inflammation condition of treated animals. P. amboinicus significantly blocked the footpad swelling and arthritic 
symptoms in collagen-induced arthritic rats, and the serum anti-collagen IgM and CRP levels were consistently 
decreased. In the high dose of P. amboinicus the production of pro-inflammatory cytokines TNF-α, IL-6 and IL-1β 
were also reduced. As per the results they reported that P. amboinicus shows the ability to treat collagen-induced 
arthritis in rats. 
 
Positive Inotropic effect [16] 
According to R.C. Hole et al., the aqueous leaf extract of Coleus amboinicus produces positive inotropic effect on 
isolated perfused frog heart preparation. They extracted fresh leaves of C. amboinicus parent (CAP) as well as tissue 
culture-raised plant (CAT) with boiling distilled water. The frogs heart was perfused with Ringer solution (pH 7.8). 
Graded doses of CAP and CAT (50–800 µg) were added and responses were recorded.  In order to study the 
interaction of CAP and CAT with other agents, the hearts were perfused with solution containing propranolol (1× 10 
-7 M), atropine (1×10 -7 M), verapamil (1×10 -7 M), imidazole (1×10 -4 M) and lignocaine (2.5× 10-4 M) for 15 min and the 
responses to CAP and CAT were recorded. In another set of experiments, the perfusion fluid was replaced by frog 
Ringer containing one half of the sodium chloride (55.6 mM) or double the sodium chloride (222 mM) concentration. 
Equimolar sucrose solution was added and the responses for CAP and CAT were taken. 
 
From the responses CAP and CAT induced positive inotropic effects were not altered by propranolol, the beta-
receptor antagonist, or by atropine, the alpha-receptor antagonist. The data revealed that CAP as well as CAT 
induced positive inotropism does not involve any adrenergic receptors. It is clear that, the parent and the tissue 
culture plant extracts produce positive inotropic effects which may be attributed to increase in sodium influx, 
thereby causing greater intracellular availability of calcium. 
 
Antibacterial Activity [17] 
Krithi et al., evaluated the antibacterial efficacy of Plectranthus amboinicus against Streptococcus mutans through Disc 
Diffusion Test and Minimum Inhibitory Concentration. Streptococcus mutans was found to be sensitive to ethanolic 
and aqueous extracts of Plectranthus amboinicus. 
 
Wound Healing Activities 
Plectranthus amboinicus has the ability to increase the healing process of wounds. It is a powerful immune stimulant 
which aids the removal of microorganisms that retard healing process and for the maintenance of path of normal 
progress. It also shows anti-inflammatory property. Plectranthus amboinicus contain a high content of zinc, which 
supports important functions to promote and facilitate the healing of wounds [4]. 
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Smitha Shenoy et al., evaluated the healing of burn wounds in wistar rats using ethanolic extract of the leaf of 
Plectranthus amboinicus in comparison with silver sulfadiazine. Under ketamine anaesthesia burn wounds were 
made on each rat. The wounds in the five groups of rats were treated topically with petroleum base, silver 
sulfadiazine,1%, 2% and 3% ointment of ethanolic extract of Plectranthus amboinicus, respectively, once daily for 21 
days.: The rate of wound contraction was significantly more in Plectranthus amboinicus treated groups in comparison 
to the control. The mean period of epithelization was significantly reduced in Plectranthus amboinicus treated group 
when compared to control (P < 0.01) and silver sulfadiazine (P =0.02) treated group. The study concluded that 
ethanolic extract of Plectranthus amboinicus promoted healing of burn wound in wistar rats [18]. 
 
K Muniandy et al., studied the ethanolic and aqueous extract of C.aromaticus leaves and roots (100 mg kg per day for 
10 days) for their wound healing activity in Monosodium Glutamate induced diabetic mice using excision and dead 
space wound models. To measure the progress of wound area “Excision wound model” was performed on five 
different groups of mice for ten consecutive days. On four different groups of mice “Dead space wound model” was 
carried to determine wet and dry granulation tissue and to examine the histological appearances of granulation 
tissue after ten days. Ethanolic extract treated wounds showed 76.6% of wound area reduction when compared with 
control that exhibited 55.9% of wound area reduction. The wounds treated with ethanolic extract epithelised faster 
when compared to controls. The results revealed that Coleus aromaticus can exhibit wound healing activity in induced 
diabetic mice [19]. 
 
Anti-Inflammatory and Antitumor Activities [20] 
Ana Pavla et al evaluated the anti-inflammatory and antitumor activities of the hydroalcoholic extract from leaves of 
P. amboinicus. Carrageenan-induced paw edema method was used to determine the anti-inflammatory activity. By 
using the Sarcoma-180 and Erlichascite carcinoma the antitumor effect was evaluated in an in vivo experimental 
study. There was statistically significant decrease (p<.05) of edema paw in the doses of 150, 250 and 350 mg/kg (i.p.) 
of the hydroalcoholic extract of P. amboinicus. Similarly, the administration of P. amboinicus at the doses of 100, 150, 
250 and 350 mg/kg (i.p.) inhibited the growth of sarcoma-180 and Ehrlich ascite carcinoma tumors in mice. The 
results suggested that the hydroalcoholic extract of P. amboinicus possesses anti-inflammatory and antitumor 
activities.  
 
Analgesic and Anti-Inflammatory Properties [21] 
Yung-Jia Chiu et al., investigated the analgesic and anti-inflammatory properties of the aqueous extract 
from Plectranthus amboinicus in vivo and in vitro. It inhibited pain induced by acetic acid and formalin, and 
inflammation induced by carrageenan. The anti-inflammatory effect was related to modulation of antioxidant 
enzyme activities in the liver and decrease of the Malondialdehyde (MDA) level and the production of tumor 
necrosis factor alpha (TNF-α), and cyclooxygenase2 (COX-2) in edema-paw tissue. In vitro studies explained that 
aqueous extract from Plectranthus amboinicus inhibited the pro inflammatory mediators in RAW 264.7 cells stimulated 
with lipo polysaccharide (LPS). It also blocked the degradation of IκB-α and nuclear translocation of NF-κB p65 
subunit. 
 
Antinociceptive And Antipyretic Effects [22] 
Roshan Dhruv Patel  et al studied the Antinociceptive and Antipyretic Effects of Plectranthus amboinicus (Lour) 
Spreng using acetic acid-induced writhing and tail immersion tests in mice and yeast-induced pyrexia in rats. 
Significant (P<0.01) antinociceptive and antipyretic effects were produced by both extracts (500 mg/kg, p.o.). 
 
Anti-Gastric Ulcer Activity [23] 
Rama Mohan Gupta et al performed a study to evaluate Anti gastric ulcer activity of Plectranthus amboinicus (Lour) in 
pylorus ligation-induced ulcer model in wistar albino rats in which ability of different extract of Plectranthus 
amboinicus (Lour) was tested at dose level of 200mg/kg body weight orally and compared with Ranitidine (30mg/kg) 
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as standard. The study concluded that the various extracts of Plectranthus amboinicus (Lour) (200mg/kg) showed 
highly significant anti-ulcer activity. 
 
Hepatoprotective Activity [24]  
Smita Shenoy et al., evaluated the hepatoprotective activity of ethanolic extract of Plectranthus amboinicus against 
paracetamol induced hepatotoxicity in wister rats in six groups. Gum acacia and paracetamol were given to two 
control groups orally respectively. To the three test groups paracetamol were given orally followed by 300, 600 and 
900 mg/kg of ethanolic extract of plectranthus amboinicus respectively. The sixth group (standard hepatoprotective) is 
treated with paracetamol followed by N-acetylcysteine 100 mg/kg orally. The hepatoprotective activity was 
determined by estimating serum alanine aminotransferase, asparatate aminotransferase, alkaline phosphatase, tissue 
malondialdehyde levels and by histopathological analysis of the liver tissue. Analysed the results using one-way 
ANOVA followed by Dunnett's multiple comparison test. Plectranthus amboinicus in doses of 600 mg/kg and 900 
mg/kg undoubtedly (p<0.05) altered paracetamol induced changes in the serum and tissue enzyme levels to near 
normal values. It also improved the liver histopathology profile.  The study indicated that the ethanolic extract of 
Plectranthus amboinicus, possesses hepatoprotective activity against paracetamol induced hepatotoxicity in rats. 
 
Skin Conditions [25] 
Plectranthus amboinicus is the most commonly cited species for the treatment of burns, wounds, sores, insect bites and 
allergies. It is used in Brazil for the treatment of skin ulcerations caused by Leishmania braziliensis and also it is used 
in Saudi Arabia for diaper rash and itching, as well as an antiseptic dressing. 

 
Nanochemical studies 
Biological synthesis of gold nanoparticles by using the leaf extract of Coleus amboinicus Lour 
By using UV–Vis spectroscopy, XRD, TEM and SAED analysis the nanoparticles were structurally characterized.  4.6 
to 55.1 nm were the size range of gold nanoparticles. C. amboinicus leaf extract caused bio-reduction of gold ions 
which resulted in the synthesis of spherical, truncated triangle, triangle, hexagonal and decahedral nanoparticles. 
With the help of SPR band centered at 536 nm of UV–Vis absorption spectra revealed the reduction of gold ions to 
gold nanoparticles in 1 h. Based on the fcc structure of gold nanoparticles intense peaks corresponding to (111), (200), 
(220) and (311) Bragg's reflection were observed in XRD analysis. The formation of spherical, triangle, truncated 
triangle, hexagonal and decahedral morphologies with an average size of 20.5 ± 11.45 nm were revealed in HR-TEM 
analysis. The colour change of pale yellowish reaction mixture to pink-ruby red after 1 h indicated the formation of 
gold nanoparticles. It is due to coherent reaction [26]. 
 
Extracellular synthesis of silver nanoparticles using the leaf extract of Coleus amboinicus Lour 
The size and shape of silver nanoparticles are typically measured using analytical techniques such as TEM, scanning 
electron microscopy (SEM) or atomic force microscopy (AFM) [27]. C. amboinicus leaf extract act as a bio reducing 
and stabilizing agent for the synthesis of silver nanoparticles and its ability to modulate the size and shape. UV–vis 
absorption spectra explained the synthesis of silver nanoparticles from 103 M aqueous AgNO3 in the presence of C. 
amboinicus leaf extract at 437 nm in 6 hrs.  Intense peaks corresponding to (1 1 1), (2 0 0), (2 2 0) and (3 1 1) Bragg’s 
reflection was showed on XRD analysis of the nanoparticles based on the face-centered cubic (fcc) structure of silver.  
HR-TEM analysis revealed the formation of anisotrophic nanostructures of triangles, truncated triangles, decahedral 
and little spherical morphologies in the range of 2.6– 79.8 nm in size with an average of 35.8 nm. The change of 
colour to yellowish brown shows the formation of silver nanoparticles due to the coherent oscillation of electron gas 
at the surface of nanoparticles resulting in surface plasmon resonance (SPR).The study clearly indicated that, silver 
metal ions have been reduced from anisotropic nanostructures to isotrophic spherical nanoparticles with increase in 
the concentration of leaf extract of C. amboinicus [28]. 
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Ultrasonically driven green synthesis of palladium nanoparticles by Coleus amboinicus 
To reduce the palladium chloride into palladium nanoparticles (PdNPs@CA) ultrasonically driven bio-reduction 
method was used using coleus amboinicus extract. The UV–vis spectrum confirmed the formation of Pd nanoparticles 
by the disappeared peak at 480 nm of PdCl2 solution. Formation of phase pure cubic Pd nanoparticles with the 
crystallite size range of 40−50 nm were confirmed using XRD. In order to determine the catalytic behaviour with 
ultrasonic frequency of 40 kHz and power of 150 W, synthesized PdNPs@CA were explored in Suzuki-Miyaura 
coupling reaction and its recycling ability was determined. Biaryl compound is obtained by reacting Aryl halides 
with aryl boronic acids with excellent reaction yields in the presence of PdNPs@CA only using PEG-400 as a green 
solvent [29]. 
 
Insecticidal Activity [30] 
The leaf oil of Coleus amboinicus from India is rich in thymol and is a potent insecticide against O. obesus, a pest of 
sugarcane fields. The oil was insecticidal to white termites (Odontotermes obesus Rhamb.) with 100% mortality at a 
dose of 2.5 × 10−2 mg/cm3 for 5 h exposure. This oil was also more active than the synthetic insecticides, Thiodan and 
Primoban‐20, against termites, although it was ineffective against Tribolium castaneum, a stored product pest. 
 

CONCLUSION  
 
Coleus amboinicus is a traditional medicinal plant having multiple pharmacological actions. The studies revealed a 
wide range of biological properties and the studies also proved that C.amboinicus is effective in curing respiratory, 
skin, cardiovascular, digestive, urinary and various other diseases. It also possesses a powerful wound healing 
property, antimicrobial activity antidandruff  activity, anti-epileptic activity, lactogenic activity, antioxidant activity, 
antimalarial activity, diuretic activity, positive inotropic effect, antibacterial activity, anti-inflammatory, antitumor 
activities, analgesic, antinociceptive, antipyretic effects, hepatoprotective activity, skin conditions. C.amboinicus also 
possess insecticide activity and its oil is rich in thymol. Coleus amboinicus leaf extract can be used for synthesis of 
gold, palladium, silver nanoparticles. One of the main advantages is that, it shows more effective when given in 
combination with other medicinal plants. The plant has huge future prospects in meeting the global demand for 
natural, cost-effective and safer bioactive molecules in pharmaceutical and nutraceutical industries. 
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Table 1. Studies Conducted on Coleus amboinicus 
ACTIVITY EVALUATED FOR: ACTIVITY EVALUATED BY: 

ANTIMICROBIAL ACTIVITY 

PujiAstuti et al; in the year 2020 evaluated the 
Antimicrobial activities of isoprene compounds 
produced by an endophytic fungus isolated from the 
leaves of Coleus amboinicus Lour. And also, de Oliveira 
FF et al; in the year 2013 conducted antimicrobial 
studies on this plant. 

ANTIDANDRUFF ACTIVITY 
P.Selvakumar et al; in 2012 studied antidandruff 
activity of the essential oil of Coleus amboinicus and 
Eucalyptus globulus. 

ANTI EPILEPTIC ACTIVITY 
B. PushpaKumari et al; in the year 2012 evaluated 
antiepileptic activity and probable mechanism of 
action of Coleus amboinicus in MES and PTZ models. 

LACTOGENIC ACTIVITY 
R M Damanik et al; in the year 2017 evaluated 
lactogenic activity of ethyl acetate fraction of 
torbangun (Coleus amboinicus L.) leaves. 

ANTIOXIDANT ACTIVITY 
Roshan D. Patel et al; in the year 2010 determined 
Antioxidant potential of leaves of Plectranthus 
amboinicus (Lour) Spreng. 

ANTIMALARIAL ACTIVITY 
Periyanayagam K, et al; in the year 2008 studied 
antimalarial activity of leaves of Plectranthus 
amboinicus (lour) spreng on Plasmodium bergheiyoelii. 

DIURETIC ACTIVITY 
Roshan Patel et al; in 2010 determined Diuretic 
activity of leaves of Plectranthus amboinicus (Lour) 
Spreng in male albino rats. 

TREATMENT OF RHEUMATOID ARTHRITIS 
Jia-Ming Chang, et al; in the year 2010 evaluated the 
Potential use of Plectranthus amboinicus in the 
treatment of rheumatoid arthritis. 

POSITIVE INOTROPIC EFFECT 

Hole RC et al; in the year 2009 studied the Positive 
inotropic effect of the leaf extracts of parent and 
tissue culture plants of Coleus amboinicus on an 
isolated perfused frog heart preparation. 

ANTIBACTERIAL ACTIVITY 
Krithi et al; in the year 2015 determined Antibacterial 
efficacy of plectranthus amboinicus extracts against 
streptococcus mutans- an invitro study. 
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WOUND HEALING ACTIVITIES 

Shenoy S et al; in the year 2012 determined the effect 
of ethanolic extract of Plectranthus amboinicus Leaf on 
healing of burn wound in Wistar rats.And in 
2013Muniandy K et al; carried out studies on Wound 
healing activity of Coleus aromaticus in experimentally 
induced diabetic mice. 

ANTI-INFLAMMATORY AND ANTITUMOR 
ACTIVITIES 

Gurgel AP et al; in 2009 studied anti-inflammatory 
and antitumor activities of leaves from Plectranthus 
amboinicus (Lour.) Spreng (Lamiaceae). 

ANALGESIC AND ANTI-INFLAMMATORY 
PROPERTIES 

Chiu YJ et al; in the year 2012 evaluated Analgesic 
and anti-inflammatory activities of the aqueous 
extract from Plectranthus amboinicus (Lour.) Spreng. 

ANTINOCICEPTIVE AND ANTIPYRETIC 
EFFECTS 

Patel R et al; in the year 2010 studied Antinociceptive 
and Antipyretic effects of Plectranthus amboinicus 
(Lour) Spreng Leaves. 

ANTI-GASTRIC ULCER ACTIVITY 
Devi MR et al; in the year 2010 determined Anti-
gastric ulcer activity of Plectranthus amboinicus (Lour) 
in wistar albino rats. 

HEPATOPROTECTIVE ACTIVITY 
Shenoy S et al; in the year 2012 studied 
Hepatoprotective Activity of Plectranthus amboinicus 
Against Paracetamol Induced Hepatotoxicity. 

INSECTICIDAL ACTIVITY Singh G et al; in the year 2002 carried out insecticidal 
investigations on leaf oil of Coleus amboinicus Lour. 

 

 
Fig.1. Coleus amboinicus 

 
Fig.2. Coleus amboinicus Leaf and stem 
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Fig: 3.FT-IR (KBr) Spectrum of isolated compound 

 

 
 

Fig. 4. Antioxidant Potential of ethanolic and aqueous extract of Plectranthus amboinicus by Reducing 
Power Method 
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Tamil Nadu is one among the agriculture state in India. Agriculture practices is a major role in the state 
especially Kongu region. Western districts are culturally significant districts in Tamil Nadu state, 
especially for agriculture and industry. We identified the medicinal plant resources for ethnoveterinary 
aspects through farmer’s community of Erode, Namakkal, Salem, Tiruppur, Coimbatore and The Nilgiris 
districts. Medicinal plant resources such as leaves, stems, fruits, roots, seeds and succulent sour are 
commonly used in the form of extracts, decoctions and powders to cure various diseases and to improve 
the animal health care systems. The medicinal plant species are identified with binomial name, family, 
parts used, local name, cure the diseases and mode of preparation are provided. Totally 72 medicinal 
plant species were recorded in Western districts for ethnoveterinary practices among the farmers. 
 
Keywords: Ethnoveterinary, Western districts, Agriculture, Industry, medicinal plants. 
 

INTRODUCTION 
 
Nearly 80% of the peoples from the Asian and African populations need to full fill their medicine from the plant 
resources especially for health care [1-2]. In our Nation started that India generated Rs 16,000 crores of revenue from 
the herbal industrial sector. In India rural peoples utilize 70% of countries population depends on the traditional 
medicinal system. Now a day’s China is leading in the traditional medicinal system from 30 to 50 % of their needs. 
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India is having a rich reservoir of cattle genetic resources not only for population strength but also for genetic breeds. 
Tamil Nadu has also rich experience in practicing ethnoveterinary medicine aspects [3]. The animal husbandry 
system in livestock is raised could effect the exposure to various parasites. The ethnoveterinary knowledge and 
plant-based anthelmintics. Still, farmers are crudely used in many traditional medicines. Now a days, the 
demonstration of ovicidal, larvicidal and adulticidal activities of traditional medicinal plant extracts and to 
determine the therapeutic doses remain in the preliminary studies. Medicinal plants have been used for the 
treatment of various diseases all over the world, due to their phytochemical substances and used for the therapeutic 
purposes or as precursors for the synthesis of drugs [4]. It is a new, safe, convenient and environment friendly 
product  with the development of immune resistance and to enhance the level of immunity [5]. 
 
Even though 50 percent of modern drugs are based on natural products and play a significant role in the 
development of drugs in the pharmaceutical industries [6]. Bacterial resistant to most all antibacterial agents have 
been reported  [7].The resistance is due to its application of antimicrobial drugs are commonly used in the treatment 
of various infectious diseases.  However, medicinal plants and herbs having   effective bioactive metabolites with 
pharmacological effects can represent natural drugs and less harmful. Common herbal medicines and chemicals are 
affecting pathogenic protozoa. Medicinal plants display  anti-inflammatory, analgesic, antioxidant and antiviral 
activities [8]. Venkatesan et al. [9]. reported that the medicinal values of mangroves. There is an increasing concern 
throughout the world about the uncontrolled exploitation and depletion of natural resources [10]. India has the very 
richest repository of traditional knowledge on the medicinal uses of plants [11]. Livestock production systems in 
India have been mostly primitive and unorganized. The animals are adjunct to crop production, which is necessarily 
a major occupation with the farmers [11]. 
 
Meanwhile, more investigations are needs to evaluate the botanical efficiency. In rural peoples of India have wide 
knowledge about veterinary plants and enhance their skills, methods of preparation, practices, knowledge and 
beliefs of the small holders about to take care of livestock system. Herbal preparations are an alternative source and 
cheap as well as very safe when compared to the modern animal health care system  [12-14]. Several reports say that, 
livestock significantly contribute generate revenue for poor household peoples, those who are living below the 
poverty line especially in rural India [15-17]. Large number of medicinal plant resources grown in India in plains as 
well as hill regions or mountains. These medicinal plants are the most commonly used ingredients for the 
preparation of medicine to treat livestock  [18]. Prince Nakula and Sahadeva both are physicians of horses and cows. 
In India, the traditional veterinary system of medicine is originated from the Mahabharata period. During the battle, 
more animals got injured and suffered from different illnesses. During this period, medicinal plants are a good 
source of medicine for the treatment of animal resources and protected from various illnesses especially diseases 
[19]. 
 
Different literature worldwide says that tribal doctors, barefooted doctors, herbal doctors, tribal medicine men, folk 
healers, folk and laymen practitioners of throw who are used medicinal plants traditionally [20]. The international 
level organization such as IUCN, WHO and WWF have approved and recognized them as traditional health care 
practitioners (WHO,1993) [21]. Swarup and Patra [22] reported that in 2008, Indian Council of Agriculture Research 
(ICAR), New Delhi, collected and documented nearly 595 veterinary traditional medicines from various sources. A 
vast number of modern drugs have been isolated and synthesized from natural resources such as medicinal plants  
[23]. Health care systems of animals mainly depends on peoples knowledge, skills, methods, regular practices, mode 
of medicine preparation by using medicinal plant resources through ethno veterinary practices [24]. The present 
study was undertaken with the farmers of Western districts of Tamil Nadu State for ethnoveterinary uses of 
medicinal plants. 
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MATERIALS AND METHODS 
 
Ethnoveterinary studies with the farmers of Western parts of Tamil Nadu State, India was carried out during the 
year July 2018 – March 2019 totally 72 plant species belongs to 71 families generally used for different diseases of 
cattles were collected and reported. 
 
Western parts of Tamil Nadu  
The present investigation of the usage of ethnoveterinary medicinal plants from the farmers of Western parts of 
Tamil Nadu State. The Western parts covering six districts such as Namakkal, Salem, Erode, Tiruppur, Coimbatore 
and The Nilgiris (Fig.1). These Western districts covering larger agriculture area and the population of livestock are 
high.   
 
Erode District 
Erode district   is in the Kongu Nadu region (Western part) of Tamil Nadu State.  Erode district is surrounded by 
Salem, Namakkal, Karur, Tiruppur and Coimbatore districts respectively. Especially the climate is mostly dry and 
characterized by good rainfall.  There are major rivers such as Bhavani, Kaveri, Palar, Amaravathi and Noyyal flow 
in the Erode district and mainly used for irrigation in agriculture purposes. The Erode District Latitude 110201 
32.7228”N, Longitude 770431 41-3940”E. It contains nine taluks such as Andhiyur, Bhavani, Erode, 
Gobichettipalayam, Kodumudi, Modakurichi, Perundurai, Sathyamangalam and Thalavadi.  All the regions contain 
14 unions of Erode district.  We collected the data from all the 14 unions among the farmers of Erode district, Tamil 
Nadu State. 
 
Namakkal District  
Namakkal district was bifurcated from Salem district and started from 1997. The district is surrounded by Salem, 
Karur, Trichy and Erode. The geographical area of the district is 3368.21 sq kms which lies between 11.00º and 
11.360º north latitude and 77.280º and 78.300 º east longitudes. Namakkal district consist of 8 taluks such as Kolli 
Hills, Namakkal, Rasipuram, Tiruchengode, Paramatti Velur, Sendhamangalam, Komarapalayam and Mohanur.  
 
Coimbatore District  
Coimbatore district have 3 revenue divisions 11 revenue taluks such as Coimbatore South, Coimbatore North, Perur, 
Madukkarai, Annur, Mettupalayam, Sulur, Pollachi, Kinathukadavu, Anaimalai and Valparai and 295 revenue 
villages. According to 2011 census status, Coimbatore district is the second most urbanized district of Tamil Nadu 
after Chennai. It’s covering 29.63% of rural population. Coimbatore bordering to state of Kerala. It’s surrounded by 
Western Ghats mountain range (Nilgiri biosphere reserve). The latitude and longitude is 11.0168o  N, 76.9558o  E.  
 
The Nilgiri district  
The latitude and longitude of Nilgiri is 11.4916o N and 76.7337o E. Nilgiri is one of the oldest mountain  range and 
located at the tri-junction of Tamil Nadu, Kerala and Karnataka states. The Nilgiri district comprises 6 taluks such as 
Udhagamandalam, Kundah, Coonoor, Kotagiri, Gudalur and Pandalur, then consists of 88 Revenue villages. 
 
Tiruppur district  
The latitude and longitude is 11.1085o N and 77.3411o E. Tiruppur district comprises three revenue divisions, 13blocks 
and 265 panchayat villages. The Tirppur district consist of 7 taluks such as Tiruppur, Avanashi, Dharapuram, 
Palladam, Udumalaipettai, Kangeyam and Madathukulam. 
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Salem district  
Salem is a geologist paradise, surrounded by hills and the landscape dotted with hillocks. Salem has a vibrant 
culture dating back to the ancient Kongu Nadu. Salem district comprises of four revenue divisions, 13 taluks viz. 
Salem, Salem West, Salem South, Yercaud, Gangavalli, Attur, Pethanaickenpalayam, Valapady, Sankari, Edapadi, 
Mettur, Omalur and Kadayampatti  and 640 revenue villages and 4 municipalities. The latitude longitude is 11.6643o 
N, 78.1460o E. 
 
Method of Data Collection  
The ethnoveterinary practices data were collected from July 2018 to March 2019.  Farmers were interviewed in 
groups using open-ended questions at the dipping tanks or individually thereafter.  Information was also gathered 
from previous more done in Dindigul district [11]. Medicinal plants were collected under the supervision of farmers 
and only when the same plant species was designated by at least two individuals for the same pathology was the 
information judged and acceptable (Fig 2 and 3). The information was documented through the ethnoveterinary 
survey, interview with farmers and field work.  The information was included data about the botanical name, family, 
local name, part of the plant used mode of preparation (decoction, paste, powder, juice) and medicinal value.  The 
information was confirmed through various discussions with respondents who practiced the use of the documented 
plants for veterinary applications. 
 
Identification of medicinal plants 
An Ethnoveterinary study was conducted and the information gathered and plant local name, plant parts used for 
medicine, method of the application was recorded with the help of aged farmers and senior local peoples. The 
Botanical name of the plant species, local name, family name was authenticated [25]. medicinal plant identification 
was carried out and confirm through a plant taxonomist also. 
 
Preservation of plant specimens  
The standard method was followed with record to the collection of plant materials, drying, mounting, preparation 
and preservation of plant specimens [26]. Voucher specimens of medicinal plants in triplicate were collected, 
prepared and identified. Plants with their correct nomenclature were arranged alphabetically by family name, 
vernacular name and ethnomedicinal uses. The identification and nomenclature of the listed plants were based on 
the Flora of Presidency of Madras [27] and the Flora of Tamil Nadu Carnatic  [28]. All the preserved specimens were 
deposited at the Herbarium of Arignar Anna Government Arts College, Namakkal, Tamil Nadu. 
 

RESULTS AND DISCUSSION 
 
For the identification of new drugs and use of traditional ethanoveterinary medicine is must to documented and   
recorded and presence the traditional knowledge on medicinal plants especially treating for humans and animals. 
Further we enhance the botanical knowledge for exact identification of medicinal plant species. During 
ethnoveterinary survey among farmers of Western districts of Tamil Nadu state 72 plant species covering 71 
Families. The botanical name of the plants provided in alphabetical order (Table 1). Mostly the way of administration 
of these herbal medicine remedies were oral method and followed by topical application then drops to ear and eyes 
for better treatment methods.  The dose may be finalized by depend on the age or level of sick of the animal. 
 
The plant species is equally used for to use various diseases such as mildew, fungal diseases, diarrhea, fever, snake 
bite, skin ulcer, cough, eye disease, wound healing, ulcer, bone fracture, scorpion bite, foot infections, swelling, 
pneumonia and mastitis. Meanwhile few medicinal plants used as antiseptic, cholesterol control, increase 
immunity and pain killer.  Some medicinal plant species are gradually used to improve animal health care system 
such as good for cattle healthcare, oxygen circulation, edible, cooling stomach disorders, improve nutrition, 
cardiologic and good for digestive system, etc. The results are discussed with the relevant ethnoveterinary studies. 
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The most extensively utilized the plant parts in the preparation of herbal medicine for various ailments is the leaf 
and followed by root. Among the different plant parts, the leaves were most commonly used (54%), root (10%), seeds 
(8%), oil (1%), Fruit (3%), bark (3%), whole plant  (9%), rhizome (2%), bulb (1%), tuber (1%), stem (1%), latex(1%) and 
flowers (5%) (Fig.4). Medicinal and herbal plants have been commonly used by the farmers as well as village elder 
peoples.  The common usage of herbal remedies and healthcare preparations are most common, because of natural 
products with medicinal properties. Regarding, current ethno-medicine in India with such great background it is 
very popular among the peoples and a good source of information to find out new natural remedies.  Therefore, 
medicinal plants with antioxidant activity have been shown to counteract these situations and healthy source of 
health promotion   [29]. Hassan et al.   [30] stated that the emerging potential drug resistance of pathogens coupled 
with high cost and more side effects of antibiotics have the interest of researchers and general population towards 
ethnomedicinal plants for the potential discovery of useful phytocompounds. 
 
Particularly can arise from traditional knowledge is described as a cumulative body of knowledge, practice and 
belief, evolving through adaptive processes and handed over through generations to generations by cultural 
transmission [31]. A decade now ethnoveterinary medicine has experienced a review and several reports published.  
The development and interest in traditional healthcare practices have been encouraged by the recognition of some 
efficacious ethnoveterinary medicinal products [32-35]. Collection and marketing of the wide range of non-timber 
products such as edible fruits, nuts, seeds and medicinal. One important factor is that several healers from different 
regions are the same plant to treat the same disease and those diseases which the plant is used against represents 
public health problems. India is rich in ethnic diversity and traditional knowledge that has resulted in a considerable 
body of ethnobotanical research of which our study has revealed a deep understanding of medicinal plants 
supported by preparation of various drugs and to enhance the conservation aspect also. 
 
While the knowledge on the usefulness of these plants remains high, poor methods of exploitation, agriculture and 
over exploitation are putting most species under the pressure of extinction. Plant and plant derived products are part 
of health care system since ancient human civilization. Documentation of the indigenous knowledge through 
ethnobotanical studies is important for the conservation, utilization of medicinal and biological resources. Therefore 
establishment of the local names and indigenous uses of plants has significant potential societal benefits. Knowledge 
in utilizing these medicinal plant resources is characteristic and different from tribe to tribe. Folk medicine is no 
more an attraction to the younger generation and many young people migrate to urban for education and job 
opportunities. Plants have always played a major role in the treatment of human traumas and disease worldwide. 
 
Ethnoveterinary practices are most common in our near countries Pakistan, China, Nepal and Sri Lanka due to the 
poor socioeconomic status of the rural farmer community [36].The high level of utilization of these medicinal plants 
in ethnoveterinary investigation have been reported in various countries worldwide that might be due to their 
higher abundance in different regions, due to strong traditional knowledge of local peoples and farmers [37].  From 
the ecological point of view, herbal formulation that involves whole plant, stem, roots, bulb and leaves etc., have 
effect on plant life or to survive the mother plant resources. Lack of awareness on conservation strategy could also 
cause a depletion of this valuable resource. Few similar findings are also reported related to ethnoveterinary studies 
[38-41]. Many plant species is commonly used in traditional system of medicine for current health care system [42-
43].  
 

CONCLUSION 
 
Our ethnoveterinary survey reveals that most of the medicinal and herbal plant species are widely used in Tamil 
Nadu state for improving better animal health maintenance.  The field work reflects to developing significant 
knowledge about the traditional medicine system among the farmers community in Western Districts of Tamil Nadu 
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State.  Peoples are ready to document and conscience the ethnoveterinary practice by ex-situ- further studies needed 
for pharmacology and toxicology aspects against the listed medicinal plants. 
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Appendix A. Questionnaire  
 
1. Name of the farmer 
2. Village name or village Panchayat  
3. Age 
4. Gender 
5. Educational qualification 
6. Occupation  
7. Local name of the plants used locally for ethanoveterinary practices 
8. Diseases cured by the medicinal plants  
9. How can you prepare the plant based herbal products? 
10. Any experience in traditional medicine preparations? 
11. Aware of medicinal plant application through orally/ externally. 
12. How many cattles in your home and its types? 
13. Are you learned from ethanoveterinary practices from your father and grandfather? 
14. How many years of experience for the herbal product preparation? 
15. Are you know about the plant parts is toxic or non toxic? 
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Table.1. Ethno veterinary practices followed by farmers of western districts, Tamil Nadu State. 
 

S.N
o Botanical Name Family Local name 

Parts 
used 

Cure for 
diseases Mode of application 

1 Abrus 
precatorious L.  

Fabaceae  Kundumani  Root, 
leaves  

Eye complains, 
ulcer, dysentery  

Extracts of root and 
leaves used as medicine  

2 Abutilan indicum 
L.  

Malvaceae  Thuththi Leaves 
,root 

Increase semen, 
pile complaints 

Leaves and roots 
freshly given by orally  

3 Acacia nilotica L.  Mimosaceae Karuvelam Leaves Diarrhea, teeth 
issues 

Decoction of leaves and 
bark is used.  

4 Acalypha indica L. Euphorbiaceae  Kuppai maeni Leaves  Asthma and 
pneumonia 

Extracts of fresh leaves 
are given 

5 Acanthospermum 
hispidum L. 

Asteraceae Kanthimul Leaves, 
seed 

Diarrhea, fever Decoction is given 
orally thrice in a day. 

6 Achyranthes 
aspera L. 

Amaranthaceae  Naayuruvi  Leaves  Cough, aundice, 
asthma, anemia 

Fresh leaves are given 
orally 

7 Acorus calamus L. Araceae  Vasambu  Whole 
plant  

Skin diseases Whole plant powder 
applied in the skin. 

8 Adhatoda vasica 
Nees.  

Acanthaceae  Adathoda  Leaves 
,bark  

Fever, cough Leaves and bark 
extracts made a 
decoction and provided 
orally. 

9 Aegle marmelos L.  Rutaceae  Vilvum  Seed , 
leaves 

Ulcer and weak 
heart 

Seeds and leaves 
decoction twice a day 

10 Aloe vera L. Liliaceae  Soaththukatra
alai  

Leaves  Skin diseases, 
stomach 
disorders  

Fresh sour of leaves are 
given orally in empty 
Stomach 

11 Andrographis 
paniculata F.  

Acanthaceae  Chiriyanangai  Leaves 
,rhizome  

To treat 
infection and 
some diseases  

Leaves and rhizome are 
freshly given to cattle’s  

12 Aristolochia 
bracteolata Lam.  

Aristalochiaceae  Aadu thinna 
paalai  

Leaves  Cold, fever and 
intestinal 
diseases 

Decoction of leaves are 
given orally 

13 Azardiracta indica 
A.Juss  

Meliaceae   Vaembu  Seed, 
leaves, 
root, bark  

Antiseptic and 
stomach 
diseases  

Extracts of root and 
bark are given orally 
thrice a day for 5 days. 

14 Calotropis 
gigantea (L) R.Br 

Asclepiadaceae  Vella Erukku  Bark, 
root, 
latex  

Its used 
purgation and 
vomiting 
therapy 

Bark and root extract is 
given orally 

15 Caparis tomentosa 
Lam.  

Capariaceae  Sengam Root  Diarrhea, 
swelling 

Root extracts are used 
and given orally. 

16 Cassia auriculata L. Caesalpiniaceae  Aavaarai  Stem, 
leaves  

Reduce sugar 
level, stomach 
diseases   

Dry to stem and leaves 
and make it a powder 
to use as a tea. 

17 Cassia occidentalis L.  Caesalpiniaceae Payaverai Leaves Reduce sugar 
level 

Extracts of leafs with 
lemon juice given 
orally twice in a day. 
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18 Cassia siamea 
Lam. 

Caesalpiniaceae Sarakondrai Leaves Fodder plant, 
water discarder  

Decoction is given 
orally. 

19 Cassia sieberiana 
DC. 

Caesalpiniaceae Aavaram Roots Venereal 
diseases, pain 
killer  

Roots are soaked in 
water then the water is 
given thrice a day. 

20 Cassine glauca 
Rottb.Kuntze 

Celastraceae  Leaves, 
Fruits, 
bark 

Antodote, 
stimulant, 
cold, 
Antirheumatic 

The powder of leaves, 
fruits and bark is used. 

21 Cissus populnea 
Guill & Perr 

 Vitaceae Vandhukolli Climber Anti-fungal 
properties 

The plant powder is 
used. 

22 Cissus 
quadrangularis L.  

Vitaceae  Pirandai Leaves  Stomach 
problems 

Leaves make it chutney 
and to eat  

23 Cissus 
quandrangularis 
L. 

Vitaceae Pirandai Shoots  Stomach 
diseases skin 
diseases  

Shoots are made into 
paste and given orally. 

24 Coccinia indica L. Cucurbitaceae  Koavai Leaves, 
fruit 

Eye issues, 
Diabetes 
treatment 

Extract of leaves 
provided for eye 
reddish. Fruits  are 
given orally 

25 Cucumis 
pubescens Willd. 

Cucurbitaceae Thummati Fruits Pain reliever, 
Cure ulcer, 
urinary disorder 
and infection, 
skin care and 
stomach related 
issues 

The fresh fruit id given 
orally. Dry fruits are 
also providing orally. 

26 Cuminum 
cyminum L. 

Apiaceae Seeragam Seed  Antiseptic, 
reduce 
cholesterol, 
increase 
immunity 

Seeds are boiled in 
water and given orally. 

27 Curcuma 
aromatica Salisb. 

Zingiberaceae  Kasturi manjal Rhizome  Inflammation of 
the 
under(mastitis) 
in cow 

Rhizome powder with 
coconut oil and made a 
paste applied on 
mastitis. 

28 Cynodon dactylon 
Pers. 

Poaceae Arugan Aerial 
parts 
Leaves  

Stomach worm 
and related 
diseases 

The fresh juice is 
prepared from the  true 
leaves and to take 
empty stomach . 

29 Eclipta prostrata L. Asteraceae Karisalaankanni Leaves  Skin diseases, 
eye disorders  

Powder is used to make 
paste and applied. 

30 Euphorbia hirta L. Euphorbiaceae  Ammaan 
pacharisi 

Whole 
plant, 
latex 

Wound healing The latex and whole 
plant paste is used for 
wound healing 

31 Euphorbia hirta L. Euphorbiaceae Ammanpaccarisi Latex  Heamorrhagic  Collect the late and 
used 

32 Ficus benghalensis L. Moraceae Aalam Latex,root Bone fracture  Latex and root paste 
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applied on bone 
fracture. 

33 Ficus religiosa L. Moraceae arasam Leaves Wound healing 
,ulcer 

Powder is mixed with 
hot water and given 
orally. 

34 Ficus sur Forssk. Moraceae Arasa maram Leaves, 
Stem, 
Bark 

Pregnant cattles, 
good oxygen 
circulation  

Decoction is provided 
orally. 

35  Flueggea virosa 
Voigt. 

Moraceae Vellaipula  Leaves  Effective snake 
bite, treatment 
for pneumonia, 
diarrhea  

Decoction of leaves 
given orally. 

36 Heliotropium 
indicum L. 

Boraginaceae Dhetkodukki Leaves  Skin ulcer Extracts of leaves given 
in empty stomach. 

37 Hibiscus rosa-
sinensis L. 

Malvaceae  Sembaruthi Bark, 
flower 

Skin, hair 
diseases 

Dry Powder from Ban 
flower extract is used. 

38 Hibiscus trionum L. Malvaceae Semparuthi Flower  Decrease hair 
falls, it contains 
mucilage 

Flowers are boiled – 
Powder used as a 
shampoo.  

39 Lannea 
coromandelica 
Hutt. 

Anacardiaceae  uthiyamaram Bark  Cure injury  Bark powder is used. 

40 Leucas aspera 
Spreng. 

Lamiaceae  Thumbai Leaves, 
flower 

Treat scorpion 
bite 

Fresh leaves and flower 
extracts are used 

41 Lippie nodiflora L. Verbenaceae  Poduthalai  Leaves  Anorexia and 
digestion  

Leaf extract is provided 
orally twice in a day. 

42 Madhuca indica 
J.F. Gmel  

Sapotaceae  Iluppai Flower  Stomach 
diseases  

Dry flower Powder is 
used. 

43 Mangifera indica L. Anacardiaceae  Maa Leaves, 
fruit  

Throat disorders   Leaves, fruit extracts, 
made a decoction and 
provide orally 

44 Melia dubia L. Meliaceae  Malai vaembu Leaves  Antiseptic and 
skin diseases 

Decoction  of leaves is 
used  

45 Mentha longifolia L. Lamiaceae Puthina Areal 
parts 

It cure mildew 
and fungal 
diseases 

The leaves along with 
Lemon juice are boiled 
and extracts is given 
orally. Some time 
extracts applied on the 
surface. 

46 Moringa oleifera 
Lampk.  

Moringaceae  Murungai Leaves, 
pod, root 

Improve 
nutrition 

Fresh leaves, pod, make  
a tea and provide orally  

47 Murraya koengii L.  Rutaceae Karuvaeppilai Leaves  Anti-diabetic, 
eye disorders   

Dry powder of leaves 
used always 
 

48 Musa paradisiaca L. Musaceae  Vaazhai Leaves, 
rhizome  

Body heat Fruit, leaves are given 
orally Rhizome boiled in 
water and given orally 
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49 Nerium oleander 
Sol. 

Apocynaceae  Arali Latex   Treatment for 
cancer 

Collect the latex and 
given orally thrice a 
day 

50 Ocimum 
tenuiflorum L. 

Lamiaceae  Thulasi Leaves  Cough, fever Fresh leaves given 
orally 

51 Oryza sativa L. Poaceae Vaikol Leaves 
Whole 
plant 

Good food and 
digestion for 
cattle 

Plant body is used as a 
fodder.  

52 Passiflora foetida L. Passifloraceae Siruppunaikka
li 

Whole 
plant 

Used in tea, 
cough, also 
edible 

A plant with water 
extracts and made a 
tea. 

53 Pedalium murex L.  Pedaliaceae  perunerunji Leaves, 
seed  

Foot infections Powder of seeds and 
leaves are used  

54 Phyllanthus niruri 
L. 

Euphorbiaceae  Keelanelli  Root  Cough and fever  Root paste is given  

55 Pongamea glabra 
Vent.  

Fabaceae  Pungan  Bark  Wound healing Bark powder applied  
on the wound. 

56 Psidium gujava L. Myrtaceae  Koyya  Leaves 
,fruit  

Stomach 
problems 

Fresh leaves and fruits 
are given orally  

57 Ricinus communis L. Euphorbiaceae Amanakku Leaves  Cooling, 
stomach 
disorders 

Extracts of leaves is 
given by orally. 

58 Ricinus communis L. Euphorbiaceae  Aamanakku  Seed  Worm infection, 
skin disorders 

Seeds grounded and 
applied on the skin 
disorder. 

59 Saba senegalensis 
Pichon. 

Apocynaceae Mahohany Bark and 
fruits 

Diarrhea Leaf Decoction is 
provided orally. 

60 Solanum nigrum 
SW. 

Solanaceae  Manathakkali  Leaves, 
fruit  

Ulcer and 
stomach 
diseases  

Fresh leaves and fruit 
are given orally for 3 
days  

61 Solanum 
trilobatum L.  

Solanaceae  Thoodhuvalai  Fruit, 
leaves  

Antioxidant and 
hepatoprotectiv
e  

Fresh leaves and fruits 
are given orally 

62 Strychnos spinosa 
Lam. 

Loganiaceae Etti  Leaves  Dermatitis, skin 
diseases  

Leaf extract is applied 
on the skin.  

63 Syzygium cumini 
Walp.  

Myrtaceae  Naval Fruit, 
seed, bark 

Diarrhea  Fruit and seed and bark 
powder given orally 

64 Tamarindus 
indicua L.  

Fabaceae  Puliyam  Leaves, 
fruit  

Pressure and 
sugar control  

Leaves and fruit 
extracts are given orally 

65 Terminalia 
laxiflora Engl & 
Diels 

Combretaceae  Poo maruthu  Roots  Eye diseases  Decoction is used as 
eye drop. 

66 Tribulus terrestris L. Zygophyllaceae  Nerunchi Leaves, 
seed  

Foot wound, 
ulcer  

Leaves and seeds make 
it powder and to treat 
diseases 

67 Tridax 
procumbens L.  

Asteraceae  Mookuththi 
poo  

Leaves  Wound healing 
properties and 
antiseptic  

Leaves are made in to 
paste and applied on 
wounds. 
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68 Vitex negundo L.  Verbinaceae  Nocchi  Root, 
leaves  

Pests and cough 
remedy 

Fresh root and leaves 
extracts is used 

69 Waltheria indica L. Sterculiaceae Kanakaloa  Leaves  Diarrhea with 
blood, tonic 

Leaves are given orally.  

70 Zingiber officinale L. Zingiberaceae  Inji  Rhizome  Antiseptic and 
good digester 

Rhizome make it paste 

71 Ziziphus 
mucronata Willd. 

Rhamnaceae Nariilanthai Roots  Diarrhea  Root decoction to given 
orally. 

72 Zizyphus jujupa L. Rhamnaceae  Ilanthai  Fruit, 
leaves  

Cardiotonic, and 
wound healing  

Fruits are eatable. 
Leaves are used as 
paste for wound 
healing. 

 

 
Fig.1.Map shows different districts of Western Part of Tamil Nadu State 
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Fig. 2. Ethnovetrinary survey among the farmers of Western Districts of Tamil Nadu State. 
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Fig.3. Ethnovetrinary survey among the farmers of Western Districts of Tamil Nadu State 
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Fig. 4. Different plant parts significantly used for the various treatments. 
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Amongst the semiconducting metal oxides, zinc oxide (ZnO) is treated as a novel material with 
enormous applications. Several synthesis methods such as; co-precipitation, sol-gel, hydrothermal, 
vapour deposition (PVD, CVD), spin coating, plasma etc. have been adopted to produce diverse 
morphologies of ZnO nanostructures. The resulting nanostructures of different size in the nanometre 
regime are treated as suitable material to fabricate gas sensor with high sensitivity and selectivity. These 
gas sensors are used to detect many hazardous and toxic gases. ZnO is also regarded as a good 
photocatalyst for degradation of harmful dyes and a non toxic material for reducing environmental 
pollution. To enhance the photocatalytic properties of ZnO, different metallic dopants are also 
incorporated. In this review article, we have focused to study and discuss the recent proceedings on ZnO 
based photocatalysts and gas sensors. The usefulness of nano ZnO for the above applications and the 
detailed mechanism of photodegradation and gas sensing have also been discussed. A gas sensor has 
many characteristic properties which certify its quality which are detection limit, stability, selectivity, 
response time, recovery time and recyclability. This review paper precisely describes synthesis 
techniques for preparation of ZnO, working mechanism and its application as photocatalyst and gas 
sensor. 
 
Keywords: Zinc Oxide, Photocatalyst, Gas Sensor, Synthesis, Applications. 
 

INTRODUCTION 
 
Nanotechnology is a multidisciplinary area with greater research possibilities and exploration. It has assorted array 
of usage involving from health care unit to ecological issues. It is defined as arrangement of matter with at least one 
dimensional sized ranging from 1 to 100 nanometers. Nano composite is considered as one of significant part of 
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nanotechnology owing to its surface morphology. The reckless ever-increasing population in urban place ensued 
from fast development of industrialization leads to air pollution. The survival of living species is at danger due to 
removal of secondary waste from industrial units and automobile exhausts endorse air pollution. Consequently, 
pure air has become need of our atmosphere [1]. The crucial need of current time is to develop gas sensor which is 
the realistic way to identify toxic gases in environment [2, 3]. A device which has the capability to detect the 
existence or concentration of a particular toxic and explosive gases is called as a gas sensor. Depending on the gas 
concentration, the sensor creates a potential difference by altering the resistance of the material inside the sensor 
which can be measured as output voltage. In present time, gas sensor has application in diverse area like in fuel cells, 
automobile manufacturing unit, mining industries, oil refineries and fertilizer industries [4-7]. The gas sensor having 
characteristic of low cost, reliable, minute power consuming ability, enhanced sensitivity and diminished size is 
considered as appropriate applicant toward gas sensor application [8,9]. In previous years, lot of experimentation has 
done in the field of nanoscience to develop metal oxide semiconductor based gas sensor having outstanding 
characteristics is considered as ideal gas sensor [10-13]. Now a day’s extensive work is done to explore 
nanostructures with enhanced performance capacities with enlarged surface area and diminished dimension. The 
size of nanostructures is reliable on the factor responsible for the sensing response [14, 15]. Among various metal 
oxide semiconductor based nanostructures gas sensor zinc oxide has gained attention globally. In the array of low 
cost sensor ZnO took a significant position due to its enhanced selectivity, sensitivity properties [16]. ZnO based gas 
sensor is engaged in different usage owing to its enhanced sensing response, good selectivity, simple synthesis 
technique, cost effective, good thermal and chemical stability and non-toxic in nature. ZnO nanomaterial is 
intrinsically n-type semiconductor having wide band gap value of 3.37 eV, a large exciton binding energy of 60mev 
and electron mobility. Besides from the gas sensing applications of ZnO nanomaterial is widely used in the 
photovoltaic cells [17]. Among the synthesis of righteous chemical and biological sensors ZnO is proved to be latent 
applicant due to its enhanced photoelectric reaction with chemical and thermal stability [18]. 
 
ZnO has several benefits such as cost effective, toxic free, simple means of large scale fabrication made it an efficient 
environmental-friendly tool. Apart from this ZnO is a chemo resistive sensor which depicts that chemisorbed oxygen 
ions is highly responsible for the variation on its resistance that are adsorbed on the ZnO surface in the presence of 
air. The resistance of ZnO is raised by the extraction of electrons from the conduction band of ZnO due to the 
formation of chemisorbed oxygen. On the process of interaction of chemisorbed oxygen ions on the surface of ZnO 
with reducing gases, oxygen ions donate free electrons to the Conduction band of ZnO which leads to the deduction 
of resistance. In addition to this, working temperature and gas concentration highly influence sensing response of 
ZnO based gas sensor [19,20].  ZnO based gas sensor rely on working temperature need adequate amount of heat 
and light energy on the sensor surface to exceed the barrier of activation energy which increase sensing response 
followed by redox reaction [21, 22]. It was seen that with large value of operating temperature, the variation occurs 
on the surface morphologies of ZnO nanocomposite. Furthermore, by rising the temperature above optimum 
operating temperature the chemisorbed oxygen ions on the sensor surface reduces which paved path for the 
reduction of sensing responses [23]. So, the operating temperature always kept low to have good capability of 
sensing response. So, it is urging to develop ZnO nanostructures working at low temperature providing 
characteristics like good sensing response, large response time, durable, selectivity and reproducibility. By keeping in 
mind, enhancement of gas sensing properties of zinc oxide, several modifications are done in ZnO which comprises 
doping of metal into ZnO [24-29]. Now-a-days, lot of exploration is done in the field of gas sensing application of 
ZnO based nanomaterial owing to its ample properties. For example, gas sensor is developed due to interaction of 
reversible chemisorption process of reactive gases on the surface of ZnO with varying conduction [30]. The current 
review paper presents the various fabrication methods to produce different range of morphologies of ZnO 
nanomaterial which have good control over the surface to volume ratio that establishes improvement in gas sensing 
applications [31]. The nanostructures comprise of nanoplate, nanorod, nanosphere, nanowires, nanotubes, 
nanoflowers, nanofibres, nanoneedles, nanoribbon, ellipsoids, urchins, helices, combs [32]. The different types of 
morphologies of metal oxide based semiconductor is employed to detect diverse range of toxic gases present in 
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atmosphere such as ammonia, nitrogen dioxide, hydrogen, hydrogen sulphide, carbon dioxide, ethanol, carbon 
monoxide and toluene [33]. The gas sensing mechanism is also discussed.  

 
Fabrication techniques of ZnO nanostructures: 
An ample number of methods are employed to synthesize ZnO nanomaterial with different size and morphologies 
which help in gas sensing performance. The array of nanostructures produced include one dimensional like 
nanowire, nanorod, nanofibre, nanoneedle, nanoribbon, nanotubes, and two dimensional comprises nanosheets, 
nanoplates whereas three dimensional consists of nanoflower, den dimers and urchins. Chemical vapour deposition 
technique is known as vacuum deposition method helpful in creating good quality, enhanced performance solid 
materials. This synthesis method is used to produce films by semiconductor manufacturing unit. In this method 
water substrate is exposed to one or more volatile precursor and reaction undergoes on the presence of substrate 
surface to manufacture needed deposit. During this process nano and microstructure is formed on the heated 
substrate as vapour. The factors like position of substrate, growth temperature, depositiontime, gas flow rate and 
pressure are found significant while deposition occur on ZnO nanostructure [34]. Hence the regulation in deposition 
factor with appropriate optimizatingives the way to the formation of nanostructures of varying shape and size. This 
known mechanism is said to be vapour liquid solid method. The elementary steps involved in this process are 
assimilation of reactant gas and inert gas is allowed to flowinparticular rate into the reaction chamber, movement of 
gas species into the substrate, adsorbent of reactant on the substrate surface and then the reacting material undertake 
the chemical reaction. In this process one and two dimensional nanostructures are formed. 
 
Radio frequency sputtering is one of the synthesis procedures to obtain ZnO nanostructure on the chosen reacting 
material. This technique is said to be effectual for deposition process due to its outstanding bond formation ability 
and maintaining of homogeneity through the substrate. It works on the simple principle which tells that the atoms 
are discharged from the source substance and get deposited on substance surface. Argon is used as gas on the 
deposition process. The main parameter influencing sputtering process are RF power, temperature of substrate, flow 
of argon gas, distance between target and substrate and gas pressure [35]. It was found that ZnO nanorods are 
fabricated by using this process. Hydrothermal synthesis method is generally used to fabricate nanomaterial at low 
temperature. This synthetic approach leads to the chemical reaction occur in solution in the varying temperature 
range from room temperature to very high temperature. In this method the synthesis of ZnO nanomaterial take more 
time, less temperature and in the presence of autoclave. The development of nanozinc oxide is followed by the 
generation of nucleation site. This technique has lot of advantages regarding to the growth, composition etc. It 
requires less temperature, varying shape and size, altered pressure and enhanced crystallinity [36-39]. This method is 
used to fabricate one dimensional nanostructures including nanofibers and nanotubes having broad length and 
enhanced surface area [40]. This technique works on the principle of capillary electro spinning which shows that 
electric current passes through the capillary tube and collector leads to the formation of nanofibers [41]. Sol-gel 
method is a wet chemical synthesis technique which comprises production of an inorganic colloidal suspension 
known as sol and generation of three dimensional gel-like networks in a continuous liquid phase is called gel. It is 
used to fabricate glassy as well as ceramic material. This technique is simple, cost-effective, and versatile and use 
bottom up approach for the fabrication of particle. This method encompasses hydrolysis of reacting material in 
solvents. The ZnO thinfilms are produced by taking metal salt and inorganic salt as reacting material [42, 43]. 
Another method is used to fabricate ZnO is said to be template method. In this process, a template with definite 
shape and size is required for the development of nanostructures via pore or channel followed by nucleation and 
growth process. Templates are classified as hard template which use CNT and porus alumina whereas soft template 
includes flexible polymer and biomolecule. This technique is used to fabricate ZnO hollow sphere [44]. This method 
faces drawbacks like high maintenance cost and very slow rate of growth. 
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Gas sensing applications of ZnO nanostructures 
A device which has the capability to detect the existence or concentration of a particular toxic and explosive gases is 
called as a gas sensor. Metal oxide semiconductors show good sensing activity. The change in electrical conductivity 
arises from the chemical reaction between the adsorbed oxygen onto the metal oxide surface and the gas molecules. 
The adsorbed oxygen molecule on the surface of metal oxides like ZnO nanoparticles is ionized to O2-, O- and O2- by 
acquiring electrons from the conductance band (CB). So it exhibits resistivity towards air environment [45]. The 
reducing gases such as carbon monoxide, ammonia, dihydrogen and ethanol at modest temperature, the oxygen 
species on the nanowire surface react with the investigated gas resulting in the decrease in oxide ion on the surface 
and rise of concentration in electrons. Hence, ZnO nanowire sensors exhibits enhanced conductivity in reducing 
gases. 
 
Sensitivity 
It is defined as the response of gas sensor per unit change in the concentration of gas in terms of conductance and 
resistance. 
 
Selectivity 
The selectivity of gas sensor toward definite molecule depicts the ratio of its response comparing with governing 
intrusive molecule. 
 
Accuracy 
It is the measurement of degree of exactness in comparison with its true value. 
 
Speed of Response 
The time needed for sensor to reach out 90% of total response of the signal with the addition of target gas. 
 
Recovery Time 
The time essential for a sensor to come back to 90% original baseline after removal of the target gas. 
 
Detection Limit 
This is the specific temperature at which lowest trace of gas can be examined. 
 
Stability 
It is the capability of the sensor to maintain its performance for definite period of time. 
 
Resolution 
The lowest concentration difference that can be differentiated when continuous variation of composition. 
 
For environmental application, highly costly and time consuming portable monitor constructed on chemo resistive 
sensor device is used following all recent laws of environment. Admist all the sensors, metal oxide semiconductor is 
treated as significant weapon in environmental monitoring due to properties like cost effective, strong, durable, light 
weight and advantages of having good material sensitivity and quick response time. It is also used to measure and 
regulate small amount of toxic gases like carbon monoxide and nitrogen dioxide [46]. The prerequisite for the metal 
oxide using chemo sensor for enhanced automobile application are ability to endure enhanced temperature, tough 
nature, and effectual steps of packing and diminished dimension. Mostly the temperature range of 600-900 0C is 
applied during package. Another factor is the measurement of the rate of the reaction in the order of the fraction of 
seconds and service life is about 5-10 years. So, new technologies are introduced in automobile manufacturing unit to 
monitor motor functioning, array of emission gases and detect high pollution levels in vehicles [47]. 
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Biomedical apply enhanced sensitive chemo resistive gas sensors for the identification of small trace of test gas 
approaching from biochemical processes taking place in the human body which is used as indicator in lot of patho-
laboratories. Besides the test gas is examined and measured in mixture of intrusive gases and high content of 
humidity. These sensors are used for the clinical diagnostics, breath analysis and regulation of gases [48]. Gas sensor 
with enhanced ability for detecting number of gases present in the human breath is crucial for breath analysing 
system. The key ingredient of human breadth is nitrogen which is commonly found in air, carbon dioxide generated 
by the respiration process, water vapour obtained from evaporation of fluid present in body and unconsumed 
oxygen. For above health diagnostic procedure, advanced technologies are required for the detection of specific gas 
and its amount present in the breath which is connected with different disease and metabolism. Recently lot of the 
research are done in this area to establish relations between components of the breadth and diverse diseases like 
regulation of liver functioning applying ammonia, measurement of the metabolism of cholesterol by using isoprene 
and regulation of carboxyhaemoglobin in blood by carbon monoxide [49-51]. 

 
Photocatalytic property of ZnO nanostructures 
Ecological contamination via water pollution has become a matter of great concern now-a-days. Due to rapid growth 
of urbanization, a lot of coloured waste originating from the dyes used for colouring different products has been 
discharged as effluent by many industries. Living beings face many problems by consuming water from natural 
water bodies like river into which the wastewater coming out of textile, paper, carpet, leather, distillery and printing 
industries is discharged. Major problems like carcinogenicity, mutagenicity, toxicity, coloration of natural water and 
threat to aquatic life in eco-system have been evolved due to the dye exposure to environment [52-55]. So, 
elimination of these dyes is a major research problem as the chemical and physical method cannot completely 
destroy the contaminants. Thus, complete conversion of these pollutants to simpler products is necessary by the use 
of an inexpensive and environment-friendly process. The method of photocatalysis can degrade these dye pollutants 
into simpler products like H2O, CO2 and mineral acids with no secondary pollution. Semiconducting materials are 
the part of a most important technology in the field of environmental cleaning among all the advanced oxidation 
processes. Metal semiconductor materials such as; TiO2, ZnO, Fe2O3, CdS and ZnS are widely used as photo catalyst 
[56, 57]. Further, these semiconductor nano crystals usually show extraordinary size and shape dependent material 
properties and a lot of progress in this field with controllable synthesis and related unique optical properties like 
photoluminescence has been reported [58]. Optically active ions are doped into the II-VI semiconductor nanocrystals 
acting as important host materials and exhibiting good luminescence efficiency even at room temperature [59]. 
Amongst various semiconductors, zinc oxide (ZnO) shows improved photocatalytic degradation efficiency in 
degrading organic dyes in comparison to other metal oxides [60, 61]. ZnO nanoparticles are very useful for water 
detoxification due to production of H2O2 more efficiently and shows high rate of mineralization. It provides high 
surface for reaction due to higher number of active sites and being inexpensive and non-toxic. 
 
There are many studies which provide a basis for the application of ZnO as a photocatalyst to improve azo dye 
pollution. However, the rapid recombination rate of the photo-induced carriers in ZnO generally slows down the 
photocatalytic activity which is unfavourable for commercial application in the photocatalytic degradation of 
contaminants [62, 63]. To improve its photocatalytic activity, metal doping has been carried out because the doping 
metal can efficiently trap the photo-induced charge carriers [64, 65]. It has been reported that metals are very suitable 
and widely used for doping into ZnO including transition-metal cations, noble metals and lanthanide ions [64, 66, 
67]. Yang et al. [68] and Yu et al. [69] have reported the photocatalytic activity of ZnO:Eu3+ nanomaterials synthesized 
by hydrothermal method. Faraz et al. reported the essentiality of samarium doping in enhancing the photocatalytic 
properties [70]. Selvaraj et al. discussed how Gd doping can be useful in achieving better degradation of methylene 
blue by ZnO photocatalyst under visible light [71]. Quasi-stable energy states are created in the band gap by the 
doping of metal oxides with metals, transition metals and lanthanides which affects the optical and electronic 
properties [72, 73].  
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Under the irradiation of UV light, electrons are excited from the valence band to the conduction band and forms 
holes in valence band [74]. The above process takes place in both the metal oxides existing in the nanocomposite. For 
enhancement of photocatalytic efficiency, two major parameters need to be satisfied namely (i) generation of more 
number of carriers and (ii) separation of charge carriers prohibiting the recombination [75]. In the present case, the 
coupling of the two metal oxides donates more and more charge carriers and due to the accumulation of charge 
carriers on either side of heterojunction, separation is achieved in between the charge carrier [76]. The holes attached 
to the ZnO surface react with surface hydroxyl groups or water molecules to generate more and more hydroxyl 
radicals (OH) [77]. On the other side, the accumulated electrons on tin oxide surface react with the dissolved oxygen 
molecules to give super oxide radical (O2•-) anions. The O2•- radicals further react with water molecules to give 
hydrogen peroxide and hydroxyl radicals. The strong oxidizing property of OH radicals triggers the decomposition 
of organic dyes like MO, MB and CR. The detailed reaction mechanism involved in the above process has been 
described elsewhere [77]. 
 

CONCLUSION 
 
This study presents a short review on the synthesis and application of ZnO nanoparticles. Different methods of 
preparation of nano ZnO has been discussed here which are used to synthesize different morphologies of ZnO like 
nanoparticles, nanorods, nanoflowers and nanowires. Besides other important applications of ZnO, the gas sensing 
properties and photocatalytic degradation of ZnO nanoparticles have been discussed elaborately. By keeping in mind 
the factors like selectivity, operation time etc, the zinc oxide is proved to be excellent metal oxide gas sensor. In 
future, metal oxide nanomaterials such as ZnO are going to form main ingredient for production of gas sensors with 
enhanced gas sensing properties. As a wide band gap semiconducting material, ZnO shows good photocatalytic 
degradation property and this can be further improved by the incorporation of metallic dopant ions.  
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The main objective of this paper is to lay down the real meaning of a proverb, i.e. “Prevention is better than 
cure”. Dance was and will be an integral part of the Indian society. It is associated with our cultural roots. 
The life of the dancers is full of struggle in terms of challenges they are facing in their career time. They 
suffer physically as well as mentally due to the stress, which results in the injuries. They cannot even 
express their state, as there is always a fear of replacement so they keep on suffering. There is limitation 
in the evidence in India related to the dance particularly the assessment component so the predictors is 
needed to find out the injury at the initial level so that we can prevent the injuries in dancers. This will 
help in prevent the career loss for them. 
 
 

INTRODUCTION 
 
Dance medicine has seen an exponential increase over last decade. It is defined as “the field of medicine which is 
specialized in evaluating and treatment of performing artist”(1). Traditionally it has moved into the field of sports 
medicine so it has become a specialized branch of sports medicine. The reason can be attributed due to the body 
movements used during dance that places a high physical and physiological demand on the all the systems of the 
body in terms of muscular and joint flexibility, stability, muscle strength, coordination, sensory motor integrity, etc. 
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Therefore, the dancers are believed to be as both athletes and artists (2). The word dance has its origin from the word 
“Danson” which means to drag or to stretch. It is the art of expressions, accompanying the graceful movements with 
or without the inclusion of musical backing. It develops the natural feeling of unity (3). The one who performs this 
art of expressions and movements, referred as “Dancer” or “Performer”. The origination of this aesthetic art is still a 
mystery but we have the evident traces from the agricultural period (5,000 to 9,000 years ago) (4). In India Dance has 
a deep roots, it is believed to be the creation of God Brahma which inspired the Rishi Bharat Muni to write about 
“Natyashastra”(considered as the Bible of Indian classical dance systems), forming the foundation stone of every 
Indian classical dance form. Over the period, there are several phases and transitions in the dance forms of India and 
today there are around seven main kinds of traditional dance forms i.e.:  Bharatanatyam, Mohiniattam, Manipuri, 
Kathak, Kathakali, Kuchupudi, and Odissi. The classical dance of India has two main portions, one is the pure 
movement and other is mimetic portion (5). The dance in India is forming the important part of cultural heritage but 
we are still lacking the researches related to the medical and psychological problems faced by the performers. 
 
Challenges encountered among the dancers 
The dancer is considered as performing athlete, as there is enormous vividity of movements involved. It involves 
series of transition changing from one posture to another, considered as the complex process having various direct 
and indirect effects.  The professionally expert dancers need to be aesthetically pleasing as well as technically sound. 
For the reason the dancers need to be physically sound and fit as well they should be able to handle the stress placed 
on them. According to the review by Koutedakis (2004), concluding that, as the aesthetic goals are important by the 
physical fitness always remains a concern in the life of dancers like the athletes. Classical dancers have earned 
recognition worldwide but the health perspective is still lacking attention. There is a huge demand on the physical 
fitness level of the dancers (6). Despite widespread practice of many traditional Indian dance styles, intensive 
preparation, and a long career as a performer, the health concerns of Indian classical dancers are being least 
investigated. Adam et al, Patterson et al, and Hamilton et al., in their studies, in reference to ballet dancers described 
that the negative stressors dancers’ lives predicted an augmented injury rate (7–9).  Noh et al., suggested that the 
negative stressors are associated with a heightened risk of injury in ballet dancers due to which the dances 
experienced lack of confidence and they starts to doubt their ability as a dance(10). Psychology plays important role 
in dancing, which describes the effect of psychological coping skills in reducing the injury extent and rate. So it’s 
evident, the life of dancer is full of stress like the roller coaster ride and always being in the confusion about their 
capabilities, low self esteem and completion stress, and many other factors which become the reason of injury and 
restrict the career and dream of being a successful artist(11).  
 
Musculoskeletal Injuries among the traditional dancers 
Yiannis Koutedakis, et al, 2008 in his study concluded that the dancers are at greater risk of injuries due to increasing 
use of efficient and advance ways of training in dance so to end this problem, advanced techniques are being used. 
The most common sites of musculoskeletal pain in female Bharatanatyam dancers were the knee (48.8%), low back 
(24%), ankle (12.4%), and shoulder-neck complex (7.5%), according to a study of musculoskeletal problems in female 
Bharatanatyam dancers(12). Another study of Bharatanatyam dancers from two separate dance schools showed that 
the knee, followed by the foot, elbow, hip, and shoulder, was the body part most vulnerable to injury. Based on the 
evidence it has been confirmed that greater prevalence of lower extremity injuries among dancers. Ryan and 
Stephens claim that 90% of all professional dancers suffer from different types of dancing injuries during their career. 
According to Bronner et al., lower extremity injuries accounts for 58% of all dancing injuries, out of which 34% affect 
the ankle and foot region (13). Some scholars report that lower limb injuries represent around 70% of all dancing 
injuries. In a study conducted by Paul and Kapoor in Indian traditional dancers, knee injuries were the most 
common type of injuries among these dancers it was due to the different dance positions that the knee experience 
torque from large twisting and rotation(14). Another knee joint injury explanation in Bharatanatyam dancers was 
given by Fry et al. which explains that extension if knee far beyond then the toe, puts excessive shearing stress on the 
knee joint(15). In a more recent study, a relationship was found between the tight iliotibial band and quadriceps 
muscle with lower extremity injuries among Bharatanatyam dancers. They discussed the importance of flexibility 
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and stretching program for the prevention of injuries in dancers with an advice of including stretching exercise in 
their daily routine(16) . There are myriads of dancing players that place them at a risk of MSI. Some of the major 
factors leading to dance injuries are biomechanical abnormalities, agonist-antagonist muscular strength imbalances, 
lack of flexibility of the due to incorrect performance of dancing movements, Dancers who are not able to attain an 
ideal dancing position may develop compensatory strategies which may further lead to various musculoskeletal 
injuries. Negus et al. noted that if the dancer attempts to attain an ideal position in dancing without adequate range 
of motion or flexibility, he or she is more prone to injuries. Nair et al discussed in their survey related to the 
musculoskeletal injuries in dancer that around 73.5 % classical dancer population has described injury in their career 
in which back, knee and ankle considered as most prone area(17).  
 
Predictors of Musculoskeletal Injuries 
The injury reason was attributed to various factors like muscle imbalance, flooring, diet, inadequate exercises etc. 
Some of the typical postures in Bharatanatyam and other classical dance forms are intensely challenging in terms of 
muscle control and balance, forcing the dancers' stability to the test and exposing them to pain.  Second, classical 
dancers (both Indian and Western) often adopt postures that require forced knee turnout, resulting in medial 
contractile and non-contractile structures overstretching. As a result, the medial structures weaken, and the lateral 
knee stabilizers become more active, resulting in biomechanical imbalances in the patellofemoral joint. It is possible 
that this is the case. The classical dancers (both Indian and Western) commonly assume postures that involve forced 
turnout at the knee resulting in overstretching of medial contractile and non-contractile structures. This causes 
weakening of the medial structures and subsequent increased activity of the lateral knee stabilizers, leading to 
biomechanical imbalances of the patellofemoral joint. This could be the reason for patellofemoral joint syndrome as 
has been commonly reported among Bharatanatyam dancers.  The muscle tightness can be also one of the reasons, 
which leads to overuse injury or even produce early wear and tear changes in weight-bearing joints (17).  
 
Biomechanics is the branch, which deals the motion of human body by studying the forces acting on the body and 
the effects produced. It applies the principle of mechanics and engineering. is the study of the human body in 
motion. There are several equipments which are used in this field to measure and record time, motion and force, 
thereby advancing knowledge in such areas as developmental biomechanics, biomechanics of exercise and sports 
(including dance), and rehabilitative biomechanics. Motion capture, electromyography, dynamography, and 
dynamometry are the most common techniques used in the biomechanics around the world. In other words, 
biomechanics is the scientific discipline that studies the mechanical codes of human movement, such as muscle fiber 
recruitment, by using state-of-the-art technologies and techniques. In the history of the physics, Aristotle was the 
first to research and write about complex movements like running, walking. Archimedes supported this by the by 
the research of, movements in water.  This study of biomechanics started by the 1970 and first used in the field of 
sports. It is very import tool in predicting out the any movement related fault  so it can help in finding out the reason 
behind the injury caused by certain movements and avoiding them(12).  
 

CONCLUSION  
 

With the increasing number of dancers in the country so do the rate of injuries are increasing but still we lack the 
right predictors to find out the way to analyze or predict the injury initially so that we can predict the injury at the 
initial level only and we can prevent them. Therefore, biomechanical analysis plays an important key towards this 
initiative. As all the individuals are biomechanically different and what we perceive as superior technique is 
uniquely reserved for a specific individual. Nevertheless, biomechanics can help dance educators to detect the root 
causes of faults (e.g., anatomical imbalances) that arise during particular movements, secure the best possible use of 
their dancers’ natural abilities (talent), and avoid movements that may cause injuries. So need for analyzing the 
biomechanics of traditional form of the dance forms arise so that we can protect our dancers and we will be able to 
save our heritage. 
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The day-to-day life financial transactions are related to Automatic Teller Machine (ATM). Authentication 
is an important aspect in system control in electronic machine. In general transaction mechanism uses in 
ATM card swiping with Personal Identification Number (PIN) for customer verification process. The 
most popular authentication mechanism is classical PIN method. Recently the advanced technology is 
introduced like fingerprint, face recognition, Iris recognition, palmprint technology, GPS, Sensor etc… for 
the security purpose and the combination of multilevel security mechanisms are implemented in ATM 
authentication process. The major five attributes namely accuracy, cost, speed, user flexibility and 
security are analyzed in the smart ATM transactions with advanced level security using One Time 
Password (OTP) technique. The proposed system has two objectives for transactions process. The first 
objective is smart transaction using Wi-Fi technology and second objective is an advanced level security 
mechanism using OTP. The proposed system is better than that the existing system based on the five 
major attributes. The major advantage of proposed system is a customer need not worry about the swipe 
and PIN. 
 
Keywords: ATM, PIN, OTP, Security, Authentication  
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INTRODUCTION 
 
Due to rapid theft and fake transaction occurs in ATM machine and threats also being posed to destroy this 
multilevel security. The various financial sectors namely bank, post office and finance related companies are 
expecting the higher level of security in ATM transaction. The existing ATM transaction model uses a card swipe and 
a PIN process. The hackers easy to hacking and theft the customer money through the swiping and static PIN 
methods [1]. To overcome, the smart ATM transactions with advanced level security using OTP technique is used. In 
database stored the information about a customer account details, debit card details. The random OTP will extend 
the security level for ATM transactions. The initial process of transaction, a user will connect the debit card through 
Wi-Fi connectivity device. The data received from user sides, which is compared with the stored database. If the 
initial verification process is completed it will forward to next process of random OTP generation. The OTP will be 
sent to the corresponding customer registered mobile number. If the second verification process done by customer 
and machine, the transaction can proceed. The mixture of Wi-Fi technology and random OTP generation process 
reduce the chances of theft free a user from an addition burden of recalling intricate passwords. 
 
Benefits of Wi-Fi and OTP 
The purpose of Wi-Fi transaction is most flexible to customer. The customer can easy to communicate with machine 
without any interrupt. In general swiping or card holding method will taking much more time compared with 
proposed system and also sometime card may damage or lose by the customer. To overcome, Wi-Fi technology is 
better than that the existing technology. Shimal and Jhunu [2] presented the two-level authentication were PIN and 
OTP for customer transaction security. In general PIN methods used for all type of data transactions. The OTP 
method is advanced level of security for data transactions and it’s used when a customer wishes to exceed the 
withdrawal limit. 
 
Types of Authentication Process 
The ATM authentication process are classified into various categories namely single factor, two factor, three factor 
and multi factor. In Table 1 has been shown single-factor authentication process. The two-factor authentication 
process has been shown in Table 2. The three-factor authentication process has been shown in Table 3 and 
multifactor authentication process has been shown in Table 4. 
 
Biometrics Comparison 
The biometric security is enhanced security for ATM transactions. In table 5 has been shown comparison of various 
biometric metrics namely cost, accuracy, performance, flaws and stability [1]. 
 
The Proposed Method 
 
Problem statement : The best public financial assist is an ATM banking and security is one of the major factors. The 
security enhancement is most important of ATM transactions. To overcome, the proposed system to solve problems 
like card fraud, skimming, card data stealing / trapping. The proposed system incorporating the advanced 
technology with random OTP technique. While generating random OTP, will send to the customer mobile number.  
 
Advanced Level Security: The public is a bank customer or client when they have registered their details in the bank 
and the bank has created a profile for them. The customer details are maintained by database format. The 
authentication details are required to allow access for customer to carry out the transactions namely withdrawal, 
balance checking, mini statement, money transfer etc… 
 
Objective of Proposed System: The high level of model of the proposed system has been shown in Figure 1. There 
are two authentication process handled by bank server. The first authentication process for bank employees and 
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second authentication process for customers. The customer authentication process is maintained for transaction 
details. The advanced level authentication mechanisms used are Wi-Fi with random OTP generation. The ATM was 
interfaced with a Wi-Fi reader for easy to access and OTP enhancing the advanced level of security. The entire details 
will be verified on the banking system. If any authentications input is mismatched with banking system, it will 
destroy the process.  
 
Customer Registration Process: The bank collects the customer personal information like first name, middle name, 
last name, age, date of birth, Aadhar number, photograph, mobile number etc... in customer registration phase [3]. 
The customer registration process has been shown in Figure 2. 
 
Wi-Fi Authentication Process: The Wi-Fi authentication process is an initial stage for customer transaction has been 
shown in Figure 3. The client needs to carry out a transaction, Wi-Fi as an input for transaction and recognized the 
data automatically converted into binary codes. The binary code compared with bank database and find the 
matching of customer records. If the customer data matches with bank data bases, then the customer is authorized to 
carry out to the next OTP generation process. 
 
OTP Authentication Process: The next level of security process is an OTP authentication process for customer 
transaction has been shown in Figure 4. The client needs to carry out a transaction, random OTP generation as an 
input for transaction and recognized the data automatically converted into binary codes. The binary code compared 
with bank database and find the matching of customer records. If the customer data matches with bank data bases, 
then the customer is authorized to carry out to the transaction process. 
 
Random Number Generation  
The random number generation followed by method 1 and 2. The first method is generation of sequence of Pseudo-
Random Numbers representing (Yn) in equation (1).  The random number will generate dynamically on the time of 
customer transactions.  
Y୬ାଵ =  (a  Y୬ + C) mod(m)       (1) 
The values are a – choices, C – increment and m – modulus. To overcome the first method random sequence OTP 
generation method has enhanced to the second method. The formula for new random number generator has been 
shown in equation (2). The value C and is substitute in the random number generators increment by 1. 

C =  (b  X୬ + d) mod(m) 
Y୬ାଵ = C 

Y୬ାଵ =  (a  Y୬ + C) mod(m)         (2) 
The random number (Yn+1) generated will be the OTP. The value of ‘m’ should be a large prime number in order to 
distinct unrelated numbers. Though the overhead is increased due to computation, but the repetition of a sequence is 
completely eliminated [3]. 
 
Factor Comparison: The five important attributes namely accuracy, cost, speed, user flexibility and security are 
analyzed in the smart ATM transactions with advanced level security using One Time Password (OTP) technique 
compared with other security parameter in Table 6. The advanced level security has enhanced in ATM transactions. 
In table 5 has been shown comparison of four types of factor are compared with basic metrics namely cost, accuracy, 
performance, flaws and stability [4-15]. The comparison factors can be classified into four types like single, Two, 
Three and Multi-factor. The comparison factors pictorial representation has been shown in Figure 5. The values are 
Low, Medium and High. Low is denoting the numeric value one, medium is two and high is denoting three. 
 
Future Scope: The biometric security is challenging technique compared with proposed OTP. The flaws of OTP 
generation technique like mobile network and GSM mobile server problems. To overcome the proposed system, 
need to be implement the other security technique. 
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CONCLUSION 
 
The proposed system will be developed for ATM security enhancement. The system shows the metric and quality 
analysis of algorithms used based on the metrics of existing algorithms. The random generation algorithm is very 
accurate, require less computation time, less volume and user flexibility. The comparison of proposed system is 
better than that existing system.  
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Table1.Single-factor Authentication Process 
Authentication 

Swiping PIN OTP Wi-Fi Finger Iris Retina Face Palm 
●         

 ●        
  ●       
   ●      
    ●     
     ●    
      ●   
       ●  
        ● 

 
Table 2. Two-factor Authentication Process 

Authentication 
Swiping PIN OTP Wi-Fi Finger Iris Retina Face Palm 

●  ●       
●    ●     
●     ●    
●      ●   
●       ●  
●        ● 

 ●  ●      
  ● ●      
   ● ●     
   ●  ●    
   ●   ●   
   ●    ●  
   ●     ● 
 
Table 3. Three-factor Authentication Process 

Authentication 
Swiping PIN OTP Wi-Fi Finger Iris Retina Face Palm 

● ● ●       
● ●   ●     
● ●    ●    
● ●     ●   
● ●      ●  
● ●       ● 
 ● ● ●      

  ● ● ●     
  ● ●  ●    
  ● ●   ●   
  ● ●    ●  
  ● ●     ● 
 ●  ● ●     
 ●  ●  ●    
 ●  ●   ●   
 ●  ●    ●  
 ●  ●     ● 
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Table 4. Multi-factor Authentication Process 
Authentication 

Swiping PIN OTP Wi-Fi Finger Iris Retina Face Palm 
● ● ●  ●     
● ● ●   ●    
● ● ●    ●   
● ● ●     ●  
● ● ●      ● 
 ● ● ● ●     
 ● ● ●  ●    
 ● ● ●   ●   
 ● ● ●    ●  
 ● ● ●     ● 

 
Table 5.Comparison of biometric technologies 
Biometrics Cost Accuracy Performance Flaws Stability 
Iris High High High Lighting High 
Retina High High High Glasses High 
Face Medium Medium Medium Beard, glasses, age Medium 
Fingerprint Low Medium Medium Dirt, dryness High 
 
Table 6. Comparison of Factors 
Factors Cost Accuracy Security User Flexibility Speed 
Single Low Medium Medium High High 
Two Medium High Medium Medium High 
Three High High High Low Medium 
Multi High High High Low Medium 
 

 
Figure 1. High Level Model of Proposed System 
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Figure 2. Customer Registration Process 

 
Figure 3.Wi-Fi Authentication Process 

 
Figure 4.Wi-Fi Authentication Process 

 
Figure 5.Factor Comparison 
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Eclipta prostrata (L.) is a medicinally important plant species to treat various diseases such as hepatic 
diseases. Liver diseases are a major health problem worldwide, making it necessary to develop new 
molecules to help counteract or prevent liver diseases. The present study aimed to evaluate the in vitro 
hepatoprotective activity. Ethanolic leaf extract was prepared by using the soxhlet extraction method. 
The plant extract has been shown the presence of different phytoconstituents. in vitro hepatoprotective 
activity was determined by the MTT assay method HEP G2 (Human Hepatic cells), ethanol were used as 
toxic agent. The study concluded that the ethanolic leaf extract of Eclipta prostrate (L.) has significant 
hepatoprotective activity due to the presence of wedelolactone, coumarin. 
 
Keywords: Eclipta prostrata (L.), in vitro hepatoprotective activity, MTT Assay 
 

INTRODUCTION 
 
The herb Eclipta prostrata (L.) L.(Asteraceae) is commonly known as Bhringaraja has been widely used in India for the 
traditional treatment of liver disorders [1]. Liver is an important vital organ it regulates different functions in the 
body, metabolism, secretion, storage, and detoxifying. Various types of liver disorders are characterized by cirrhosis, 
tumors, jaundice, metabolic and degenerative lesions, and liver cell necrosis. The liver is continuously exposed to an 
elevated amount of toxic agents because the portal vein supplies blood to this organ after intestinal absorption [2]. 
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Herbal medicines are popular remedies for diseases and are used by the vast majority of the population worldwide 
[3]. Natural remedies from medicinal plants are considered to be an effective and safe alternative treatment for liver 
toxicity [4]. The preliminary Phytochemical investigations are very important in identifying new sources of 
therapeutically important compounds like alkaloids, saponins, flavonoids, steroids, phenolic compounds, coumarin 
luteolin, wedelolactone, triterpenoids, proteins, amino acids, reducing sugar [5]. The plants are also having different 
pharmacological activities like Analgesic and Anti-inflammatory activity, antimicrobial effect, Antihyperglycemic 
effect, Antioxidant properties, hypolipidemic effect, Neuropharmacological effects, Hair growth and Alopecia, 
Immunomodulatory activities, Anticancer activity [6]. 
 

MATERIALS AND METHODS 
 
Collection and Authentication 
Fresh leaves of Eclipta prostrata were collected from Kanchipuram, Tamilnadu, India, and authenticated at Botanical 
Survey of India, Southern Regional Centre, Coimbatore. (No: BSI/SRC/5/23/2021/Tech/12)  
 
Preparation of Extract 
The collected plant materials were gently washed and then shade dried under room temperature. After complete 
drying, the dried plant materials were pulverized followed by sieving to obtain coarse powder. The powdered plant 
material (500 g) was extracted with ethanol (95.99%) using a soxhlet extractor. The extract obtained was evaporated 
under vacuum using a rotary evaporator and concentrated [7]. 
 
Preliminary Phytochemical Screening 
Phytochemical investigation of ethanolic extract of Eclipta Prostrata (L.) L was carried out qualitatively to test for the 
presence of alkaloids, phenols, flavonoids, Phytosterols, proteins, amino acids, tannins, saponins [8, 9]. 
 

Detection of Alkaloids  
Mayer’s Test: Filtrates were treated with Mayer’s reagent (Potassium mercuric iodide solution ) Formation of a 
cream color precipitate indicates the presence of alkaloids.  
Hager’s Test: Filtrates were treated with Hager’s reagent (saturated solution of picric acid) Formation of yellow color 
precipitate indicates the presence of alkaloids.  
 
Detection of Saponins  
Foam Test: The extract were shaken with little quantity of water. If the foam persists for 10 minutes it indicates the 
presence of saponins.  
 
Detection of Carbohydrates  
Benedict’s $: Filtrates were treated with Benedict’s reagent and heated on a water bath. The formation of a red color 
precipitate indicates the presence of reducing sugars.  
Molisch’s Test: Filtrates were treated with 2 drops of alcoholic α-naphthol solution and 2ml conc. H2SO4 was added 
carefully through the sides of a test tube. Formation of purple to violet color ring appears at junction indicates the 
presence of carbohydrates.  
 
Detection of Phytosterols  
Liebermann bur chard’s Test: Extracts were treated with chloroform and filtered. The filtrates were treated with few 
drops of acetic anhydride. Boiled and cooled. Conc. Sulphuric acid was added carefully along the sides of the test 
tube. The brown ring is formed at the junction of two layers indicates the presence of phytosterols.  
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Detection of Flavonoids  
Shinoda Test: A small quantity was dissolved in alcohol to these pieces of magnesium followed by concentrated 
hydrochloric acid were added drop wise and heated. The magenta color indicates the presence of flavonoids. 
With Aqueous Sodium Hydroxide Solution: Small quantity of extract was dissolved in aqueous sodium hydroxide 
and appearance of yellow color indicates the presence of flavonoids. 
 
Detection of Proteins and Amino Acids 
Xanthoprotein Test: The extracts were treated with few drops of conc. nitric acid solution. The yellow color indicates 
the presence of proteins.  
Ninhydrin Test: The extracts were treated with 0. 25% ninhydrin reagent was added and boiled for few minutes. The 
Blue color indicates the presence of amino acids.  
 
Detection of Phenols  
 Ferric Chloride Test: Extracts were treated with ferric chloride solution. Bluish black color indicates the presence of 
phenols.  
 
Detection of Tannins  
Gelatin Test: To the extract, 1% gelatin solution containing sodium chloride was added. The Formation of white 
color precipitate indicates the presence of tannins. 
 
In Vitro Hepatoprotective Activity  
Determination By MTT Assay 
Cell lines and Maintenance 
HEP G2 (Human Hepatic cells) cell line was purchased from National Centre for Cell Sciences (NCCS), Pune, India 
and maintained in Dulbecco’s Modified Eagles medium (DMEM) (Sigma Aldrich, USA). The cell line was cultured in 
a 25 cm2 tissue culture flask with DMEM supplemented with 10% FBS, L-glutamine, sodium bicarbonate, and the 
antibiotic solution containing: Penicillin (100U/ml), Streptomycin (100µg/ml), and Amphotericin B (2.5µg/ml). 
Cultured cell lines were kept at 37ºC in a humidified 5% CO2 incubator.  
The viability of cells was evaluated by direct observation of cells by microscope and followed by the MTT assay 
method.  
 
Cells Seeding In 96 Well Plate 
Two days old confluent monolayer of cells were trypsinized and the cells were suspended in a  10% growth medium, 
100µl cell suspension (5x103 cells/well) was seeded in 96 well tissue culture plate and incubated at 37ºC in a 
humidified 5% CO2 incubator.  
 
Preparation of Compound Stock 
1mg of the sample was weighed and completely dissolved in 1mL DMEM using a cyclomixer. The extract solution 
was filtered through a 0.22 µm Millipore syringe filter to ensure sterility. Ethanol (40%) was added to induce toxicity. 
 
Cytotoxicity Evaluation 
After sufficient growth attaining, Ethanol (40%) was added to induce toxicity and incubated for one hour, prepared 
extracts in DMEM were five times serially diluted by two-fold dilution (6.25µg, 12.5µg, 25µg, 50µg, 100µg, in 500µl 
of DMEM) and each concentration of 100µl was added in triplicates to the respective wells and incubated at 37ºC in a 
humidified 5% CO2 incubator. 
 
Cytotoxicity Assay by Direct Microscopic observation 
Entire plates were observed in an inverted phase-contrast tissue culture microscope (Olympus CKX41 with Optika 
Pro5 CCD camera) and microscopic observations were recorded as images.  To observe any detectable changes in the 
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morphology of cells, rounding or shrinking of cells, granulation, and vacuolization in the cytoplasm of the cells were 
considered as indicators of cytotoxicity.  
 
Cytotoxicity Assay by MTT Method 
15mg of MTT (Sigma, M-5655) were reconstituted in 3 ml PBS until completely dissolved and sterilized by filter 
sterilization. After 24 hours of the incubation period, the sample content in wells was removed and 3 0µl of 
reconstituted MTT solution were added to all test and cell control wells, the plates were gently shaken well, then 
incubated at 37ºC in a humidified 5% CO2 incubated for 4 hours. During the incubation period, the supernatant was 
removed and 100µl of MTT Solubilization Solution (DMSO) was added and the wells were mixed gently by pipetting 
up and down in order to solubilize the formazan crystals. The absorbance values will measure by using a microplate 
reader at a wavelength of 540 nm [10]. 
The % of growth inhibition was calculated by using the formula 

ݕݐ݈ܾ݅݅ܽ݅ݒ ݂ % =  
 ݏ݈݁݉ܽܵ ܦܱ ݊ܽ݁ܯ

ݑݎܩ ݈ݎݐ݊ܥ ݂ ܦܱ ݊ܽ݁ܯ
× 100 

 

RESULTS AND DISCUSSION 
 
The preliminary Phytochemical screening of Eclipta prostrate(L.) leaf extract reveals the presence of phenols, 
alkaloids, proteins, amino acids, tannins, flavonoids, Phytosterols, saponins. It has been reported that ethanol causes 
apoptosis, cell injury and necrosis. A dose-dependent increase in the percentage viability was observed when ethanol 
exposed HepG2 cells were treated with different concentrations of the plant extract. The ethanolic leaf extract 
showed minimum percentage (64) of cell viability in the concentration of 6.25 µg/ml. Ethanol showed 45.08 
percentage cell viability. Ethanolic leaf extract showed a maximum Percentage (74.61) of cell viability in the 
concentration of 50µg/ml. Higher concentrations such as 100 µg/ml shown reduced hepatoprotection than lower 
concentrations suggesting possible cytotoxicity at higher concentrations. 
 

CONCLUSION 
 
The viability of ethanol-treated cells was reduced to 45.08 when compared with untreated controlled samples having 
100% viability. The ethanolic leaf extracts effectively ethanol toxicity up to 50µg/ml in a dose-dependent manner, 
50µg/ml effectively restored with cell viability to 75%. From the basis of the results of the study, it can be concluded 
that the ethanolic leaf extract of Eclipta prostrate (L.) has significant hepatoprotective activity. 
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Table 1. Phytochemical screening of Eclipta prostrate(L.) ethanolic leaf extract 

S.No Phytoconstituents Ethanolic leaf extract 
1 Alkaloids + 
2 Saponins + 
3 Phytosterols + 
4 Flavonoids + 
5 Proteins + 
6 Phenols + 
7 Tannins + 
8 Coumestans ++ 
9 Carbohydrates - 

+ Indicates presence of phytoconstituents 
-  Indicates absence of phytoconstituents 

 
Table 2. Percentage of cell viability on liver cells 
 

 
 
 
 
 
 
 
 

Sample 
Concentration 

(µg/ml) 
OD I OD II OD III 

Average 
Absorbance @ 

540nm 

Percentage 
Viability 

CONTROL 0.4300 0.4317 0.4337 0.4318 100.00 
Ethanol 0.1967 0.1909 0.1964 0.1947 45.08 

Sample code: Ethanolic  Leaf Extract 
6.25 0.2851 0.2715 0.2725 0.2764 64.00 
12.5 0.2876 0.2775 0.2744 0.2798 64.81 
25 0.2913 0.2816 0.2853 0.2861 66.25 
50 0.3278 0.3168 0.3219 0.3222 74.61 

100 0.2463 0.2482 0.2471 0.2472 57.25 
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Fig.1 : Cytotoxicity Assay by Direct Microscopic observation 

 
 
 
 
 
 
 
 
 
 
 
 

Umesh  et al. 
 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 
 
Vol.12 / Issue 67 / August / 2021          International Bimonthly (Print)                          ISSN: 0976 – 0997 
 

33378 
 

   
 
 

 

High Order OSCM for Two-Point Boundary Value Problem 
 
Santosh Kumar Bhal* and Balaji padhy 

 

Centurion University of Technology and Management, Odisha, India. 
 
Received: 24 May 2021                              Revised: 16 Jun 2021                                   Accepted: 25 Jun 2021 
 
*Address for Correspondence 
Santosh Kumar Bhal 
Centurion University of Technology and Management,  
Odisha, India. 
E.mail : Santosh.bhal@cutm.ac.in 

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 
(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. All rights reserved. 
 
 
An orthogonal spline collocation technique (OSCM) has been utilized for a two-point boundary value 
problem in this paper. We utilize cubic monomial premise capacities to approximate the solution for 
linear and boundary value problems. A few mathematical trials are then performed and network 
refinement examination is carried out to figure the request for the intermingling of the mathematical 
strategy. We then, at that point attempt to show that the symmetrical spline collocation techniques 
(OSCM) provide the ideal request of intermingling at the bunches as analyzed against the current 
mathematical strategies.  
 
Keywords: Orthogonal cubic spline collocation strategies (OCSCS), Two-point boundary value problem, 
Cubic monomial premise capacities, and Almost block diagonal (ABD) matrix 
 

INTRODUCTION 
 
Numerous numerical methods exist to approximate the solutions of nonlinear partial differential equations. The 
stability and efficiency of orthogonal spline collocation methods over B-splines have made the former more 
preferable than the latter. As against finite element methods, determining the the approximate solution and the 
coefficients of stiffness matrices and mass is relatively fast as the evaluation of integrals is not an requirement.   
 
Spaces of Piece-wise Polynomial Functions 
For successful implementation of oorthogonal spline collocation methods, the selection of subspace Shplays a vital 
role in efficient computation of the collocation approximations. 
It is normally picked to be a space of piece-wise polynomial capacities. To characterize such spaces, let ܲindicate the 
arrangement of polynomials of degree ≤  Let . ݎ

ߨ ∶ 0 = ݔ < ଵݔ < ଶݔ < ⋯ < ேݔ < ேାଵݔ = 1 
denote a partition of ܫ, and set  

ܫ = ,ିଵݔൣ ݆      ,൧ݔ = 1, … ,ܰ + 1, 
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ℎ = ݔ − ିଵ and ℎݔ = maxℎ .Now define  
ܯ
(ߨ) = ቄݒ|ݒ ∈ ூೕ|ݒ,(ܫ)ܥ ∈ ܲ , ݆ = 1, … ,ܰ + 1ቅ 

where ܥ(ܫ)indicates the space of capacities which are݇ times continuously differentiable on ܫ, 0 ≤ ݇ ≤  and ,ݎ
ܫ to the interval ݒ ூೕsignify the limitation of the capacity|ݒ . We denote by ܯ

 ,(ߨ) the space 
ܯ
(ߨ)∩ (0)ݒ|ݒ} = (1)ݒ = 0}. 

It is to see that ܯ
(ߨ) and ܯ

 ,(ߨ) are linear spaces of dimensions ܰ(ݎ − ݇) + ݎ + 1 and ܰ(ݎ − ݇) + ݎ − 1, 
respectively. Two examples of commonly used piece-wise polynomial spaces are treated in the following material of 
this paper. 
 
The Space of Piece-Wise Hermite Cubic Function ࡹ

(࣊): 
This space has dimension 2ܰ + 4. We express the basis function on [ݔିଵ,ݔ], with ݔ = ݅ℎ, 

(ݔ)ିଵ݈ݒ = −2 ቂ
ݔ − ݔ
ℎ ቃ

ଷ
+ 3 ቂ

ݔ − ݔ
ℎ ቃ

ଶ
, (ݔ)݈ݒ = −2 ቂ

ݔ − ିଵݔ
ℎ ቃ

ଷ
+ 3 ቂ

ݔ − ିଵݔ
ℎ ቃ

ଶ
, 

and 

ିଵ݈ݏ = −ℎ ൜ቂ௫ି௫

ቃ
ଷ
− ቂ௫ି௫


ቃ
ଶ
ൠ,        ݈ݏ = ℎ ൜ቂ௫ି௫షభ


ቃ
ଷ
− ቂ௫ି௫షభ


ቃ
ଶ
ൠ. 

The functionsݒ and ݏ are known as the value function and the slope function respectively, related with the point 
ݔ ∈  If the approximate solution is expressed as .ߨ
(ݔ)ݑ = ∑ ൛ߙݒ ݈(ݔ) + ݏߚ ݈(ݔ)ൟேାଵ

ୀ , 
then 
ߙ = ,൯ݔ൫ݑ ߚ = ′ݑ ݆   ,(ݔ) = 0, … … . . ,ܰ + 1. 
Since  
ݒ ݈(ݔ) = ,ߜ ݒ ݈

(ݔ)′ = 0 and ݏ ݈(ݔ) = 0, ݏ ݈′(ݔ) = ,ߜ ݅, ݆ = 0, … ,ܰ + 1, 
where ߜis the Kronecker delta function with ߜ = 1, if ݅ = ݆  and ߜ = 0, if ݅ ≠ ݆. A basis for ܯଵ

ଷ,(ߨ) is is gotten by 
precluding the capacities݈ݒ(ݔ) and ݈ݒேାଵ(ݔ). 
 
Monomial Bases 
Assuming that on eachsub-interval[ݔିଵ ݅ ,[ݔ, = 1,2, … ,ܰ, the collocation approximation ݑ ∈ ଵܯ

ସ(ߨ)has the form: 
(ݔ)ݑ = ଵݕ + ݔ) − ଶݕ(ିଵݔ + ݔ) − ଵݖିଵ)ଶݔ + ݔ) − ଶݖିଵ)ଷݔ + ݔ) −  ,ଷݖିଵ)ସݔ
so that, 
′ݑ (ݔ) = ଶݕ + ݔ)2 − ଵݖ(ିଵݔ + ݔ)3 − ଶݖିଵ)ଶݔ + ݔ)4 −  ,ଷݖିଵ)ଷݔ
and 
(ݔ)′′ݑ = ଵݖ2 + ݔ)6 − ଶݖ(ିଵݔ + ݔ)12 −  .ଷݖିଵ)ଷݔ
A noteworthy observation is that the continuity is not built into the approximate solution. With this representation of 
݅ ,[ݔ,ିଵݔ], the collocation equations on the sub-intervalݑ = 1,2, … ,ܰ, are of the form  
ܸݕ + ܹݖ =  ,ݍ

where ܸ and ܹ are 2 × 3matrices, ݕ = ,்(ଶݕ,ଵݕ) ݖ = ,ଶݖ,ଵݖ) ′ݑ  and (ݔ)ݑ ,ଷ)். In additionݖ  are required to be (ݔ)
continuous at ݔ =  , which leads toݔ
ାଵݕ = ݕܥ + ݅   ,ݖܦ = 1, … ,ܰ. 
For more details of the above basis functions, we refer to [1,2,4,8,10]. 
The prevalence of the orthogonal spline collocation strategy is because of its reasonable effortlessness, wide 
pertinence, and simplicity of execution. The orderly joining of limit and interface conditions in OSCM adds to the 
rundown of benefits of favouring this technique. The semi-discrete framework is addressed by RADAU 5 
programming library [8-9] which is appropriate for tackling differential algebraic equations (DAEs).  
 
Orthogonal spline collocation (OSC) strategy for straight two-point boundary value problem (BVPs) for customary 
differential conditions (ODEs) was depicted and first broke down in the original paper of deBoor and Swartz 
[3,5,9,11], which established the framework for the detailing and investigation of OSC techniques for a wide 
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assortment of issues and the improvement of programming bundles for their answer; see [7]. The persistent time 
OSC strategy and the discrete-time Crank–Nicolson OSC technique for linear parabolic initial–boundary value 
problems (IBVPs) in one space variable and diagram utilizations of OSC to different conditions in a single space 
variable, for example, Schrodinger-type conditions were first figured and broke down in [8], and Cerutti and Parter 
[8] integrated with the aftereffects of [10] and those of Douglas and Dupont. Following the methodology of Douglas 
and Dupont, Houstis [11] considered OSC for nonlinear second-request exaggerated issues. 
  

௫௫ݑ + ௫ݑ + ݑ = ݔ    ,0 ∈ (0,1)− −− (1) 
Subject to boundary condition 

(0)ݑ = ,ߙ (1)ݑ =  ߚ
where ߙ and ߚ are known constants. Optimal order ܪଵ and ܪଶ error estimates are derived. As the OSC linear system 
turns out to be complicated for the given case it is solved by a direct method based on the capacitance matrix 
technique. On a uniform partition, the total cost of the capacitance matrix method for computing the OSC solution is 
ܱ(ܰଷ).Since the capacitance system is first formed explicitly and then solved by Gauss elimination. fourth-order accuracy of 
the approximations and the super convergence of the derivative approximations at the mesh points are 
demonstrated by the results calculated from the numerical experiments. Resulting system (1), we use orthogonal 
cubic spline collocation method and approximate the discrete solution using monomial basis functions or piece-wise 
Hermite cubic basis functions. The semi-discrete system is then integrated in time using RADAU 5 [8-9] time 
integrator. 
 
Numerical Example 
Consider the problem         ݑ௫௫ + ௫ݑ + ݑ = sin(ݔ) ݔ          , ∈  (ߨ,0)
With boundary conditions    (0)ݑ = (ߨ)ݑ = 0 
Below, we have shown the error in tabular form. 

 

CONCLUSION 
 
An orthogonal cubic spline collocation method (OCSCM) to one-dimensional fourth-order linear boundary value 
problems has been developed as several numerical experiments are performed to obtain the fourth order 
convergence at the grid points. 
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Table :1 Numerical Example Error in Tabular Form. 
N (ݑ)∞ܮ order (′ݑ)∞ܮ order 
10 1.4753e-04  1.9765e-03  
20 8.6752e-06 4.0575e+00 1.9086e-04 3.3165e+00 
30 1.3896e-06 4.5851e+00 3.0784e-05 4.5329e+00 
40 4.5764e-07 3.7777e+00 1.8123e-05 1.8566e+00 
50 1.8756e-07 3.9555e+00 6.9834e-06 4.2715e+00 
60 9.5537e-08 3.6999e+00 3.7684e-06 3.3990e+00 
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It is very difficult to predict accurately the cutting forces encountered in metal cutting operation due to large 
number of variables involved. Some estimate of cutting forces is desirable to enable decide input parameters 
to be within the capacity of the machine tool to prevent unacceptable deflections and hence to produce 
quality products at a high production rate and low production cost. The paper discusses how the cutting 
force value is influenced by the most important input variables like cutting speed (v), feed (f) and depth of 
cut (d) in CNC turning operation of Al- 6061 with uncoated carbide insets. Inputs and outputs are analyzed 
to determine optimum factor level. From experimental observation it was observed that cutting speed 
had remarkable effect in decreasing cutting force followed by feed and depth of cut had minor role. From 
result obtained by Taguchi method, it was concluded that, cutting speed, feed and depth of cut of 
125m/min, 0.06 mm/rev and 0.2mm respectively are the optimal parameters to be maintained during 
machining. The confirmation test was carried out at optimum conditions. 
 
Keywords: Turning input variables, Cutting Force Speed; Taguchi Method. 
 

INTRODUCTION 
 
One of the most promising techniques for detection of cutting conditions like tool wear, chip formation, and surface 
quality, involves the measurement of cutting forces. In the area of contact between tool and material, a cutting force 
appears which can be resolved into 3 orthogonal components. We should minimize the cutting force or tangential 
cutting force component Fz because more unevenness leads to functional discrepancies [1]. 
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A statistical methodology for assessing the results of several variables in an experiment is design of experiments 
(DOE).Taguchi DOE employs modified and standardized quality improvement application principles. [2].To make 
DOE more efficient, Taguchi devised a set of number tables known as orthogonal arrays. Experiments are carried out 
using orthogonal arrays. The results are interpreted using ANOVA, which is based on the variation from the targets 
rather than absolute values [3].Taguchi DOE is able to select the most consistent output or design condition, resulting 
in higher product quality.  Many researchers have presented the data for cutting force. A strain gauge-based 
dynamometer was devised and developed by S.Yaldiz and F. Unsacar in 2005. The results of machining 
experiments conducted at various cutting parameters demonstrate that the dynamometer can be used to 
accurately measure cutting forces [4].The effects of cutting speed, feed rate, depth of cut, and machining time on machine 
ability variables such as machining force and surface roughness was investigated by Samuel G L et al., .Considering tool 
wear during turning of AISI 4340 high strength low alloy steel with coated carbide inserts utilizing response surface 
methodology (RSM). The results show that combining a low feed rate, a shallow cut depth, and a short machining time with 
a high cutting speed reduces machining effort [5]. 
 
The relevance of measuring cutting force while making a quality product is grasped as a result of this literature 
review, and the characteristics that have the most impact on cutting force are recognized as cutting speed, feed rate, 
and depth of cut. Cutting force is measured using several types of dynamometers, and cutting force is predicted 
using various methods. The effort now has two goals: using the Taguchi parameter approach to discover optimal 
cutting force parameters and evaluating the effects of various input parameters. The smaller the best quality has been 
used in order to get optimal combination. 
 
Details of Research 
The cylindrical Al-6061 work piece is having a diameter 50 mm and length 150 mm. Aluminium alloy 6061 is an 
aluminum, magnesium and silicon alloy. It is a precipitation-hardened general-purpose aluminum alloys containing 
Al (95.85%), Mg (0.8%) and Si (0.40%). K45 cemented carbide inserts having outstanding hardness; wear resistance 
and toughness were used.CNC turning machine was used for turning operations by ACE designer. Kistler 
dynamometer with Multichannel charge amplifier was used for measuring cutting force. 
 
Experimentation 
Table 1 represents three different cutting parameters with their levels. MINITAB 14 programs performs analysis. L27 
Orthogonal Array was used for experimentation [6, 7] consisting of 27 combinations of input process parameters. 
Table 2 represents plan of experimentation and response (cutting force) tools. MINITAB 14 was used for analysis of 
responses.  
 

RESULT AND DISCUSSION 
 
Results of Analysis of variance (ANOVA) conducted is shown in Table 3. Cutting speed has direct impact on the force 
compared with another parameter. The regression equation for it as follows. Fc = 96.6 - 0.653*v + 531*f + 103*d 

Response Table for Means is given in Table 4. The R2-value (coefficient of determination) is obtained as 94.8%, along 
with S = 0.1200, R-Sq (adj) = 89.6% 
 
Residual plots represent residual follow in a normal distribution throughout and indicating that ANOVA has 
behaved correctly. The cutting speed and feed rate had the percentage contribution of 90.012% and 8.27% 
respectively and depth of cut contributes only 1.718%. Figure 2 represents main effect plot. The optimal setting for 
cutting force minimization was considered as feed of 0.06 mm/rev, cutting speed of 125 m/min, and depth of cut of 
0.2 mm.  A confirmatory test was performed by choosing a combination of parameters except the optimum settings. 
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The variation in experimental cutting force and estimated/predicted values is observed to be 10% by ANOVA. Thus 
it is concluded that the experimental analysis of Taguchi was carried out in a proper manner. 

 
CONCLUSION 
 
The optimum process parameters obtained are 125 m/min, 0.06 mm/rev, and 0.2 mm as cutting speed, feed and 
depth respectively to reduce cutting force. Analysis of variance reveals that cutting speed, followed by feed, is the 
parameter most effective for cutting force. The graph shows that the proposed model's measured values have a good 
correlation. 
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Table 1: Turning parameters with their different levels 
Parameters Levels 

Cutting Speed (v) 100 125 150 
Feed(f) 0.06 0.12 0.18 

Depth of Cut (d) 0.2 0.6 0.8 
 
Table 2: Experimental Data (Input and Output) 

 
Inputs Output 

Sl No Cutting Speed v Feed f Depth of cut d Cutting Force Fz 
1 100 0.06 0.2 61.34 
2 100 0.06 0.6 102.44 
3 100 0.06 0.8 168.56 
4 100 0.12 0.2 134.79 
5 100 0.12 0.6 200.47 
6 100 0.12 0.8 235.41 
7 100 0.18 0.2 145.26 
8 100 0.18 0.6 192.66 
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9 100 0.18 0.8 165.22 
10 125 0.06 0.2 47.09 
11 125 0.06 0.6 72.04 
12 125 0.06 0.8 86.22 
13 125 0.12 0.2 88.67 
14 125 0.12 0.6 141.86 
15 125 0.12 0.8 169.95 
16 125 0.18 0.2 104.68 
17 125 0.18 0.6 190.14 
18 125 0.18 0.8 194.38 
19 150 0.06 0.2 68.19 
20 150 0.06 0.6 141.2 
21 150 0.06 0.8 121.97 
22 150 0.12 0.2 103.58 
23 150 0.12 0.6 106.03 
24 150 0.12 0.8 121.49 
25 150 0.18 0.2 136.18 
26 150 0.18 0.6 133.03 
27 150 0.18 0.8 180.69 

 
Table 3: Mean Variance 
 

Source DF Seq SS Adj SS Adj MS F P 
V 2 4.8993 4.8993 2.22678 109.2 0.000 
F 2 0.92537 0.92537 0.23981 20.93 0.001 
D 2 0.06535 0.06535 0.04183 1.82 0.101 

v*f 4 0.00211 0.00211 0.00382 0.13 0.660 
v*d 4 0.1092 0.1092 0.03059 1.32 0.247 
f*d 4 0.043 0.043 0.01404 0.59 0.484 

Residual Error 8 0.15661 0.15661 0.01994   
Total 26 6.20094     

 
Table 4: Response Table for Means 
 

Level V F d 
1 1.287 2.057 1.737 
2 1.834 1.797 1.865 
3 2.333 1.599 1.852 

Delta 0.891 0.303 0.027 
Rank 1 2 3 
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Fig 1. Cutting Force and Components Fig. 2. Main Effect Plot 

Fig.3.Residual Plots for Means 
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