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ABSTRACT

India's fundamental and preeminent cultural practice has long been thought of as agriculture.
Agriculture has been gradually declining ever since the advent of new cutting-edge techniques and
technologies. There is no appropriate technology or methods to handle the situation. Data mining is
important for forecasting crop yields as well. In this study, we carried out a Systematic Review (SR) to
extract and synthesis the methods and features that have been used in crop yield prediction research.
Using inclusion and exclusion criteria, we chose 13 papers from a total of 50 that met our search criteria
and were found to be relevant across multiple databases. We thoroughly examined these chosen papers,
evaluated the techniques and features applied, and offered recommendations for additional studies.
Temperature, rainfall, and soil type are the most frequently used features while Artificial Neural
Networks are the most widely used technique in these models, per our data.

Keywords: Crop Yield Prediction, Machine Learning, Systematic Review, Deep Learning, Artificial
Intelligence

INTRODUCTION

Agriculture has long been seen as India's primary and dominant cultural practice. Since ancient people farm their
land, their requirements have been met. As a result, natural crops are grown and used by numerous organisms,
including humans, animals, and birds. The greens products made on the land that the critter ate lead to a healthy
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and happy life. Since the development of new cutting-edge technology and methods, agriculture has been slowly
declining. Due to these numerous inventions, individuals have focused on creating artificial and hybrid products,
which can result in an unhealthy lifestyle. Modern people are unaware of the importance of planting crops at the
proper time and location. Due to these cultivating methods, the seasonal climate is also changing at the expense of
basic resources like soil, water, and air, which causes food poverty (E. Manjula et al.,). Since its inception, agriculture
has been the main activity in every society and civilization that has existed throughout human history. It is not only a
huge part of the expanding economy, but it is also necessary for our survival. It is also a vital sector for the Indian
economy and the future of humanity. Additionally, it makes up a sizable amount of employment. As time goes on,
the demand for production has dramatically expanded. People use technology in an utterly incorrect manner to
produce in large quantities. Every day, new hybrid kinds are created. These kinds, however, don't offer the same
critical components as a crop grown naturally. These artificial methods degrade the soil. All of this causes more
environmental deterioration (Anakha et al.,).

There are no suitable solutions or technologies to deal with the predicament we confront after studying all these
challenges and problems, including weather, temperature, and numerous other elements. There are numerous
approaches to boosting economic growth in the agricultural sector in India. Crop output and quality can be increased
and improved in a variety of ways. Data mining is important for forecasting crop yields as well. We conducted a
systematic review (SR) to gain an overview of the work that has been done on the application of ML in crop
production prediction. A systematic review (SR) identifies potential research gaps in a specific field of study and
guides practitioners and academics who wish to do new research in that field of study. To address the research
issues outlined in the study, all pertinent studies are accessed from internet databases, synthesized, and presented
using a technique in SR. An SR study opens up fresh viewpoints and aids in the understanding of the state of the art
for new researchers in the subject.

The entire body of research on the use of machine learning in crop production prediction problems is presented in
this article. We share our empirical findings and responses to the research topics outlined in this review article in this
study. The substance of this paper is ordered as follows: The background of the research is explained in Section 2.
Current condition of Indian Agriculture is discussed in Section 3. The Literature Review is discussed in Section 4,
and this paper concluded in Section 5.

RESEARCH METHODS

In this section, as shown in Fig. 2.1, the key stages of the review technique (research approach, quality evaluation
standards) were described.

Research Questions

The purpose of this SR is to get knowledge about the studies that have been written about crop yield prediction
using Al. Studies have been evaluated from a variety of angles to get an understanding. The following four research
questions (RQs) have been established for this SR study.

RQ1: Which artificial intelligence methods have been applied to crop yield prediction in a recent field of study?

RQ2: Which features have been used to forecast crop yield using artificial intelligence in a recent field of study?

RQ3: What are the evaluation metrics available for this study?

RQ4: What are the difficulties associated with utilizing machine learning to predict crop yield?

RQ5: What are the methods used for prediction? Which approach proved most effective?

We began our analysis in January 2021 and used the majority of studies from 2017 to 2020 as well as some earlier
ones as required. IEEE publications, Science Direct, and Open Access Journals were the databases we used. To make
sure that the research included in this study was worthwhile, appropriate, and would help us achieve our main goal,
the criteria for inclusion and exclusion were devised during the selection criteria stage.

Inclusion standards:
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e  Papers published solely to forecast crop yield.

e  Studies that made predictions using machine learning or neural networks.
e  Papers that described the approach and its efficacy metrics.

e  Papers that discussed the datasets of different crops and yields.

Exclusion standards

e Papers that failed to acknowledge the reliability of the results.

e  The Paper was not journal or conference published.

e Theclassification in the paper did not make use of neural networks or machine learning.
e Lack of mention of any specific crop dataset in the paper.

Search Strategy

The following search terms were used to locate all previous research:

“Crop Yield” and “ Prediction” and “Artificial Intelligence”

“Crop Yield” and “ Prediction” and “Machine Learning”

“Crop Yield” and “ Prediction” and “Neural Networks”

“Crop Yield” and “ Prediction” and “Deep Learning”
“Agriculture Yield” and “ Prediction” and “ Artificial Intelligence”
“Different Crops” “Yields” and “Machine Learning”

Constraints of Indian Agriculture

The expected harvest and post-harvest loss of India's key agricultural products in 2016 was Rs 92,651 crore ($13
billion), or about three times the agriculture sector's budget for the 2016-17 fiscal year. Almost 16% of vegetables and
fruits worth Rs 4.8 crore were lost from 2012 to 2014. The main causes of the losses include the farmers' poor access to
precise and current market information, the absence of supply and demand forecasting, unsatisfactory cold storage
facilities and undernourishment processing facilities, the substantial middlemen standing between the agricultural
producers and the buyers, poorly designed and inefficient supply chains, and these factors. Low yield is one of the
greatest problems India's agricultural sector is currently facing. Compared to industrialized countries, India's farm
production is 30 to 50% lower. Low agricultural production is mostly caused by average farm size, inadequate
infrastructure, low utilization of farm equipments and best farming practices, the decline in soil fertility owing to
excessive fertilization, and ongoing pesticide use. Given the tiny size of Indian farms (70% are under 1 hectare,
compared to a national average of fewer than 2 hectares), they have limited access to assets including financial
supports, credit (or lenders), sustain skills, educational services, and irrigation solutions. Yield has an immediate
impact on a farmer's cash flow and capacity to react to market variations.

Long-term, yield prevents a farmer's capacity to invest in their farm's future to increase productivity and reduce
crop-related risks as well as to invest in their community in areas like education, healthcare, training, and other
things. The Indian Agricultural Sector is looking for technologies, goods, or services that are accessible, affordable,
and simple to use to increase India's agricultural productivity. Data-driven and procedure models are the two broad
categories of yield prediction models (Nishant et al., 2020). The first group consists of a wide range of models, all of
which include parameters that are learned directly from the data, and which solely choose the predictors and create
the features using domain knowledge. Using a hybrid of data-driven and procedure techniques, the yield was
predicted in nine out of the 101 investigations. The predictor that was most frequently utilised in data-driven
strategies was information on crop reflectance. Growth and yield models can be used to broaden the range of
predictors in data-driven models. Data-driven models can be used to predict missing input for process-based
models. Data-driven models can be used to build metamodels, reducing the computational burden.
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LITERATURE REVIEW

Planning the organization of their planting, both on the farm and national scales can be done by forecasting the area
of cereals, potatoes, and other energy crops. It is essential to use effective feature selection techniques to transform
the raw data into a dataset that is Machine Learning friendly to guarantee that a particular machine learning (ML)
model operates with a high level of precision. To anticipate the size of plant cultivations' yields, a variety of feature
selection and classification algorithms were applied (Raja et al., 2022). To ensure that only the most important
features are included in the model, it is necessary to use optimal feature selection. The findings show that compared
to the current classification technique, an ensemble technique delivers greater prediction accuracy. The system's
objective (Rushika Ghadge et al. 2018) is to assist farmers in cultivating the right crops for higher yields. It analyses
the nutrients present in the soil and crop productivity based on location to be exact and accurate in predicting
harvests. Kohonen Self Organizing Map (Kohenon's SOM) and BPN (Back Propagation Network), two supervised
and unsupervised learning methods, were used to attain their goals. The two algorithms' outputs are compared, and
the algorithm producing the best and most accurate results has been chosen. Additionally, the end user is given
accurate advice on the fertilizers best suited for each specific crop. However, the author does not provide comparison
results or performance as proof.

The study (Suresh et al., 2021) demonstrated the usefulness of data mining methods for forecasting agricultural
yields based on climate input variables. The developed website which is user-friendly, and all additional grains and
regions selected for the analysis should have the reliability of prediction above 75%, suggesting higher predictive
performance. Through the use of data from that region, the website was created to forecast agricultural yield. They
are forecasting crops at the district level. Dataset of 12 years' worth of soil and climate characteristics, including
rainfall, temperature, humidity, and soil quality. These factors can help with the prediction of the crops by utilizing
various classifiers on the given dataset. As a result, several variables are reviewed, and those that strongly support
accurate crop prediction are evaluated.

Crop yield prediction studies need the use of numerous production parameters and techniques. Some people utilise
algorithms to uncover the most predictive characteristics, while others use algorithms to find forecasts (Gupta et al.,
2022). In this part, a machine learning-enabled framework for precise and quick agricultural yield production is
provided. The initial step is to collect the input data set, which contains all of the crop's data. The Relief algorithm is
then used to choose features. By categorising significant elements associated with a certain real-world circumstance,
feature selection aids in the production of correct findings. Then, features are extracted using the LDA technique.
Then, machine learning methods like PSO-SVM, KNN, and random forest are used to do the classification process.
The paper suggests (Pham et al., 2022) a novel paradigm for improving agricultural yield prediction based on
VCI/TCI data utilizing sICA, PCA, and ML. Before training the models, sICA separates an agricultural region into
sub-regions with uniformly distributed VCI/TCI patterns, and the use of PCA and ML attempts to increase the
accuracy of the outcome models in comparison to the ML-only approach. High accuracy in estimating rice yields at
the sub-regional level in Vietham was attained using the framework in the case study, which implies that confidence
in the suggested framework is justified.

The research (Nishant et al., 2020) predicts the yield using advanced regression techniques including Kernel Ridge,
Lasso, and ENet algorithms and leverages the idea of stacking regression to improve the algorithms and provide a
more accurate prediction. Utilizing the out-of-fold predictions from the other models that were used to train the
primary Meta model, they build a Metamodel. The test part's predictions serve as inputs for the meta-model, a
higher-level learner. Lasso Regressor serves as their Meta model. Root mean square error serves as the project's
performance metric. For ENet, the application error when the models were applied individually was around 4%, for
Lasso it was about 2%, for Kernel Ridge it was about 1%, and lastly after stacking it was less than 1%.
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The study (Tripathi et al., 2022) was conducted in Punjab, India's Rupnagar district. Wheat crop yield was evaluated
using estimated soil health metrics, SAR backscatter, and optical remote sensing satellite data characteristics. With
R2 values of 0.723 and 0.684 in the training and testing phases, respectively, and mean absolute errors (MAE) of 0.98
and root mean square errors (RMSE) of 124 for the 2019-20 seasons, the soil health-based DLMLP model
outperformed all other models in terms of crop yield estimation. While the MAE and RMSE were 37.97% and 38.61%
smaller than the OLS regressor for estimating wheat crop yield, the DLMLP test R2 was 42.2% higher than the
Ordinary Least Squares Regressor (OLS). When the soil health parameter values for the wheat seasons from 2015-16
through 2018-19 were not validated, the soil health—-based DLMLP model provided a good level of yield estimation
accuracy. The unique aspect of this work is that it calculates soil health parameters for the early growth stages of
wheat crops when the soil is primarily exposed and uses them to predict crop output.

(Nevavuori et al., 2019) Smart farming is becoming more and more popular all around the world. Crop and weed
detection, biomass evaluation, and yield prediction are the key goals. The availability of yield mapping devices,
which are currently not very popular among farmers, is required for the evaluation of machine learning approaches
for remote sensing-based yield prediction. Convolutional Neural Networks (CNNSs), a deep learning technique that
excels in image classification problems, are used in this study to develop a model for crop production prediction
using NDVI and RGB data collected by UAVs. For data collected during the early part of the growth season (i.e., in
June 2017, growth phase 25%) with RGB data, a mean absolute error (MAE) in yield prediction of 484.3 kg/ha and a
mean absolute percentage error (MAPE) of 8.8% was achieved using the Adadelta training algorithm, regularisation
with early stopping, and a CNN with 6 convolutional layers. Data collected subsequently in July and August of 2017
(growth phase >25%) were used to calculate an MAE of 624.3 kg/ha (MAPE: 12.6%). Significantly, RGB data
outperformed NDVI data in terms of CNN architecture performance.

The study focuses (Ramu& Sri, 2021) on the widely used wheat yield prediction utilizing two artificial intelligence
(Al) models and compares them for a more accurate crop yield forecast. The two separate artificial intelligence
models used in this work to forecast wheat crop yield are compared. To estimate crop output, farmers must contend
with several challenges. The crofters will be able to forecast the wheat crop production thanks to our project. The
artificial neural network results in a loss of 11.1782 and the random forest approach yield an R2 score of 0.999. The
random forest technique outperforms the artificial neural network in forecasting. Ten decision trees were utilized in
the random forest as the base learners. As a final product, they used the weighted average of every base learner. And
on ANN relu, a hidden layer activation function is employed, but an output layer activation function is not. The SGD
optimization algorithm was utilized.

Crop variability within a field may be tracked and forecasted, which can help farmers make the best choices in
various circumstances. This study (Kayad et al., 2019) looked into the possibilities of analyzing corn (Zea mays) grain
yield spatial variability at the field scale using vegetation indices (VIs) collected from Sentinel-2 photos and machine
learning algorithms. To determine whether the VI (Vegetation Index) from a total of 34 Sentinel-2 photos taken at
various crop ages correlated with the observed yield observations. To determine whether VIs could perhaps be
utilized to model yield, correlations between Vs and yield were examined. Results are best at a specific point after
crop planting, which is consistent with findings from correlations of vegetation indices but with a higher overall R 2
value. However, using a Random Forests model trained with a few ground samples collected between 105 and 135
days of crop age, a plausible prediction with a 10% error can be expected in a scenario with expected yields between
9 and 18 tons/ha.

The purpose of the study is to assess the effectiveness of deep neural network-based UAV-based multimodal data
fusion for estimating soybean (Glycine max) grain yield utilizing RGB, multispectral, and thermal sensors (DNN)
(Maimaitijiang et al., 2020). Partial Least Squares Regression (PLSR), Random Forest Regression (RFR), Support
Vector Regression (SVR), input-level feature fusion-based DNN (DNN-F1), and intermediate-level feature fusion-
based DNN were used to extract and combine multimodal information to estimate agricultural grain yield (DNN-
F2). The findings show that multimodal data fusion increases the yield prediction accuracy and is more adaptable to
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spatial variations. The DNN-F2 model had the highest accuracy, with an R2 of 0.720 and a relative root mean square
error (RMSE%) of 15.9%. DNN-based models were also less susceptible to saturation effects and performed more
adaptively when predicting grain yields. To assess the robustness, the proposed approach must, however, be
evaluated for several crop kinds, a larger number of genotypes, and various developmental phases and
environmental variables.

The research proposes (Khaki et al., 2020) a deep learning framework for agricultural production prediction based on
environmental data and management methods utilizing convolution neural networks (CNNs) and recurrent neural
networks (RNNs). The proposed CNN-RNN model was used to predict corn and soybean yield across the entire
Corn Belt (including 13 states) in the United States for the years 2016, 2017, and 2018 using historical data, along with
other well-known techniques like random forest (RF), deep fully connected neural networks (DFNN), and LASSO.
The biggest feature of this proposed model is that it has proven to be capable of generalizing yield prediction to
untested environments without appreciable loss in prediction accuracy. It is also designed to capture the temporal
dependencies of environmental factors and the genetic evolution of seeds over time without requiring genotype
information. The model's ability to explain the variation in crop yields was then combined with the back propagation
method to disclose the extent of weather conditions, accuracy of weather predictions, soil conditions, and
management practices.

To predict agricultural productivity, the suggested work (Dhiya & Durairaj, 2020) builds a Deep Recurrent Q-
Network model, which is a Recurrent Neural Network deep learning algorithm over the Q-Learning reinforcement
learning algorithm. The data parameters feed the recurrent neural network's progressively stacked layers. Based on
the input parameters, the Q-learning network creates a crop yield prediction environment. The output values of the
recurrent neural network are translated into Q-values via a linear layer. The reinforcement learning agent combines a
threshold and a set of parametric variables that help forecast crop yield. The agent then obtains an overall score for
the actions taken, which is determined by minimizing error and maximizing forecast accuracy. With an accuracy of
93.7%, the suggested model accurately forecasts crop yield while outperforming other models and maintaining the
original data distribution. From the above reviews, it is clear that the contribution done on the different domains of
interest is depicted in below Table 1. From the above reviews, features needed for crop yield prediction are depicted
in below Table 2.From the above reviews, the major parameters used for evaluation are depicted in the below Table 3

CONCLUSION

This study revealed that, depending on the size of the research and the data's availability, the selected papers employ
several aspects. Every article looks at yield prediction using machine learning, however, the characteristics vary.
Scale, geological location, and crop are other differences among the experiments. The dataset's accessibility and the
study's objectives affect the characteristics that are chosen. Studies have also shown that models with more
characteristics don't necessarily have the optimum results for yield prediction. Models with more and fewer features
should be evaluated to determine the one that performs the best. Different research has employed a variety of
algorithms. The most popular models are gradient-boosting tree, neural networks, linear regression, and random
forest. In the majority of the research, different Machine Learning models were tested to see which one made the best
predictions. We found that the most popular algorithms are Regression, Random Forest, Back propagation ANN,
CNN, LSTM, and NN. Other sorts of algorithms, nevertheless, are also used to solve this issue. We believe that this
work will open the door for more investigation into the topic of agricultural production prediction.
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Table: 1. Domain of Interest

Models No of Papers
ML 8
DL 5
Al 13

Table: 2. Features Used for Prediction

Feature Dataset No of times used
Temperature 15
Rainfall 10
Humidity 11
Irrigation 5
Solar radiation Other Properties related to Crop 10
Precipitation Yield 9
Climate 1
Air 5
Radiation 2
NDVI 6
Nitrogen 6
Potassium 5
Zinc 3
Magnesium 3
S;L?Z: Nutrient Property Dataset ;
Calcium 2
Organic carbon 2
Phosphorus 2
Manganese 1
Soil type 13
Soil maps 12
Soil Images Soil Property Dataset 8
pH-value 11
Area of production 8
Crop information 13
Fertilization Crop Property Dataset >
Table: 3. Evaluation Parameter
Key Evaluation parameter No of times used
RMSE Root mean square error 10
R2 R-squared 13
MAE Mean absolute error 8

55757



http://www.tnsroindia.org.in
https://doi.org/10.1109/icaccs51430.2021.9441871.

Indian Journal of Natural Sciences w www.tnsroindia.org.in ©lJONS

Vol.14 / Issue 78 / June / 2023  International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997

Dhanya and Jayanthi
MSE Mean square error 5
MAPE Mean absolute percentage error 3
RSAE Reduced simple average ensemble 3
ACC Accuracy 13
Total No of .|  Abstract Screening o Removed Journals based on Included 13
Journals (50) (Removed 12 Journals) | exclusion standard (Removed25) Journals

Figure.1 Review Stages
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ABSTRACT

The findings of a global assessment on the use of antibiotics in aquaculture revealed that fish were
frequently treated with antibiotics, including prohibited medications. Antibiotic residues were detected
in 25% of the aquaculture products. India is the second-largest fish producer in the world. In this study,
we explore possible bacteria and evaluate their susceptibilities to antimicrobials in Mandya, Karnataka,
India.The sample was collected from each of the seven taluks in the Mandya district. Conventional
techniques for bacterial isolation include gram staining and biochemical assays (urease test, citrate
utilization, triple sugar iron test, carbohydrate fermentation, indole test, and sulfide indole motility test) were
used. An antimicrobial susceptibility test (AST) was performed based on the modified Kirby Bauer disc
diffusion method on Mueller Hinton Agar and interpreted using the Clinical Laboratory Standard
Guideline (CLSG) 2020.A total of 63 samples were collected from seven taluks in the Mandya district. All
the fish samples were culture-positive for bacteria. The prevalence of seven different organisms was
detected. More isolations were from the gills 40% (30), skin 32% (24), and viscera 28% (21). Fish samples
had a high rate of Staphylococcus aureus contamination (36%; 27/75).The study concluded that the fish was
contaminated with Staphylococcus aureus, Klebsiella pneumoniae, Enterobacter cloacae, Enterobacter aerogenes,
Escherichia coli, Klebsiella oxytoca, and Citrobacter freundii. All these pathogenic bacteria have developed
resistance to at least two tested antibiotics.
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INTRODUCTION

Antimicrobial resistance (AMR) is a critical threat to public health around the world, and it is becoming more
prevalent. The occurrence of antimicrobial resistance varies between regions and countries based on the quantity of
antibiotics consumed [1, 2]. India is the nation that uses the most antibiotics globally and has the highest incidences
of infectious diseases [3-5]. The scoping report on antimicrobial resistance in India indicated that more than 70% of
the isolates of Escherichia coli, Klebsiella pneumoniae, and Acinetobacter baumannii, and almost half of all Pseudomonas
aeruginosa, were resistant to fluoroquinolones and third generation cephalosporins [6]. The emergence of resistance
in India has been attributed in important part to the unregulated over-the-counter availability of antibiotics and non-
compliance with the recommended treatment duration [3, 7]. The other possible reason for the emergence of resistant
pathogens is antibiotic misuse, overuse, and self-medication. Antibiotic overuse in India has been reported by
various studies [8, 9].

Antimicrobials are frequently used to treat and prevent infections in both humans and animals. Additionally, it
supports growth and feed quality most significantly at subtherapeutic levels [10]. The poultry and fish industries use
the most feed, and food derived from animals was shown to have 46 different antibiotic residues [11].Antibiotics
residues were detected in 25% of the aquaculture products tested by Pham DK et al., [12]. The findings of a global
assessment on the use of antibiotics in aquaculture revealed that fish were frequently treated with antibiotics,
including prohibited medications [13]. Kyule DN et al. reported a wide variety of bacterial strains from fish products
using phylogenetic analysis, including Scherichia coli, Salmonella enterica, Citrobacter freundii, Bacillus sp., and
Alcaligenes faecalis [14].

India is the second-largest fish producer in the world [15]. It is crucial to identify any possible organisms in fish
products along with their susceptibility to antimicrobials. The goal of this study was to explore possible bacteria and
evaluate their susceptibilities to antimicrobials in Mandya, Karnataka, India.

MATERIALS AND METHODS

Sampling Site

The research was done at the central lab of the Adichunchanagiri Hospital and Research Centre, Adichunchanagiri
University, in India, from February 2022 to May 2022. The sample was collected from each of the seven taluks in the
Mandya district: Pandavapura, Nagamangala, Maddur, Krishnarajpet Malavalli, Shrirangapattana, Mandya, and
Mandya. The study was approved by the Adichunchunchanagiri Institute of Medical Sciences institutional ethical
committee (AIMS/IEC/1875A/2020), and permission was obtained from the district health officer for the collection of
samples.

Sample Collection

The purpose of the study was explained and oral consent was taken from shop owner. The raw fishes were collected
and separately packed in zip-locked bags and transported in cool boxes to the Central laboratory at
Adichunchanagiri Hospital and Research Centre with in 6 hours. The location was recorded using GPS tracker
smartphone applications. Samples were collected from three separate places within each taluk to minimise sampling
errors. The sterile surgical knife was used to remove skin, gills, and viscera from raw fish aseptically. About 10 g of
each sample was homogenized in 90 ml of buffered peptone water (HI MEDIA®). 1 ml of the mixture was taken and
diluted at ratios of 1:10, 1:100, 1:1000, and 1:10,000 using sterile peptone water.
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Microbiological Procedure

0.1 ml of each dilution was spread out on nutrient agar medium (HI MEDIA®) and incubated (OPTECH®) at 37° C
for 24 hours. The distinct colonies were then chosen for additional subculturing to produce pure isolates. Traditional
techniques for bacterial isolation include gram staining, and biochemical assays (urease test, citrate utilization, triple
sugar iron test, carbohydrate fermentation, indole test, and sulfide indole motility test)jwere used [14, 16, 17].After that, the
pure isolate was chosen for an antimicrobial susceptibility test (AST) based on the modified Kirby Bauer disc
diffusion method on Mueller Hinton Agar using the following antibiotics: amoxicillin 10 mcg (AMX), bacitracin 10
IU (B), cefalexin 30 mcg (CN), cefixime 5 mcg (CFM), chloramphenicol 30 mcg (C), ciprofloxacin 5 mcg (CIP),
doxycycline 30 mcg (DO), erythromycin 15 mcg (E), gentamicin 10 mcg (GEN), lincomycin 2mcg (L), nalidixic acid
30 mcg (NA), and sulphadiazine 100 mcg (SZ) [17]. The Clinical Laboratory Standard Guideline (CLSG) 2020 was
used to interpret the AST.

RESULTS

Prevalence Of Bacteria In Fish Products

A total of 63 samples were collected from seven taluks in the Mandya district (fish, gills, and viscera; each of 21
samples). A total of 75 bacteria with seven different organisms were isolated from the 63 samples.More isolations
were from the gills 40% (30), skin 32%(24), and viscera 28% (21). Staphylococcus aureuswere detected in 36% (27/75) of
the total growth, followed by Klebsiella pneumonia20% (15/75), Enterobacter cloacae16% (12/75), Enterobacter aerogenes8%
(6/75), Escherichia coli8% (6/75), Klebsiella oxytoca8% (6/75), and Citrobacter freundii 4% (3/75). All the fish samples were
culture positive for bacteria. Seven organisms were identified, including three different species in the skin and
viscera and four different species in the gills. At least two different bacteria were isolated from each taluk of the
Mandya district. (Table1 & 2).

Antibiotic Resistance Profile

The antimicrobial susceptibility test of isolated bacteria was performed using twelve antibiotics. Almost all isolated
organisms interpreted resistance to bacitracin 88% (66/75), erythromycin 88% (66/75), and lincomycin 100% (75/75),
respectively. Antibiotics to which isolated organisms have developed at least 50% resistance include doxycycline
66.67% (50/75), and amoxicillin 56% (42/75). While isolated organisms developed resistant to cefalexin 46.67% (35/75)
and sulphadiazine 28% (21/75). Isolated organisms developed slight resistance to cefixime 18.67% (14/75), nalidixic
acid 14.67% (11/75), ciprofloxacin 9.33% (7/75), cefixime 18.67% (14/75), and chloramphenicol 2.67% (2/75). All the
isolated organisms were susceptible to gentamicin (Table 3).

Citrobacter freundii andKlebsiella oxytocahad developed total resistance to erythromycin, amoxicillin, lincomycin, and
bacitracin.Staphylococcus aureus had developed total resistance to erythromycin, lincomycin, and bacitracin. Escherichia colihad
developed total resistance to erythromycin, cefalexin, lincomycin, and bacitracin. Klebsiella pneumonia had developed total
resistance to lincomycin and bacitracin. Enterobacter aerogenescolihad developed total resistance to erythromycin, cefixime,
lincomycin, and bacitracin.Enterobacter cloacae haddeveloped total resistance to erythromycin, cefalexin, amoxicillin,
lincomycin, and bacitracin (Table 3).

DISCUSSION

This study aims to identify possible microorganisms that could harm humans when exposed, and to assess their
susceptibility to antibacterial drugs. To our knowledge, this is the first study in southern India that has collected a
wide variety of fish samples and tested them for AST using several antibiotics. In the study, we identified the
presence of Staphylococcus aureus, Klebsiella pneumonia, Enterobacter cloacae, Enterobacter aerogenes, Escherichia coli,
Klebsiella oxytoca, and Citrobacter freundii in the fish samples.As reported in previous studies, common fish can he
contaminated with a variety of harmful bacteria, including E. coli, Klebsiella spp., Salmonella spp., Proteus spp., Staphylococcus
spp., Shigella spp., Pseudomonas spp., Listeria spp., Vibrio spp., and Enterobacter ludwigii, which is quite similar to the
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study[18, 19, 20]. Fish samples had a high rate of Staphylococcus aureus contamination (36%; 27/75), which was equally
prevalent in the skin, gills, and viscera. Moktan JB et al., reported the similar finding from poultry samples [17]. A large
percentage of the isolated organisms had contaminated gills (40%; 30/75). Similar to Ersoy Omeroglu E et al., we
observedEnterobacter spp. and Staphylococcus aureus are highly prevalent in skin [21]. The existence of such bacterial
pathogens could compromise the host's immune system by entering the body through the food chain, which is the
greatest concern with regard to potential clinical consequences.

The use of antibiotics in aquaculture is entirely unregulated in many developing countries, which results to the
misuse of antibiotics [22, 23]. The detection of antibiotic residues on fish was reported by Pham DK et al. and Hoa PT
et al. [24, 25]. Antibiotics polluted in feeds or the environment, when exposed to bacterial pathogens prevalent in
fish, encourage the development of resistant strains. Antibiotic-resistant bacteria can spread the genes that confer
antibiotic resistance to other organisms [23, 26].In this study, we observed that every isolate of bacteria had
completely developed resistance to at least two of the tested antibiotics. Every other antibiotic except gentamicin is
ineffective against one or more microorganisms. Hassan J et al., reported resistance of colistin, a last line of defence
against infections caused on by carbapenem-resistant Enterobacteriaceae in the fish [27]. This might be the results of
unregulated use of antibiotic in aquaculture. There is no integrated set of regulations for aquaculture, and the
present Indian guidelines for antibiotics in fish and fish feed primarily borrow from those intended for coastal
aquaculture [26,28].

For the prevention of cross-infection with humans, the only option left is the formation of separate guidelines for
antibiotic use in aquaculture and their strict implantation. Also, the time-to-time inspection by the regulatory
agencies for the antibiotic use and the prevalence of pathogenic organisms on fish. These may significantly reduce
the multiple use of antibiotics by farmers because disease-causing organisms will be recognised earlier, preventing
the switching of antibiotics [24].

Limitations
To extract the pathogenic bacterium and test its susceptibility to antibiotics, a traditional approach was used. The
gene mapping could have been more efficient in terms of identifying both the pathogen and the pattern of resistance.

CONCLUSION

The study concluded the presence of Staphylococcus aureus, Klebsiella pneumonia, Enterobacter cloacae, Enterobacter
aerogenes, Escherichia coli, Klebsiella oxytoca, and Citrobacter freundii in the fish samples. All the isolated bacteria are
multidrug resistant, with complete resistance to at least two of the tested antibiotics.
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. . . Krishnaraja
Organisms Nagamangala | Pandapura | Srirangapatna | Malavalli | Mandya | Muddur Pete )
Klebsiella

. + + + + +
pneumonia
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Enterobacter

+ + + +
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Enterobacter +
aerogenes

Citrobacter

freundii

Escherichia coli +

Table 2 Isolation of organisms from different fish samples.

Organisms N Skin Gills Viscera
Citrobacter freundii 3 (4%) 0 3 0
Staphylococcus aureus 27 (36%) 9 9 9
Klebsiella oxytoca 6 (8%) 0 6 0
Escherichia coli 6 (8%) 0 0 6
Klebsiella pneumonia 15 (20%) 0 9 6
Enterobacter aerogenes 6 (8%) 6 0 0
Enterobacter cloacae 12 (16%) 9 3 0
Total 75 24 (32%) 30 (40%) 21 (28%)
Table 3 Antibiotic resistance in the isolated organism
o . N Antibiotics
Tamsms E GEN| c NA C CN AMX L Sz CEM DO B
Citrobacter 3 1 2 3 3 3
freundii 3 (100%) 0 0 (33.33%) 0 (66.67%) | (100%) | (100%) 0 0 0 (100%)
Staphylococcus 27 27 0 4 9 0 6 6 27 12 0 21 27
aureus Tl (100%) (14.81%) | (33.33%) (22.22%) | (22.22%) | (100%) | (44.44%) (77.78%) | (100%)
Klebsiella 6 2 6 6 3 6
oxytoca © 1 (100%) 0 0 0 (33.33%) 0 (100%) | (100%) 0 0 (50%) | (100%)
o 6 1 6 3 6 2 5 6
Escherichia coli | 6 | 500, O | 6.67%) 0 0 (100%) (50%) | (100%) 0 (33.33%) | (83.33%) | (100%)
Klebsiella _ 6 8 10 9 6 15 9 6 12 o
pneumonia 15 (40%) 0 (53.33%) | (66.67%) 0 (60%) (40%) (100%) (60%) (40%) (80%) 6 (40%)
Enterobacter . 6 6 6 6 3 6
aerogenes &1 (100%) 0 0 0 0 0 (100%) | (100%) 0 (100%) (50%) | (100%)
Enterobacter 12 12 12 12 6 12
cloacae 12 (100%) 0 0 0 0 (100%) | (100%) | (100%) 0 0 (50%) | (100%)
Total 5| 6675 | o 7175 11775 275 35/75 42/75 75175 21/75 14175 50/75 66/75
o > (88%) ® | 933%) | (14.67%) | (2.67%) | (46.67%) | (56%) | (100%) | (28%) | (18.67%) | (66.67%) | (88%)

Note: amoxicillin 10 mcg (AMX), bacitracin 10 IU (B), cefalexin 30 mcg (CN), cefixime 5 mcg (CFM),
chloramphenicol 30 mcg (C), ciprofloxacin 5 mcg (CIP), doxycycline 30 mcg (DO), erythromycin 15 mcg (E),
gentamicin 10 mcg (GEN), lincomycin 2mcg (L), nalidixic acid 30 mcg (NA), and sulphadiazine 100 mcg (SZ)
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ABSTRACT

A fruit from a tropical tree in the Moraceae family, the jackfruit (Artocarpus heterophyllus) is edible. The
jackfruit is a huge fruit native to the southwest of India that has a thick outer skin, yellow flesh, and
edible seeds. The fruit is squishy, yet it has a distinct flavour, a tonne of sweetness, and a lot of nutrients.
The fruits are a good source of minerals, vitamins, proteins, and carbs. Consuming jackfruit has several
positive health effects. Pureed jackfruit has been used to create a variety of food products, including
jellies, jams, ice creams, and marmalades. Due to the high cellulose content of the jackfruit waste skin, a
soft hydrogel can be made from it in the form of silicon sheets and cut into a variety of bandage forms
and sizes. Baking yeast-produced organic compounds added afterwards have antibacterial effects. These
hydrogels have a non-toxic composition and hasten the healing of wounds. Therefore, our article
primary focus is on antibacterial activity of Jackfruit waste and also highlighted health benefits on
consumption of this edible juicy fruit. In addition, we also have depicted the pros and cons of this fruit
waste.

Keywords: Artocarpus heterophyllus, Moraceae, Jackfruit, Hydrogel, Bandage, Antibacterial activity
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INTRODUCTION

Jackfruit is a tropical climatic fruit which is found in many regions such as Western Ghats of India, South America,
Africa, South Asia specifically in Bangladesh as well as India and belong to the. Family of Moraceae (Ranasinghe et
al., 2019). Moreover, the fruit is available in abundance particularly in summer and spring seasons in various Indian
markets. Jack fruit is yellow to brown in color when fully ripen and its sweet bulbs are soft and juicy (Akteret al.,
2019). The energy content in fruit is about 2 MJ per kg/wt. (Rajneesh Srivastava et al., 2020). In figure -1 have shown
the health benefits of jackfruit consumption as it has abundant levels of starch, calcium, vitamins, thiamine,
magnesium and proteins(Lengbiye E. Moke et al., 2017). Morevoer, nutritional content of jackfruit edible portion,
perianth and also seed has been acknowledged in previous reports (Satheeshan et al., 2019 and Sajesh et al., 2015).
The fruit is or can be eaten raw. The third largest harvested fruit in India in contrast to mangoes and banana. During
the off-season, the fruit is quite costly but existing in adequately as well as economical when fully ripen
(Jackfruit.dob.2015-9-7). Nonetheless, every year roughly about 30-50% of the total harvested jackfruit putrefy due to
lack of post-importationprocedures in the country (Mandhare 2020;Adnan 2021; Mitra 2018 and Khan 2021).
Furthermore jackfruit is most frequentlyhome-grown fruit in tropical and sub-tropical countries particularly in
Burma, Malaysia,Sri Lanka, Bangladesh, and Brazil (Li et al., 2018; Gardner 2018; Rana 2018 and Khan 2020). The
single jackfruit is huge in size of approximately 35-40kgs. On the outer rind portion jackfruit is comprised of conical
carpel which are hexagonal, thick as well as rubbery and in interior surrounded with yellowish/whitish matrix. The
jackfruit flavor and taste are similar to ripen banana (Dhakar 2020;Witherup 2019 and Arung 2007).

Jackfruit has the potential to boost our immunity and strengthen our bones since they have abundant quantity of
proteins and carbohydrates. Furthermore, rich in calcium ions, minerals, vitamins along with diverse essential
nutrients (Table 1) (Chandrika 2004; Borgis 2020; Amadi 2018 and Ranasinghe 2019). Studies of previous literature
reports have shown the phytoconstituents present in jackfruit (Waghmare 2019; Eyoh 2020; Fuad 2020; Kumar
2021;Guiné 2019; Venkataraman 2001 and Wong 1992). It contains varying concentrations of volatile acids, sterols,
tannins, flavonoids and carotenoids. In table-1 have depicted the nutritional composition of jackfruit which provides
health benefits on regular consumption. Nanyang Technological University (NTU Singapore) scientists have made
hydrogels from discarded husk of durian fruit which is similar to jackfruit [Diane 2021]. Since, jackfruit has
antimicrobial property, antibacterial gel made bandages from discarded husk was found to be beneficial. Further,
research need to carried over to assess its wound healing capacity. Therefore, our article provides broad window on
antibacterial bandages made frum husk and further application of pharmacological activities.

Taxonomic classification and Common names of Jackfruit

Jackfruit scientific name isArtocarpus heterophyllus Lam, which is an exotic tree belonging to the Moraceae family. The
distribution of the plant is over the tropical & subtropical regions. The fruit is spelled with various names in
different countries which is listed in table-2 & 3.

Medicinal uses and Health benefits of Jackfruit

The tropical monoecious tree has several health benefits such as antimicrobial, antibacterial, anti-carcinogenic, anti-
inflammatory, antiviral and wound healing properties (Sundaraj 2017 and Haleel 2018). The major phytoconstituents
present in Jackfruit like saponins, lignins, alkaloids, isoflavones, carbohydrates, and triterpenoids. Several literature
reports have revealed its antiaging, antiulcer and anticancer properties (Tewari 2021; Tramontin 2021;Cheng 2020
and Kusumaningtyas 2021). The jackfruit is regarded as a bioactive fruit which makes it not only a highly nutritious
but desirable fruit crop. The diverse pharmacological benefits are represented in Table-4.
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Repurposed Rind of Jackfruit Has Promising Antibacterial Activity

The delicious jackfruit pulp after consumption, the rind is being discarded in all countries. The repurposing of
jackfruit shell acts as a promising approach for preparation of hydrogels since it contains high value of carbohydrate
polymer i.e cellulose and extraction of these cellulose also was to be economical. The procedure involves:

CONCLUSION

Our current review paper is a step toward creating hydrogels rather than using plastic bandages in the future. This
is the first time that discarded jackfruit shell has been utilized to create a product that is beneficial to our society, and
these hydrogels are made from jackfruit rind. It needs to be investigated further in terms of toxicity and
biocompatibility, as well as how quickly the wound bed can be rehydrated.

ABBREVIATIONS
Not Applicable
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Table-1: Nutritional data and quantity of percent daily value

Nutrients Present in Jackfruit Quantity Percentage of Daily Value
Calcium (Ca) 24 milligrams 24
Copper (Cu) 0.08 milligram 3.8

Iron (Fe) 0.23 milligram 1.28
Magnesium (Mg) 29 milligrams 7.2
Manganese (Mn) 0.04 milligram 2.15

Phosphorus (P) 21 milligrams 2.
Potassium, K 448 milligrams 12.8
Sodium, Na 2 milligrams 0.0
zZinc, Zn 0.13mg 0.87
Vitamin A 110 1V 2.2
Vitamin C 13.7 milligram 22.83
Vitamin B6 0.33 milligrams 16.45
Vitamin E 0.34 milligrams 1.13
Riboflavin 0.06 milligram 3.24
Thiamin 0.1 milligram 7
Folate, DFE 24 g 6
Niacin 0.92 milligram 4.6
Sugars 19.08 grams 1.72
Fiber 1.5 grams 6
Cholesterol 0 milligram 0
Water 73.46 grams 76.2-85.2
Carotene, alpha 6 ug 6 ug
Carotene, beta 61 ug 61 ug
Lutein Zeaxanthin 157 pg 157 pg

Table-2: Diverse names of jackfruit with different spellings in various countries(Prakash 2009; Adan 2020;
2021; Jagdale 2021;Borgis 2020;Manjeshwar 2011; Azad 2000;Singh 1991; Love 2011;Favero 1993;

Palamthodi

Wetprasit 2000 and Sofowaral993)

S.No Common Names of Jackfruit Countries
1. boluop mi China

2. Jacquier French

3. Nanka Indonesia
4. Jaca Spain

5. Vaca Portugal
6. Lanka Philippines
7. Kapiak New Guinea
8. Fiji, Chakka, Chakki, Kanthal, Kathar India

9. Jaca dura Brazil
10. Mit Vietnam
11. Khanun, Makami, Banum Thailand
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Table-3: Taxonomic nomenclature of Jackfruit (Baliga 2011)

Kingdom Plantae planta, plantes, plants, vegetal

Subkingdom Tracheobionta, vascular plants

Super division | Embryophyta

Division Magnoliophyta, angiosperms, flowering plants, phanérogames
Class Magnoliophyta dicots, dicotylédones, dicotyledons

Sub-Class Alismidae / Hamamelidae

Order Rosales/ Urticales

Family Moraceae, mulberries

Genus Artocarpus (breadfruit)

Species heterophyllus

Table-4: Artocarpus heterophyllus pharmacological benefits

Ph logical L .
Parts of Plant armaFo ogica Bioactiveconstituents References
actions
Fruits Anti inflammatory Flavonoids (Chanda 2009)
Fruit and seed Antioxidant Prenyl Flavones (Gupta 2011 and Kumar 2021)
- . . (Kotowaroo et al., 2006 and
Leaf Antidiabetic Prenyl Flavonoids
Y Gopal Rao et al., 2021)
Bark of root and stem Antimalarial Prenylated Flavonoids (Boonphong 2007)
Seed Antiviral Oxyresveratrol (Adita Ayu Permanasar 2021)
Bark of Stem
i i i | 1 FI Loi 201
Root, Leaf and Fruit Antibacterial soprenyl Flavone (Loizzo 2010)
Leaf Wound Healing Lectin (Chahud 2009)
Wood Anticancer Isoprenoid Flavonoids (Arung 2010)
Leaf and seed Antifungal Chalcone (Trinidade 2006)
Process Involved:
e o

81, B6, Cand
s

1w conniiianedd widh iyee il

Wrrpande muleenies were added

Tl sinks Ve bamings de nifly: o Bactoris: =

\Tan

Thhae gratels ki tie skin hydrsted

Figure 1: Jackfruit rich in Protein, fibers, Minerals and
Vitamins which provide health benefits on regular
consumption

Figure-2: The process of preparation of Hydrogel
which helps to heal wound with natural products

55772



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences w www.tnsroindia.org.in ©lJONS

Vol.14 / Issue 78 / June / 2023  International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997

RESEARCH ARTICLE

Convex-Hull and Geometry based Support Vector Machine Classifier for
Jasmine Flower Classification

S.Krishnaveni* and A.Subramani

Assistant Professor, M.V.Muthiah Gocernment Arts College for Women, Dindigul, (Affiliated to Mother
Teresa Women’s University, Kodaikanal), Tamil Nadu, India

Received: 27 Jan 2023 Revised: 22 Mar 2023 Accepted: 27 Apr 2023

*Address for Correspondence

S.Krishnaveni

Assistant Professor,

M.V.Muthiah Gocernment Arts College for Women,

(Affiliated to Mother Teresa Women’s University, Kodaikanal),
Dindigul, Tamil Nadu, India

E.Mail: seetharamankrishnaveni@gmail.com

o100

EY MG WD

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.

ABSTRACT

An image classification system is typically initiated to process data into meaningful information. The
classification of jasmine image is often performed by supervised classifiers, which require an adequate
amount of labeled instances to train the classifier. All of these classifiers depend upon the quality and
guantity of the training set used to train the classifier, whose reliability is a fundamental issue for an
accurate mapping of the investigated area. Support Vector Machines (SVMs) are one of the successful
classifier for supervised learning applications. SVMs are nonparametric statistical approaches for
addressing supervised classification and regression problems. Therefore, there is no assumption made on
the underlying data distribution. This paper addresses two problems of SVM, one is the kernel function
selection and the other is the training time. A convex-hull and geometric based SVMs are proposed here
for jasmine image classification. The proposed Convex-hull & Geometry based SVM (CG-SVM) doesn't
require a kernel function and a training time too. In this way, the complexity of SVM is much reduced
while preserving the classification accuracy.

Keywords: Support Vector Machine(SVM), Convex-hull & Geometry based SVM (CG-SVM) .

INTRODUCTION

Support Vector Machine (SVM) is a popular classification method in machine learning [7] which reduces the
classification error and maximizes the margin to discriminate between classes with a hyperplane [6]. Since QPP
needs O(n3) computation time and O(n2) memory requirement, which makes SVM isore expensive and unsuitable
for higher dimension data [6]. The SVM’s performance is highly depends on the kernel selection, most of the time,
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the unsuitable kernel function leads to imperfect hyperplane for a nonlinear data samples. Although the slack
variable can be applied to solve the soft margin optimization, it affects the optimal performance of SVM. It is evident
to obtain the optimum margin with negligible error. Another method is used to reduce convex hull. The inseparable
case becomes separable case. Variant SVM (v-SVM) can make the intersection set be empty by the choice of
parameters [4]. The v-SVM is similar with the reduced convex hull, and the computation process is complex. [8]
proposed a Concave-Convex Procedure (CCP) that separates the energy function into a convex function and a
concave (non-convex) function. But some good properties of SVM, for example the maximum margin, cannot be
guaranteed [3], because the intersection parts of data sets have not satisfied convex conditions. The SVM training
time is reduced by convex hull approach, however this method decreases the classification accuracy when there are
outliers [2] introduced a novel method for SVM classification, called convex—concave hull. Then the SVM training is
performed with these convex-concave hull vertices. This approach has a much suitable for higher dimension data, as
it has shown in the simulation results that this SVM variant is able to achieve better accuracy rate with less
computation effort for training.

MATERIALS AND METHODS
TConsider a binary classification problem with the training data given in the form

pydi=n. My e{(-L+1}x eR oy hi=L. My, e{-L+1}x, e RY

To achieve this, at first, each class is approximated with a convex hull [1]. More formally, the convex hull of samples

{xf }f=1s---i £xf }f=1s---i can be written as

| convex — {x = ZJ:’I:J_ o, | ZJ:’I:J_ &a; =
1, a =0}

1.1)

Figure 1 depicts convex hulls of two classes. The plane, orthogonal to the line fragment that bisects the line, is
selected to be the separating hyperplane as shown in Figurel.l For the proposed Convex-Hull & Geometry based
SVM (CGSVM), initially the data points are plotted and a convex hull for each class H: and Hz has been constructed
as shown Figure 2, one class samples has been shown with red points and the other with blue points.

In the next step, the centroid for each convex hull Ha& He, is estimated and connected through a straight line.
Figure 3 shows the output of convex hull centroids, the green markers and connecting them with a straight line, this
is to identify the direction of each convex hull. With this, the hyperplane, wx+b=0, has been made perpendicular to
the line which connects the centroids. However, the slope won’t be appropriate when the size of the convex hulls
varies a lot. Once, after connecting the convex hull centroids, the edge from both convex hull which intersect the
connecting line is identified and their end-points are stored as shown in Figure 4. Then each end-point from Hz is
connected to the other end-point from Hz, whichever is closer, this would introduce two new line segments L: and
L., presented as dashed line in Figure 5 Further, a straight line connecting mid-points of the lines L1 and L, derives
the hyperplane as illustrated in Figure 6.

In the last step, the support vectors are drawn parallel to the hyperplane, which passes through a vertex from Hi and
H2 as shown in Figure 7. According to the support vectors, the hyperplane is adjusted to make the distance equal
between the hyperplane and the soft margin.
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The following procedure summarizes the proposed CG-SVM classifier.

Plots the data samples

Constructs the convex hull for each sample (H:& Hz)

Finds the centroids of each convex hull (Ha& He)

Connects the centroids with a straight line, and find the convex hull edges which intersect this line.

Finds the end-points of the intersecting lines from H: and H,

Connects the end-points of Hi to Hz, whichever is closer, results two lines L: and L.

Finds the mid-points of L1 and Lz, and connect them with a straight line — Hyperplane

Draws a line for each convex hull, passes through any of the end-points from the intersecting edge, which is
parallel to the hyperplane — support vectors

i Adjusts the hyperplane, so that is equally distanced from support vectors.

S@ e a0 o

The advantage of the proposed CG-SVM over conventional SVM is the time complexity, and the kernel function
selection. The convex-hull and geometry approach doesn’t take any iterative or training procedures, hence it takes
O(n) time complexity. Also it doesn’t require to maintain the data samples, whereas it is enough to hold the convex
hull vertices, hence it won’t require more than O(n) space complexity. Comparatively the conventional SVM needs
0O(n®) and O(n?) time and space complexity respectively, the CG-SVM reduces these complexities significantly with
O(n) for both time & memory requirements. Hence, the proposed CG-SVM is faster, efficient memory and improves
the SVM classification performance significantly as discussed in the experimental results section.

The complete Jasmine Classification (Jas Classify) algorithm is summarized as follows: Initially the jasmine flower
images are captured and segmented using a Multi-Histogram based Otsu’s Thresholding (MHOT) approach. In the
second step, four different feature descriptors: Average Color Differences (ACS), Color Edge Directivity Descriptor
(CEDD), Local Binary Pattern (LBP), and Zernike Moments (ZM) are estimated from the segmented jasmine image
[5]. In the third step, the extracted features are fused, normalized and labelled as normal/defected to form a complete
feature vector, and in the last step, these features are given to CG-SVM for classification.

The following procedure depicts the proposed framework for jasmine flower classification (JasClassify)

a) Reads the jasmine images

b) Segments them using Multi-Histogram based Otsu’s Thresholding

c) Extracts ACD, CEDD, LBP and ZM feature descriptors

d) Fuses, normalizes and label the feature descriptors

e) Finds the support vectors for jasmine flower classification using Convex Hull & Geometry based SVM (CG-
SVM)

RESULTS AND DISCUSSION

The result obtained from the proposed algorithm has evaluated using a standard measure of classification accuracy
such as True Positive Rate (%TP), True Negative Rate (%TN), False Positive Rate (%FP) and False Negative Rate
(%FN). The True positive rate obtained from the actual findings of jasmine flower quality with the ground truth. The
ground truth obtains manually with 500 types of samples. The defected flowers can have identified as False Negative
Rate (%FN).The algorithm wrongly predicted the given sample which is truly defected as normal then its
corresponding False Positive Rate (%FP) can be calculated. Similarly, the True Negative Rate (%TN) can also be
calculated. Sensitivity and Specificity are statistical measures of the performance of a binary classification test, also
known in Statistics as classification function.
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The performance of the proposed CG-SVM is compared with Reduced Convex Hull SVM (RCHSVM), Convex—
Concave Hull SVM (CCHSVM) [2], and Random Forest Tree (RFT) Classifier. The classification performance is
investigated with two sets of feature descriptors: {color, texture} and {color, texture, shape}.

CONCLUSION

Flower Classification becoming a popular field owing to its importance for the Botanists and Floriculturists. Jasmine
Flower Classification which has been proposed in this research provides efficient classification accuracy owing to the
idea of considering many features, in order to achieve Accurate Quality Detection. The texture feature which is used
to identify the defects in the Flower was extracted using Zernike Moments and LBP. The accuracy of the proposed
CG-SVM classifier is 91% which is greater than the other SVM and RFT classifiers. This proves that CG-SVM
classifier has excelled the other classifiers. Hence the proposed method gives prominent results of accuracy in
detecting defected Flowers without using manual interaction.
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Classifiers Features Sensitivity Specificity Precision F1-score Accuracy

CG-SVM Color + 0.8774 0.8998 09121 0.8970 09088
Texture

Color +
Texture + 0.9004 09121 0.9228 0.9182 09134
Shape

CCHSVM Color + 0.7987 0.8332 08761 0.8120 08434
Texture

Color +
Texture + 0.8562 0.8977 0.9043 0.8585 0.9085
Shape

RCHSVM Color + 0.7730 0.8212 0.8419 0.7897 08253
Texture

Color +
Texture + 0.7996 0.8641 0.8856 0.8144 0.8722
Shape
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Figure 1. Two closest points on the convex hulls Figure 2: Data points with Convex Hull
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10

12 14

Figure 7: Support Vectors and the Margin
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ABSTRACT

Postural evaluation is an important part of assessment of spine because abnormal postures are linked
with many musculoskeletal disorders. The flexible ruler is safe, inexpensive, portable, non-invasive and
easy to use tool to assess index of lumbar lordosis. A cross sectional study was conducted on
400normalindividuals with age group of 18 to 30 years. First height and weight were measured then
Lordotic curve of lumbar spine was measured by using Flexi ruler. The mean and SD of lumbar lordosis
index is 11.57 + 3.03. The reference range for lumbar lordosis index measured by flexible ruleris 6.50-
17.80. Spearman’s correlation coefficient value shows significant but weak correlation (p<0.05) between
weight (o = 0.273) and BMI (o = 0.267)whereas height shows no correlation (o = 0.108) with lumbar
lordosis index. Normative values of Lumbar lordosis index measured by Flexi ruler is 6.50- 17.80.
These values can be used as reference values for assessment of lumbar lordosis.

Keywords: Flexible ruler, Lumbar lordosis, Measurement, Normative value.

INTRODUCTION

The vertebral column resembles a curved rod, which is composed of 33 vertebrae and 23 intervertebral disks. The
vertebral column is divided into 7 cervical vertebrae, 12 thoracic vertebrae, 5 lumbar vertebrae, 5 sacral vertebrae and
4 coccygeal vertebrae. The 5 sacral vertebrae and 4 coccygeal vertebrae are fused together. The normal human spine
is curved. There are two lordotic curves i.e., cervical lordosis and lumbar lordosis and two kyphotic curves i.e.,
thoracic kyphosis and sacral kyphosis [1]. The term lordosis refers to the normal anterior convexity of the cervical
and lumbar vertebra in the sagittal plane [2]. A curved vertebral column provides significant advantage over a
straight column so that it is able to resist much higher compressive loads. A spinal column with the normal lumbar,
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thoracic and cervical curves has a 10-fold ability to resist axial compression in comparison with a straight column.[1]
Incorrect moving habits can cause deformation in spine and leads to some malformations such as thoracic
hyperkyphosis or hyperlordosis [3]. Postural evaluation is an important part of assessment of spine. The
identification of spine malalignment can be done through variety of non-invasive and invasive methods. Non-
invasive methods used are flexible ruler, inclinometer, spinal panthograph, spinal mouse, electro set-square meter
and image processing methods.[4] Invasive methods includes CT scan, MRI and radiographs for such measurement.
[5]. Assess or often use vague terms to describe lumbar lordosis such as normal, decreased, increased or severe.
Definitions of such terms differ from an individual to individual depending upon their experience and are
questionable. At present, radiographs are considered as true measure of actual lumbosacral lordosis angle but
radiographs are expensive, time consuming and cause exposure to radiations. [6] So to avoid this for clinical purpose
use of reliable, valid, portable, safe and low-price measurement tool is required to assess the spine. One such method
that can be used in clinical setup for measurement of lumbar lordosis is flexible ruler. Flexible ruler or flexicurve is
widely used tool to measure the degree of spinal curvature in the sagittal plane such as kyphosis and lumbar
lordosis in the field of physiotherapy [7].

Studies have been done to find out the reliability and validity of flexible ruler for the measurement of lumbar curve.
[8-10] But there is a no evidence to state a normative value (baseline value) of measurement of lumbar lordosis by
using flexible ruler. So, the purpose of the present study is to measure and to find out normative values of lumbar
lordosis measurement.

MATERIALS AND METHODS

Study Design Cross-Sectional Study

The present study was conducted in Rajkot city on 400 normal healthy individuals with age group 18-30 years.
Before testing subjects were screened for the eligibility criteria and informed consent was obtained from them before
the testing. Inclusion criterias for the study were male and female subjects between 18-30 years of age group having
normal BMI and willing to participate. Subjects were excluded if they had any history of back injury, localized low
back pain or radiating pain to lower limbs, history of any back surgery and subjects having any spinal anomaly.
Then on the basis of inclusion and exclusion criteria final subjects took part in the study. Materials used for the study
were flexible ruler, weighing scale, stadiometer, measure tape, scale graph paper and pencil.

Procedure Demographic data such as name, age, gender, weight and height were taken of all the subjects. For
measurement of lumbar lordosis, the subjects were asked to stand bare foot in a comfortable position with equal
weight distribution on both the feet. Then 12th rib was located and T12 was marked. The spinous process of S2 was
located by palpation of the posterior superior iliac spines (PSIS) bilaterally and then by locating the spinous process
in the midline of the back that was closest to the same level as the PSIS. These points were marked with use of a
marker.

After that the flexible ruler was placed over the spinous process and the distance between T12 to S2 was measured as
the length (L). Then the ruler was pressed tightly to the body so as to avoid any hollow space between the ruler and
the subject’s skin and the ruler takes up the curvature of the subject’s lumbar spine. Then the ruler is removed from
the subject’s back and the curve is drawn on the graph paper to calculate the index of lumbar lordosis. A vertical line
(Lumbar length) was drawn to connect T12 to S2 landmarks and were labelled as A & B respectively. From the
deepest part of the curve a perpendicular line (Lumbar width) was drawn. Maximum width and the total length of
the curve were measured in centimeters. The Index of Lordosis (IL) were calculated from the width and length
measures of the lumbar portions of the spine using the following formulae:

IL = lumbar width / lumbar length X 100
Higher indices indicated greater degrees of lordosis and vice versa. [8,11]
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Statistical Analysis

All Statistical analysis was done by software SPSS 20.0 version, Medcalc statistical software- version 20.023.
Microsoft Excel and word 2019 was used to produce graphs and tables respectively. Mean & Standard Deviation
(SD) wvere calculated as a measure of central tendency & measure of dispersion respectively. Percentile method were
used to check the distribution of data (%) at particular percentile. Spearman’s correlation coefficient was used to
quantify the relationship between Lumbar lordosis index with weight, height and BMI.

RESULTS

Data of 400 normalindividuals with age group of 18 to 30 years was taken for the study. Out of 400 individuals, 64
were males and 336 were females. Then mean and SD of age, weight, height, BMI and index of lumbar lordosis were
calculated. The normative range of lumbar index was calculated by percentile method i.e., 6.50 — 17.80. Correlation
between lumbar lordosis index with all confounding factors except height showed weak correlation and with height
there was no correlation found.

Table 1 shows gender distribution of the population i.e., 16% males and 84% females participated for the study. Table
2 shows Mean and SD of all the variables. Table 3 shows Lumbar Index value at 5, 10, 25, 50, 75, 90, 95 percentiles.
Table 4 shows Normative values for Index of Lumbar Lordosis. Table 5 shows Relationship between Lumbar
lordosis index and confounding factors. Graph 1 shows Normative values for Index of Lumbar Lordosis.

DISCUSSION

In the present study flexible ruler was used to measure the lumbar lordosis index. It is a 61 centimeter long, flexible
piece of lead covered with plastic that can be bent in one plane and it attains the shape into which it is bent. For
spinal measurements, the flexible ruler is placed on midline of spine between two marked points and molded
according to contour of the spine. Then it is laid on graph paper and spinal curve is copied by running a pencil along
the flexible ruler.[8] Many different techniques are available to measure lumbar lordosis such as spinal mouse [4],
spinal panthograph,[4] CT scan [5], MRI [5] and radiographs [5] but these methods are costly and time consuming
and in some of the methods there will exposure to radiations. To avoid this, flexible ruler for measurement of lumbar
lordosis was used in the clinical set-up as it is non-invasive, quick, inexpensive, user friendly and harmless method.

Pamela J. Salisbury et. al. has compared different methods of measurement of lumbar sagittal mobility and it was
found that flexi ruler is the easy and time saving method compare to other methods such as in ultrasonography
patients have to maintain their position for 5 minutes which is difficult to maintain and may cause error while taking
the measurements if patients change the position [12]. The results of the present study show normative values for
index of lumbar lordosis in healthy individuals with age group 18-30 years. Index of lumbar lordosis is assessed by
using flexible ruler. No study has been done till date to find normative values of index of lumbar lordosis, this is the
first study to state the normative range of lumbar lordosis i.e., 6.50-17.80. In addition to this, Weight (o = 0.273) and
BMI (o = 0.267) show weak correlation whereas, height shows no correlation (o = 0.108) with lumbar lordosis
index.Porto AB et al., did a review to determine referential values for thoracic kyphosis and lumbar lordosis for
radiography and photogrammetry analysis and search for information about the interrater and intra-rater reliability.
They found 26 articles, of which 23 studies contained values for thoracic kyphosis and lumbar lordosis and 10 tested
the intra- and interrater reliability of both methods. As seen in this review the normative value of lumbar lordosis
varies among different studies [13].

Rabieezadeh A et al., conducted a correlational study to investigate the relationship between height, weight and body
mass index (BMI) with curvature of the spine kyphosis and lordosis in 12-15year-old male adolescents of Tehran. In
that study the spinal mouse was used for spinal assessment. Pearson correlation coefficient was used to investigate
the relationship between height, weight and body mass index (BMI) with spine kyphosis and lordosis. It was found
55780



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©lJONS
Vol.14 / Issue 78 / June / 2023  International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997

Krupa Mehta and Rajvi Mehta

that there was no statistically significant relationship between study variables and spinal curvature so, it can be
concluded that height, weight and BMI could not be considered as an appropriate criterion for association of
kyphosis and lordosis angles in the studied population [14]. These readings are inconsistent with the findings of
present study which shows statistically weak correlation between weight and BMI whereas, no correlation of height
with lumbar lordosis index. Limitations of the present study were that male: female ratio was not distributed
equally. The data was collected only from the young adult population. So, the results cannot be generalized for
children and the elderly, as these age groups were not included in the study. For future recommendations study can
be done with equal gender distribution and for different age group.

CONCLUSION

Normative values for lumbar lordosis index are6.50-17.80. The current method of measuring lumbar lordosis index
using flexible ruler can be used as an easy tool for assessment of lumbar lordosis. These values can be used as
reference values for assessment of lumbar lordosis.
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Table 1: Distribution of population according to gender

Gender No. Of Participants % Of Participants
Male 64 16%
Female 336 84%
Total 400 100%
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The above table shows, gender distribution of the population i.e., 16% males and 84% females participated for the

study.

Table 2: Mean and SD of all the variables

Sr no. Variables Mean = SD
1. Age 21.06 +2.61
2. Weight 54.43 +9.97
3. Height 2.04+9.07
4, BMI 21.24 +2.93
5. Index of Lumbar Lordosis 1157 +3.03

The above table shows, Mean and SD of all the variables.

Table 3: The value of Percentile given at5, 10, 25, 50, 75, 90, 95 for Index of Lumbar at 95% confidence limitThe
above table shows Lumbar Index value at 5, 10, 25, 50, 75, 90, 95 percentiles.
Percentile | 5 10 25 50 75 90 95
Value 7.00 | 7.85 | 9.37 | 11.33 | 13.59 | 15.70 | 16.99

Table 4: Normative values for Index of Lumbar Lordosis

25th Median 75th IQR Lower limit Upper limit Normative
Percentile (50th Percentile Value 90% ClI Value | 90% ClI Values
Percentile)
9.37 11.33 13.59 4.22 6.50 6.25-6.87 17.80 17.14-19.28 6.50-17.80
SD - Standard Deviation; IQR - Interquartile Range; Cl — Confidence Interval
Table 5: Relationship between Lumbar lordosis index and confounding factors
Confounding Factors Correlation Coefficient Value P Value
. Weight 0=0273 p = 0.000
"“mblanr d';‘)’(rdos's Height 0=0.108 p = 0.030
BMI 0=0267 p = 0.000
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Graph 1: Normative values for Index of Lumbar Lordosis
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ABSTRACT

The Web-Based Portal design has been built and successfully served in one of the Philippines' public
colleges for two semesters. However, in order to make any necessary adjustments, and to expect high
satisfaction from the students, it is vital to evaluate the usability and efficiency of the system's properties.
The study's objective was to evaluate system characteristics as viewed by students using ISO/IEC 9126,
with an emphasis on specific software quality attributes or sub-characteristics, including usability and
efficiency. The results of the usability system characteristics revealed that the system function is simple to
use; its functions provide readable descriptions that are easy to learn; users learn independently with less
time and effort; the system interface is well-organized and appealing; and it provides a user-friendly
environment. In terms of efficiency, it was discovered that the system took less time when entering the
correct user account and password; that it responded quickly when logging in and out; that it sent clear
notifications or instructions on selected transactions; that it responded quickly during data entry; and
that the entire process served as a support tool. The system's characteristics are concluded to be highly
usable and highly efficient. It is recommended that students be permitted to view and print the
temporary certificate of registration immediately after enrolment.

Keywords: System Evaluation, Web-Based Enrolment Portal, Usability, Efficiency, ISO/IEC 9126 Model,

INTRODUCTION

Evaluation is becoming increasingly important, both as a part of the design of online courses and as a mechanism for
quality assurance (Catura, et al 2019). It is for this reason that the proponents evaluated the system to assure system
quality. It has been two semesters since the designed Web-Based Portal was installed in one of the state colleges in
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the Philippines, catering to 1020 students in the first semester and 1050 students in the second semester. Enrolment in
the two semesters was successfully served. Accordingly, it was a usable and efficient system, considering these days
when the selected cities of the CARAGA region were just devastated by Typhoon Odette, aside from the occurrence
of the pandemic. There is a need to measure or evaluate the usability and efficiency of the system to determine the
quality of the software and to add to or modify it for student satisfaction. In the study of Jung, et al (2004), ISO/IEC
9126,“satisfaction” implies “the capability of the software product to satisfy users in a specified context of use.”
Satisfaction in that sense refers to the user’s response to interaction with the product. It includes judgments about
product use rather than about properties of the software itself.

According to Tatnall (2005), in the study of Miss (2014), a Web portal is a gateway to information and services from
multiple sources in a unified way, using a single, unique user interface. A Web portal usually features specific
functions, such as search mechanisms, access to databases, user registration and personalization options. Amplified
by Idachaba (2015), Web portals are often designed to provide access to information from diverse sources in a
uniform manner. Is a website that brings information from diverse sources in a unified way. In the existing design,
an enrolmet Web portal features functions like user registration and access to program courses and subjects for
enrolment. The Web Based Portal is an important breakthrough for students, faculty, staff, and educational
institutions. It is an important student support tool or support services tool that may enhance the learning experience
of learners. According to Secreto, et al (2015), effective and responsive learner support services will help learners
succeed in an open and distance e-learning (ODeL) environment as distance education students and ultimately
achieve their learning goals. Learning support services are as important as providing learners with excellent
academic content to guarantee their educational achievement.

Stressed out by Vikas, et al (2001), with rapid technological changes and shifts in educational practices, the education
system is challenged with providing both increased educational opportunities and opportunities for lifelong
learning. However, the implementation of such systems has been difficult due in part to the lack of proper
organization and administration by educational institutions and student access to the useful programs. The
statements are true for educational sectors like the said state college, particularly on students' access to useful
programs. There is a great need to design a web-based portal so that students may no longer go to the institution for
enrolment purposes but equip themselves with the gadgets necessary for online enrolment. Stated by Mansourvar, et
al (2010), web portals become important because of student’s need to access the required information on-line. It is
vital that universities have a dynamic connection with the students by sharing the organized knowledge via the
portal and help the students from messy information on the Web. However, the existing design needs to be
measured or evaluated, particularly its usability and efficiency, so as to respond directly to the issues and concerns of
the students who are directly involved in the system design and development.Thus, this research is very important
to evaluate the system characteristics as perceived by the students in the student module, with an emphasis on
specific software quality attributes such as usability and efficiency, in order to make any necessary adjustment to
expect high satisfaction from students.

Objectives
The study generally aimed to evaluate the system’s characteristics using I1ISO 9126 as perceived by the students
in the student module, with emphasis on specific software quality attributes: usability and efficiency.

METHODOLOGY

Research Design

The study used a descriptive research design. This is appropriate in the study to evaluate the usability and efficiency
of system’s characteristics as perceived by the students, particularly in the student module. This particular module is
the main design of the system to respond to the needs of the institution as a support tool for the students.
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Respondents

There are forty five (45) third-year (3rd) students as the focus of the study. The 3rd students are chosen so as to get
concrete and real-experienced information. This year level was able to experience both the manual and the newly
implemented web-based enrolment portal. Of the total number of enrolled 3t year students, only 28 responded or
participated in the survey. The rest did not respond, most likely due to a slow internet connection, and some
locations do not have internet access due to Typhoon Oddete, which hit certain cities in the Caraga Region. Figure 1
showed the online instructions with 28 responses using Google forms.

Instruments

There are two levels of questionnaires in reference to the student module design. These levels focus on usability and
efficiency in system characteristics in reference to its subcharacteristics. The model is based on the ISO 9126 quality
standard (ISO/IEC 2001). This can be used for the quality evaluation of the Web-Based Enrolment Portal from the
main end-user point of view, the students. As specified by Stefani, et al. (2007), the model’s structure relies on the set
of quality characteristics and sub-characteristics that are directly related to quality as perceived by the end-users
(referred to hereafter as "external measures"). They said further, "external measures" are those quality measures that
require the involvement of the end-user to be evaluated.According to Aziz, et al. (2013), usability is one of the
important characteristics that contribute to the usability and quality of products such as websites or software. Preece,
Rogers, & Sharp (2015), as cited in the study of Alshehriet al. (2019), usability is a quality attribute of users’
experiences when interacting with interactive technologies that assesses the easiness of the user interface. On the
other hand, in the study of Hla and Teru (2015), efficiency is the optimal use of available resources in order to
achieve value-added in the organization's value chain.

Evaluation

The designed questionnaire was answered by the selected 3rd year students of the identified Philippines' public
colleges. Before the online survey of the questionnaire, the IT experts and professional researchers validated it first.
The descriptive statistics were used in the computation of the mean and the weighted mean in evaluating the
system’s functionality and efficiency. To help interpret the responses, the upper and lower limits of a scale are used
on the 5-point Likert scale as shown in Table 1.

RESULTS AND DISCUSSION

This part provides results and discussion in reference to the evaluation of the students in the designed modules on
usability and efficiency (Tables 2-3).As shown in Table 2, the results of the evaluation on the level of usability system
design characteristics as perceived by the users are shown. As shown, the system garnered (WM = 4.66), with a
descriptive interpretation of "Strongly Agree.” The weighted mean rating implies that the system function is easy to
use; its functions provide readable descriptions that can be easily learned; users learn independently with less time
and effort; it shows an organized and attractive interface; and it provides a usable module for the students. The
result implies further that the system provided visible, organized, and usable modules with the highest mean rating
(M = 493), with a verbal interpretation of "Strongly Agree." It means displaying and organizing modules with
particular accounts so that only their rights to the system can be seen. Each module clears up any confusion about
where to go next to complete the enrollment process as soon as possible. According to Golden (2010), in order for
usability to be a first-class citizen among software quality attributes, usability design must be made cost-effective for
development organizations. The statement implies that usability has to be given closer attention during
development. On the other hand, it is noted that the system functions provided a readable description, which can be
easily learned with the least mean rating (M = 4.50), with a verbal description of "Strongly Agree." The result is still
favorable considering that the garnered meaning is still in its strongly agreed rating. This means there were students
who did not perceive that the description provided could be learned easily. These students probably did not
constantly use the internet and likely had difficulty engaging with the internet.
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Table 3, the result of the evaluation on the level of efficiency in system characteristics as perceived by the users. As
shown, the system garnered (WM = 4.78), with a verbal interpretation of "Strongly Agree." It shows that the system
took less time when entering the correct user account and password; responded right away when logging in and out;
sent clear notifications or instructions on selected transactions; responded speedily during data entry; and the whole
process provided efficiency as a support tool. On the item specified, the system that responded quickly during data
entry obtained the highest mean rating (M = 5.00), with the least mean rating (M = 4.60) on the item that claimed to
respond right away when logging in and out. Results revealed that the system is less efficient during logging in and
out. It may possibly result from the students' internet problems on the internet connection due to the present
condition in the locality caused by the typhoon. This can be resolved directly when the internet connection is on its
favorable services.

CONCLUSION

It is concluded that the system design characteristics in two different modules are highly usable and highly efficient
system design characteristics. It means students are highly satisfied with the system design in usability and
efficiency. The system successfully served the students during enrolment.

Recommendation

Since it is an important system as a student support tool or service, it is recommended that additional features such
as a grading queue be added because this is also one of the important student support tools needed by the students.
The online survey used should be supplemented with more comprehensive measures of quality subcharacteristics in
future studies. It is further recommended that replications of the present study using other statistical tools are
necessary to substantiate or clarify the present results. Likewise, students were recommended that they be allowed to
view the temporary certificate of registration right away upon enrolment, even without approval from the enrolment
evaluator.
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Table 1. Numerical Rating with Descriptive Interpretation

Numerical Rating

Descriptive Enterpretation

450 - 5.00 Highly Usable/Efficient-Strongly Agree (SA)
3.50-4.49 Usable/Efficient- Agree (A)

2.50 -3.49 Moderately Usable/Efficient/-Moderately Agree (MA)
1.50 -2.49 Not Usable/Efficient-Disagree (D)
1.00-1.49 Strongly Not Usable/Efficient-Strongly Disagree(SD)

Table 2. Usability Quality System Characteristics

QUESTIONNAIRE

Flease consider the numerical ratings bealow

- Strengly Agreeg

¥ Agree
- zagres
strongly Disagree

SRR |

Check your honest answer of the questions provided from 1-5 whera 5 15 the highest and 1 Is the lowest

Usability: The user percieved that the system: Mean
1. was easy to use; 457
2. functions provided readable description which can be easily learned; 450
3. users learned indepedently with lesser time and effort; 4.79
4. showed organized and attractive interface; 454
5. provided visible and organized usable module; 493
Weighted Mean (WM): 4.66
Table 3. Efficiency Quality System Characteristics
Efficiency: The user perceived that the system: Mean
1.took lesser time when entering correct user account and password ; 460
2. responded right away when logging in and logging out; 470
3. sent clear notifications or instruction on selected transactions; 4.80
4. responded speedily during data entry; 5.00
5. whole process provided efficiency as a support tool; 480

Weighted Mean(WM): 478

Questions  Resporses @)  Settings
[e=2
Enrolment Web Portal SURVEY :

Figure 1. The Online Istructions With 28 Responses using Google Forms.
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ABSTRACT

Freshwater ecosystems or aquatic ecosystems carryout numerous valuable environmental functions. The structure
and function of freshwater ecosystem can be measured on the basis of diversity of aquatic insects because of their
high abundance, small life span, high birth rate, large biomass and rapid colonization of freshwater habitats.
Mosquito and chironomid larvae are a major diet for aquatic organisms. Aquatic entomofauna are well known as a
model organism to examine the structure and function of the freshwater ecosystem. Larvae and adults of aquatic
insects have been consumed by humans for their health benefits and also, have a significant role in bio controlling
agent. These insects play a key role in transmission of diseases to humans and animals. In this review paper an
attempt has been made to focus on taxonomic orders of aquatic insects, the beneficial role of aquatic insects in food
web, nutrient cycle, fishing, medicinal value, bio control agent and biomonitoring and threat caused by these insects
to the society by transmission of diseases to human being and animals.

Keywords: Biocontrol agent, Biomonitoring, Food web, Medicinal value,Nutrient cycle.

INTRODUCTION

Aquatic insects are well known as a model organism to examine the structure and function of freshwater ecosystem.
The insects comprise the most diverse group of organisms that exist on the Earth. Aquatic insects maintain a
moderately stable position in aquatic environment (Mc Cafferty and Provonsha, 1981). There are about 7,51,000
known species of insects, which is about three-fourth known species of flora and fauna on the planet. These are the
only invertebrates that can fly (Voshell, 2002). About 5,000 species of aquatic insects are estimated to inhabit inland
wetlands of India, constituted mainly by mayflies (Ephemeroptera), dragonflies (Odonata) and caddisflies (Trichoptera)
(Subramanian and Sivaramkrishnan, 2017a). They are one of the important components for food web in freshwater
ecosystem, they are the main prey of nekton and have a role as decomposers of organic matter (Husseiny et al., 2015).
Aquatic insects constitute only 3-5% of all insect species. (Daly et al., 1984). They play a valuable ecological role in
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keeping freshwater ecosystem functioning properly (Hadicke et al., 2017). Aquatic ecosystem health is monitored by
using aquatic insects due to their different responses to stimulation in their aquatic habitats and to determine the
quality of that environment. The presence or absence of some families of aquatic insects indicates whether a specific
water body is healthy or contaminated (Choudhary and Ahi 2015; Merritt and Cummins, 2008). Limited number of
works have been conducted on the ecological aspects of aquatic insects. Some works are those by (Thirumalai, 1999;
Sivaramkrishnan et al., 2000; Anbalagan et al., 2004; Thirumalai, 2004; Jana et al., 2008; Abhijna et al., 2012;Majumder
et al., 2013; Murugesan, 2020;Rao, et al., 2020;Wakhidet al., 2020). In this review article we have mainly examined the
taxonomic orders of aquatic insects and focused on the beneficial role of aquatic insects in food web, nutrient cycle,
fishing, medicinal values, bio control agent and biomonitoring and threat caused by these insects to the society by
transmission of diseases to human being and animals.

Taxonomic Orders of Aquatic Insects

Aquatic insects are those which spends part of their life cycle in the water or on the surface of water (Resh and
Rosenberg, 1989). Eleven orders of aquatic insects contain aquatic and semi aquatic phased species. In five of these
orders (Ephemeroptera, Odonata, Plecoptera, Megaloptera and Tricoptera) possessed by aquatic stages, while remaining
six orders contains terrestrial as well as aquatic or semi aquatic representatives. Semi agquatic species live in damp
marginal habitats (e.g. some Hemipterans) or are associated with the upper surface of the air-water interface (e.g.
some Collembolans). Only aquatic beetles and bugs contain species in which both adult and immature stages occur
under water (Ward, 1992; Barman, 2014).

Order 1. Collembola: The Collembola are called as springtails. They are small arthropods and their fossil remains
known from Devonian period over 345 million years ago. They are found in huge numbers in and on water surface
where there is presence of organic detritus washed against the shore. These have special type of jumping device
which are composed of furcula and tenaculum which helps them to leap many times their own length (Cipola et al.,
2017).

Order 2. Ephemeroptera: Ephemeroptera are commonly called as mayflies. These serve as a major diet for fish and
other aquatic organisms. Their nymphs live under water before development as adults that mate and lay eggs in few
days, they bear the same name as the adult nature called as ephemeral means which lasts for a very little time
(Jacobus et al., 2019). When these insect reaches its winged form, it molts and lives again as a winged form in water
known as subimago, which again molts to the adult form (Peckarshy et al., 1990).

Order 3.Odonata: The Odonates are the insects often called as dragonflies and damselflies (Hawking and
Theischinger, 2004). Immature and adults of Odonates both acts as predators and help in reducing mosquito
population by eating them. These are ancient insects that have been around since before the era of the dinosaurs.
Some Odonata fossils which are found in Carboniferous period which were larger than some modern hawks (Bybee,
2008).

Order 4. Plecoptera: The Plecoptera are known as stoneflies, because nymphs are found underneath the stones of
streams and rivers. These ancient order present in fast running water (Figuerao, 2019). The immature of stoneflies
looks alike as adults with exception of wings present in adults and nymph lacks wings (Dewalt and Ower, 2019;
Marwein and Gupta, 2021).

Order 5. Hemiptera: Hemiptera are called as true bugs they ranged in various size from tiny insects known as water
measures to the huge giant water bugs. These insects reach almost 7 cm in length (Abowei and Ukoroije, 2012).
Hemiptera are predators having grasping forelegs and sharp piercing mouth parts that are capable to give out a
painful bite (Haddad, 2010). Other Hemipterans may find in or on water surface includes the water scorpions,
backswimmers, water boatman and water strider. These are found in emergent vegetation with slow moving water
(Hadicke etal., 2017).
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Order 6. Megaloptera: These insects referred to as dobsonflies and alderflies are especially remarkable both as larvae
and as adults. The nymph of dobsonfly is known as hellgrammite. These larvae that can reach up to an inch long and
consists of strong mandibles which helps in capturing the prey (Nair et al., 2015). They appear in rocky, fast-moving
catchment area of rivers, lakes and ponds and they live by consuming other aquatic insects. Excessively exaggerated
jaws are seen in the adult males of alderflies (Engel, 2004).

Order 7. Neuroptera: The Neuroptera are called as nerve-winged insects. These are found terrestrial but larvae of this
insects have needle-jaws to entrap the prey. These insects attach to their host sponge on their backs to escape from
predators (Pennak, 1989).

Order 8. Trichoptera: Trichoptera common name is caddisfly which indicates as case-bearer (Majeed et al. 2020). Many
of these insects construct cases to reside and they use materials which are found in river such as stones, twig, leaves
and sand (Jewel et al., 2018).

Order 9. Lepidoptera: These are some Lepidoptera the moths and butterflies that are truly aquatic (Lange, 1956).
Immature of the moths live on the aquatic plants (Pabis, 2018). When these Lepidoptera emerge into adult form, they
leave water and fly nearby (Pabis, 2014).

Order 10. Coleoptera: The Coleoptera is known as shield-wing these have front wings modified into hardened covers
which guard the rear wings from injury. Flying beetles use their rear wings to fly. These beetles are very diverse and
fascinating. Predaceous diving beetles are almost 2.0 cm in length and found in weedy ponds. The whirligig beetles
are commonly seen often in large groups swimming collectively on the surface of water. These beetles adapted
themselves to live in water. They are four-eyed with lone pair of eyes looking over head the water and other beneath
(Allan, 1995). Other beetles which are found in lakes, rivers and ponds are elmid or riffle beetles, psephenid or water
penny beetles and haliplids beetles (Lille, 1991).

Order 11. Diptera: Diptera means two wings refers to the true flies. Diptera mainly feed on our blood. These include
the tabanids (horseflies and deerflies), the culicids (mosquitoes), ceratoponids (biting midges) and the simulids
(biting blackflies) (Courtney etal., 2017).

Societal Significance of Aquatic Insects

Food Web and Nutrient Cycle

Aquatic insects are well known as model organisms to examine the structure and function of freshwater ecosystem.
The structure and function of freshwater ecosystem can be measured on the basis of diversity of aquatic insects
because of their high abundance, small life span, high birth rate, large biomass and rapid colonization of freshwater
habitats (Choudhary and Ahi, 2015; Baskar et al., 2021). Shredders, scrapers, piercers and predators are the different
functional feeding groups important in nutrient recycling (Lamberti and Moore, 1984). Shedders helps in
decomposition of organic matter and nutrient cycling (Wallace and Webister, 1996), the processing of organic matter
is carried out by collectors (Hershey, 1987), scrapers are those which consume algae (Feminella and Hawkins, 1995),
the cellular fluid consumption of individual cells of algae is done by piercers (Swanson, 2007), predators play
important role in energy transfer to higher tropic levels (Cooper, 1990, Sundar et al., 2020). The abundance of the
trophic group in the ecosystem indicates that different quality of ecosphere. The greater the abundance of shredder
and collectors trophic groups suggest a healthier environment than predator dominated ecosystem (Barman, 2014).
Insects play a major diet for fish and other aquatic organisms. Aquatic insects firstly process leaflitter and wood
which are reaching the wetland from the surrounding landscape. The nutrients which are further degraded into an
absorbable form by fungal and bacterial action. This forms the base of food chain in aquatic ecosystem. Some aquatic
insects filter fine particles that are floating on water surface. This helps to keep water clean and light to penetrate
where algae and other plants are growing in the bottom. Other aquatic insects are useful to mix soft lowest
sediments as they burrow in search of food. This makes the bottom be transformed into healthier for organisms to
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get oxygen from the water into the bottom. Predaceous beetle such as Dytiscus helps in reducing the organisms
found in water and maintains balance in freshwater ecosystem (Khan and Ghosh, 2001; Voshell, 2002). Mosquito and
chironomid larvae are a major diet for aquatic organisms (Cibrowki and Corkum, 2003). Odonates are a magnificent
indicator. They feed on mosquitoes which helps in reducing mosquito population (Watson et al., 1982; Watson et al.,
1982; Steward and Samway, 1988).

Fishing

The biodiversity of aquatic insect is of great interest to society because these animals are very important in the diet of
many species of fish, which are usually eaten by humans. People who fish with natural or artificial baits have
particularly interested in it. The species most often mimicked are mayflies, caddisflies, stoneflies and non-biting
midge. Larvae, pupae and adults are imitated and presented to fish in such a way as to mimic the behavior of these
forms, which grow on the lower substrate, float in the flood, emerge from the surface of the water, or return to water
as egg-laying females or dying adults (Dudgeon, 1999).

Medicinal VValue and Bio Control Agent

Entomophagy the consumption of insects (Fontaneto, 2011). Most of the insects larvae and adults have been
consumed by humans for their health benefits and also, they play a significant role in bio controlling agent. As it
consists of essential source of proteins, fats, minerals, vitamins and antioxidants which can be compared with meat
and fish (Tiencheu, 2017). Libellulidae and Aeshinidae larvae is boiled in water to extract its flavor and medicinal
properties.The extracted water is consumed to cure hypertension, kidney problems, pregnancy related relapse,
beriberi and dizziness. The same extracted liquid helps in treating toothache, paralysis and gas blotting in children.
On the other hand, Aeshinidae larvae are used to control high blood pressure (Cudera et al., 2020). Water striders are
used for the treatment of dog bites and mental illness (Srivastava et al., 2009; Courtney, 2017). Lethocerus indicus and
Cyhister tripunctatus has an important source of protein and fat in diet and with strong antioxidant properties (Waltz
et al., 2008; Shantibalaa t al., 2014;Williams, 2017).Dragonflies and damselflies have significant role in ecosystem. Both
larva and adult serve as predators and are extensively prey on mosquitoes acting as biocontrol agent (Chandra et al.,
2006; Jacob et al., 2017; May, 2019). Aquatic Hemiptera such as Notonectidae, Belostomatidae, Nepidae and semi
aquatic such as Gerridae and Vellidae which are seen in marshes act as significant mosquito predators (Nam et al.,
2000; Mandal et al., 2008; Ohba et al., 2011; Tupinambas et al., 2011; Benbow et al., 2014;).

Biomonitoring

Biomonitoring is a usage of organisms and their biological responses to evaluate changes in the habitat. Loss of
freshwater ecosystem is related to human activities (Antunes et al., 2016) and is a growing phenomenon that is
leading to habitat destruction, global climate change and fragmentation (Saunders et al., 2002; Boyero et al., 2009).
Aquatic insects are the most widely used organisms in freshwater. It is important because it disclose the result of
different pollutants and further changes in environmental conditions. This is used to access anthropogenic impacts to
a system (Abell, 2002). Aquatic insects are a health diagnosis of freshwater ecosystem, the composition and density
of aquatic insects reflects habitat status because different taxa require unique water qualities. That is why they are
used as indicator species. Aquatic insects are one of the most commonly recommended species to evaluate water
quality they act as an indicator species for monitoring environmental pollution (Anjinappa and Vijaykumar, 2020). A
sample of aquatic insects can change several repetitive physico-chemical measurements (Habib and Yousuf, 2016). A
recent assessment of water ecosystem reveals that river catchments which are found in Indian subcontinent are most
globally threatened (WCMC, 2000). Loss of aquatic insects can cause negative outcome on the ecosystem stability
and diversity.

Societal Threat of Aquatic Insects

Aquatic insects play a key role in transmission of diseases to human being and animals (Gratz, 2004; Phillips, 2008).
There are many adult Diptera with effective piercing style mouth parts allowing for these flies to bite and suck
blood. Due to their blood feeding habits these are natural carriers of pathogens and play important role in
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transmission of bacteria, viruses and other pathogens (Harbach, 2007). Diptera such as mosquitoes transmit diseases,
such as malaria, dengue, filariasis and yellow fever. Many researchers have worked on their control measures. About
70 genera of mosquitoes transmit about 500,000 malaria cases each year. Yellow fever is transmitted by lone
mosquito Aedes aegypti. Furthermore, feww members of them can give a painful bite and causes dermatological effect
on humans and animals. Dragonfly and damselfly considered as a threat to the poultry industry because they
transmit a parasitic flatworm of Prosthogonimus species (Angel, 1973; Whiteman et al. 2005; Solanki and Shukla 2015).
Blackflies transmit the filarial parasites Dirofilarial in bears, Mansonella and Onchocera in humans and the
protozoans,Leucocytozoon in birds (Crosskey, 1990). Hairs of adult caddisflies or other aquatic insects can cause
allergic reaction. Belostomatidae (giant water bug) can cause painful bites in humans. Buruli ulcer is a disease caused
by Mycobacterium (Mycobacterium ulcerans) wide spread ulcer mainly in the lower limbs, Mycabacterium ulcerans can
be isolated from water bugs in endemic areas and reproduced in the salivary glands of bugs which are transmitted
by the bite of giant water bugs (Haddard, 2010).

CONCLUSION

To attain the environmental sustainable future, the conservation of biodiversity has become the emerging issue in the
last decades. Numerous indicator species are excluded due to lack of their complete data. Study on aquatic insects
can furnish the information about ecology of insects in an area for any decision making. Presently entomologist are
working on the development and improvement of existing new biomonitoring tools using aquatic entomofauna.
Very few professional entomologists are capable of recognizing species of aquatic organisms or interested in
discovering their biological characteristics. This capacity for declining at very time in history, where there is a
greatest need for biodiversity discovery before many species become extinct.
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ABSTRACT

Our oral cavity is considered as the “Mirror of our Body” , it is hugely impacted from an array of factors
such as disease, psychological stress and eating habits .It is a multifactorial disease which has the
involvement of host , environment and other local factors Probiotics, Ozone therapy, Photodynamic
therapy, Microsurgery, Lasers, Piezo surgery, Nanotechnology, Periodontal vaccine, Perio protect, Tissue
engineering and Molecules to resolve inflammation in treatment of periodontal disease. This Literature
review highlights various advances.

Keywords: Recent advances, Microsurgery, Piezo surgery, Probiotics, Nanotechnology

INTRODUCTION

Our oral cavity is considered the “Mirror of our Body”, it is hugely impacted by an array of factors such as disease,
psychological stress, and eating habits. It is a multifactorial disease that has the involvement of host, environment
and other local factors. As science and technology evolve, they bring out many advances which help in reducing the
procedure time as well as aid in better healing. The advantages of various advances lie in the fact they use new
materials and methods and bring out better chances of healing.
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Probiotics, Ozone therapy, Photodynamic therapy, Microsurgery, Lasers, Piezo surgery, Nanotechnology,
Periodontal vaccine, Perio protect, Tissue engineering and Molecules to resolve inflammation are new advances used
in treatment of periodontal disease.

Probiotics

Probiotics are available in various forms such as molds, yeast, and bacteria, the bacterial species are found more
predominately. The most commonly used prebiotics used includes two genera Lactobacillus and Bifidobacterium
species. Act as an adjunct to oral prophylaxis also helps in the inhibition of the periodontopathogens recolonization
of periodontal pockets to achieve and maintain periodontal health. Probiotics help in the inhibition of pathogen
growth and metabolism. The use of probiotics has been implicated in cariogenic lesions as well to halt the
progression of periodontal diseases. There are several drawbacks of Probiotics, including changes in the
carbohydrates undergo changes on cooking this was the reason why the advent of prebiotics had taken place. These
are selectively fermented ingredients which allows changes in composition and activity of the GIT which renders
health benefits to the host. The prebiotics are effective when released directly in the lower GIT. The carbohydrates of
prebiotics do not undergo changes while cooking [7].

Probiotics work in various ways such as it could either inhibit the adhesion of the pathogenic bacteria, therefore,
inhibiting its growth. The inhibiting action of the probiotic further enables the elevated production of IgA and
defensins, thereby enhancing the host immune response (Fig-1).

Ozone Therapy

Ozone has been used for the following reasons such as elimination of pathogens, restoration of proper oxygen
metabolism, induction of a friendly ecological environment, increased circulation, activation and stimulation of
immune system and simulation of the humoral antioxidant system. The application in Periodontology includes
gaseous ozone used during scaling & root planning. It is very useful in eliminating periodontal pathogens such as
P.gingivalis .It also finds its utility in its action as a cleansing agent. Others included such as helpful in reducing the
pocket depth and in regeneration procedures [8]

Photodynamic Therapy

Photodynamic therapy being effective antibacterial technique can be used in treatment of periodontal disease such as
chronic periodontitis. The application of PDT is seen in the effective treatment of periimplantitis. It is observed that
PDT in conjugation with mechanical debridement can provide exceptional results in terms of reducing the bacterial
load [2].

Piezosurgery

It is method that enables the preparation of a small part of bone by removal of small quantities. It is targeted mostly
at performing osteotomies but can also be helpful in performing soft-tissue surgeries. Piezosurgery provides its
usefulness in terms of surgical procedures namely maxillary sinus lifting perforation of the Schneiderian membrane.
It is risk when performed using traditional rotating instruments ,the risk is reduced to a minimal amount when
performed using piezosurgery. Piezosurgery also finds its validation in Alveolar crest expansion. In lateralisation of
the inferior alveolar nerve would allow safe osteotomy and an easy access to the underlying nerve.lt provides to be
useful in the removal of osseointegrated implants.

Microsurgery

Microsurgery involves the amalgamation of three principles namely precision of instrumentation, magnification of
surgical site, and therefore refinement in surgical sites. This advancement finds its utility in root coverage
procedures, papilla preservation procedures, and other aesthetic procedures of periodontology. The disadvantages
of this advancement include difficulty in focusing at first and may cause strain on the operator [4].
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Periodontal VVaccine

Periodontal vaccine in treatment of periodontal treatment help in decreasing the incidence of periodontal disease as
it is known that periodontal disease is a multifactorial microbial disease that is said to have a systemic predisposition
as well. This in turn makes the individual susceptible to various conditions which include myocardial infarction,
cerebrovascular stroke, pneumonia etc [1].

Lasers

Lasers have always been synomous with cutting edge technology and have established themselves as a boon to the
medical sciences. The advent of lasers in the field of Periodontology has created new avenues for treatment
options.These are helpful in detoxification and bactericidal effects thereby aiding in better periodontal attachments.
There are different types of lasers employed in Periodontal procedures namely Argon , Diode , Neodynium: Yttrium
Aluminum Garnet (Nd:YAG), Erbium, Chromium: Yttrium Scandium Gallium Garnet (Er, Cr:YSGG), Carbon
Dioxide Laser (CO2 Laser).

Lasers help in performing an array of periodontal procedures namely initial periodontal therapy or non-surgical
periodontal therapy wherein soft tissue lasers are employed in order to reduce gingival inflammation such as Diode
and Nd:YAG lasers. It finds itself being used immensely in terms of surgical periodontology due to many reasons a
few being, ease of use, reduced gingival aberration, faster healing rate and minimal hemorrhage. Different
procedures such as Gingival sculpting, esthetic procedures such as a frenectomy, surgical crown lengthening and
depigmentation [3].

Nanotechnology

Nanotechnology involves a science which incorporated studies taken place at macomolecular level. It enables the
study of materials at a nanoscale level.

Based on the application, use and technology there are 4 approaches of nanotechnology:

1. Top-down approach

2. Bottom-up approach

3. Functional approach

4. Biomimetic approach In Periodontology, it can be used in the form of nanorobotics dentifrices wherein popurlarly
known as ‘Dentirobots’. These function in providing a continuous barrier against oral malodor. Nanotechnology
could also be beneficial in controlling dentinal hypersensitivity by the use of n-HAP-containing toothpaste.
Nanoparticles selectively release antimicrobial agents post attachment with oral biofilms. It involves the smart
release of agents when triggered by environments comprising of acidic pH. Nanotechnology could be utilized to
create surfaces with controlled topography and chemistry that would assist understanding biological interactions
and developing novel implant surfaces with predictable tissue-integrative properties. Advances in the fabrication of
nanoparticles for coating the implant surface and the nano-patterning of dental implants is leading to better
osseointegration and improved physiologic functions of implants [5,7].

Tissue Engineering

The scope of tissue engineering has provided a huge opportunity to fill the lacunae which exist in conventional
periodontal therapy. For eons, scientists have been trying to find out ways and means to recreate lost tissues and
methods of their regeneration. Then it was found that combining cells, growth factors, and barrier materials serve as
the cornerstone of tissue engineering therapy. The current topic of focus remains regeneration with the help of a
periodontal ligament. This particular dynamic tissue maintains the relationship between tooth and bone. Liga plants
are a huge rage nowadays because of their longevity as a way of improving biological performance and thereby
improving the prosthesis life. Gene vaccines have been useful in activating cell-mediated as well as humoral
immunity by either encoding genes or RNA of a specific pathogen [7].
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CONCLUSION

The advancement seen in every sphere of science and technology and the field of Periodontology is not far behind.
Within the realms of periodontal therapy, it is very important that we have a fair understanding of the disease, the
factors causing it and the involvement of local as well as systemic factors. This understanding will further widen our
prospective and help us realize the true potential of this ever-changing and dynamic branch of dental sciences.
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Table -1. Contribution of Authors In Different Fields of Advances

Author/Year (Probiotics) Study Type Conclusion

Consumption of L. salivarius T1
2711 tablets 5 times a day for 8
Matsuoka et al in 2018 Parallel Open Label Stdy weeks and showeda decrease in
bleeding on  probing and
P.gingivlis counts.

Bacterial pellets of S. sanguis
KTH-4, S. salivarius TOVE and S.
mitis BMS were applied locally in
pockets at 1,2 and 4 weeks. They
showed decreased counts of

Teughels etal in 2007 Split Mouth Study anaerobic bacteria and C. rectus
with decreased pocket
recolonization and bleeding on
probing when compared with
controls

Author/Year (Ozone Therapy) Study Type Conclusion
Kshitish and Laxman in 2010 Randomized, Double-Blind, They concluded that despite the
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Crossover Split-Mouth

substantivity of chlorhexidine, the
single irrigation of ozone is quite

Fillippi. A in 1995

effective to inactivate
microorganisms
Found that ozonized water

applied on daily basis can
accelerate the healing rate in oral
mucosa.

Huth, etal. in 2011

High-concentrated gaseous and
aqueous ozone merit further
investigation as antiseptics in

periodontitis therapy.
Author/Year (PDT) Study Type Conclusion

Results were  better when
Braun et al. in 2008 Split -Mouth Study mechanical therapy was

performed in association with PDT

De Oliveira et al in 2007

Split-Mouth Design Study

Evaluated Gl & BOP after therapy
using PDT , and found
pronounced changes on compared
with its control.

Author/Year (Piezo Surgery)

Study Type

Conclusion

Gonzalez etal. in 2017

Split -Mouth Study Design

The use of piezoelectric osteotomy in
osteogenic distraction to increase the
alveolar ridge height prior to the
installation of dental implants is easier
and less prone to intraoperative
complications compared to conventional
osteotomy procedures.

Esteves et al. in 2018

Split -Mouth Study Design

A higher amount of newly formed bone
observed 30 days after the use of the
piezosurgery device post performing

osteotomy.

Author/Year (Piezosurgery)

Study Type

Conclusion

Cortellini P, Cortellini S, Bonaccini
D, Tonetti MS.
2021

Retrospective study

All implants survived up to 5years
with significant clinical and
radiographic outcomes

Moreno Rodriguez J, Pecci-Lloret
M, Ruiz E, Ruiz A.

Preliminary Study

Bone augmentation was evaluated
six months after preservation by
computed tomography and
histology, and it demonstrated

2018 positive preliminary results in
bone reconstruction with reduced
morbidity
Author/Year (Periodontal Vaccine) Study Type Conclusion
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Houri-Haddad et al in 2010

Cross sectional Study

The immune response and the
resultant protection to a P.
gingivalis infection, in P.
gingivalis-vaccinated mice, are
adjuvant- dependent.

Hardham et al. in 2005

Randomised -Control Trial

The authors concluded that a
periodontal vaccine may be a
useful tool in preventing the
progression of periodontitis in
animals.

Author/Year (Lasers)

Study Type

Conclusion

Eberhard et al in 2003

DNA probe analysis

The laser was used for twice the
time as that for SRP, the
percentage of root surface devoid
of calculus increasedto83.3%. Both
these therapy resulted in similar
lowering of microbes causing
pathology.

Harris and Yessikin 1997

Split-Mouth Study

Determined the in vitro ablation
threshold for porphynomonas
gingivalis for both the 810-nm

diode and Nd:YAG lasers to be 48

and 96 J/cm?2 , respectively.

Ito et al. in 1995

Randomised Control Trial

This study showed remarkable
reduction of porphynomonas
gingivalis, Aggregati
bacteractinomycetemcomitans,
Prevotellaintermedia.after using
Nd:YAG laser.

Author/Year (Nanotechnology)

Study Type

Conclusion

ISSN: 0976 — 0997

Horowitz et al in 2004

Split -Mouth Study

The mandibular site grafted with
B-TCP mixed with the patient’s
blood rendered 51% vital bone

with 1% graft remnant18. The
proposed therapy for enhancing
extraction sockets led to a 100%
success rate in implant placement
and loading.

Masurkar SA et al. in 2012

Split -Mouth Study

Silver nanoparticles can enhance
quorum quenching activity against
Staphylococcus aureus and
prevent biofilm formation.

to resolve Inflammation)

Author / Year (Newer molecules

Study Type

Conclusion

Palmer et al in 2018

Cross Sectional Study

Evaluated the effects of scaling
and root planning found that
removal of 75% of a biofilm mass

resulted in a regrowth that
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reached 400% regeneration within
three hours.

Teles et al in 2017

Longitudinal Study

Biofilms following mechanical
therapy attained a growth
potential that superseded pre-
treatment levels within days and
they demonstrated there was no
significant  alteration in the
proportions of periodontal
pathogens following conventional
plaque removal.

\

Author/Year (Tissue Engineering) Study Type Conclusion
Concluded that products
caliberated using Tissue

Semino et al in 2004

engineering were further to have
no untoward immune response,
they were bio-degradable and
shared several similar properties
with natural ECM’s such as 3D
nanofiber matrices to support cell
maintenance, proliferation and
differentiation.
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ABSTRACT

In the year 2019, a new disease known as novel corona virus had started spreading from china to all over
the world. The situation becomes very crucial had been spreading all over the countries in world. A lot of
people in the world got affected by the disease and we are in the condition of preparing many hospitals
and medications to the people who are affected by the disease. The current method used to find a person
who are affected by the disease are very slow and less performing as compared to the huge population.
The proposed method gives the actual number of patients who had been affected by the novel corona
virus by using machine learning algorithm. A set of data has been given to the algorithm like patient’s
medical records and past and present patient records. The proposed algorithm finds whether the patient
is affected by corona virus or not. The proposed method gives better results than the previous method.

Keywords: Corona Virus, Patients, algorithm, Disease

INTRODUCTION

The novel corona virus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is spreading globally, as of March 14, 2021 as of today, 119.21 million people have been infected and 2.64
million people have died [1]. The viral disease infections are increasing day by day proportionally and this cause
pressure to the medical organizations around the globe. The medical world works 24x7 to find the easiest way to
identify the COVID - 19 patients at the risk who needs immediate oxygen supply for ventilation and provide early
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intervention is the major problem to be solved. The clinical data collected in this study were collected within 6 hours
after the patients were admitted to the hospital. The diagnostic criteria for COVID-19 follow the 2020 WHO
guidelines. Severe COVID-19 cases were defined as fever plus respiratory rate >30/min, severe respiratory distress,
or oxygen partial pressure <93%. All severe cases developed from non-severe cases, and no severe cases developed at
the time of clinical data collection. Patients with no trend towards severe disease and no need for oxygen were
defined as non-severe cases. All non-severe cases were discharged in a stable manner. Nasal swab and throat swab
specimens were used for SARS-CoV2 virus RT-PCR detection. This study uses the dataset which was approved by
the Ethics Committee of Wuhan Huoshenshan Hospital (HSSLL024) and carried out in accordance with the
Declaration of Helsinki.

Literature Survey

Currently, studies on the risk of COVID-19 are being conducted on various topics, such as risk [2-5], prediction and
analysis of infection routes [6], and impact on communities and members [7]. However, studies that can quantify the
risk of COVID-19 or guarantee safe activities are rarely conducted. Therefore, in this paper, we present the factors
that affect the risk of COVID-19 and propose a metric to express the risk through those factors. In addition, studies
[8-9] that classify patients for diseases using clustering techniques among machine learning algorithms are applied to
the risk analysis of COVID-19.

It is expected that the COVID-19 risk measurement metric and analysis method presented in this paper will make a
great contribution to assisting people in safe living activities from COVID-19. Alaa's study suggested a strategy to
identify areas at risk of spreading COVID 19 by analyzing population density [10]. However, no solution was
presented using the analysis results. Wang's study presented a method to derive the causative factors for the spread
after modeling and analyzing the emergence and spread of COVID-19 in the community [11]. However, it did not
suggest how to control the spread of COVID-19 by using risk factors.

Lee's study analyzed the extent of COVID-19's current impact on Korean communities and suggested future
development directions [12]. However, limited measures were presented for specific groups such as government
offices and media outlets. Lastly, Song's study suggested a way to strengthen social distancing through an interactive
web-based mapping platform. However, no method has been suggested for users to directly feel the risk of COVID-
19 [13]. Considering the current studies, the majority of studies are related to the analysis of disease risk. In addition,
studies that can suggest or judge people to take safe predictions using the analysis results have not been actively
conducted. Therefore, this paper presents several metrics related to COVID-19 risk and a plan to support risk
analysis in prediction and safe activities using them.

MATERIALS AND METHODS

Research Objects

Cases from January 27 to March 8, 2020 in Wuhan Fangcai Hospital data is used for this research. The included
population was confirmed as COVID-19 cases by real-time fluorescent RT-PCR detection of new corona virus nucleic
acid positive or positive serum new corona virus-specific IgM antibody and IgG antibody test. The conditions for the
selection of severe cases refer to the "Diagnosis and Treatment Program for Novel Corona virus Pneumonia (Trial
Sixth Edition)" [14] (meet any of the following): blood oxygen saturation < 93%; respiratory rate > 30 breaths/min;
arterial blood oxygen content Pressure (PaO 2 )/Oxygen uptake concentration (FiO 2)<300 mmHg (1 mmHg=0.133
kPa).

Inclusion of Predictive Indicators

A total of 49 parameters were included in the admission testing of all included cases, including demographic
characteristics, vital signs, clinical laboratory monitoring parameters and CT parameters, disease and treatment
characteristics, clinical characteristics and pathological variables.
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Extreme Learning Machine (ELM) Prediction Model

ELM is a machine learning technique [15], which builds a prediction model by assembling a weak prediction model
(usually a decision tree). During the training process, a series of decision trees are generated in the way of gradient
enhancement, that is, the next decision tree is progressively generated according to the current decision tree to better
predict the result [16]. After training, a risk prediction system consisting of a series of decision trees can be
obtained. During application, the output predicted risk is the cumulative score for each decision tree, expressed as
the probability of the predicted outcome. ELM has two particular advantages. First, ELM provides an importance
score for each variable, which represents the weight of the variable in the predictive model. Second, the ELM
algorithm can automatically handle missing data by adding default directions for missing values in each tree node,
and the default directions are learned from the training data. When there are missing values in the validation data,
classify the instance as the default orientation. And this advantage is unmatched by other machine learning methods
and traditional statistical models, because these models cannot automatically deal with missing values. In these
models, the missing values are usually filled by means of mean substitution [17].

Analysis Strategy

Based on input variables such as the patient’s admission detection indicators, preliminary mild and severe
classifications, and dynamic changes in admission indicators (ie, the second measurement value minus the first
measurement value after admission), a prediction model is established. Assess the risk of a patient suffering from
severe disease after admission, taking into account not only the basic indicators of the patient (such as initial mild
and severe classification, vital signs, and clinical testing, etc.), but also the dynamic indicators after admission (such
as heart rate changes, blood pressure changes and Changes in clinical detection indicators, etc.). The selected patients
were followed up from admission to discharge to observe their disease outcome and verify the prediction results of
the model.

Statistical Analysis

According to the diagnostic criteria of COVID-19, a total of 143 patients were included in this study. 100 patients
were randomly selected as the training set, and the data of the remaining 43 patients were used as the test set. For 49
variables, based on the principle of high predictive ability and wide availability of variables, combined with Receiver
Characteristic Curve (ROC) and data defect rate to screen out candidate variables for disease outcome prediction,
candidate predictor variables must meet the following conditions: AUC>0.6 and Data Defect Rate<50%. The pre-
screened predictor variables are used as input items, brought into XG Boost for training, and the patient outcome is
used as the output. Divide the original training set data (100 cases in total) into 5 groups on average, and use each
subset data as a verification set, and the remaining 4 sets of subset data as training sets, and thus obtain 5 models,
using these 5 The average of the classification accuracy of the final validation set of the model is used as the
performance index under the five-fold cross-validation model. Among the evaluation indicators of model
performance, in addition to the accuracy rate, the clinically more concerned indicator is the sensitivity, that is, the
probability of detecting a positive in the gold standard judgment of a severe (positive) population, so that it can be
achieved as much as possible. Avoid missed diagnosis of critically ill patients. The traditional method is used as a
control, that is, the index detected for the first time upon admission and the selection criteria for severe disease are
used to evaluate whether the patient is mild or severe, and compared with the XGBoost prediction model to judge
the pros and cons of the prediction model.

Processing the Previous Data

Extreme Learning Machine (ELM), Support Vector Machine (SVM), Naive Bayes (NB), Logistic Regression (LR), and
Random Forest (RF) are five machine learning algorithms (RF), were used to predict and model the clinical outcome
of COVID-19 patients. The patient data of Huoshenshan Hospital was the patient information from the Optics Valley
Branch of Tongji Hospital, which was used as the training set. Affiliated to Tongji Medical College of Huazhong
University of Science and Technology was the test set was. Due to the uneven distribution of positive and negative
values for the training set's outcome variables (68 in-hospital fatalities; 2982 alive; 2972 alive; not receiving
endotracheal intubation, 58 receiving endotracheal intubation), Positive and negative values were balanced using an
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oversampling technique. After oversampling, the sample size was 5331 cases, and the ratio of hospital deaths was
changed from 43.7:1 to 50:50. [18] The post-sample size was 5922 cases, and the main process is shown in Figure 1.
Imbalanced classification is a type of supervised learning that deals with a much larger proportion of one class of
data than the other classes, This occurs frequently in binary data. When working with unbalanced classified data, the
algorithm may fail because it can't gather enough data from the classification with a small sample size to be unstable
and lead to biased prediction results. Unbalanced data can be dealt with by oversampling. According to the law of
less classified samples, oversampling is employed to create an excessive number of samples of this classification,
resulting in more balanced data.

METHODOLOGY

The proposed extreme learning machine methodology is discussed here

Extreme Learning Machine (ELM)

Extreme Learning Machine is an efficient learning method proposed on the basis of Single hidden Layer Feed-
forward Neural networks (SLFNs). Different from traditional neural networks, all hidden layer parameters in ELM
are randomly generated without cumbersome iterative process; its output weights are obtained by solving the
generalized inverse of the matrix. Therefore, compared with traditional SLFNs, the training speed of ELM can be
significantly improved on the basis of guaranteed learning performance. Extreme learning machine is an efficient
learning method proposed on the basis of single hidden layer neural network. Different from traditional neural
network methods, all hidden layer parameters in ELM are randomly generated without cumbersome iterative
process. Therefore, compared with traditional learning methods, ELM has the advantages of easy parameter
selection and fast learning speed.

For a training sample with N samples {x; ¢}, where the input is a d-dimensional vector
x; € Routput label t; , ELM'soutput as

filx) = ?:1 BjG(ajibﬁxi) =h(x)B (5]

Where aj is the input weight connecting the jt hidden node; bj is the bias of the j*" hidden node; j 3 is the weight of
the jth hidden node to the ELM output node: G(aj,bj,xi ) is the output function of the j hidden node; h(xi ) =
G(al,blxi), and G(aL,bL,xi ) is the hidden layer’s The function of the output vector, h(xi ), is to map the sample xi
from the d-dimensional input space to the L-dimensional feature space. In order to improve the generalization ability
of ELM, when using ELM to solve the classification problem, it is described as an optimization problem shown in
formula (2)

Min: LELM:§||5||2+c§z9’=1nfn2} @
st h(x)p=tI-¢Ti=1,..N

The introduction of the training error i £ is to eliminate the overfitting phenomenon, thereby reducing the test error,
and C is the corresponding penalty factor. This optimization problem can be solved by solving its dual problem:

Lo = LIBIP + CEE 1612 — S T ey BB —ty +6)) ()

a;%zo_)ﬂj = §\1:1“i,th(xi)—>ﬂ=HTa @)
j

%:O—)C&-, i:1,....,N (5)
j

a;’:;’;MZO_)h(xi)ﬂztiT_fi =0,i=1,.....N 6)
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(G+HH)a=T @
p=HT(L+ HHT)_1 T ®)

Thus, the core problem of ELM is solved, and the output weight 3 is obtained. The output equation of ELM can be
written as

-1
fG) = h()B = hGHT (5 +HHT) T ©)
When using ELM to solve the binary classification problem, the decision equation is
I -1
£(x) = sign (h(x)HT (L+HHT) T) (10)
When solving multi-classification problems, the decision equation is
label(x) = argmaxf;(x) i € {1,....,m} (11)

Compared with traditional classification methods, ELM greatly reduces the time spent in the training phase on the
basis of ensuring a certain recognition accuracy, which makes it irreplaceable in practical applications. However, in
many specific application scenarios, such as military target recognition, medical target recognition, etc., the
classification performance is often unsatisfactory because of many class labels, few training samples, and insufficient
description of a single feature. This paper proposes to effectively integrate the two advantages of fast ELM training
and good recognition performance of data fusion methods through data fusion, making it more conducive to solving
practical classification problems. The training process of Jf= is simple, "first randomly generate input weights and
biases", and then calculate the output matrix of the single hidden layer feed-forward neural network." The specific
training process is described as follows% of accuracy. The mathematical model of the standard single hidden layer
feed-forward neural network with K hidden nodes and g(x) as the activation function can be expressed as

e Bigwixj+ b)) =0;  =12,...N) (12)
w; = Wi, Wip, ., Wi ]Tis  the weight vector connecting the input sample to the nth hidden node
w; = [Bi1, Bizs - - -, Bim]T s the weight vector connecting the nth hidden node and the output sample "L is the bias of
the nth hidden node") o; = [0i1, 0i, ... ... ., 0] is the Eth output sample of Dfi.2 %.

The standard Dfi.2 "activation function is 3 #U$" with K hidden nodes can infinitely approximate this @sample%
with zero error

Yici Bigwix;+b) =t;(j =12,..N) (13)
The formula (2) can be expressed in compact form

HB=T (14)
Here,

_[ 9wy xy +b1).....g(wy.x, +by)

H(W1,W2, Wb b, m’bL'XDXZ’ I“’XL) - [HU] B g(W1-xN +b; ... -----g(WL-xN + bL)) NXL (15)
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| (16)
|

In the formula, "* is the single hidden layer output matrix of the neural network" *The Eth column of the matrix is the
output of the Eth hidden node when the corresponding input is X1,X2,,,,,,XN
The least squares optimal solution of the above linear system is

EXPERIMENTAL RESULTS AND DISCUSSIONS

Each prediction model is predicted on the test set, and the prediction performance of ELM, SVM, LR, KNN and NB
based on the optimal feature subset is compared. It can be found from the results that the ELM prediction model has
the best prediction performance, with AUC of 0.96, sensitivity of 0.90, specificity of 0.91, and F1 value of 0.91. The
prediction performance of SVM is better, the AUC is 0.95, the sensitivity is 0.90, the specificity is 0.91, and the F1
value is 0.88. The worst prediction performance was the KNN prediction model, with AUC of 0.91, sensitivity of 0.80,
specificity of 0.91, and F1 value of 0.82 (see Table 2).

By observing the best combination, it can be found that PR, WBC, CRP, and D-Dimer appear in all the best feature
combinations, which is in line with the clinical research results. In addition, Age, RR, and ALB are also characteristic
indicators with high frequency, which are also in line with the clinical research results. Through SHAP's
interpretation of the ELM model, it is concluded that the greater the value of D-Dimer, TBIL, CRP, Age, PR,
Creatinine, and WBC, the higher the risk of disease progression; the greater the value of LYMPH and ALB, the lower
the risk of disease progression. In line with clinical research results. This can explain that the results of this study
have clinical significance and can be used as an aid for clinicians in diagnosis and identification. In the above chart,
the proposed extreme leaning method has the higher sensitivity ratio compared to the other existing models in the
AUC dataset.

The figures 2 to 5 represent the prediction results of different algorithm test sets under the optimal feature subset. By
observing the best combination, it can be found that PR, WBC, CRP, and D-Dimer appear in all the best feature
combinations, which is in line with the clinical research results. In addition, Age, RR, and ALB are also characteristic
indicators with high frequency, which are also in line with the clinical research results. Through SHAP's
interpretation of the ELM model, it is concluded that the greater the value of D-Dimer, TBIL, CRP, Age, PR,
Creatinine, and WBC, the higher the risk of disease progression; the greater the value of LYMPH and ALB, the lower
the risk of disease progression. In line with clinical research results. This can explain that the results of this study
have clinical significance and can be used as an aid for clinicians in diagnosis and identification.

By comparing the prediction performance of ELM based on the optimal feature subset with other four machine
learning methods (SVM, LR, KNN, NB) (Figure 2 — Figure 5), according to the calculation results of the
five machine learning methods, it can be seen that the ELM and SVM algorithms are best methods for the prediction
of the severe risk of COVID-19 patients with high performance. In terms of training speed, ELM is significantly better
than SVM. Considering all aspects of the model, we recommend using the ELM algorithm as the prediction model
algorithm, Age, PR, WBC , NEC, LYMPH, CRP, ALB, TBIL, Creatinine, and D-Dimer are used as indicators required
for prediction to predict the risk of early COVID-19 patients progressing to severe disease.
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FINDINGS AND DISCUSSION

In this study, a prediction model for the clinical outcome of COVID-19 patients was created using five machine
learning algorithms. The training set was made out of COVID-19 patient data from Wuhan Huoshenshan Hospital.
The developed model worked well in predicting patients' in-hospital mortality and whether they underwent
endotracheal intubation, according to the results obtained using patient data as a test set. The findings of this study
also demonstrated that the optimal combination of variables for predicting in-hospital mortality in COVID-19
patients was composed of six variables: white blood cell count, albumin, calcium ion, blood urea nitrogen,
myocardial creatine kinase isoenzyme, and age. Absolute lymphocyte count, high-sensitivity CRP, total bilirubin,
calcium ion, and age were the six variables that best predicted whether endotracheal intubation was necessary for
COVID-19 patients.From the experimental results, the extreme learning machine will predict the better results while
compared to the other models.

CONCLUSION

In conclusion, this research analyzed the factors that are strongly correlated with the clinical outcomes of COVID-19
patients, and the machine learning algorithm can better predict their in-hospital clinical outcomes, which will help
direct the patients' subsequent care and help understand the course of the disease.The proposed prediction model
Extreme Learning Machine (ELM) methodology finds the number of patients with the Covid 19 viral disease with
the increased accuracy rate than the other machine learning algorithms like Support Vector Machine algorithm
(SVM), Native Bayes algorithm (NB), Logistic Regression algorithm (LR) and the K Nearest Neighbour
algorithm(KNN).
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Table.1 Missing Data of Whole Group of Cases

Variable Missing
WBC 52(1.32)
Lymphocyte 54 (1.12)
Monocyte 54 (1.12)
Neutrophil 54 (1.12)
Eosinophil 54 (1.12)
Basophil 54 (1.12)
RBC 54 (1.12)
Hemoglobin 54 (1.12)
Hematocrit 54 (1.12)
MCV 54 (1.12)
MCH 54 (1.12)
Platelet 55(1.14)
MPV 54 (1.12)

hs - CRP 397(8.26)
ALT 150(3.12)
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AST 140(2.91)
ALP 146(3.04)
TP 144(3.00)
Albumin 145(3.02)
TBil 145(3.02)
DBil 158(3.29)
CO: 278(5.79)
TBA 177(3.68)
Na* 281(5.85)

K+ 286(5.95)
Ca? 286(5.95)
CL- 277(5.77)
Creatinine 205(4.27)
UA 209(4.35)
CK-MB 824(17.15)

WBC: White blood cell; RBC: Red blood cell; MCV: Mean corpuscular volume; MCH: Mean corpuscular
hemoglobin; MPV: Mean platelet volume; hs-CRP: Hypersensitivity C reactive protein; ALT: Alanine amino
transferase; AST: Aspartate amino transferase; ALP Alkaline phosphatase; TP: Total protein; TBil: Total bilirubin;

DBIl: Direct bilirubin; TBA: Total bile acid; UA: Uric acid; CK-MB: Creatine kinase-myocardial band.

Table 2 Prediction Results of Different Algorithm Test sets under the Optimal Feature Subset

Prediction Models | AUC Sensitivity (Sn) Specificity (Sp) F1- Score
ELM 0.96 0.90 0.91 0.91
SVM 0.95 0.90 0.91 0.88
NB 0.91 0.86 0.91 0.86
LR 0.91 0.90 0.91 0.83
KNN 091 0.80 0.91 0.82
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Figure 1. Flow Chart of Data Training and Testing
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ABSTRACT

Socioeconomic status along with, dietary patterns, physical activity, gender, and age have strong
influences on the development of childhood obesity. studies have found that compared to normal-
weight children, obese children have lower postural stability, greater sway area with greater instability,
and, different postural strategies with reduced balance capabilities. There were eight Government &
Private schools were selected from Vadodara city. Total 10 students were selected from each class
randomly; the anthropometric measurements of the students were taken. Each participant then
completed timed unipedal balance test on both right and left foot, and tandem stance. For two balance
test, each subject completed 3 trials on each leg. A 60 second rest was given between trials set to avoid
fatigue. Total 556 school children among them male students were 282 and female students were 274 who
were selected and performed two balance test. And the results of present study found mean difference in
both the balance testes between private and government-going school going children. Strong influence
can be seen between socioeconomic status and childhood obesity, which leads to alteration in balance
tests of the normal healthy school going children of 6-12 years.

Key words: Socioeconomic status, Balance, school children, BMI
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INTRODUCTION

Socioeconomic status (SES) is measured by the social and economic status of the family members [1]. People
generally believe that there is a strong and stable correlation is present in between SES with children’s achievement
and development.'Studies have reported that socioeconomic status along with, dietary patterns, physical activity,
gender, and age have strong influences on the development of childhood obesity [2]. Childhood obesity was so
far thought to be a problem of the developed world, but it is increasingly being reported from middle- and low-
income countries, especially from urban areas [3,4] Studies have found many reasons for childhood obesity now a
days as, children and youth find watching television or playing video games more desirable and easier than
physically participating in activities themselves. Even school systems have changed, which contributes to a
sedentary lifestyle by devoting fewer resources to physical activity instructions, playgrounds, and after-school
sports programs. In addition, it is known that urban life brings a more inactive lifestyle rather than rural life [5].
There are a lot of clinical consequences of childhood obesity which include asthma, type ldiabetes, low-grade
systemic inflammation, sleep apnea, musculoskeletal disorders, pain, discomfort and joint stiffness, lower muscular
strength, and postural problems, particularly of lower limbs and feet [6]. According to Corbeil et al (2001) postural
control model indicates that obesity is associated with a high risk of falls. Balance, which is the ability of the body to
maintain the center of gravity within its base of support, is essential in preventing falls during day-to-day activities
[7]. Studies have found that compared to normal-weight children, obese children have lower postural stability,
greater sway area with greater instability, and different postural strategies with reduced balance capabilities [8,9]. So
the aim of the present study was to see the influence of socioeconomic status on the development of childhood
obesity and the effect of obesity on balance performance in school-going children.

MATERIALS AND METHODS

Study Design: Cross-sectional, observational.

INCLUSION CRITERIA
All School going children — age group between 6-12 years

EXCLUSION CRITERIA

e Children with any neurological, or musculoskeletal problems in lower limbs, and cardiovascular deficit.
e Any history of balance impairment.

e Loss of vision or uncorrected reduced visual acuity.

METHODOLOGY

After the approval by Institute Ethical Committee, the number of schools from each area of the city was selected on
the basis of the stratified randomized sampling; by lottery method. The principals of the selected schools were
explained about the study and asked for their official permission. The total number of schools to be included in the
survey from all four zones of the city was eight, 556 normal school-going subjects in the age group between 6-12
years were recruited.

From each class of school total 10 students (5 boys & 5 girls) were selected (i.e. from standard 2 to standard 8),
randomly. The selected subjects from each school were explained about the nature & purpose of the study. The
participants completed a written informed consent form. Each participant was enquired of baseline questions
regarding previous history of injury, etc. Following this each child was explained about the complete procedure. This
study was carried out in School’s class room, where source of light was good and also in secured place so that risk of
fall during tests was prevented. The tests were performed barefoot on a floor surface. The order of leg examination
(right /left) for each subject was same, selected for each test. For two balance tests, each subject completed 3 trials on
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each leg. A 60 second rest was given between trials set to avoid fatigue. For all trials, the participants placed their
hands across the chest and time start upon elevation of the opposite foot from the floor. Participants were asked to
focuses on a target placed at eye level, the measurements were timed using a stopwatch. First step, the
anthropometric measurements of the subjects were taken prior to balance testing, participants were familiarized with
the balance test and provided practice sessions on the testing procedures to decrease the chance of a learning effect
occurring during testing. Each participant then completed timed unipedal balance test on both right and left foot,
and tandem stance on child’s dominant leg. Dominant limb was selected by asking the child to kick a ball placed on
the floor in front of him.

For tandem stance, participants were made to stand with feet in a heel-to-toe position on straight line drawn with
chalk stick on the floor, and arms across the chest, with eyes open as shown in the figure 1. Three trials of this test
were timed with stopwatch till the subject can maintain / hold the position. Time commences when the subject place
the dominance foot in front of non- dominance foot on the straight line and time ending when the subject either: (1)
use his arms (i.e., uncrossed arms), (2) displace any foot,(3) movement of the foot from original position/ stepping.
The procedure was repeated 3 times and for each trial time was recorded on the data collection sheet. The mean of
the 3 trials were recorded (Figure 1).

For Unipedal stance, participants were asked to stand barefoot on the limb of their choice, with the other limb raised
so that the raised foot is near but not touching the ankle of their stance limb. Prior to raising the limb, the subject was
instructed to cross his arms over the chest as shown in figure 2. The investigator using a stopwatch to measure the
amount of time the subject is able to stand on one limb. Time commences when the subject raised the foot off the
floor and time ending when the subject either: (1) use his arms (i.e., uncrossed arms), (2) use the raised foot (moved it
toward or away from the standing limb or touched the floor), (3) move the weight-bearing foot to maintain his
balance (i.e., rotated foot on the ground).The procedure was repeated 3 times and for each trial time was recorded on
the data collection sheet. The mean of the 3 trials were recorded (Figure 2).

RESULT

Data was collected from a total of 556 school children. Students of a Government school were 278 and private school
was 278.

Table 1. Independent t-test for comparison of BMI in total (combined) government and private schools:

Type_ N Mean Std. Deviation Std. Error tvalue P value
School Mean
BMI Govt. 278 14.5390 2.68756 16119

Private 278 16.3177 4.15753 .24935 -5.990 .000

Table: 2 Independent t-test for comparison of Tandem stance value in total (combined) between government and

private schools:
Type_ N Mean Std. Deviation Std. Error tvalue P value
School Mean

LnTsS Govt. 278 5.2065 68772 04125 1.966 0.05

Private 278 5.0849 76795 .04606

(TS — Tandem stance).
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Table 3: Independent t-test for comparison of unipedal stance of right and left leg between government and
private schools:

Type Std. Std. Error
Sgh%c;l N Mean Deviation Mean tvalue P value
Ln Govt. 278 4.1370 .64037 .03841 1.372 171
USR Private 278 4.0587 .70382 .04221
Ln Govt. 278 4.1023 .61840 .03709 1.340
USL Private 278 4,0308 .63915 .03833 181

USR- Unipedal stance right. USL- Unipedal stance left.

DISCUSSION

In the present study mean of total BMI was 15.4283 of normal school going children of 6-12 years. The results of
present study shows the significant difference in mean of BMI between students from standard 2 -8t standard
students. (p-value < 0.01), also Mean BMI was significantly higher in private school as compare to government school
(p value <0.05)Table 1. Several studies support this findings. The various reasons as put forward by these studies are
that children attending private schools probably enjoy a higher socio economic status, therefore they are better
nourished. Also change in the life style, motorized transport, high caloric junk food, and eating habits could be
contributing factor. These studies also state similar reasons for rising obesity among children these days [10, 11, 12,
13,14]

It has been suggesting that balance control is strongly coupled to visual information very early in infancy.
Furthermore, this coupling seems to require little experience of standing or even sitting upright. It is said continuous
fine tuning of the interaction between the movements of different joints is needed to maintain stable vertical posture,
with relatively small BOS and with COM high above the BOS. Thus maintaining stability in a standing position is
actually not a static task [15]. Tandem stance is the ability to stand in a heel to toe position, this reflects degree of
postural steadiness when the BOS in the medial/lateral direction is narrow [15]. In the present study mean tandem
stance was 5.1457 in normal school going children in 6 to 12 year. The results of present study shows the significant
difference in mean of tandem stance between students from standard 2 -8.(p value < 0.01) well in agreement with the
literature. In comparison between students of Private and Government, we found statistical significant difference
with marked change in the mean values (Table 2). Task of standing on one leg requires voluntary shift of COM to the
standing leg, followed by maintenance of postural orientation in space by controlling weight, supporting the vertical
alignment of different segments of the body and equilibrium [15]. Well in agreement with the literature the present
study too found both the static balance tests (tandem stance and unipedal stance) significantly related to age. Based
on the results of table 3 it can be concluded that the mean value of the Unipedal stance values are lower in private
school children as compared to the government school.
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CONCLUSION

Mean difference has been found in the values of BMI, Tandem, and Unipedal stance in Private and Government
school children. so there is a strong influence of socioeconomic status on childhood obesity which affects the balance
skills of normal healthy school-going children of 6-12 years.
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ABSTRACT

A merchant uses the process of merchandise planning to make sure that the proper product is offered to
the customer at the ideal location, time, quantity, and price. This procedure entails deciding which
products the business will stock and how much of each product to order. Due to changes in the retail
business like consolidation, worldwide sourcing, increased levels of competition, growing product
diversity, shortened life cycles, and less predictable demand, merchandise has become more complex.
Improvements in manufacturing, distribution, and information technology have the ability to lessen the
industry-wide significant markdowns brought on by excess inventory and lost sales opportunities as a
result of sellouts. We examine two issues with retail merchandising in this chapter. By deciding how
many and in which locations to test new products, as well as how to translate test sales into a prediction
for the entire season across the chain, we establish a system to increase the accuracy of merchandise
testing in the first problem. In the second issue, we look at replenishment based on real sales, a tactic the
store can use to reduce the risk of having an assortment of products in stock. We create models for both
of these issues and use actual sales data to compare them to these stores' current procedures. When we
compared our methods to those currently used, we discovered that they could decrease markdowns
brought on by excess inventory and margin losses caused by stock outs to the point where profits were
increased by more than 100% in each application. Future study directions are presented, along with
general suggestions for how to improve this procedure.

Keywords: Fashion Retailing ,Merchandise, Market, Industry
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INTRODUCTION

Aesthetic merchandising and retail formats. The dynamic nature of the fashion retail industry this chapter explains
how the retailing of fashion has changed over time and continues to do so. Understanding the forces at play and the
evolving trade patterns that are guiding the sector is crucial [1]. The activities of the fashion buyer and merchandiser,
as well as how fashion is marketed, are being significantly impacted by many of these changes. In addition to the fact
that fashion changes, it's also vital to note that the method fashion is currently sold and shown is evolving at a rapid
pace. How much fashion retailing has changed in Europe over the past fifty years can be challenging to comprehend
at times. Prior to the First World War, the bulk of the people wore clothing that was custom made. The majority of
individuals had very little clothing, and those who did likely sewed their own garments or had them made by a local
tailor or seamstress. In order to furnish millions of military outfits for use in battle, the idea of factory-made clothes
was born. Millions of returning troops from the First World War also needed civilian apparel at that time. Such
businesses as Burton Tailoring, now known as Burton Menswear, and later Arcadia were motivated by this desire. In
what were known as "bespoke" or "made-to-measure” tailoring factories, Burton produced millions of clothes.

Suits and other made-to-measure apparel have been less popular as trends have become less formal since the Second
World War. Since the 1960s, a fundamental shift toward casual clothing and rising personal wealth has resulted in a
revolution in high street fashion. Numerous smaller independent clothing stores have closed as a result of the
expansion of big fashion chains like Arcadia and Marks & Spencer [2]. All around Europe, this pattern is still being
reproduced. One could argue that the fashion consumer now has fewer options due to the demise of smaller
independent retailers. Contrarily, it may be argued that consumers have benefited from decreased retail costs thanks
to economies of scale brought about by large-scale purchasing, but many would disagree.

Models for Merchandise Planning in Fashion Retailing

A merchant uses the process of merchandise planning to make sure that the proper product is offered to the
customer at the ideal location, time, quantity, and price. This procedure entails deciding which products the business
will stock and how much of each product to order [3]. Due to changes in the retail business like consolidation,
worldwide sourcing, increased levels of competition, growing product diversity, shortened life cycles, and less
predictable demand, merchandise has become more complex. Improvements in manufacturing, distribution, and
information technology have the ability to lessen the industry-wide significant markdowns brought on by surplus
inventory and missed sales opportunities as a result of sellouts.

We examine two issues with retail merchandising in this chapter. By deciding how many and in which locations to
test new products, as well as how to translate test sales into a prediction for the entire season across the chain, we
establish a system to increase the accuracy of merchandise testing in the first problem. In the second issue, we look at
replenishment based on real sales, a tactic the store can use to reduce the risk of having an assortment of products in
stock. We create models for both of these issues and use actual sales data to compare them to these stores' current
procedures. When we compared our methods to those currently used, we discovered that they could decrease
markdowns brought on by excess inventory and margin losses caused by stockouts to the point where profits were
increased by more than 100% in each application. Future study directions are presented, along with general
suggestions for how to improve this procedure.

Customer-focused Atmospheric Effects of Online Stores: Implications for Store Brand Management and First
Scaling Methods for the Indian Market

Online stores are commonplace today, and for merchants, using this channel is a crucial part of their distribution and
communications strategy [4]. The display of goods and services, the overall presentation, and the connection with
customers are all very important issues that retailers must address in the context of online commerce. Research on
Online Visual Merchandising (OVM), an area with drastically rising importance, specifically since traditional
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(physically existent) stores are increasingly being displaced or supplemented by online retailers, addresses this
precise issue.

Retailers of clothing should use visual merchandising techniques.

This article explains how visual merchandising is becoming a competitive tactic for fashion shops. This article
introduces three research studies for the 2014 visual merchandising special edition of the Journal of Global Fashion
Marketing. The retail fashion industry is evolving more quickly than any other industry, and this shift is
revolutionary rather than slow-moving. The development of online shopping, which includes all sorts of non-brick-
and-mortar commerce via mobile devices, television, and kiosks, is one of the most significant drivers driving this
transition. Customers now have higher expectations and more sophisticated shopping habits, and fashion merchants
who still operate physical stores must adapt to these changes while still allowing customers to shop online from
anywhere in the world. Retailers' responses to the difficulties of the evolving environment of fashion selling are
demonstrated by the increased emphasis given to visual merchandising strategy by both retailers and retail scholars.
Brick-and-mortar retailers are placing a lot of attention on in-store experiences and exploration in order to increase
competitiveness versus online channels. The emphasis has switched to optimising the entire visual merchandising
and store execution process as the pervasiveness of technology has made it impossible to differentiate products.

It is getting more and more crucial that fashion retailers get it right in order to effectively express their brand to
customers, especially as many fashion retail firms alter their floor plans 4-12 times a year in addition to seasonal
adjustments. This nonverbal communication will eventually aid in the development of a dominant posture.
Unexpectedly, the focus on visual merchandising as a successful retail approach is not new. Charles J. Dirksen's book
review of the Visual Merchandising Research Series was published in 1951 by Journal of Marketing, the most
prestigious publication for marketing research.

The scale and methods used in the book, which said that 1,291,442 persons were observed and evaluated as they
passed store windows in national scope,” seemed to impress Dirksen. It took until the late 1990s for visual
merchandising to regain popularity. Janiszewski conducted significant research on the effects of display attributes
on consumer behaviour in the Journal of Consumer Research in 1998. (1998). UK fashion merchants were chastised
by Lea Greenwood (1998) for failing to create a visual merchandising strategy. To track the trend of visual
merchandising research published since 1990, we searched important retailing journals (Journal of Retailing, Journal
of Retailing and Consumer Services, International Journal of Retail & Distribution Management, Journal of Fashion
Marketing and Management, and Journal of Global Fashion Marketing). Since there weren't enough studies with just
the keyword "visual merchandising,” we also included the search terms "store environment” and "visual
environment .But interestingly, 19 papers have only been published after 2011, supporting the idea that visual
merchandising has emerged as a major area of study for retail researchers. Notably, the Journal of Global Fashion
Marketing, which has published three papers in the last three years and will add another three as a result of this
special issue on visual merchandising, is playing a crucial role in supporting these creative studies.

We are delighted to provide these three recent efforts to pinpoint the special significance of visual merchandising
elements as a fashion retail strategy. These studies offer substantial practical implications due to their
methodological approaches and industry-driven study designs. Nobbs, examine the function of window displays as
a brand-identity distribution method for luxury fashion marketers in the first piece. We would like to thank Karinna
Nobbs, the lead researcher, for her work on fashion retail studies: An active researcher, Karinna Nobbs has written
intriguing studies on significant topics like fast fashion (Sheridan, Moore, & Nobbs, 2006), branding ( Ballantyne,
Warren, & Nobbs, 2006; Kontu, Nobbs, Montecchi, & Duffy, 2013), luxury marketing (Manlow & Nobbs, 2013;
Nobbs, Moore, & Sheridan, 2012), and visual merchand ( Nobbs, McColl, Shearer, Canning, & McBride, 2011). The
study by Lee et al. (2014) explores consumers' expectations of the business as a mediator and evaluates the impact of
colour and size of sale signage on consumers' propensity to visit a store (2014). The creation of external stimuli was
done with the use of 3D design tools.
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This study is significant not only because it was the first to evaluate the impact of sale signs but also because it used
3D simulation to demonstrate that impact. The final project makes an effort to offer more dynamic viewpoints of a
store setting from various angles. The evaluation of the store environment and the S-O-R paradigm, which includes
VM attribute evaluation, emotion and behavioural responses toward the store, produced different results when
different items were displayed along with the manipulation of various VM components like lighting, colour, and
props. According to the study, VM tactics that emphasise a "visual theme" rather than the actual product allow
customers to feel arousal and pleasure while shopping, increasing the likelihood that they will spend more time and
money there.

Online clothing stores using visual merchandising

This study adopts an exploratory methodology to look at the present online visual merchandising techniques of
garment e-merchants in the US and India based on the empirical literature. The websites' content was examined in
terms of presentation style, presentation methodology, and product elements. The selected clothing websites from
the US and India revealed some notable disparities. Additionally, this study aims to offer early data and
recommendations that will enable apparel e-retailers in developing nations to make initial strides in the right path.
The Internet has recently grown in importance as a source of information for consumers and as a means of
communication for businesses. Many retailers of clothing have switched from using traditional retail channels to
selling their products online. The total expansion of online-shopping homes in the US may decrease over the next
five years given that roughly two-thirds of North American households are online .In contrast to wealthy nations,
India has a comparatively low percentage of online shoppers at only 40%. Nearly 64% of Internet users say they will
try doing their shopping online. Researchers predict that through 2007, annual Asia e-commerce sales will increase
38% annually, surpassing India's 61% growth (Ref.[3]).

India appears to have enormous potential for the growth of internet commerce markets. There is a critical need for
apparel e-merchants in India to understand the significance of visual merchandising and the key factors influencing
consumers' purchasing intention and behaviour given the enormous potential of the online apparel market in India
and the relatively low level of online visual merchandising compared with US apparel websites. However, there is
little material now available that compares US with Indian procedures. In order to explore the differences between
US and Indian apparel e-retailers as well as the current practices of online visual product presentation in India and
the US, this study adopts an exploratory approach.

Conceptual context

Visual merchandising online Visual merchandising is the process of coordinating efficient product selection with
efficient product display. According to visual merchandising is one of the visible components of positioning strategy
at a period when fashion merchants were sophisticating their efforts as a result of the boom before the recession and
a conceptual approach to shop design and merchandise display. In the context of online shopping, effective and
pleasing methods of product presentation, which primarily consist of visuals, can pique consumers' desire to
purchase, boosting sales and generating revenue for e-merchants. 2.2. Clothing visual merchandising Clothing is
regarded as an experiential good one that must be examined physically, including feeling and trying on, in order to
be judged.

Participants were therefore more likely to buy clothes online if they experienced sensory pleasure from the product
and/or display. Because of the inaccuracy and ambiguity of garment colour, fabric, and details, online customers may
refrain from buying clothing. It is vital to develop better visual product presentation because online garment
purchases are risky in and of themselves. For all sorts of in-home clothing buying, sensory factors including fabric
type, garment fit, colour, and quality are crucial considerations. Purchase intentions and visual merchandising
Purchase intention may also be influenced by visual merchandising. What we intend to acquire is referred to as our
purchase intention .Successful product presentation must be realised by external information (such as website
information), incorporating product information. Overall and accurate information can lower consumers' perceived
risks associated with online transactions, especially for touch-and-feel products (like clothing). To reduce risk
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perceptions and boost purchase intent, it has been suggested that online retailers of clothing should include more
comprehensive information about their products and customer services on their websites .Product information that
is known to influence a consumer's purchase intention can be presented visually (e.g., through product movement or
a huge graphic.

Procedure

Example The US was chosen for this study above other industrialized nations since it is home to the most well-
known clothing e-commerce sites (e.g., LandsEnd.com, Tommy.com). From the list of the 50 websites for 2006 that
was published in Internet Retailer in 2005, ssx clothes retailers were chosen: anthropologie.com, eddiebauer.com,
macys.com, tommy.com, and talbots.com. These websites, according to Kurt T. Peters, editor of Internet Retailer, are
the ones that innovate to advance online retailing .India was chosen for this study out of a large group of emerging
nations due to its potential for the growth of online apparel selling. In India, e-commerce for clothing products is still
in its infancy.

The majority of successful and well-known online merchants (such as joyo.com) don't now sell apparel. In addition,
this study includes six e-retailers that have included clothes as one type of product because there are no rankings for
garment websites in India: stplaza.com.cn, iog5.com, inshops.net, dl.com.cn, store.sohu.com, and 8848.com.
According to India General Chamber of Commerce's list of the top 100 retailers, the previous two retailers were
among them (2004). The following four websites were more well-known and broader in scope in India for online
clothing purchasing. Instrument 3.2 A coding sheet for the three aspects of visual presentation was created based on
the literature: (a) manner of display presentation technique product components .Then, these three elements were
separated into their component parts.

The characteristics in greater depth. The coding sheet had ten statements (variables). To confirm the suitability of the
coding criteria created for this study, the coding instrument was pre-tested on 20 already-existing clothing websites
(such as JC penny.com and Gap.com). 3.3 Practice As a tool for web exploration and search, Internet Explorer was
employed. The same kind of clothing was selected to code visual merchandising on these 12 apparel websites in
order to preserve uniformity. 20 pieces of clothing were chosen at random to represent various visual presentation
methods utilised on each website. There were 240 presentations of clothing products in all. The practise of visual
product display as it currently exists on clothing websites in India and the US was investigated using content
analysis.

The data from the clothing e-shops in the US and India were both analysed using the statistical software for the
social sciences (SPSS 10.0 for Windows). The components of online visual merchandising across the clothes retail
websites in the US and India were compared using the t-test to look for statistically significant differences. 4.
Findings and analysis To display the current practise of online visual merchandising of clothes e-retailers in the US
and India, frequencies calculated using SPSS tailed independent sample t-test was employed to look at statistically
significant variations between the two nations 4.1. Online visual commerce in the US and India: a content analysis
Presentation style Only approximately 17 percent of the 120 garment demonstrations in India were displayed on a
human model. The majority of the clothing was displayed on hangers and flat surfaces. Presenting products on
human models should be encouraged in India since a flat surface or a hanger may restrict the clients’ ability to view
the silhouette of the item and its 3-dimensional effect on a human body. In contrast, no websites utilised hangers to
showcase clothing, while 86.7% of the apparel e-retailers chosen in the US used human models to show their wares.
To cater to customers' demands for visual information, numerous supermarkets in India have featured human
models in their promotional leaflets.

Future

As a result, achieving the goal is not difficult for Indian clothing e-shops. 95.8% of the time in India and 98.3% of the
time in the US, the product image was placed mostly in the upper left corner of the screen. Additionally, websites
with more than five product photos were not accessible in the Indian clothing e-shops that were under investigation.
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In contrast, the majority of websites in the US utilised three to five product photographs to display the clothing, and
34.2% of them even used more than five. Therefore, compared to their American counterparts, Indian websites
convey less information through visuals. As a result, the desired information may not be as readily available.
Presentation strategy One 2-D view of every item of clothing sold on Indiane-stores was available. One retailer
(Endlands.com) under investigation, though, furthermore offered a 3-D rotatable view, enabling shoppers to see the
garments on a virtual mannequin. Generally speaking, an image displayed on a virtual model may help buyers feel
less uncertain and risky while making selections about purchases (Ref.[12]). On around 27% of the presentations in
India, enlarged images of the garment were not available. The figure is greater than the 17% seen on US clothing
e-stores. Product components 4.1.3 Almost 77 percent of the clothing presentations in the Indian group had no colour
descriptor at all.

CONCLUSION

In contrast, in the US sample population, about 80% displayed photos of the entire outfit in a variety of colours as
well as colour samples. Customers need a lot of information about colour because it has always been an important
factor in apparel in order to reduce their uncertainty when faced with the absence of an actual product. Not every
product investigated in the Indian sample had garment coordination with other items. Items that go together should
be offered separately, like a handbag and a pair of pants that go with a certain woman's coat. Indian online clothing
sellers, in contrast to their American counterparts, are not aware of the value of coordination suggestions, which may
pique customers' interests in making purchases. In addition, despite the fact that a number of customers expressed
worries about fit and size (Ref.[13]), 33 percent of product presentations in India that were recorded on all American
websites lacked information on the product's size. In 60% of the Indian sample's product presentations, there were
specifics about the clothing. The majority of the information was, however, only provided in written form. Including
the image descriptions (16.7%), all websites in the US study used comprehensive descriptions. Particularly in the
early stages of online clothes retail in India, garment details, which are the specific components that give a silhouette
its form or shape, such as trimmings, shoulder or sleeve treatment, can reduce perceived risk and assist decision-
making.One background setting was used for all product presentations. The ability to picture the item being worn in
various circumstances may be aided by different backgrounds. 4.2. Differences between India's and the US's online
product presentation The statistically significant differences in online visual merchandising between the clothing
retail websites in the US and India were examined using an independent sample t-test (two-tailed) (see Table 2). The
t-test result for the way of presenting dimension revealed a significant difference between India nand American
presentation styles.
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ABSTRACT

Pterocarpus marsupium Roxb. also known as Indian Kino Tree is an important herbal drug which possess
various pharmacological properties especially antidiabetic activity. Plant belongs to the family Fabaceae
also known as Venga in Malayalam. People in Kerala use the leaves of Pterocarpus marsupium to control
blood sugar level. This works involves pharmacognostic characters, preliminary phytochemical analysis
and HPTLC profiling of the aqueous extract of the leaves of Pterocarpus marsupium. Pharmacognostical
study comprises of taxonomical and anatomical characters. Physicochemical analysis like loss on drying
and total ash value also performed. Preliminary phytochemical analysis revealed the presence of
alkaloids, glycosides, tannins, phenolic compounds and saponins. HPTLC profiling of the aqueous
extract of leaves showed the presence of five phytoconstituents.

Keywords: Pterocarpus marsupium; taxonomy; anatomy; Phytochemistry; HPTLC; phytoconstituents.

INTRODUCTION

Many plants have long been known to have medicinal uses that have a noticeable positive impact on health. Plant
metabolites have a significant role in both the creation of new drugs and the prevention and treatment of many
diseases [1]. Pterocarpus marsupium is a well-known plant used for various purposes, including treating various
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ilinesses at home. This tree's many segments display a variety of biological traits. It is traditionally used as a diuretic,
astringent, to treat urinary problems, to regulate blood sugar levels, anti-inflammatory, anthelmintic, etc., to name a
few uses [2,3]. This herb is extensively used in alternative medical practices like Ayurveda, Unani, and
Homoeopathy. The people of Kerala utilize it to regulate their blood sugar levels. It is a key component of many
ayurvedic remedies, particularly those used to treat diabetes. Leaf decoction is being used by some people to
regulate their blood sugar levels. These natural materials can be used in a number of ways, including as dietary
supplements, nutraceuticals, and botanicals. Modifications can be made and further used to produce new markers
while considering the conventional information [4]. Except for the leaf component, there is a wealth of scientific
evidence supporting the pharmacological characteristics of numerous plant sections. The current work describes the
pharmacognostic, phytochemical, and HPTLC profiling of the herb's aqueous leaf extract.

Plant Description
Botanical name: Pterocarpus marsupium Roxb.
Family: Fabaceae

Synonyms [3]

Sanskrit: Asanaka, Bijasara, Bijaka, Pitasara;Bengali: Piyasala, Pitasala; English: Indian Kino Tree; Gujrati: Biyo;
Hindi: Vijyasara, Bija; Kannada: Bijasara, Asana; Malayalam: Venga; Marathi: Bibala; Orissi: Piashala; Punjabi:
Chandan Lal; Tamil: Vengai; Telugu: Yegi, Vegisa

Taxonomical Classification[5]

Domain:Eukaryota; Kingdom:Plantae; Subkingdom:Viridaeplantae;

Phylum: Magnoliophyta; Subphylum: Euphyllophytina; Class: Magnoliopsida
Subclass: Rosidae; Superorder: Fabanae; Order: Fabales; Family: Fabaceae
Genus: Pterocarpus; Species: marsupium

Distribution

Pterocarpus marsupium Roxb. commonly called as Indian Kino tree is seen in deciduous and evergreen forests of
central, western and southern regions of India, especially in the Western Ghats area and Kerala- Karnataka region.
Also found in Gujarat, Madhya Pradesh, Bihar and Orissa [3,6].

Botanical Description

Deciduous trees that can reach a height of 30 m, with bark that is 10-15 mm thick, rough, deeply vertically cracked,
and with small, irregular, fibrous exfoliations; the blaze is pink and the exudate is red. imparipinnate, alternating
leaves; tiny, lateral, caudex-like stipules; Lamina measures 3.5-12.5 x 2-7 c¢cm, is elliptic-oblong, oblong-ovate or
oblong, base acute or obtuse, apex obtuse and emarginate, margin entire, glabrous, coriaceous; lateral nerves are 9-20
pairs, parallel, prominent, ascending, secondary laterals are prominent; intercostae are reticulate, prominent. The
Flowers are bisexual, yellow, in terminal and axillary panicles, 10-12 mm long; bracts are small, dioecious; bracteoles
are two; the calyx tube is campanulate, lobes are short, and the upper two are frequently connate; the corolla is
exserted; petals are five; standard is orbicular; wings are oblique, obovate; and the petals are crisped along the
margin. Stamens 10, monoadelphous; filaments subequal; anthers uniform; keel petals oblique, tiny, and slightly
connate; Shortly stalked, inferior, 1-celled, tomentose ovary with two ovules; filiform, incurved, beardless style;
capitate stigma. Fruit is a subreniform, orbicular-shaped pod that is 2.5-5 cm in diameter [3,5,6].

Ethnomedical Uses

P.marsupium has been traditionally used in the treatment of leucoderma, elephantiasis, diarrhoea, cough,
discoloration of hair and rectalgia. It is also effective in treating jaundice, fever, wounds, diabetes, stomachache and
ulcer [2,3].
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MATERIALS AND METHODS

Collection And Authentication

The leaves of Pterocarpus marsupium Roxb. (Fabaceae)were collected from Kozhikode, Kerala, India in the month of
November 2021 and it was identified and authenticated. The taxonomical identification and authentication of the
plant were done by Dr. A. K Pradeep, Assistant Professor, Department of Botany, University of Calicut, Kerala. The
voucher specimen was preserved in the laboratory, Department of Botany, University of Calicut with specimen No.
148278 for further reference.

Macroscopic Studies
The macroscopical examination was carried out on freshly collected leaves and ontheir powder. Colour, odour,
shape, size and taste of the leaves were observed.

Microscopic Studies

The fresh samples were cut into small pieces and preserved in a Formalin solution. The preserved samples were used
for section cutting. Freehand sections were taken with a sharp blade and transferred the sections to a watch glass
containing water with the help of a brush. The thick and oblique one was rejected. The staining of the sections is
done with Phloroglucinol and Conc. HCI solution. Photomicrographs were done on a Projection microscope Leica
ATC 2000 Descriptive terms of various observations are as found in standard Anatomy books [7,8].

Physicochemical and Phytochemical Analysis
Powdered drug is used for physicochemical analysis. Various parameters like ash value, extractive value and
moisture content were determined. The concentrated extracts of leaf material are prepared by maceration processes
and are subjected to chemical tests [9,10,11,12].

HPTLC Analysis

CAMAG HPTLC system equipped with Linomat V applicator, TLC scanner 3, CAMAG Visualizer with Digital
camera type DXA252 for photo documentation, controlled by Win CATS- 4 software was used for the present study.
HPLC grade solvents procured from MERK were used for the analysis. Precisa XB 12A digital balance was used for
weighing the samples and chemicals.20 X 10 cm Camag twin trough chamber was used for developing the plate.
Overnight saturation is done for all the HPTLC studies with Whatmann filter paper lining. HPTLC aluminium sheet
precoated with silica gel 60 Fzss, (4.0 X 10cm) is used as stationary phase, obtained from E. MERCKKGaA [13,14,15].

Preparation of Aqueous Extract for HPTLC
1gm of the sample is extracted with 10ml of methanol by heating at 50-55°C for 10 min. The filtered extract is used for
the study [16].

HPTLC Profile of Aqueous Extract

5.0ul of aqueous extract solution was applied on precoated aluminium TLC plate as 8.0mm band using Linomat V
applicator with a Hamilton syringe. Applied plate was placed in a twin trough chamber containing Toluene:
ethylacetae (9.3:0.7)for development. The plate was developed for a migration distance of 80.0mm. The plate was then
post-derivatized with Anisaldehyde Sulphuric acid reagent. It was then scanned under 254 and 365 nm using
Deuterium and Tungsten lamps respectively and photo-documented using Reprostar.

RESULTS AND DISCUSSION

Macroscopy of the Leaf
Figure:1. Pterocarpus marsupium tree, leaves and bark
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Microscopy of the Leaf

Leaf dorsiventral, cuticle present, upper epidermis single layered, parenchymatous, slightly chlorophyllated,
mesophyll differentiated into palisade and spongy tissue, palisade cells columnar, chlorophyllated, spongy tissue
parenchymatous, intercellular spaces present, less chlorophyllated, transfusion tissue in between palisade and
spongy, endodermis thick, 3 — 4 layered, sclerenchymatous, thick walled, cortex parenchymatous in midrib, phloem
thin, hyaline, arranged in bundles, surrounded by parenchyma, towards the periphery, xylem arranged layers of 6-8
cells, metaxylem towards the periphery, large, thick walled, protoxylem towards the centre, thick walled,
protoxylem lacuna present, lower epidermis parenchymatous, less chlorophyllated, cuticle present, irregular in the
midrib

Physico-Chemical Parameters

The phytochemical analysis helps in formulating pharmacopoeial standards. The chief phytochemicals present in the
aqueous extract of P. marsupium were flavonoids, polyphenols, alkaloids, glycosides, tannins, carbohydrates,
saponins and aminoacids.

HPTLC Report

HPTLC analysis of aqueous extract of Pterocarpus marsupium was performed. The aqueous extract revealed 6
phytoconstituents at Rf 0.02, 0.04, 0.12, 0.18, 0.30 and 0.78 under 254nm. Out of these, peaks at Rf 0.02, 0.04 and 0.30
were most prominent spots and others were less prominent under 254 nm (Fig: 5). Under 366 nm the extract revealed
5 phytoconstituents at Rf 0.01, 0.08, 0.26, 0.32, 0.30 and 0.46. Out of these, peaks at Rf 0.01 and 0.08 were most
prominent spots and others were less prominent under 366 nm (Fig: 6).

CONCLUSION

The identification of plant material taxonomically and pharmacognostically is important to provide
pharmacognostical standards and to avoid spurious or adulterated drugs. Specific diagnostic characters can be
identified by performing detailed botanical and pharmacognostical studies which help in the identification of
plants/drugs in the field. Microscopical characters presented in the result part help in the identification of the drug.
The physicochemical and phytochemical analysis helps in formulating pharmacopoeial standards. Phytochemical
analysis of aqueous extract represents the presence of flavonoids, polyphenols, alkaloids, glycosides, tannins,
carbohydrates, saponins and amino acids Further studies on the isolation and identification of specific chemical
constituents can be done only after preliminary organic analysis. HPTLC profiling of the aqueous extract of leaves
showed six clearly separated spots which may help in determining the biomarker compound of the drug.

Standardization of drugs and formulations of the traditional system of medicine is of utmost importance to assure
uniform quality and optimum biological efficacy. The plant must be identified and distinguished from other species
using scientific criteria based on taxonomical, pharmaceutical and phytochemical investigations. These parameters
along with physiochemical constants not only help in the standardization of these drugs but also aid in formulating
pharmacopoeial standards of drugs. The exomorphic characters have been found to be useful tools to identify the
species taxonomically. The qualitative phytochemical investigation provides valuable insights into many
phytoconstituents present in diverse extracts, assisting future researchers in choosing an extract for more study.
HPTLC profiling of aqueous extract exhibited a number of phytoconstituents which will be a fruitful hope for the
isolation and characterization of compounds.
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Table:1. Physico-chemical parameters of powdered leaves of P. marsupium
Sl. No. Parameters Average % W/W
1. Ash values 44
a) Total ash
2. Loss on drying 94
Table:2. Extractive values of leaves of P. marsupium
Solvent Extractive value %w/w Colour Odour Consistancy
a) Pet. Ether 2.83 BG Characteristic
b) Benzene 0.80 DG Characteristic greesy
¢) Chloroform 3.02 BG Characteristic nc?r:s(::élsy
d) Methanol 12.08 Black | Characteristic .
e) Water 13.62 Brown | Characteristic sticky nongreesy

BG- black green, DG- dark green

Table:3. Preliminary Phytochemical Analysis of aqueous extract of P. marsupium

SI.No. Test Water
1. Carbohydrates +
2. Alkaloids +
3. Glycosides +
4. Tannins +
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5 Steroids -
6. Triterpenoids -
7. Volatile oils -
8 Fats and fixed oils -
9. Flavanoids +
10. Polyphenols +
11. Saponins +
12. Aminoacids +
13. Gums and mucilages +
“+” represents Presence  “-” represents Absence

Figure 1. Pterocarpus marsupium tree, leaves and bark

Figure 2. Transverse section of Pterocarpus
marsupium leaf (UE: Upper epidermis; PC: Palisade
cell; TT: Transfusion tissue; VB: Vascular bundle; LE:
Lower epidermis)

Figure 3. Plates under 254 nm, 366 nm

Figure 4. Derivatized plate?uﬁri'déir & white 'Iight 366
nm & white light
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Figure: 5. HPTLC Chromatogram of Aqueous extract

under 254 nm

Figure: 6. HPTLC chromatogram of Aqueous extract
under 366 nm
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ABSTRACT

Sea buckthorn (Hippophae rhamnoides L.) is an indigenous plant of northwest Europe, Central Asia, India at
Himalayan region. It is also known as Siberian pineapple, sand thorn, sallow thorn, and sea berry. Considering sea
buckthorn as a shrub it is significant among other shrubs, because almost every part of the sea buckthorn such as
leaves, berries, seeds, and flowers, contain certain essential chemical compounds such as vitamins, minerals, fatty
acids, flavonoids, phenolic acids, and complex lipids, which can be used in pharmaceutical industries such as
nutraceuticals, cosmeceutical, as well as food and animal feed production. Because of its high vitamin and
polyphenol content, it can be used as an anti-oxidant. Sea buckthorn oil, pulp, juice, and sludge can be extracted
from crushed leaves or seeds using the cold pressing method. The dry form of pulp can be used as a supplement in
the food industry to increase the nutritional value, and since flavonoids are present in sea buckthorn, it can also be
used as a flavouring and colouring agent. Sea buckthorn is also used as anti-diabetic, anti-distress, anti-aging,
cardioprotective, atherogenic, hepatoprotective, immunomodulatory, anti-cancer, gastrointestinal ulcer, wound
healing, and anti-hypertensive. As a result, sea buckthorn is thought to be rich in bioactive substances. In the present
review the origin, classification, morphological characteristics, microscopical characteristics, extraction methods and
therapeutic uses of the sea buckthorn oil is overviewed and various medicinal, cosmeceutical, nutraceutical uses of
the sea buckthorn have been discussed along with their chemical composition and their classes.

Keywords: Sea buckthorn, Chemical composition, Nutraceuticals, Therapeutical uses.
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INTRODUCTION

Sea buckthorn (Hippophae rhamnoides), belongs to a dicot family of Elaeagnacea, is native to Europe and Asia.
Hippophae rhamnoidesis a thorny tree or shrub that gets its name from the Latin words "hippo" (horse) and "phaos”
(gloss or flare) [1, 2, 3, 5, 34]. It is a bushy tree (1.5-4.5m tall) with large thorns on the branches which grows to a
height of 2000 m in Europe, 4500 m in Tibet, and 5000 m in the Himalayas [53]. It is found in the temperate zone of
central Asia, primarily in the cold arid zone of Leh Ladakh, and is well grown in some places of the Himachal
Pradesh, Sikkim, Arunachal Pradesh, Jammu & Kashmir, as well as in Europe and the northern regions of Pakistan,
as well as over the subtropical zones, particularly at high altitudes [2, 3, 4, 15]. This plant has been cultivated by
ancient plant breeders, the traditional Greeks utilized in diet for race horses hence, this is often the rationale for its
botanical name [4]. It is widely used in human life due to its availability of biologically active compounds, which
contribute to its health-promoting potential. Thebiologically active substances include carotenoids and various
phenolics such as proanthocyanidins, ursolic acid, caffeic acid, coumaric acid, ferulic acid, catechins, and
epicatechin derivates, and also consist of flavonoids, phospholipids, tannins, macro elements, microelements (K, B,
Fe, Mn) vitamins (Retinol, thiamine, riboflavin, ascorbic acid, tocopherol, phytonadione) volatile derivatives,
phytosterols, phenols, lipids, soluble sugar primarily composed of glucose, fructose, and xylose with 3.9 percent
organic acid, malic acid, and carboxylic acid. Sea buckthorn seed oil consist of saturated and unsaturated fatty
acids, (Palmitic acid, Palmitoleic acids, Oleic acids, Linoleic acids, Myristic acid, Stearic acid) riboflavin, niacin,
pantothenic acid, quercetin (isorhamnetin glycoside derivatives), myricetin, kaempferol, triacylglycerol,
glycerophospholipids, zea xanthin esters, alpha tocopherol. The aroma of sea buckthorn is due to esters, and total
plant sterol containing beta-sterols [57-83 percent] [1,2,3,4,5,6,7,8,9,10,11]. Sea buckthorn pharmacologically acts as
anti-oxidant, anti-atherogenic, hepatoprotective, immunomodulatory, tissue repair properties, and anti-
inflammatory, anti-hyperlipidemic, anti-cancer. It also cures cardio-vascular disease, cirrhosis, and skin injury, cold,
strengthen blood vessels, improves eye sight, obesity [4,13,14].

Taxonomical Classification [22]

Kingdom . Plantae

Division . Magnolophyta

Class: . Magnoliopsida

Subclass . Rosidae

Order . Elaeagnales

Superorder :  Celastraneae

Family . Eleagnaceae

Genus . Hippophae L.

Species . Hippophaerhamnoides L.

Morphological Characteristics

Sea Buckthorn is a perennial plant flourishes well and grow in sandy loam soils with a pH of 5.5 to 8.3, it prefers
well-draining, light with a pH of 6 to 6.7. As it cannot tolerate shadow at any stage of growth, plant should be grown
at sunny areas [26]. The plant is also useful as fuel wood, fence fodder, erosion control, soil enrichment through
organic processes in roots, and shelterbelts. The plants have extremely powerful root systems, with tap roots up to
1.1 m depth and horizontal roots up to 2.58 meters [27]. The plant can survive temperature fluctuations ranging from
-43°C to 55°C (surface) and thrives in extreme drought with annual rainfall of 250-800mm. It can also tolerate a pH
range of 5.8-9.5 in the soil [27].

Microscopic Characteristics

Seed

The sectioned sea buckthorn seed observed under scanning electron microscope showed dark brown and shiny seed
coat. The seed measured about 4.5mm in length, 2.33mm in width, and 0.01-0.2nm in thickness. A seed's ends were
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slightly pointed, revealing a furrow throughout the body and one side of the seed was slightly smaller than the
other. It revealed two distinct layers of the testa derived from the ovule's outer and inner integument. The seed coat's
outer layer was thick and hard, while the inner surface was thin and fibrous. [26].

Leaves

The sea buckthorn leaves were cut transversely, stained with phloroglucinol and hydrochloric acid, and examined
under a microscope. It exhibited upper and lower epidermis as well as submerged stomata and a thin cuticle. The
lower epidermis is entirely composed of pressed stellate trichomes, vascular bundles and spongy parenchyma. The
leaf's midrib consists of few layers of collenchyma cells beneath the upper epidermis, 3-4 layers of phloem cells
beneath the xylem vessels, and 6-7 layers of spongy parenchyma above the lower epidermis[31].

Berries

The dried and crushed sample of sea buckthorn berries are observed under the luminescent microscope. The outer
covering of the berry is yellow color. It showed a group of the phenolic compound [38]. Fragments of the berry are
brownish in color and seed peel without their own luminescence.

Seabuckthorn Oil Extraction
There are many methods employed for the extraction of sea buckthorn oil. They are,
i Solvent extraction method
ii. Super critical fluid extraction method
iii. Screw press method
iv. Aqueous extraction method
V. Cold pressing method
The cold pressing method obtains a high availability of unsaturated fatty acids, making it the most widely used of all of these
methods [12].

Cold Pressing Method

The cold pressing method can be used to extract sea buckthorn oil from seeds and berries, with seeds containing up to
12.5% oil by weight. The oil extracted from the fruit pulp contains up to 8-12% oil by weight. Filtration is performed
on the obtained oil fractions. Both oils have a high percentage of unsaturated fatty acids [34, 36].

Oil Analysis

Since harmful solvent residues can be left behind in the extracted oil, solvent extraction is unsuitable for SB oil
extraction. The supercritical carbon dioxide (CO2) method extracted seed and pulp oils with high concentrations of all
nutritional compounds. The addition of co-solvents to CO2 may improve the extraction of additional nutritional
components. In terms of extracting oil from pulp, the aqueous phase extraction method outperforms the screw press.
Because the screw press method has a higher concentration of tocopherols and carotenoids, whilst screw press
method has a lower concentration of sterols [34, 33].

Chemical Constituents of Sea Buckthorn

The most recognised part of Hippophae rhamnoides are its fruit and seed oil, which are rich in unique fatty acids
(saturated and unsaturated fatty acids), complex lipids, plant sterols and 190 bioactive substances. The chemical
classification with their important chemical constituents and therapeutic effect are given in Table.2. The berries of a
specific subspecies rhamnoides had a higher proportion of oil in the seeds (11.3 percent vs 7.3 percent, p < 0.01),
berries (3.5 percent vs2.1 percent, p < 0.001), and seedless parts (2.8 percent vs. 1.7 percent, p < 0.01) than subspecies
berries [35].
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Preclinical Studies of Sea Buckthorn

Cardiovascular Actvity

According to Zhang, Wen, et al., isoproterenol (ISO)-induced cardiac toxicity (85mg/kg, subcutaneous injection every
24 hours) was used to test the cardiotoxicity of sea buckthorn oil (5, 10, and 20 ml/kg per day) in rats for one month.
They discovered stroke, increased lipid peroxidation, depletion of cardiac injury marker enzymes, and anti-oxidant
activity in rats with isoproterenol-induced cardio toxicity on the 31st day. The ultrasound revealed myocardial
necrosis, oedema, and inflammation. Histopathological and ultra-structural examinations confirmed SBT oil's
protective role against isoproterenol-induced cardio toxicity. Thus, the study demonstrates that SBT oil reduces
myocardial damage in rats with isoproterenol-induced cardio toxicity[45].

Anti-Diabetic Activity

The effect of anti-diabetic activity in streptozotocin-induced diabetic rats was studied by administering an aqueous
extract of sea buckthorn seed residue (ASSR) to three groups of Male-Sprague-Dawley rats and determined the effect
of serum glucose, lipid profile, and anti-oxidant parameters, according to Gegotek, Agnieszka, et al. To persist the
study, three groups of rats were divided; for the normal control group, vehicle (distilled water), 5mg/kg
glibenclamide, and 400mg/kg ASSR were given orally once a day for four weeks. Vehicle (distilled water), 5mg/kg
glibenclamide, and 400mg/kg ASSR were administered orally once a day for 4 weeks to diabetic control rats. Vehicle
(distilled water), 5mg/kg glibenclamide, and 400mg/kg ASSR were given to diabetic rats, along with an
intraperitoneal injection of streptozotocin (45mg/kg body weight). Thus, the study of the ASSR has a hypoglycemic,
hypotriglyceridaemic, and anti-oxidant effect in streptozotocin-induced diabetic rats [47]

Wound Healing Activity

Sea buckthorn (SBT) oil was administered orally and topically at a dose of 200 L for 2.5ml/kg body weight, and burn-
wounded rats were given silver sulphadiazine (SS) ointment. The comparison of SBT oil and SS ointment revealed
that SBT oil is more effective in curing wounds. SBT oil has anti-oxidant properties, as evidenced by a significant
increase in reduced glutathione levels and a decrease in reactive oxygen species production in wound granulation
tissue. There is no negative effect of sea buckthorn seed oil in acute and subacute oral toxicity studies. The
observations by Gao, Ze-Li, et al revealed that SBT seed oil has wound healing properties [48].

Anti-Oxidant Activity

The anti-oxidant activities of sea buckthorn in rabbits were studied by administering total flavones for two weeks
previous to light exposure and one week following light exposure till sacrifice, according to Wang, Yong, et al. The
rabbits' retinal function was assessed using an electroretinogram one day before light exposure, as well as one, three,
and seven days after light exposure. The thickness of the extraretinal nuclear layer and TUNEL were measured on
the seventh day after light exposure to determine the degree of retinal degeneration. Western blotting analysis,
enzyme-linked immunosorbent assay, and immunohistochemistry were used to evaluate the antioxidant
mechanisms of the whole flavones from sea buckthorn in the process of light-induced retinal degeneration. Total
flavones from sea buckthorn reduced the oxidative stress caused by light exposure in the retina, as measured by
glutathione peroxidase (GSH), Catalase (CAT), total antioxidant capacity (T-AOC), and malonaldehyde levels
(MDA). Furthermore, GSH and CAT activities were significantly lower in the retinal injury model group than in the
control group (p<0.05). Overall, this study discovered that sea buckthorn flavones have antioxidant properties and
indirectly inhibit retinal cell apoptosis [24]. Although sea buckthorn has shown many activities in animal
experiments it tends to show comparatively high anti-oxidant property.

Mechanism of Action of Polyphenols Present in Sea Buckthomn

Diet therapy with antioxidant foods is a simple and effective way to supply endogenous antioxidants to reduce free
radical damage. Phenolic compounds are secondary metabolites with antioxidant activity. Their structural
properties, interactions with other compounds, solubility, absorption, and metabolism all influence their biological
activity. The antioxidant mechanisms of polyphenols derived from hippophae species are summarised in Fig.3.
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Other Benefits of Seabuckthorn QOil

Cardioprotective And Anti-Atherogenic Effects

Cardiovascular conditions are cardiac and blood vessel defect that Kills nearly 23.6 million people worldwide. The
effect of Sea buckthorn will be strongest in people with poor heart health is high in flavonoids and other bioactive
compounds that aids in the treatment of cardiovascular diseases like coronary heart disease, atherosclerosis, stroke,
myocardial infarction, peripheral arterial disease and arrhythmia. Isorhamnetin and quercetin, two major flavonoids
found in sea buckthorn fruit and leaves, have been shown to defend against myocardial ischemia and reperfusion,
cancers, oxidative damage and ageing. The effects may be strongest in people with poor heart health [44, 53].

Hepatoprotective Effect

Liver disorder are one of the world’s leading causes of death. The effect of sea buckthorn oil has proven effects to
safeguard liver cells from damage. As, sea buckthorn contains healthy fats, vitamin E and carotenoids [42].According
to Ren, Ruru, et al.Sea buckthorn compounds can help to prevent liver fibrosis by inhibiting HSC activation and
reduces uniform liver metabolites, serum bile acids and SBT oil also protects the liver from the harmful effects of
toxic synthetic compounds [53].

Skin Therapy

Sea buckthorn is regarded as a highly useful expert in treatment of wounds when applied directly. Shah, R. K., Idate,
A., & Poorva, V. U, identified that animal studies of SBT oil may help stimulate skin regeneration, helping wounds
heal more quickly [54]. The unsaturated fatty acids of the sea buckthorn oil may benefit the skin when consumed
orally. Sea buckthorn oil is often used topically for absorbs, atopic dermatitis, reducing inflammation and psoriasis-
like lesions and it has UV-blocking property, emollient property and it aids in tissue regeneration [53].

Cancer Therapy

Sea buckthorn oil contains phenolic compounds that have been shown to have anti-cancer properties. Quercetin,
flavonoids, kaempferol, and isorhamnetin, which appears to kill cancer, are all found in sea buckthorn oil. These
phenol compounds are derived from the seeds and juice of sea buckthorn. According toGeetha, S., et al. whether sea
buckthorn is a "golden mean" for cancer treatment: It inhibits cell proliferation, induces apoptosis, and stimulates the
immune system. Many of the side effects of chemotherapy are mitigated by sea buckthorn oil, which restores kidney
and liver function, increases appetite, and keeps patients in general good health. Despite numerous in vivo and
animal in vivo studies confirming sea buckthorn's anticancer activity, treatment and prophylactic doses for humans
are unknown. As a result, greater emphasis should be placed on the development of high-quality, well-controlled
clinical experience in this area [51, 53].

Immuno Modulatory

Sea buckthorn oil is said to be effective against the measles virus [52]. The flavonoid content of sea buckthorn oil is
high, which strengthens our immune system by increasing resistance to iliness [42]. Using the standard disc diffusion
method, researchers examined the anti-bacterial activity of sea buckthorn berries and leaves against methicillin
resistant staphylococcus aureus (MRSA). Chloroform, n-hexane, and aqueous extracts of plant parts were used in
this study. Doses of 2mg/ml, 4mg/ml, and 6mg/mIl were tested against the microorganism and compared to the zone
of inhibition against the standard drug vancomycin, revealing that n-hexane and chloroform extracts of berries and
n-hexane extract leaves demonstrated significant anti-bacterial activity when compared to vancomycin
[51].According to the findings of the above study, sea buckthorn oil derived from the berries and leaves has anti-
bacterial activity against (MRSA) [52].

Gastro Intestinal Ulcer Therapy

Sea buckthorn oil is found to be effective against gastric ulcers. The sea buckthorn oil has the capacity that could
include monitoring favourable to fiery go between to standardize gastric corrosive yield and reduce irritation. The
indomethacin, tension and ethanol both of which lead to the production of gastric ulcers, they are inhibited hexane
extract from sea buckthorn. The extract also helps to prevent duodenal ulcers [53].
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CONCLUSION

The significant properties of sea buckthorn (Hippophae rhamnoides L.) have captivated people all over the
world.According to the overview, polyphenols which is the predominant composition present in the sea buckthorn
produce an anti-oxidant activity. It also demonstrates that the berry of the sea buckthorn contains greater
unsaturated fatty acid content than other portions of the plant, which is essential to maintain cholesterol levels elicit
protective effects on cardiovascular health. The value of this plant is reinforced by its anti-inflammatory, anti-tumor,
antioxidant, as well as its anti-cancerous, immunomodulatory, and wound-healing effects. When developing safe
and appetizing food models, there are prospects for commercialization.
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Table. 1: Morphological Characters of Sea Buckthorn Oil

Parts/
organoleptic Colour Shape Size Phytoconstituents Reference
characters
Leaves Leaves are 3.85% of saccharide, 16,22,32,25,1
Green on top .
and silve elongate, 28to 0.2% of protopectin
Y spatulate 0.8cm 1.1% of organic acids,
ash on the o .
(or) in size 170 mg/100 g of catechin
bottom. L
Oblongate Vitamin C
Solitary, 14-15
Flower axillary, length,
Brown cluster 2.61- Minerals 21,22,32
or racemes 3.08cm
width
Berries Orange/red in itamin A K C.B .
6.64 — Carotenoids, flavonoids,
color or may be . 20,23,01,32,22,
. Small round | 9.14mm Carbohydrates, proteins,
Yellow/ light L SO . . 25,27,24.
in size Organic acids, amino acid,
Yellow .
Polyphenols, minerals.
e e gossy | V0T | 2810 |
 glossy Elliptical 4.2mm P . ' . 18,22
Magnesium, proteins.

Table. 2: The Chemical Classification Of The Compounds Present In The Sea Buckthom Along With Their
Chemical Structure.

Chemical classification Constituents Reference
Vitamins (Retinol, Thiamine, Riboflavin,

Vitamin Ascorbic acid, Tocopherol, Phytonadione, B | 5,40,34,39,1,41
complex vitamins (B1,B2, B6), omega-3 and
omega-6 fatty acids.
Palmitic acid, lauric acid, pentadienoic acid,

Fatty acids stearic acid, oleic acid, palmitoleic acid, | 34,39,41,14,43,35,9,10,40,42,5
myristic acid, Linoleic acid, a-linolenic acid, vy
— linolenic acid.
Beta-carotene, Zeaxanthin,

Carotenoids Lycopene, Cryptoxanthin, Physalien. 15
Camphosterol, 3-sitosterol,

Phytosterol stigmasterol. 40,34,435

Triterpinoids Oleanolic acid 54

Flavanoids Iso-rhamnetin 134
Proanthocyanidins

Phenols Gallic acid 54
Phosphorus, Potassium, Iron,

Mineral elements Magnesium, Calcium, Copper, Manganese, | 37
Cadmium.
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Figure.3: The antioxidant mechanism of polyphenols from Hippophae species.

(NADPH: nicotinamide adenine dinucleotide phosphate; NADP: nicotinamide adenine dinucleotide
phosphate; NOXs: NADPH oxidase; SOD: superoxide dismutase; CA: catalase; GPX: glutathione peroxidase).
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ABSTRACT

Lesch-Nyhan syndrome which is initially described by lesch and nyhan in two brothers, is a rare X-
linked recessive, inherited Mendelian genetic disorder of purine metabolism associated with uric acid
overproduction. A two and half year old male child with previously biochemical and neurological
diagnosis of LNS referred to the dental opd. On perioral and intraoral examination revealed a well-
defined, deep laceration injuries & some scarring all over the lower lip. Under general anaesthesia upper
and lower alginate impression was made. Laceration injuries of the lip cleaned and suturing was done.
acrylic occlusal splint was fabricated & cemented on the lower occlusal surface using zinc phosphate
cement.

Keywords: Self-Mutilation, HPRT Deficiency, Uricemia.

INTRODUCTION

Lesch-Nyhan syndrome (LNS) is a rare X-linked recessive, inherited Mendelian genetic disorder of purine
metabolism associated with uric acid overproduction [1]. Patients with LNS are characterized by minimal or zero
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enzymatic activity of HPRT in erythrocyte, which is a protein present in all cells essential for the purine metabolism
[2]. This deficiency of enzyme is caused by the mutation of gene HPRT1 present on the long arm of X chromosome at
Xg26. LNS was initially described by Michael Lesch and William Nyhanin 1964 in two brothers with crystals in the
urine and self-mutilation at John Hopkins hospital [Lesch and Nyhan, 1964] [1]. Children with LNS presented with
features such as generalised increase uric acid levels in blood and urine which results in gout, neurological features
starts to appear at the first year of life include facial grimacing, hypotonia, lack of muscle tone, spasticity, mental
retardation, intellectual disability, involuntary repetitive movements of arms and legs and in the beginning of the
second year of life, self-mutilation [1,2,3]. It has a prevalence of one in 380,000 live births. Most commonly affects
male and carried by females. one third of the cases arises from new mutation, such cases do not have any family
history. Females are very rarely affected [4].

At birth, child with LNS appears to be normal but as age advances they are unable to sit properly and cannot lift
their head [3,5,6]. The most distinguishing symptom is the uncontrollable self-injury behaviour. The concerned
children seen normal for the first months of life but with the eruption of deciduous teeth, theyshow self-mutilative
behaviour which includes biting their oral/ perioral tissues and their fingers. This leads to partial or total destruction
of perioral tissue especially the lower lip, fingers and toes. The finger nails may be completely ripped, and the self-
destructive process involves the bone. Also leads to the secondary infection which complicates and retards the
healing of traumatic lesions [7]. Most patients die in their childhood as the life expectancy is very less which is about
two decades [6,7]. Children with LNS experiences pain and compunction when they mutilate themselves, but they
are helpless to control their behavior Nyhan (1997) [7,8]. when children with LNS have physical restraints, they are
relaxed but when detached the patients become excited and there is an increase in their compulsive actions. The
relationship between the enzyme deficiency and the neurological manifestations in Lesch-Nyhan syndrome is not so
clear but may be associated with deficits in dopaminergic activity in the basal ganglia as many neurochemical
studies of LNS patients show large reductions in DA levels, elevated numbers of DA receptors, and decreased levels
of DA transporters [9,10].

The diagnosis of LNS may be verified by a detailed and profound clinical evaluation, in addition to a complete and
point by point history of patient and specific blood and urine tests. Blood and urine test for uric acid levels are the
screening test for LNS. The confirmatory test for LNS includes measurement of HPRT gene and protein activity.
Also, the absence of the HPRT enzyme in cells from any tissue confirms the diagnosis. Molecular genetic testing for
the HPRTL gene is available to determine the specific disease-causing mutation. Prenatal diagnosis can also be done
by enzyme analysis if family history is present [6,7,10]. In this case report, we present a case of a child with
symptoms of LNS and management of the trauma caused by self-mutilation.

Case Report

Patient History and General Examination

A two and half year old male child with previously biochemical and neurological diagnosis of LNS referred to the
dental OPD with chief complain of self-mutilating habits and severe injuries to perioral and intraoral tissues. The
patients’ earlier records indicated that he was diagnosed with LNS at second year of life. His blood and urine report
showed the elevated values for the uric acid and also HPRT enzyme assay showed the deficiency of enzyme.
According to the parents, child had been very quit and did not response to many stimuli till first year of life but after
the age of one year, he start to show involuntary repetitive movements of arms and legs, unable to sit properly and
cannot lift his head. After the eruption of primary teeth, he started to bite his thumbs and perioral structure very
aggressively. The parents reported to the paediatrician in private hospital with the same complaint where he
undergone multiple neurologic and serologic assays which diagnosed him with LNS.

On clinical examination, he presented with features such as facial grimacing, hypotonia, spasticity and unable to lift
his head and sit properly, mental retardation, involuntary repetitive movements of arms and legs and laceration
injuries on the lower lip and both the thumbs were seen. perioral and intraoral examination revealed a well-defined,
deep laceration injuries all over the vermillion zone and vermillion border of the lower lip. Also, some scarring was
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present on the lower lip. (Fig.1) All primary teeth were present. Then the Patient was referred to the department of
paediatrics for general examination and medical fitness for the dental procedure. On examination, he was considered
medically unfit to be treated on the chair because of his aggressive behaviour and his systemic disorder. They
categorise the patient under American society of anesthesiologists (ASA) 4 category. As patient would not be able to
manage on the dental chair it was decided to do further treatment under general anaesthesia. Patient was admitted
in the Pediatric ward under department of pediatrics for preanesthetic evaluation and multidisciplinary
management of the patient.

Preanaesthetic Evaluation

On blood and urine test, he was found to have elevated uric acid level (9 mg/dl) and low Hb (10.9mg/dl). The
optimization of the patient was done by starting him on the injection Aloprim (allopurinol sodium)once a day. Also,
started with preanesthetic medication i.e. Inj. Augmentin prior to the procedure.

Anaesthetic Consideration
Our patient due to his condition was considered under ASA category 4.As the procedure would be performed
intraorally, nasal intubation was done. Once the patient was confirmed stable, intraoral procedures were carried out.

Procedure

The treatment plan included the prevention of the further trauma to the perioral soft tissue including fabrication of a
mouth guard. Under general anaesthesia upper and lower alginate impression was made using perforated
impression trays. Laceration injuries of the lip cleaned with the help of betadine (Povidone iodine, 10%) and suturing
was done using vicryl 3-0 (Ethicon vicryl plus)(FIG.2).Study model was made using dental stone and acrylic occlusal
splint was fabricated (FIG.3) This occlusal splint was cemented on the lower occlusal surface using zinc phosphate
cement(Harvard cement) (FIG.4). The parents were instructed about the oral prophylaxis and cleaning of the
appliance. Primarily, child could not tolerate the appliance inside the mouth, but with time he accepted it. The child
was recalled after 1 week for re-examination and revealed the biting of the lip and thumbs was reduced. Healing of
the laceration injuries was evident. suture removal was done. Patient was recalled after 3 weeks for follow up and
modification of the occlusal splint, on examination the lesion had resolved completely. Child had accepted the
appliance which result in reduced self-inflicted damage. Chlorhexidine mouth rinses were prescribed.(fig.5)

DISCUSSION

Lesch-Nyhan syndrome is a sex linked disorderof purine metabolism which exclusively affects males. This patients
shows decreased or absent activity of hypoxanthine-guanine phosphoribosyl transferase biochemically, which
characterised by excessive purine production and shows symptoms of juvenile gout such as increased uric
acid concentrations throughout the body[1,2,3]. Extraction of primary teeth and permanent teeth has been advocated
as a satisfactory solution in young patients as the problem of subsequent recurrence of lip biting is inevitable [11].
The extraction of the incisors has not been proven effective in preventing further self-injury. Permanent canines and
perhaps premolars and molars may also be involved [12].

Many intraoral appliance designs have been suggested to limit soft tissues injury to avoid extractions. Budnick was
the first one to use a flat acrylic overlay splint which was cemented to the mandibular teeth to relieve the occlusion
[13]. He also suggested a second technique, in which anterior open bite was created using a posterior splint . because
of creating open bite, The child would suck on his lower lip but was unable to bite it. A lower lip guard fabricated by
Evans showed favourable results in very short period (Evans et al. ) [14]. According to the Evans et al, as the
appliance was placed, the potentiality to cause trauma ceased [14]. Although, some authors had delineated the
limited success of a lip bumper design constructed to displace the lower lip away from the anterior teeth [15]. The
appliance was very fragile such that it was unsuitable for the masticatory forces generated by the Lesch-Nyhan
patients. Also, many author reported that the lip trauma and inflammation was caused by daily removals of the

55846



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences w www.tnsroindia.org.in ©lJONS
Vol.14 / Issue 78 / June / 2023  International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997

Viddyasagar Mopagar et al.,

guard . [15,16]. In conclusion, LNS is very rare but easy to diagnose. Currently, there are no permanent treatment for
management of self-mutilation and prevention from the perioral trauma in Lesch—-Nyhan syndrome patients.
Appropriate preventive methods have to be developed for each individual patient based on close observation. A
suitable oral appliance could be tried initially before employing more invasive approaches.
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Fig.1 Showing Well-Defined, Deep Ulcer With Ragged | Fig.2 showing under general anaesthesia upper and
Margins And Some Scarring Over The Lower Lip lower alginate impression made using perforated
impression trays. Laceration injuries of the lip cleaned
with the help of betadine and suturing was done
using vicryl 3-0.
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Fig.3 Showing Study model made using dental stone | Fig. 4 Showing cementation of occlusal splint using
and acrylic occlusal splint was fabricated.

Fig.5 Showing healing of wounds after three week follow up
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ABSTRACT

The pharmaceutical market in terms of regulation is divided into two categories: regulated and non-regulated.
The regulated market is mostly made up of countries with a lot of rules and regulations, as well as well-
established drug regulatory agencies. Aside from the regulated market, the other category is known as the Rest
of the World market, which has fewer rules and regulations as compared to the regulated and is easier to
obtain market authorization. When discussing the global market, the Rest of the World market plays a
significant role. In this review, we will discuss the overall regulatory perspective in one of the most important
countries in the Latin American region. Chile is typically not considered a top priority in Latin America due to
its small size, especially when compared to the continent's two most populous nations, Mexico and Brazil.
With 9% of its total GDP allocated to healthcare, it is the nation in Latin America with the highest relative
healthcare spending. Patented drugs make up the majority of the pharmaceutical market, but the generics
sector has the greatest growth potential. The Chilean Public Health Institute (ISP) upholds high standards of
excellence and quality while promoting and protecting the general public's health. The overall characteristics
of the Chilean pharmaceutical market are covered in the review that follows. The review is conducted with the
aid of numerous country-specific guidelines as well as the guidelines given by Chile's regulatory body. The
review combines data from institutions like the ISP, OECD, the Ministry of Health, and others. The purpose of
the following review is to shed light on the regulatory environment in other developed nations where
information has received very little in-depth analysis. The review concentrates on the novel pharmaceutical
elements that have just been introduced. The reader will ultimately be able to comprehend how the country's
market and regulatory status compares to others.

Keywords: Regulatory, Rest of the World, Patent, ISP
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INTRODUCTION

Although Chile is regarded as Latin America's economic powerhouse, some claim that it is a forgotten paradise
because it is the region's most politically and economically stable nation and does not garner as much media
attention as some of its neighbours.

The Pharmaceutical Landscape

The Andes and the ocean, which give Chile its distinctive shape and geography, have an effect on how healthcare is
delivered. When doing so, it's crucial to take Chile's size and geography into account. Chile's geography is incredibly
varied because it stretches from the ocean on the west to the Andes on the east, from a latitude of 17° South to Cape
Horn at 56°. Chile is a country in South America that is surrounded by the South Pacific and a small portion of the
South Atlantic Oceans. The total area of the land is 756,102 km2. With 6,435 km (3,999 mi) of coastline, the country
has the eleventh-largest exclusive economic zone (3,648,532 km?) [1].

DISCUSSION

Population

In 2017, 17,574,003 people were living in Chile. Since 1990, the rate of population growth has been decreasing due to
a decline in the birth rate. By 2050, it's predicted that there will be about 20.2 million people living there. Greater
Santiago, which has an urban population of 85% of the total, is home to 40% of the country's residents. The largest
agglomerations, as determined by the 2002 census, are Greater Santiago, with 5.6 million residents, Greater
Concepcion, with 861,000, and Greater Valparaiso, with 824,000 [2].

Over the past few decades, health spending has increased significantly while life expectancy has increased across the
country. According to international standards, Chile has also raised the requirements for the approval of generic
medications. Chile's public health issues would strain any health system despite all of these efforts, and there are still
problems to be solved. This Assessment examines important issues Chile must deal with to guarantee a fruitful and
effective pharmaceutical industry, with a particular focus on two key areas.

1. Processes for registering medicines should be improved.

2. Generics should be interchangeable and bioequivalent [3].

On the one hand, the Pan American Health Organization (PAHO) considers Chile's drug regulatory agency (ISP,
Instituto de Salud Publica), which evaluates the efficacy, safety, and quality of medications, to be a reference NRA
and has assigned it a level IV National Regulatory Agency rating.

But like any NRA, ISP might experience difficulties performing its duties. Chile must specifically satisfy patient
demands for faster access to novel medications and business demands for quick market entry. It is necessary to have
a successful and efficient marketing approval procedure to guarantee that medicines are promptly available on the
market. The necessary regulatory framework, human and technical capacity, and other resources must be in place to
ensure the quality, safety, and effectiveness of medicines that are introduced to the market. Resources and capacity
constraints can be major roadblocks and may exacerbate the backlogs in the processes for approving new medicines.
Making sure that technical resources are utilized effectively is essential.

On the other hand, the generic drug market presents significant challenges for Chile as well. For instance, confusion
over the definition and quality of generic drugs prevents a greater uptake of these medications, and many producers
do not follow the bioequivalence requirements outlined in the most recent Law on Pharmaceuticals (2014). The
Assessment provides a description and evaluation of Chile's generics laws with special attention to the terminology
for multisource drugs and the current therapeutic equivalence standards. Examples of other nations' approaches to
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managing generics and approving pharmaceuticals are given, which may offer thoughts and recommendations for
enhancing Chile's regulatory policies and procedures.

These include developing, maintaining, and distributing a list of interchangeable multisource products, amending
relevant regulations to harmonize terminology with local and international standards, and implementing strategies
to further promote prescribing by INN. The execution of public health policies needs to be closely examined to help
achieve these important policy goals. To ensure rapid and widespread change, Chilean stakeholders must also be
actively involved in the process. The note also offers suggested short- and medium-term timelines, accountable
parties, and progress milestones to help implement the suggested policy actions. These policy actions are further
explained at the end of each chapter.

The implementation of public health policies must be carefully scrutinized to support the achievement of these
important policy objectives. Chilean stakeholders must also be actively involved in the process to ensure that change
occurs quickly and broadly. The note also offers suggested short- and medium-term timelines, accountable parties,
and progress milestones to help implement the suggested policy actions. These policy actions are further explained
at the end of each chapter.

The Chilean Health System

According to the Organization for Economic Cooperation and Development, Chile has made significant progress
toward a well-functioning health system and public health architecture over the last few decades. Chile has been able
to achieve a level of quality of life that is comparable to the OECD average in terms of the overall health status of the
population while also significantly improving key health indicators. (OECD, 2018) [5] Chile's average life expectancy,
for example, has increased 17 years faster than the OECD average over the last 40 years, a difference of ten years.
Women were 76.5 years old in 2015, while men were 79.1 years old. The average life expectancy in the OECD is 80.6
years; for men, it is 77.9 years, and for women, it is 83.1 years (OECD, 2019). Furthermore, while most OECD
countries had achieved full universal health coverage by the 1970s and 1980s, Chile had not.

In Chile, access to healthcare has increased by 6.5% over the past ten years, but a significant portion of the
population—around 8% in 2015—remains unmet in terms of needs, compared to an average of 2% globally. (OECD,
2017) [6]. Between 2009 and 2016, real health spending per person increased by 5.9%, which is significantly higher
than the 1.4% OECD average. Even though this is the case, health spending per person in 2016 was 1,977 USD PPP,
less than half the OECD average of 4,003 USD PPP and in line with GDP levels. In addition, Chile's health
expenditures as a percentage of GDP are lower (8.5%) than the OECD average (9%) (OECD, 2017). In the interim, the
majority of household out-of-pocket expenses are still used to pay for healthcarel. Out-of-pocket costs make up 32%
of all health spending in Chile, which is 50% more than the OECD average (OECD, 2017).

A mandated insurance requirement, employee contributions set at 7% of payroll income, and a set of basic benefits
that are guaranteed make up Chile's healthcare financing system. Outside of the basic package, Chileans have a
varying selection and quality of health care services available to them. Medical care is paid for by Institutions of
Health Provisional, a private insurance program, or Fondo Nacional de Salud, also referred to as FONASA?, the
government-funded National Health Fund (ISAPRE). About 78% of the population is covered by FONASA, 17% to
18% by ISAPRE, and the remaining 3-4% by the Armed Forces insurance program. High earners typically fall under
ISAPRE, while FONASA protects the vast majority of the population. ISAPREs compete in an unregulated market,
selecting low-risk enrollees and varying the premiums they pay, despite recent improvements (such as the
elimination of age- and gender-based price discrimination).

Chile's healthcare system includes both public and private medical services. Employees must pay a mandatory
contribution equal to a set percentage of their salaries to both healthcare systems to participate. Estimates show that
the public system covers 75.2% of beneficiaries, the private system 18.5%, and other healthcare systems 6.3%.
FONASA contributors have the option of receiving care from a private provider with a co-payment or from the
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public system. In addition to FONASA, the government organizations tasked with safeguarding population health,
developing and implementing public health policies, and enhancing Chileans' health status include:

The Ministry of Health establishes health policies and oversees the operation of the healthcare system. The Ministry
is divided into two Under secretariats:

e  The Public Health Under-secretariat; and

e  The Healthcare Networks Under-secretariat [9]

By carrying out regulatory duties to ensure access, quality, and long-term population health improvement, the
Under-secretariat of Public Health defends the right to health of every Chilean. Hospitals and primary care networks
are two examples of healthcare networks that are governed and managed by the Under-secretariat of Healthcare
Networks [8] Within the framework established by the national authorities, regional health authorities (Secretaras
Regionales Ministeriales, SEREMI) in Chile conduct and coordinate epidemiological surveillance and outbreak
responses, safeguard populations from environmental risks, and guarantee adherence to national health standards,
plans, programs, and policies.

The Laboratory Examinations, Quality Control, and Marketing Approval of Medicines, Medical Foods, and Other
Sanitary-Controlled Goods are handled by the Institute of Public Health (Instituto de Salud Publica, ISP). Along with
managing medical labs, approving and registering pharmaceuticals and other products, and monitoring and
reporting antimicrobial resistance surveillance to the Ministry of Health, the ISP is also in charge of these tasks. The
National Medicines Agency (ANAMED), which is part of ISP, handles a lot of these responsibilities [10]

The majority of Chile's public pharmacies and other healthcare providers have access to medications and medical
supplies thanks to the Central Nacional de Abastecimiento (CENABAST) organization. Hospital equipment
procurement is governed by Chile Compra, the online system for public institutions run by the Ministry of Finance.
The Superintendency of Health (Superintendencia de Salud) monitors healthcare providers' compliance with
accreditation requirements as well as social security institutions' legal and financial obligations.

Market Overview

Pharmaceutical products are defined as "any substance, natural or synthetic, or a mixture of both, intended for

human consumption for the healing, attenuation, treatment, prevention, or diagnosis of diseases and their

symptoms, to modify physiological systems or states of mind for the benefit of the person to whom it is

administered” in Supreme Decree 3/2010, Section 7. The following criteria will be used to classify pharmaceutical

products for this survey:

e  Over-the-counter (OTC) medications are those that are sold directly to the public without a doctor's prescription.

e  Prescription-only medications (POM): pharmaceuticals that may only be distributed to customers who have a
current prescription

Prescription-only medicaments (POM) will be categorized as follows

¢ Brand-name medications: pharmaceuticals sold by the research facility that holds the corresponding patent.

e After a patent has expired, copycat medications are pharmaceuticals that are sold by a different lab than the one
that originally developed the drug. These goods are offered for sale under an alternative brand to the original.

e Medications that are marketed using their chemical name or primary pharmaceutical ingredient are referred to
as "generics," also known as "generic drugs." Bioequivalent products, which are medications whose Clinical
evidence of a therapeutic effect is established and approved by a suitable body, are included in this category.

e Private labeled medications (also known as a private labels) are those that are marketed by pharmacies. It
includes medications that are mass-produced or under prescription in pharmacies' laboratories [11].
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Pharmaceutical Market Size

Chile accounts for 3% of sales in Latin America and has a 0.14% market share worldwide. Around 1.2% of the
country's GDP is accounted for by the drug trade in Chile. IMS Health estimates that Chile's pharmaceutical market
generated US$ 2.400 million in sales in 2015, a 12.4% increase from the year before. Out of them, institutional sales—
to private hospitals and clinics as well as the public sector—accounted for the majority of the remaining funds, while
retail sales made up US$ 1.600 million (mostly to pharmacies). Instead of an increase in volume over the past few
years, the retail market has grown due to the introduction of new products and presentations as well as price
increases. Prices have increased primarily due to higher costs, new regulations, and an increase in currency exchange
rates. Notably, because more than half of medicines, as well as the majority of the chemical components used in
domestic production, are imported, the prices of medicines are extremely sensitive to changes in exchange rates.
Despite the aforementioned, generic drugs have acted differently lately. Price and volume have contributed less to
the market's expansion than volume.

Instead of an increase in volume over the past few years, the retail market has grown due to the introduction of new
products and presentations as well as price increases. Prices have increased primarily due to higher costs, new
regulations, and an increase in currency exchange rates. Notably, because more than half of medicines, as well as the
majority of the chemical components used in domestic production, are imported, the prices of medicines are
extremely sensitive to changes in exchange rates. Despite the aforementioned, generic drugs have acted differently
lately. Price and volume have contributed less to the market's expansion than volume [12].

Total Pharmaceutical Retail Sales

In terms of volume and value, prescription-only medicines (POM) make up nearly 65% and 77%, respectively, of all
retail sales. Keep in mind that prescription-only medications usually cost more than non-prescription items (OTC).
Almost half of all retail sales are accounted for by the top 20 therapeutic classes or categories of drugs (out of a total
of 266), based on a study produced by the Ministry of Economy.

In Chile, the top-selling prescription-only medications (POM) are

1. Antiepileptic medications (3.1%)

2. Non-steroid anti-rheumatic drugs (4.4%),

3. Contraceptive hormones (8.3%),

4. Antidepressants (4.4%).

Bestsellers among over-the-counter (OTC) items include

1. Skincare items (23.3%)

2. Antipyretics and non-narcotic painkillers (9.8%) as well as
3. Flu medications (50.8%)

The three main product categories for 2014, according to IMS Health, are traditional chronic illnesses, women's
health, and semi-chronic illnesses. Each person only spends an average of US$82 per year on medications, according
to the same report. Even though it is anticipated to rise in the coming years, Chilean spending per capita is lower
than that of Argentina ($123) and Brazil ($110), and quite far from that of Europe ($800) and the United States
($1.042). [13] The most recent National Health Survey shows that medication accounts for 55% of all household
health out-of-pocket spending. In low-income households, this percentage rises to 67.6%. The same survey shows
that this most recent group uses more medication than high-income households. The sales of drugs exhibit a strong
seasonality, with a volume increase of twofold during the fall and winter, which is worth mentioning (March to
September).
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Health Overview of Chile

Health and demographic indicators for Chile

According to World Health Organization (WHO) statistics from 2016, Chile's life expectancy has increased
significantly over the last ten years, reaching 80.5 years in 2015 (the second highest in the Americas, after Canada), in
line with Chilean health spending growth and improvements in access to higher quality healthcare. In addition, the
country has the fifth-lowest child mortality rate in the Americas and the fourth-lowest maternal mortality rate (22
per 100,000 live births) (8.1 per 1.000 live births) [14]

Despite the aforementioned, Chile exhibits several risk factors for the four major non-communicable diseases,

1. Chronic Respiratory Diseases,

2. Cancer

3. Diabetes,

4. Cardiovascular Diseases.

The World Health Organization (WHO) estimates that each person in Chile consumes 9.3 liters of alcohol annually,
which is roughly 50% more than the average for the world. Chile still has the second-highest rate of tobacco use
(38%) in the Americas, even though the prevalence of tobacco use has decreased as a result of tax increases and anti-
smoking campaigns.

Furthermore, the prevalence of obesity and overweight in Chile is rising, with women and children being
particularly affected. According to an FAO-PAHO report, with 63% of the population overweight In Latin America
and the Caribbean, Chile has the third-highest percentage of adult overweight people.. Chile is the top-ranked
country in Latin America and the sixth-highest country globally when it comes to childhood obesity and overweight.
Recent government initiatives (such as campaigns to promote healthy lifestyles and control the labeling and
advertising of unhealthy food products) are meant to change this, but the results are still hardly discernible [15]. It is
important to note that Chile's rapidly increasing elderly population can be attributed to low birth and mortality rates.
Nearly 22.3% of the total population is under the age of 14, 68.1% is between the ages of 15 and 64, and 9.6% is 65 or
older. By 2044, it's expected that the older population will account for 20.8% of the total.

Health Spending

Chile had the highest health spending of any OECD country in 2015 (at constant prices), totaling US$ 28.730 million,
according to OECD statistics. The primary cause of this growth was an almost doubling in government spending
over the previous five years. Regarding this, the state's involvement in the delivery of healthcare and medications
has increased as a result of Healthcare reform and sector investment in Chile [16]. Despite this, Chile's per capita
health expenditure in 2014 was the fifth lowest and roughly half the OECD average, at US$1.750 versus an OECD
average of US$3.440. However, compared to an OECD average of 8.9%, health spending as a percentage of GDP was
7.7% in 2015. (Capital expenses not accounted for. Chile is the OECD country with the third-highest share of out-of-
pocket costs, with direct household out-of-pocket spending accounting for one-third of all health expenditures in
2013, despite a slight decline since 2009 [15]

Drug Marketing Authorization in Chile [19]

All Chilean pharmaceuticals require marketing authorization from the Chilean Institute of Public Health (ISP). To
sell and distribute their medications in Chile, all pharmaceutical producers and businesses that sell pharmaceutical
products are required to submit a marketing authorization request to the ISP. Applications for marketing
authorizations were handled using one of three procedure types up until the first half of 2019: ordinary, simplified,
or abbreviated [18]. The majority of new drugs seeking marketing authorization (i.e., products with a new active
ingredient) adhere to the established procedure (Ministry of Health, 2011). To prove the new product's efficacy and
safety, an informational dossier with data from pre-clinical and clinical trials must be submitted. Merchandise
subject to customary procedure marketing authorization decisions must be made within six months (Ministry of
Health, 2011) [17]. On the other hand, the streamlined procedure is typically applied to generic drugs, "similar"
medications, and extensions of indication and formulation. According to DS No. 3/2010, unless the ISP determines
otherwise, data from pre-clinical and clinical trials, as well as original data on safety and efficacy, are not required to
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be submitted for copies of originator medicines evaluated using the streamlined procedure. In less than 180 days,
products that go through streamlined processes should be approved for marketing. Manufacturers must provide
relevant bioequivalence studies and demonstrate therapeutic comparability with the original medication for some
active substances that have been "listed" by the ISP (Ministry of Health, 2011).To demonstrate the efficacy and safety
of pharmaceutical products that have undergone extensive testing, applicants may submit a literature-based
submission.

Last but not least, Article 51 of DS No. 3/10 outlines a streamlined procedure (proceso de Registroabreviado). 3 The
majority of the products that will be used in Ministry of Health programs will go through this fast-track-like
mechanism. This process takes less time—no more than four months—and is identical to both the standard and the
simplified procedures (depending on the application) (Ministry of Health, 2011). Products that qualify for the
expedited marketing authorization process include the following:

The National Formulary, and Ministry of Health (MINSAL) program, or both (corresponding to a list of mandatory
medications).

To further shorten the time it takes to approve new medicines, the ISP has proposed an amendment to DS No. 3/2010
in addition to the current expedited registration procedure (proceso de registroabreviado). The current proposal
would create a new accelerated registration procedure (proceso de registroacelerado) to shorten the amount of time
it takes to evaluate medications that meet one (or more) of the criteria below.

Itis the first biosimilar or generic drug to be approved by the FDA and EMA, and it has already entered the market.
The National Supply Center (CENABAST), by MINSAL's programs, must supply the nation's public health system.
is mandated by the Ministry of Health (because medicine is a component of MINSAL's technical standards and
health programs, it is relevant to public health).

Decree No. 54 of November 7, 2019, amended Ministry of Health Decree No. 3 of 2010 to establish guidelines for an
accelerated registration procedure for medicines that already have a favorable health registration with another strict
Medicines Regulatory Agency. The ISP has also requested a priority evaluation process for goods that are thought to
represent therapeutic innovations based on encouraging preliminary research findings for the treatment of serious or
life-threatening conditions (such as Phase | and Il trials). The ISP has a specific application format for each
procedure, which can be submitted online via the "GICONA" system. The general steps in this process are listed
below and depicted in Figure.

Marketing Authorization Procedure

Acceptability - Before an application is submitted, the dossier's completeness is evaluated. Ten days is the maximum
amount of time for this procedure. If all requirements are satisfied, an admissibility minute is issued within five
days.

Submission of an admissible application signifies that the application has been formally received for review.
Evaluation: Each piece of the submitted information is evaluated separately in terms of quality, safety and efficacy,
legality, and administrative requirements. Several components make up the evaluation phase:

Process validation, quality, bio-equivalence (for a streamlined procedure for listed generic medicines), and legal
considerations are all up for review. Evaluation: Each piece of un submitted information is evaluated separately in
terms of quality, safety and efficacy, legality, and administrative requirements. Several components make up the
evaluation phase:

Quality, legal issues, bio-equivalence (for a streamlined procedure for listed generic medications), and process
validation are all evaluated. A knowledgeable staff member of the Pharmacology Society (an outside expert)
evaluates data on safety and efficacy gathered during clinical trials for new medications.

The Bioequivalence and Therapeutic Equivalence Unit evaluates the bioequivalence study for "generic" medications
that must show bioequivalence, and the Process Validation Unit evaluates the findings.

The Quality & Pharmaceutical Equivalence Unit for non-biological products and the Biological Products Unit for
biological products evaluate the quality of all medications.
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The ISP's Legal Advice Unit evaluates compliance with the administrative, legal, and regulatory requirements
outlined in DTO 3/10 that govern pharmaceutical product marketing. These requirements include WHO registration
or certification, drug manufacturing plant authorization, and Good Manufacturing Practice (GMP) certification.

In the following evaluation, evaluators produce technical reports

The Evaluation Commission meets to evaluate each of these technical reports. This group evaluates safety and
effectiveness data and makes recommendations for acceptance or rejection. The committee is made up of four
outside experts who are either pharmaceutical chemists or surgeons with training in pharmacology, surgery, or
academia, including the director of the National Medicines Agency (ANAMED), members of the marketing
authorization sub-department, clinical trials department, new products department, pharmacovigilance, and the
ANAMED's scientific advisor. (Chilean Institute of Public Health, 2012). Every month, the committee meets to
discuss the technical reports produced by the people who evaluate new medications. Members of the working group
and outside experts make up the committee. Once a week, experts from the Pharmaceutical Registry unit get
together to discuss technical evaluation reports made for other products. The Evaluation Commission publishes
meeting minutes following each meeting. The recommendations in this minute, which have been accepted by the
head of the Marketing Authorization subdivision (Jefatura de subdepartamento de Autorizacionesy Registro
Sanitario) and confirmed by the head of ANAMED, form the basis for the decision.

If a product is rejected at the Evaluation Commission meeting, a decision known as a "Probationary Term" is made,
and the applicant is given six weeks to provide more information. If the applicant fails to provide this information or
does so in an unacceptable manner, the application will be rejected. The application might be given another look if
the applicant provides this information [19]. Resolution and Registration - If the application is accepted and after the
evaluation, approval conditions are set, and the product is registered with a special identification number.

Resources for reviewing applications for marketing authorization; [19]

The National Medicines Agency, or ANAMED, is in charge of evaluating medications and obtaining marketing

authorizations for the ISP (See Annex B).

e Seven staff departments make up the organization:

e  Only one administrative division

e Six departments of technology and science

It has 195 employees. Currently, 45 employees review requests for drug marketing authorization.

The personnel include:

e 14 evaluators who are in charge of judging the technical, administrative, and safety standards (seven for novel
molecular entities and seven for generic drugs);

e 14 quality-control evaluators, seven of whom are in charge of biologic products and seven of whom are in
charge of non-biologic products (new molecular entities and generic drugs);

e 6 evaluators who are in charge of determining bioequivalence;

e 5assessors in charge of process validation;

e 6 employees who have legal backgrounds;

e 6 outside experts (associates of the assessment commission);

e Outside experts, such as doctors and pharmacists from the Chilean society of pharmacy

Registration of Pharmaceutical Products

The national health authority's prior authorization should be required for pharmaceutical products. The Sanitary
Registry of Pharmaceutical Products (also known as the "Registro Sanitario de Productos Farmacéuticos") is a special
registry within the Institute of Public Health where they must be registered. The patent registration of a drug and/or
other characteristics of a pharmaceutical product is not related to this sanitary registration (presentation, formulas,
production processes, etc.). When sanitary registration is granted, neither a request for patent information on a new
drug nor a verification of that information is made.
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It should be noted that while FDA or EMEA approvals from international agencies provide a solid foundation for the

registration process, they do not obviate or bypass it. Pharmaceutical product registration applications submitted to

the Sanitary Registry must adhere to a specific process. General data, technical data, pharmaceutical quality data,

safety and efficacy data, and general data are typically included.

In the following circumstances, the registration process is streamlined:

e Products delivered through the same route of administration, with the same active ingredients, as already-
registered products

e Products with adequate descriptions of their adverse reactions in the scientific literature, as well as descriptions
of their active ingredients, efficacy, and user safety.

e  Products with active ingredients that must adhere to a list of standards to prove their therapeutic equivalence
and that they are pharmaceutically equivalent to another product that has already received registration

e  Goods produced in chile with the sole intention of being exported.

The Institute of Public Health's online GICONA system or on paper are both acceptable methods of registration,

information and document submission, and payment of any associated fees [20]

A new pharmaceutical product's registration procedure typically takes six to eighteen months. The cost of

registration ranges from $2,500 to $3,500 depending on the product [21].

Labeling for bioequivalent products: Important Factor

When it comes to quality, efficacy, and safety for patients, generic or comparable products with active ingredients
from a predetermined must be listed, as of 2012, prove this through the use of relevant studies and strict procedures.
The Institute of Public Health has recognized 1.458 products as bioequivalent as of this writing. Products should
have a specific logo and text on their secondary packaging if they are bioequivalent [22]. At least four of the six major
sides of the packaging's underside should have the logo printed on them, taking up at least 20% of the surface area.
See the illustration below: According to the relevant Harmonized System (HS) code chapters, the pharmaceutical
products listed in the import and export statistics are [23].

Imports by country: India [23]

Imports of pharmaceutical products are quite dispersed geographically, coming from 74 different nations. The top
two importers in 2017 (in terms of CIF value) were the United States (14.5%) and Germany (12.3%), which accounted
for 63.9% of all imports. As the primary countries of origin for pharmaceutical imports over the past five years, both
nations have maintained their positions. In 2017, India's imports totaled $71.5 million, a notable increase of 30.7%
from the previous year. India rose from position 7 to position 5 in the 2017 list of Chilean import countries of origin
for pharmaceuticals. On the other hand, Brazil, Venezuela, Mexico, Colombia, and Chile are the countries that
receive the most Indian pharmaceutical exports to Latin America. Except for 2016 (-2.2%), when imports from India
decreased sharply, they have steadily increased over the past five years, mirroring the trends in Chile's
pharmaceutical imports that have been on the decline. In terms of product type, the majority of pharmaceutical
imports from India in 2017 were finished goods that fall under HS chapter 30.4 (91.4%), reflecting the rising trend of
value addition by Indian exporters. The second-highest import category, HS chapter 30.02 (3.3%), which primarily
consists of vaccines, has increased by 2.5 times over the previous five years. The graph is below.

Imports by Company

Pharmaceutical products were imported by nearly 725 Chilean businesses and natural persons in 2017, indicating a
fairly fragmented overall market. Around 42.8% of all imports were accounted for by these ten importers. In total, 66
companies and natural persons imported medicines from India in 2017. However, Laboratorio Hospifarma, Ascend
Laboratories Recalcine, and Opko Chile owned roughly half of them collectively. Generics matched imports in every
case. Dr. Reddy's Laboratories, Lupin, Ranbaxy, Torrent, Cellofarm, Glenmark Pharmaceuticals, and IPCA
Laboratories are among the Indian companies with local production facilities in Argentina, Brazil, and Mexico. Given
that some of these Latin American companies export, it's possible that some of their imports into Chile aren't
recorded as coming from India.
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Exports

Pharmaceutical exports from Chile over the past five years have not been very significant, making up only one-sixth
of all imports and roughly 1.1% of all drug production in Chile. Saval, Laboratorio Chile, and Recalcine (owned by
Abbott) were the primary regional labs that exported goods in 2017. Chile exported the majority of its
pharmaceutical products to countries in Latin America. The main ones were Bolivia, Equator, and Peru. The majority
of exported goods were pharmaceuticals, which fall under HS chapter 30.04.

Procedures for Imports

Chilean Customs requires that the following documents be submitted with each customs entry for any import:

e Commercial Invoice - Origin Certificate

e |TD (International Transport Document) (Bill of Lading or Air Way Bill)

e when necessary, a packing list; a value declaration

e Additional Documents (i.e. safety certificates)

e Every import valued at more than USD 1,000 (FOB) requires the assistance of a customs broker. A streamlined
procedure allows importers to clear minor imports worth less than $1,000 FOB directly.

e  Authorities do not request prior import licenses. This holds for all kinds of goods.

Patents on Pharmaceutical Products

The patentability of pharmaceutical drugs is governed by Law 19.039/1991 and its subsequent amendments. Chile's
intellectual property legal framework was now by TRIPS (the World Trade Organization's Agreement on Trade-
Related Aspects of Intellectual Property Rights).

Chile also adopted the Patent Cooperation Treaty (PCT) system in 2009, which makes it easier to file patent
applications abroad. By filing a single international patent application, applicants can simultaneously request
protection for a pharmaceutical product in 148 different countries [24]

Opportunities

= The overall market is anticipated to keep expanding in the years to come.

= Possibilities for generic drugs that exhibit bioequivalence.

= Generic drug opportunities for which bioequivalence is not necessary.

= Rapid growth of specialty stores and food services.

= Government spending has increased for social programs (e.g., vaccines, Ley Ricarte Soto).
= Natural products and Ayurvedic medicines.

CONCLUSIONS

It is anticipated that the generic drug segment will continue to dominate the Chilean pharmaceutical market. In line
with the recent economic slowdown, Chilean consumers will increasingly prefer less expensive medications. Given
that elderly people typically have lower disposable income and higher medication consumption, the aging of the
Chilean population will also help to increase the demand for generic drugs. As a result, generic products have great
potential. Indian manufacturers ought to be able to provide all the technical data and lab analysis required for
medications containing the active ingredients covered by the Chilean bioequivalence regulation. It's even possible
that importers will demand that manufacturers in India contribute a portion of the cost associated with carrying out
the bioequivalence certification process. Since generic medications are exempt from the bioequivalence proof
requirement, restrictions are less stringent in this case. However, importers must follow good manufacturing
practices and use premium ingredients and packaging to receive product registration and sale authorization from the
Institute of Public Health.

There are also advantageous opportunities in the context of government purchases, given that public health
spending is anticipated to rise in the upcoming years. Because some of the biggest Chilean laboratories produce their
pharmaceutical ingredients, Indian exporters have the opportunity to sell these products. Not to mention, the rapidly
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growing preference for a natural lifestyle among Chilean consumers will drive up the price of natural products like
food, herbal remedies, and vitamins. In this regard, the Indian medical system of Ayurveda has a bright future in
Chile. Even though the majority of Chileans are still ignorant of it, ayurveda is growing in acceptance. This is
primarily because it is inexpensive and has few side effects.
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Table 1. Resources for reviewing applications for marketing authorization

Country NRA MA Validity 'F\eﬂe':lﬁ:t?;zval Time per Applicable Regulations
Chile ISP 5 years 180 days D.S. 3 Norma Técnica N° 131
NOM-177-SSA1-2013
Mexico COFEPRIS 5 years 180 days Regulation of Health
Products (RIS
180 days (generics &
United States | FDA :Ziiat;::ct:e'\gg;ts prfor?ty revfew) (generics & | 21 CFR 320 21 CFR 314
are yearly priority reweYV) 300 days MAPP 5241.3
(standard review)
Directive 2001/83/EC-
Eur.opean EMA 5 years 210 days (150 days Proced .ure.f, for the ma.rketlng
Union accelerated assessment) authorization Regulation
(EC) No 1394/2007
No cap, but MA Therapeutic Goods Act 1989-
Australia* TGA maintenance costs 255 days Therapeutic Goods
are yearly Regulations 1990

Table 2. Labeling for bioequivalent products: Important Factor

Chapter Description

Chapter Heparin and its salts, other human or animal substances for therapeutic or preventative purposes,

30.01 glands and other organs (extracts, secretions) for use in organotherapeutics, dried, powdered, or not

Chapter Human blood, antisera, other blood fractions, immunological products modified by or obtained

30.02 through biotechnological processes, vaccines, toxins, cultures of microorganisms (other than yeasts),
and so on are all examples of blood used for therapeutic, preventive, or diagnostic purposes.

Chapter Medicines; not in dose measurements, forms, or retail packaging; not products classified as 3002, 3005,

30.03 or 3006; combining two or more constituents for therapeutic or preventive use.

Chapter Medication; (not items falling under headings 3002, 3005, or 3006) consisting of mixed or unmixed
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30.04 products for therapeutic or prophylactic use, administered in measured doses, including those in the
form of transdermal administration systems, or packaged for retail sale
Chapter Medication (excluding items falling under headings 3002, 3005, or 3006), consisting of combined or
30.05 uncombined products for therapeutic or prophylactic use, administered in measured doses, including
those in the form of transdermal administration systems, or packaged for retail sale.
Chapter prescription drugs
30.06
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The Andes and the ocean, which give Chile its distinctive shape and
geography, have an effect on how healthcare is delivered. When doing
50, it's crucial to take Chile's size and geography into account, Chile's
geography is inaedibly varied because it stretches from the ocean on
the west to the Andes on the east, from a latitude of 17* South to Cape
Horn at 56°. Chile is a country in South America that is surrounded by
the South Pacific and a small portion of the South Atlantic Cceans, The
total area of the land is 756,102 km? With 6435 km (3,999 mi) of
coastline, the country has the eleventh-largest exclusive economic
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Fig.9. Source- Pharmaceutical Imports by Company — 2017 (CIF Value)- In M(US$)
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ABSTRACT

Herbal medicines derived from plants are used in traditional medicine and are a great source of modern bioactive
compounds. Albizia odoratissima (L. f.) Bentha member of the Fabaceae family is one of the significant plant among
them. Large portions of China, Bhutan, Vietnam, Thailand, Bangladesh, Laos Myanmar, Nepal, and Sri Lanka, where
it is known as Ceylon rosewood, and India, where it is known as Kali siris or black siris are its native countries. It
was located in plains and dry deciduous woodlands. A crude extract of the leaves and bark reveals the presence of
carbohydrates, phytosterols, tannins, lipids, glycosides, phenols, fixed oils, flavonoids, alkaloids, triterpenoids,and
saponins. Flavone derivatives such as 7,8-dimethoxy-3’,4’-methylenedioxyflavone 7,2’ 4-trimethoxy- flavone 7,4’-
dimethoxy-3’-hydroxyflavone were found. Effective pharmacological properties like antimicrobial, hepatoprotective,
antioxidant, and anti-diabetic activity have been reported for it. It is used in treating hyperglycemia, rheumatism,
bronchitis, erysipelas, rheumatoid arthritis, and burning sensations. Commercially it is utilized as fodder, gums, and
fuel. This review mainly focuses on the overview of the pharmacognostic features, phytochemistry, and
pharmacological activities of extracts from Albizia odoratissima.

Keywords: Albizia odoratissima, Antimicrobial activity, rheumatism, saponins, phytochemistry
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INTRODUCTION

Medical plants are considered to be an essential resource in the treatment and prevention of a variety of diseases [1].
Every plant has a variety of vital elements that are important to the medical field and can be used to create different
kinds of drugs [2]. Plant-derived substances have recently attracted a lot of attention because of their numerous
applications as a rich bio-resource of drugs for traditional systems of medicine, pharmaceuticals, food supplements,
herbal remedies, alternative therapies, contemporary medicine, nutraceuticals, and chemical substances for synthetic
drugs[3]. These are crucial components of India's native healthcare system that are both very beneficial and
significant. Ayurvedic medical systems, which strongly emphasize bioactive substances, have recently gained
importanceon a global scale[4]. A huge population relies on herbal therapy to meet their basic medical needs, which
advances research on therapeutic herbs. Despite the availability of contemporary medications, plant products are
favoured since they have fewer adverse effects. According to various reports, many people rely on the traditional
medical system [5].

Albizia odoratissima is a member of the Fabaceae family(fig.1)[6].It is native to large parts of China, Bangladesh, Sri
Lanka, and India[7]. It iscommonly known as Kali siris or black siris, C Ceylon rosewood[8]. The genus Albizia
(Leguminosae - Fabaceae) contains 150 species that are distributed throughout Asia, Africa, Australia, and tropical
and subtropical America[9].Some of the species are A. subdimidiata, A. falcataria, A.myriophylla, A.versicol,
A.grandibracteata, A.julibrissin, A.procera, A. chinensis, A. lebbeck, A.inopinata, A.gummifera[10].These species are widely
used to treat melancholy, insomnia, wounds, fever, abscesses, diabetes, headache, stomachache, diarrhea, cough,
rheumatism, snake bite, malaria, and parasite infection in traditional and local medicine[11]. Leprosy, ulcers, and
cough are all treated using the bark of A. Odoratissima in conventional Indian medicine. The bark is beneficial for
treating skin conditions, cough, rheumatism, erysipelas, bronchitis, diabetes, and burning sensations. It is also acrid,
cooling, astringent, depurative, and expectorant [12].

Alternate names include Bhusirisah (Sanskrit), Kalasiras (Marathi), Kala siris (Hindi), Kadu bage (Kannada),
Karuvagai, Poovusalai (Tamil), Chinduga, Ganara (Telugu), Tinia, Sarsi tentura, Sirish, (Oria), Karivaka,
Karinthakara, Kunniva (Malayalam). It was found in dry deciduous forests and also in plains, widely distributed in
all districts of Kerala, and Tamilnadu. In Andhra Pradesh it was distributed in West Godavari district, Srikakulam
district, Vishakapatnam district, and Kurnool district, in Karnataka only in Tumakuru district, Belagavi district,
Hassan district, Mysuru district, Kodagu (Coorg) district, Udupi district, Davanagare district. Geographically it was
distributed in India, Sri Lanka, Indo-China, Myanmar, West Malaysia, the Himalayas, and Thailand [13].

Habitat and Distribution

It is a huge, erect, deciduous tree that grows quickly. It typically reaches heights of 15 to 25 meters and diameters of
120 to 150 cm[14].Although it can survive in a broad range of soils, loamy, moist soils are its preferred environment.
It grows well in regions with an average annual rainfall of 635 to 3048 mm and is found 1500 meters above sea level
[15].

Botanical Description

Leaves: Asshown in the fig.2 [16]leaves are Bipinnate, alternating, stipulated leaves with free, lateral, and caducous
stipules that have rachises that are 20 to 30 cm long.

Bark: It is tough, unevenly fractured, and between 10 and 15 millimeters thick and the blaze is reddish-pink.
Flowers: These are hermaphrodite with globose heads that form terminal panicles; peduncle is slender and
pubescent; calyx tube is cup-shaped, 1-1.5 x 1-1.3mm, teeth are minute, deltoid, pubescent; corolla is broadly funnel-
shaped, with 5 lobes that are ovate-lanceolate and pubescent; stamens are numerous, 1.2-2 cm long; the ovary is
stipitate.

55865



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©lJONS

Vol.14 / Issue 78 / June / 2023  International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997
Gudi Jagadeesh et al.,

Fruit: Itis a pod that is 15-20 cm by 2.5-3.7 cm, is flattened, strap-shaped, with equal margins or commonly has some
of the edges constricted, rounded to rostrate at the top, glabrous, usually glossy, reddish-brown to dark brown, and
fine, reticulately veined.

Seeds: These are 6-12, oblong, orbicular, and compressed.

Biology of Reproduction and the Breeding System

A. odoratissima is bisexual having a leafless season from December to February. Typically, new leaves emerge before
the old ones. In northern India, March-April has fallen or shed. The blooming season lasts from March through June.
Early August sees the appearance of fruits, which begin to ripen by the end of October. Flowers begin to bloom in
South India in March and continue through June, usually in great profusion in April and May. The ripened pods are
13 to 30 cm long and 2.54 to 3.3 cm broad and are reddish brown in color. They contain 8 to 12 reddish-brown
individual seeds. The fruits begin to form in the month of July and mature primarily in November and
December[17].

Ecology

Temperatures and precipitation can both be tolerated by this plant. The lowest shade temperature is 0 to 15 degrees
Celsius, while the highest shade temperature is between 37 and 50 degrees Celsius. A 4-5-month dry season with
regular rainfall ranging from 650 to 3000 mm occurs between November and March. It occasionally grows between
sea level and 1,500 m in both dry and moist deciduous forest zones. When dwelling in tropical settings, the species is
not gregarious. It typically grows on hill slopes and is only occasionally found in valleys. Although it cannot endure
flooding, it can withstand hot, humid conditions. Seedlings and young plants are susceptible to frost[18].

Phyto Chemical Constituents

Leaves

Leaves were extracted using petroleum ether and chloroform, which releaved the presence of phytosterols,
glycosides, flavonoids, phenols, tannins, fixed oils& fats, and fats these carbohydrates were observed in chloroform
extract. While ethanol and ethyl acetate extract yielded positive results for the presence of Glycosides, phytosterols,
Flavanoids, Tannins & phenolic compounds, additionally carbohydrates were observed in ethanol extract [19].

Bark

Phytochemical investigation of bark in chloroform extract reveals that the presence of Sterols,glycosides and partially
alkaloids, carbohydrates were present. In petroleum ether extract sterols, and triterpenoids were present. Whereas in
alcoholic extract saponins, triterpenoids, flavonoids alkaloids, carbohydrates, and tannins were present. In water
extract saponins, triterpenoids, flavonoids, and tannins were present. Proteinsare absent in all extracts [14].

Derivatives of Flavones
From rootbark two novel 5-deoxy flavones such as 7,8-dimethoxy-3’,4’-methylenedioxyflavone,
7,2’ 4’-trimethoxyflavone and other 7,4’-dimethoxy-3’-hydroxy flavone were isolated[20].

7,8-dimethoxy-3',4'-methylenedioxyflavone 7.2' 4'-trimethoxyflavone 7 4'-dimethoxy-3'-hydroxyflavone

Thus,Albizia odoratissima was reported for the presence of various phytoconstituents. This review will focus on recent
studies and/or updates on the pharmacological potential of Albizia odoratissima (Table 1).
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Pharmacological Profile

Hepatoprotective Activity

The current study examines the protective effect against paracetamol-induced hepatotoxicity in rats by Albizia
odoratissima bark methanolic extract when administered at doses of 250 and 500 mg/kg. Due to the presence of
phenolic compounds and flavonoids, which act as hepatoprotective agents, Albizia odoratissima has this effect. One of
the most popular analgesics and antipyretics is paracetamol. It is regarded as the safest drug if used in therapeutic
doses. Hepatotoxicity caused by paracetamol is evidenced by elevated levels of biochemical markers like ALP, total
bilirubin, SGOT, total protein, SGPT, liver volume, liver weight, blood urea, blood creatinine, lipid profile except for
HDL, and decreased levels of antioxidants and blood albumin in comparison to the control group [12].

Antimicrobial Activity, Antioxidant Activity

Ethyl acetate and methanol extracts exhibited excellent antibacterial efficacy in the micro broth dilution assay. To all
pathogenic species, the leaf extracts exhibited antibacterial action. The findings of this investigation showed that
E. coli, K. pneumonia, P. aeruginosa and S. aureus, P. vulgaris growth was inhibited by extracts of ethyl acetate and
methanol. MICs for hexane and chloroform extracts ranged from 859 to 15000 mg/mL, whereas those for methanol
and ethyl acetate extracts ranged from 136 to 546 Ig/mL. hence, extracts from methanol and ethyl acetate showed
nearly identical antibacterial efficacy against all of the microorganisms. Hexane and chloroform extracts, on the other
hand, had very little to no antibacterial action.

The current study's results showed that leaf extracts have strong free radical-scavenging capabilities. There are
plenty of phenolics in the four different leaf extracts as well as adequate flavonoid components. The four organic
extracts of A. odoratissima could have the potential to decolorize free radicals. The antioxidant activity was assessed
using the DPPH, H202, and ABTS scavenging assays.Higher quantities of polyphenols in the extract may be the
cause of its antioxidant capabilities. Results indicate that the extract of ethyl acetate had higher activity than
methanol, hexane, and chloroform extracts. The four A. odoratissima extracts were analyzed for their antioxidant
potential using the FRAP(Ferric Reducing Antioxidant Power test).The ethyl acetate extract revealed the highest
reducing power, according to the FRAP assay results[21].

Anti-diabetic Activity

The findings of this study reveal that bark extracts have a hypoglycemic impact on alloxan-induced diabetic mice,
one possible mechanism of action is related to higher insulin secretion and improved glycogenesis. At concentrations
of 250 and 500 mg/kg body weight, bark extract significantly reduced blood glucose levels in mice with alloxan-
induced diabetes (P 0.01), as indicated by the percentage reduction in blood glucose levels (49.4% & 51.89%) on the
28th day after extract administration at both doses. The extracts were successful in reducing total proteins, SGOT,
SGPT, alkaline phosphatase, triglycerides, cholesterol, and other biochemical indicators of diabetic mellitus[8].

Antimicrobial Activity

Only Gram-positive bacteria were susceptible to the extract, which had an inhibitory zone that ranged from 12 to 21
mm. At an 80 g/ml dose, S. mutans was inhibited with a maximal inhibition zone of 21 mm. No inhibitory effect of
the extracts was seen against Gram-negative bacteria (P. aeruginosa). At the three concentrations (80 g/ml, 60 g/ml,
and 40 g/ml), it was shown to be effective against the yeast C. Albicans, with a zone of growth suppression that had a
diameter ranging from 11 mm to 18 mm. This extract can be used to control the development of yeast and Gram-
positive bacteria. Ketoconazole showed a zone of inhibition of 28 mm, whereas the test antibiotic ciprofloxacin had a
zone of inhibition ranging from 29 to 34 mm. Hence methanolic extract exhibited good activity against yeast and
Gram-positive bacteria [22].

Commercial Utilization

Tree: As a shade tree, it has been widely grown on tea and coffee estates. Crop plant growth is enhanced by shade,
which also increases annual yield. In numerous ways, it raises the production of tea and coffee.
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Root: The robust root system of the plant uses the subsoil moisture and nutrients that tea and coffee plants are
unable to get, reducing erosion. Rhizophore of understory plants receives nutrients in the soil and organic material
from leaf litter. Tree canopies prevent weed development, lessen soil desiccation, and downpours [23].

Fodder: The leaves of the plant provide good bovine fodder, and monkeys consume the plant's pods for food[24].
Fuel: Dead and damaged branches from shade trees, such as Albizia odoratissima, are a significant source of fuel.
Timber: Mature trees have rich dark brown heartwood. The high-quality wood is appropriate for furniture and
paneling. Carts, wheels, farm equipment, and construction timbers are also made from it.

Gum: Insoluble gum from the tree is produced; it is combined with other gums and used as an extender[17].
Medicinal uses: In Traditional Indian medicine bark is used to treat cough, ulcers, and leprosy[22]

CONCLUSION

Plants have gradually increased in importance as a source of biologically active compounds in recent years. The
Fabaceae family includes the species albizia. One of these is Albizia odoratissima. Phytosterols, tannins, lipids,
glycosides, phenols, fixed oils, flavonoids, alkaloids, triterpenoids, and saponins are all components of it. The
overview of the phytochemistry, traditional usage, and pharmacological properties of extracts from Albizia
odoratissima is the main emphasis of this paper. From there, we concluded that there is still scope to discover
potential medicinal uses.
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Leaves Methanol and ethyl were 136 to 546 g/ml and
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Due to their high flavonoid 21]
. and phenolic content, leaves
Antioxidant . Lo
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free radical scavenging
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ABSTRACT

Cosmetics are any substances that are meant to be rubbed, poured, sprinkled, sprayed, inserted into, or otherwise
applied to the human body or any part of it for cleaning, beautifying, promoting attractiveness, or changing the
appearance. There are many different types of cosmetics, including creams, lotions, skin-cleansing solutions, and
decorative cosmetics. The import, manufacture, pre-market approval, labelling, and safety of cosmetic products are
all subject to control by several regulatory organisations operating on a worldwide scale. India and the Gulf
Cooperation Countries have strict laws and regulations in place to guarantee the safe usage of cosmetics. An attempt
has been made to present a comparison the regulatory requirements and scenario of cosmetic products in India and
Gulf Cooperation Countries.

Keywords: Cosmetics, Gulf Cooperation Countries, Labelling.
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INTRODUCTION

Since ancient times, cosmetics have been used to improve the appearance of the person. Cosmetics used for beauty
which can drastically alter someone's appearance, since they hide flaws and enhance their greatest traits. The Greek
term "kosmtikos," which meaning to be able to organise and have a skill for decorating, is where the word "cosmetic"
originated [1]. Cosmetics come in a wide variety of forms, including cream, lotions, perfumes, skin-cleansing
products, and ornamental cosmetics. Early cosmetics had ties to warfare, religion, and superstitious beliefs;
subsequently, they had ties to medicine [2]. The creation of newer cosmetics with a variety of features comes from
the cosmetics business and the usage of cutting-edge new technology. Worldwide, a large number of regulatory
agencies oversee the production and marketing of cosmetics [3]. Cosmetics are made up of mixes of chemical
substances that come from either natural or manufactured sources [4].Cosmetics are chemicals used on the human
body to enhance, protect, or cover up its odour or look. Along with deodorants, they also provide baby products,
bath salts, bath oils, bubble baths, finger- and toe-nail polish, lipsticks, eye and face cosmetics, permanent waves,
hair colours, and hair sprays. They are frequently used, particularly by ladies in Western nations. Makeup is a term
used to describe a subset of cosmetics; primarily colourful items used to change a person's appearance.

Herbal Cosmetics

In general, natural cosmetics and herbal cosmetics are synonyms. Herbal cosmetics are created by combining one or
more herbal substances with other cosmetic ingredients to create a basis that can be used to treat a variety of skin
conditions. New medicinal compounds for cosmetic and pharmaceutical uses are frequently developed by using
plants [5]. Products containing herbs in their raw or extracted form are known as herbal cosmetics [6].

Example for Herbal Cosmetics

Skincare: Coconut oil, Sunflower oil, Olive oil etc.
Antiaging: Carrot, Gingko, Neem etc.

Skin Protection: Green tea, Calendula, Turmeric etc.
Dandruff treatment: Henna and Shikakai.

Hair care: Amla, Eucalyptus oil etc [7].

Merits of Natural Cosmetics against Synthetic Cosmetics

The most recent fashion and beauty trend is herbal cosmetics. Most women nowadays choose natural products over
chemicals for their personal care to enhance their attractiveness since they nourish the body, promote health, and
give happiness because they are free from synthetic chemicals and have comparably less adverse effects than
synthetic cosmetics. The Following are a few benefits of utilising natural cosmetics that make them preferable to
synthetic ones:

Natural products: - These products replace traditional synthetic ingredients like aloe vera gel and coconut oil with a
variety of plant components and plant extracts. They also include natural nutrients like Vitamin E, which keeps the
skin glowing and healthy.

Safe to use: - Natural cosmetics are safe to use when compared to conventional beauty products.

Appropriate for all skin types.

Affordable.

No animal testing was done.

No negative consequences [7].

Types of cosmetics

i) Skin care products

i) Hair styling products
iii) Tooth care products
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Regulatory Requirements of Cosmetics in India & GCC Countries

Cosmetics manufacturing and sales are governed by various governmental entities all over the world. Despite the
fact that there are several regulatory agencies, one for each nation, their common goal is to guarantee that cosmetics
have accurate labels and are safe for use [8].

To understand the view point of the regulatory requirements in various nations, we need to comprehend how these
nations define cosmetics in accordance with their legal systems [9].

Definition of Cosmetics

India Cosmetics comprise any items intended to be rubbed, poured, sprinkled, sprayed, introduced into, or
otherwise applied to the human body or any portion thereof for washing, beautifying, encouraging attractiveness, or
modifying the look, as defined by the D and C Act 1940 and Rules 1945 [9].

GCC Cosmetic goods are defined as: “Any substance or mixture intended to be placed in contact with the external
parts of the human body [epidermis, hair system, nails, lips and external genital organs] or with the teeth and the
mucous membranes of the oral cavity with a view exclusively or mainly to cleaning them, perfuming them, changing
their appearance, protecting them, keeping them in good condition or correcting body odours™[10].

Cosmetic Regulatory Scenario in India

The manufacture of cosmetics is governed by a system of inspection and licensing by the State Licensing Authorities
designated by the respective State Governments, in accordance with the requirements of the Drugs and Cosmetics
Act, 1940 and Rules established there under. In accordance with the terms of the 1940 Drugs and Cosmetics Act, the
Drugs Controller General [India] serves as the Central Licensing Authority, granting the Import Registration
Certificate and controlling the import of cosmetics into India. Before being imported into the country, each item that
meets the criteria of a cosmetic must be registered, together with information on its pack size, variants, and
manufacturing location [11].

Among CDSCO's Primary Responsibilities for Cosmetic Regulation Are Include

1. amending the registration of imported cosmetic products under the New Cosmetics Rules 2020 and the Drugs and
Cosmetics Rules of 1945.

2. Examining applications for registration of cosmetics in accordance with the regulations issued under the New
Cosmetics Rules 2020 and the 1940 Drugs and Cosmetics Act and 1945 Rules.

3. Analysing a large number of requests for NOCs and explanations relating to the import of cosmetic items.

4. Reacting as necessary to BIS and government correspondence.

5. Providing information and assistance to the public with regards to enquiries or hearings involving the importation
of cosmetics.

6. Address concerns regarding cosmetic standards raised by members of the public, NGOs, consumer forums, and
industry organisations.

7. The applicant's registration of cosmetic import requests is pre-screened.

8. The pre-screening checklist and standard operating procedures for evaluating cosmetic import and registration
applications have been amended to suit the current working practises.

One of the most crucial tasks of the Department of State Drug Control, which licences both cosmetic manufacturing
and sales facilities, is to make sure that the state's residents have access to high-quality medications at reasonable
prices in accordance with GOI regulations [NPPA][12].

Cosmetics Manufacturing Needs For Factory Premises

Schedule M requirements should be followed in manufacturing facilities.

Factory buildings can be situated in hygienic settings, and sanitary facilities must be kept up there. The
manufacturing environment needs to be clean and well-ventilated.

To conduct the operations, the walls of the manufacturing room must be up to a height of 6 feet from the ground. It
must have a smooth surface, be impervious to water, and be hygienic.
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The manufacturer should use drinking water while using water for manufacturing. A suitable plan must be in place
for wastewater disposal.

A communicable or contagious disease must not be present in any of the personnel. Where necessary, clean gloves,
masks, and uniforms must be provided for them [2].

Manufacturing License for Cosmetics

The New Cosmetics Rules 2020 and associated regulations, as well as the 1940 Drugs and Cosmetics Act, govern
cosmetics. Manufacturers of cosmetics must submit to inspections and get licences from the state drug control
departments.

The following documentation is necessary for states to issue cosmetic manufacturing licences.

List of Documents Needed to Get an India Cosmetics Import Registration Certificate.
A covering letter outlining the application's goal

The manufacturer's permission [Authorisation]

Filled in Part-l of Second Schedule D

An ingredient list with percentages of the ingredients listed

Proposed product labels

Test procedures and specifications

Pack inserts

Manufacturing Licenses/undertaking for no issuance of a manufacturing license in the nation.
Free Sale Certificate

Non-Animal Testing Statement

Statement on the presence of heavy metals and hexachlorophene.

Other documents [If any].

Application in Form COS-1

Original Bharatkosh e-receipt for the fee that was paid [12][11].

VVVVYVYVYYVYYYYVYY

Process of Cosmetic Registration in India

Step 1: - The licencing authorities must be notified of the importation and sale of any cosmetic items in India.

Step 2: - Regulation in India for overseas manufacturers have an Authorized Representatives from India.

Step 3: - To begin the registration procedure, a dossier must be produced with the necessary list of papers [see 4.3].
Step 4: - labelling Requirements such as bearing the brand's registration certificate number, the registration certificate
holder's name and address, the name of the country where the product was manufactured, the importer's name and
address, the import licence number, etc. are necessary before a product can be released onto the market.

Step 5: - confirmation from the producer that the product has not been subjected to animal testing, which is provided
at the port office.

Step 6: - When you submit a document to CDSCO, they will send you a letter of inquiry. When they get your
response, they will either give you another letter of inquiry or award you a licence in form 43.

Step 7: - Only when the registration certificate and licence have been issued may a product join the Indian market.
[13].

BIS for Cosmetic Ingredients

Additionally, the Bureau of Indian Standards has released lists of prohibited and permitted components used in

cosmetics as well as particular requirements for cosmetics..

Based on the detrimental effects of fake cosmetics and the lack of effective standards or regulations for cosmetic

substances, the "Classification” splits these compounds into two groups:

e  Generally accepted as secure

e Generally, notaccepted as secure

e  Bureau of Indian standards offers a list of dyes, colours, and pigments [IS: 4707 Part 1] that are suitable for use in
cosmetics.

55874



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©lJONS

Vol.14 / Issue 78 / June / 2023  International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997

Saurabh Vijay Nirmal et al.,

Similarly, a list of primary components that are not taken into account while formulating cosmetics [IS: 4707 Part 2] is
offered by BIS as GNRAS[14].

Labelling Requirement

The following are some of the labelling specifications outlined by the 1945 Drugs and Cosmetics Rules:

e  The name of the product and the place of manufacture must appear on both the inner and exterior labels. If the
container is tiny, the primary production site and the pin code are sufficient.

e  The exterior label for the product should clearly disclose the net contents of the substances used to manufacture
it.

e The "directions for use" and any necessary cautions or warnings should be written on the inside label.
Additionally, it must list the names and amounts of any dangerous components.

e The label must have both a different batch number [preceded by the letter "B"] and the manufacturing licence
number [preceded by the letter "M"].

e In the case of the aforementioned product categories, must adhere to the Indian standards established and
periodically revised by the Bureau of Indian Standards[14].

Recent Amendment

e In accordance with the requirements of the Drugs and Cosmetics Act 1940, India published and put into effect
the "Cosmetic Rules 2020" in December 2020. It establishes regulations for the production, labelling, packaging,
testing, sale, and distribution of cosmetics. There are 24 appendices, 13 schedules, and 72 regulations in the
rules.

e The most recent rule defines "new cosmetics" as those that contain innovative or new ingredients that have
never before been used in the world.

e The Cosmetic Rules 2020 have streamlined the application process to cut down on redundant regulatory
procedures.

e Cosmetics Rules 2020,Goods made outside of India they must be registered through the e-Governance portal. If
manufacturing, selling, or distributing a product in its nation of origin is prohibited, it cannot be imported into
India. [14].

Cosmetic Regulatory Scenario in GCC
The Gulf Cooperation Council is a political and economic alliance made up of Saudi Arabia, Kuwait, the United Arab
Emirates, Qatar, Bahrain, and Oman . One of the states in this partnership with the power to issue global standards is
the GCC Standardization Organization [GSQO]. Then, each country has a distinct local competent authority that is in
charge of carrying out the same criteria.

GSO 1943/2016 Cosmetics and Personal Care Products Safety Requirements

Cosmetic products - Product claims for cosmetics and personal care items are technically regulated. [GSO 2528/2016]
GMP: Good Manufacturing Practices [GMP] - Practices [GSO ISO 22716] Recommendations for Good
Manufacturing[10].

Requirements

The EU Cosmetics Regulation 1223/2009 is closely mirrored in the Gulf Cooperation Council's cosmetics laws.
However, it has some unique standards for procedures, components, labelling, and claims. Products must adhere to
a number of criteria, including the following: they must be totally free of pork, safe for human consumption, stable,
and their attributes influencing safety, effectiveness, and quality must not vary throughout the course of their shelf
life. The artwork, photos, and text on the labels must be in keeping with Islamic customs and ethical standards. The
label's statements also need to be accurate, and some of it has to be translated into Arabic. Despite the fact that all
GCC members share the same core laws, each nation has its own product notice requirements [Bahrain does not
have any], and each country may have different requirements for the customs clearance procedure [15].
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GCC Technical Regulation for Cosmetic Products

Safety Requirements

The product shall be completely free from pork and all its derivatives.

It shall be safe for human health when used under normal or reasonably foreseeable conditions of use.

It shall be homogenous, stable and the properties shall not change during its shelf life when stored and used as per
the instructions

It shall be free from any filthy or decomposed substance.

Labelling Requirements The following information must appear on all personal care and cosmetic goods in
permanent, clearly visible type.

e The brand name and product name.

e  The manufacturer or distributor's name and address.

e  Product's country of origin.

e  Theitem's nominal composition.

e Thewarning statement, the condition of use, and the safety advice.

e Batch no.

e Arabic or English are options.

e  Storage instruction for safe use.

Packaging

Packaging for cosmetics and personal care items must be designed to avoid harm and deterioration and not
negatively impact the product under storage, handling, and transportation conditions specified by the manufacturer.
Metal aerosol dispensers used to package personal care and cosmetic items must adhere to GSO 917 “Metal Aerosol
Dispensers.”

Product Claims

The definition of cosmetic and personal care items as well as the range of cosmetic products must be followed when
making claims about such products.

The following criteria must be satisfied by cosmetic product claims:

e  Adherence to the law

e  Genuineness

e Concrete evidence

e  Adequacy

e  Making wise decisions

Safety Requirements for Distribution and Sale of Cosmetics in GCC

The product must be totally devoid of all traces of pork and all of its by-products.

When kept and used in accordance with the instructions, it must be homogeneous, stable, and its qualities must not
change during the course of its shelf life.

It must not contain any dirty or decayed material, and it must not include any pictures, images, or statements that
are at odds with Islamic customs and the social norms of the GCC. Products for cosmetic and personal care cannot
contain any of the compounds mentioned in the annexes with restrictions.

If the presence of residues of the compounds mentioned in annex 2 is technically impossible to avoid in good
manufacturing practice, it is permitted.

The manufacture of cosmetic products shall comply with good manufacturing practices. the manufacture is in
accordance with the relevant harmonized standards such as GSO ISO 22716[16].

Regulatory Authority of GCC Countries
SAUDI ARABIA: Saudi Food and Drug authority.
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UAE: Ministry of Health and Prevention.

KUWAIT: Drug and Food registration and control administration.

OMAN: The Directorate General of Pharmaceutical affairs and Drug Control OMAN.
BAHARAIN: National Health Regulatory authority.

QATAR: Ministry of Public Health.

Regulatory Requirements of Cosmetics in Saudi Arabia
There are six important requirements for clearing shipments of cosmetics products from custom ports in Saudi
Arabia are as follows:

Notify imported
Customs products m the
declaratio cosinetics
n product alert
system (eCosma)

Certificate
of
conformity

Certificate Shipping
of origin bill

Purchase

mvoice

Purchase Invoice The distributors or agents of the manufacturing firm must provide the purchase invoice, and a
document verifying that the distributors are permitted to conduct business in the nation where the goods is acquired
must be attached.

Certificate of Conformity A certificate of conformity is evidence that imported goods with a known batch number
and bill number have complied with GS0O1943 safety standards before being imported into Saudi Arabia by
conformity organizations approved by the SFDA.

Certificate of Origin The chamber of commerce of the nation of export or the nation of origin must certify the
authenticity of the certificate of origin.

A copy of the Shipping Bill Once the package has arrived at the customs port, a copy of the shipping bill is added to
the commercial clearance requirements

Customs Statement Customs statement should be submitted in original copy.

Notifying in eCosma The cosmetic product notification system must receive notice of the cosmetic items. [eCosma]

Document that must be Submitted for Clearance Request

e Information on the importation of chemicals, their intended use, and the warehouse.

e Data sheet for safety.

e A certified purchase invoice in its original form with the invoice's number and date.

e Anoriginal copy of the invoices' date and number from the verified certificate of origin.

e A replica of the Saudi Food and Drug Authority's licence for the producer, filling and packaging facility, or
warehouse.

e A replica of the freight hill.

e Theauthentic customs declaration copy [17].

Regulatory Requirement of Cosmetics in UAE

The Federal Law No. 28 of 2001 established and gave the Emirates Standardization and Meteorological Authority
[ESMA] the authority to oversee and regulate the nation's personal care industry. All locally produced and imported
cosmetic and fragrance goods are certified by the Emirates Conformity Assessment Scheme [ECAS], a product
certification programme run by ESMA. The ECAS seeks to guarantee that these items comply to the pertinent
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technical requirements before to importation into the UAE, at the port of entry, or before being sold on the UAE
market.

Safety Requirement

e Itshould be stable and homogenous in nature and shall be stored according to the instruction.
e  Safe for human health.

e Safety complies with Standard GSO 1943/2016.

e  The product must not include any illegal drugs.

Packaging Requirements
Products must be packaged in suitable, Cosmetic items should not react with clean containers, and vice versa.
Additionally, the containers' sharp edges and poor closures must be examined.

Labelling Requirements

The labels of goods sold to UAE consumers must adhere to the general specifications outlined in Emirati Standard
No. UAE.S GSO 1943. Labelling must be applied in a way that makes it difficult to remove, and it must be in a clear
typeface. All of the information on the labels needs to be correct, laboratory- or scientifically confirmed, and truthful.
With the exception of the following information, which must be in both English and Arabic, everything should be in
either English or Arabic. Information about precautions to take and warnings directions for safe usage in storage[18].

Regulatory Requirement of Cosmetics to Import and Sell in Kuwait

e A genuine letter of appointment from the producer or distributor designating them as the sole agents for goods
that have been authorized by the Arab Chamber of Commerce and the Kuwaiti Embassy in the nation of origin.

e  FSC: Free Sale Certificate

e Issued and properly legalized by the appropriate governmental health authority for cosmetics or organisation in
charge of the sale of cosmetic products in the country of origin, as well as the Kuwait Embassy in the country of
origin, certifying that the products are sold legally as cosmetics in the country of origin and including the names
of the products, the name and address of the manufacturer/distributor, and the rules to be followed.

e A certified copy of the manufacturing license, the GMP certificate, the ISO certificate, and any other certificates
that have been legalised by the health authorities, the chamber of commerce & industry, or the Kuwait Embassy
in the country of origin

e A safety certificate from the manufacturer stating that the products are safe for human use under typical use
conditions and do not contain any cortisone, hormones, or harmful substances

e  Every shipment of products must include the batch numbers, dates of manufacture, and expiration dates.

e The manufacturer's name and the nation of origin should be printed in Arabic or English on the product
packaging.

e The department must receive the aforementioned paperwork, samples with complete study and registration
information, and a cover letter on letterhead from the agent in Kuwait.

e Alist of the countries and the dates where the products are sold.

e Thefollowing information must be included on the invoice submitted for release:

a. Name and address of the Kuwaiti agent, along with the location of the warehouse.

b. Name, location, and country of origin of the manufacturer [19].

Regulatory Requirement of Cosmetics to Importand Sell in Oman

The following are necessary for the clearance of imported goods, according to the website of the Royal Oman Police
Customs Directorate [ROP Customs]

e A certified copy of the business registration, an activity form, or, in the absence of one, import authorization.

e Atrue copy of the Oman Chamber of Industry and Commerce affiliation certificate

e A current manufacturer's certificate.

e Alistof credible quotes.
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e Lists for packing[20].

Regulatory Requirement of Cosmetics in BAHRAIN

e Required Documents which are submitted to Ministry of Health:

e  Good Manufacturing Practice certificate [GMP]

e  Free Selling Certificate [FSC]

e Ingredients certificate

e  Certificate of chemical analysis

e  Other certificates according to the product type

e Samples of each preparation[taking a sample of products with multiple colors or flavors]

Cosmetic Products Import License Request in Kingdom of Bahrain Markets

Original appointment letter for Bahrain's only agency stamped and signed by the maker or distributor. The
manufacturer's name, the nation of origin, and the names of the products to be imported are listed on the license
request form for imported cosmetics. Governmental health authority that gave and corrected the Good
Manufacturing Practice Certificate. Free Sale Certificate, which includes the name, address, and name of the products
to be imported, was issued and corrected by the government health authority and the Bahrain Embassy in the place
of origin.COA of the products from an accredited laboratory, Certificate proves that the product is free from Bovine
spongiform encephalopathy and Halal Certificate [21].

Regulatory Requirement of Cosmetics to Import in QATAR

The legislation mandates that all importers possess import licences. Only Import permits may only be obtained by
Qatari nationals or the Qatari partner of a limited liability company, and they must be registered with the Ministry of
Economy and Commerce. Entities operating in Qatar with 100 percent foreign ownership are likewise subject to this
legislation. Importers Products must be cleared from customs zones at ports or land borders in Qatar by submitting a
number of papers, such as a detailed customs declaration, bill of lading, certificate of origin, pro forma invoice, and
import licence. If you want details on particular criteria, you should get in touch with the Customs and Ports General
Authority. The products are often inspected in the customs station or elsewhere as directed by the Director General
with the owner or his agent present. The official invoices and COO must have the commodity's HS [Harmonized
System] CODE; if not, the shipment won't be allowed for clearing. For every item, for supplies, and on boxes, fields
for "COUNTRY OF ORIGIN" or "MADE IN" are required[22].

CONCLUSION

Cosmetic regulation varies a lot between India and GCC countries, in accordance to Indian regulation the
manufacturing of cosmetics should obey the schedule M for achieving the good quality of cosmetic products and
also required Pre-market approval for entering in to market for sale but according to GCC countries for
manufacturing of cosmetics should follow the GSO 1SO 22716. For safety requirements and technical requirements
should comply with GSO 1943/2016 and 2528/2016 respectively and labelling should be in Arabic and English
language. However, the aim is same to protect the consumer by ensuring safe and good quality of finished products.
This article's primary goal is to demonstrate how cosmetic regulations varies between India and GCC countries and
the need for regulatory convergence on matters of manufacturing, sale, import, labelling, stability, and safety.
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Table 1: A Comparison of Cosmetic Regulation between India and GCC Countries.

Country INDIA GCC countries
Authority CDsCO Saudi Arabia: - SFDA.
United Arab Emirates: - Ministry of Health and Prevention.
Kuwait: - Drug and Food registration and control
administration.
Oman: - The Directorate General of Pharmaceutical affairs
and Drug Control
Bahrain: - National Health Regulatory authority.
Qatar: - Ministry of Public Health
Rules & | Dugs and Cosmetic Act GCC Standardization Organization &EU Cosmetics
Regulations Regulation 1223/2009.
Pre-market Required under state | Required Under GSO
Approval Government licensing
Halal certification | Halal India is a Halal | Required as Halal cosmetics and Personal care product

certification Bodies

[Toyyiban or shariah law]

BAN on Animal

India banned cosmetic testing

N/A

Testing on animals in 2014.

Manufacturing Schedule M Comply with GSO ISO 22716

regulation

Labelling English Arabic and English

language

Certificate of | ISI- mark G- mark

conformity

Safety Certificate yes yes

Certificate of | yes yes

origin

Free sale | yes yes

Certificate

Notification of | Gazette Notification G.S.R Each nation needs its own product notice, for instance: -
cosmetics 426[E] Different countries may have different criteria for the

customs clearing procedure and eCOSMA [Bahrain does not
require any notice].
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ABSTRACT

The Pageant E Tabular was dynamic and capable of being modified in response to the changing needs of
the user. The study generally aimed to use the ISO/IEC 9126 criteria to trace the system's characteristics in
functionality and usability. During system analysis, design, and implementation, it observed
development design and followed the Rapid Application Development (RAD) approach. The study used
a descriptive research design with descriptive statistics. A group of pageant judges from two different
events were asked to answer, with the event organizers for the two different events. Questionnaires were
employed in the study, which were supplemented with unstructured interviews to provide further
insights into functionality and usability. The E-Tabulator System was found to have widely observed
functionality and usability system qualities. It performed well according to the users' functional needs to
find the most popular women in the pageant. It can also be used in events such as pageants and other
similar activities. To fully utilize its potential, it is advised that it be extended to similar events in the
nearby cities hosting the pageant. Likewise, there should be complete measures of quality characteristics
in future studies to substantiate the present results.

Keywords: Functionality, Usability, System characteristics, RAD methodology, Pageant

INTRODUCTION

The E-Tabulator system was a dynamic system that was used during pageant actual sittings. The system design was
dynamic and capable of being modified in response to user suggestions, recommendations, or feedback, if any,
particularly in the categories that comprised the entire pageant, the change of the chosen judges and contestants, and
the judging criteria per category. Pageants happen anywhere. It is one of the most beautiful portrayals of the beauty
and performance of women across culture. Each country all over the world has their own criteria for selecting the
most beautiful women to represent their country in international pageants. This pageant may have different
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functionality and usability. It depends on how it is defined, designed, and perceived during requirement gathering.
Each team organizing the event has their own criteria or components in the declaration of the winner. The common
categories are: sports attire, cultural costume, swimsuit attire, best gown, photogenic, best in interviews, and the like.
However, each component has its own defined declaration. Whatever the criteria or components, the pageant
declares the winner of each category.

According to Reppert, et al (2014), the "Beauty Pageant Effect” on Campus: Consequences and Clinical Implications,
emphasized that women are very familiar with the experience of being evaluated by their physical attractiveness.
This socialization intersects across all stages of a woman’s development, beginning in early childhood. Too often,
college women'’s beliefs about their own attractiveness influence their self-worth. As emphasized by Farrales (2018),
"The Colonial Geographies of Filipina Pageants in Canada" considered how notions of beauty and performances at
pageants transform as they move across different colonial times and spaces. It examined how gender, racial, and
sexual subjectivities take shape among cisgender Filipina women who participate in and organize community-based
pageants in the traditional and ancestral territories of the Musqueam, Skxw7mesh, and Tsleil-Waututh peoples. In
the study of Weiser (1999), it was stated that the advice given by the director of a pageant director for a regional
California pageant in the Miss America pageant system was "This pageant is your chance to impress the judges.” In
the interview and the talent section, you get to show them how smart you are, how poised you are, how confident
you are—these are the most important parts of any pageant.

It is said that the designed system was initiated in response to the observation of its need for different pageants to
happen in different forms. It is designed in accordance with the functions and usage as defined by the clients.
However, there is a need to determine how it functions and is used. In particular, this has been initiated to respond
to the call of the government officials in their annual pageant activity in the locality. Thus, the system design is
appropriate these days and its system characteristics need to be traced, particularly its functionality and usability, for
better performance, high satisfaction of the user, and system improvement if deemed necessary.

Objectives of the Study
The study generally aimed to use the ISO/IEC 9126 criteria to trace the Pageant E Tabulator system's characteristics
with emphasis on functionality and usability in reference to their sub characteristics.

MATERIALS AND METHODS

This part presents the materials and methods used in the study. The study observed descriptive design to trace the
system’s characteristics on functionality and usability.

Analysis, Design and Implementation

During system design, the proponents used the use case tool to analyze the data (Figure 1). According to Kalinga
(2017), use cases are versatile and valuable techniques for describing user requirements. On this particular claim, the
proponents, were able to anchor their design during analysis. In the design phase, the proponents observed the
different phases of the System Development Life Cycle (SDLC), particularly the four phases of Rapid Application
Methodology (RAD). Amplified by Eric, et al (2016), Rapid Application Development (RAD), (Figure 2), the goal is
to quickly meet the business needs of the system; technical concerns are secondary. The customer is heavily involved
in the process. The RAD has four phases: the requirement planning phase, user design phase, construction phase,
and the cut-over phase. Accordingly, each phase has its own share in the development of the present study. In the
study by Tejas, et al (2016), they said that many errors can originate or propagate from the requirements phase,
caused by poorly written, ambiguous, unclear, or missed requirements. They said further that failure to specify the
requirements correctly can lead to major delays and cost overruns. Thus, there is a need to specify the requirements
correctly to avoid delays and cost overruns. During system implementation, the system was installed during
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two different pageant events in two different towns. The Local Area Network (LAN) facilities were prepared with
the five personal computer units and XAMMP software with the E-Tabulator system installed

Research Design
The study used descriptive research design to purposively trace the functionality and usablity of the system
characteristics.

Respondents of the Study

The system was evaluated in two different geographical locations where it was installed and used. There was a
group of pageant judges from two different events who were asked to answer, as well as the event organizers for the
two different events. They were chosen because they were believed to be the group who could give concrete data on
the systems developments since they know how the event is run and organized. There were 20 respondents who
were able to use the system and answer it correctly using the questionnaires provided.

Instruments

The study used questionnaires and supplemented them with unstructured interviews to yield complementary
insights regarding usability and efficiency. The questionnaires were defined in conformity with the 1ISO 9126
standard particularly in the sub characteristics of the functionality and usability. The questionnaires were validated
by IT experts, researchers, and system developers. They were chosen to ensure the validity of the questionnaires.
There was an actual demonstration of the system before the distribution of the questionnaire to the identified
respondents so as to gather the right data according to their observation of the system’s functionality and usability.
The questionnaire was classified into the two quality systems' characteristics in reference to its sub characteristics.

Data Analysis

The researcher utilized descriptive statistics to derive the mean and the weighted mean for the evaluation of the
functionality and usability of the system’s characteristics. Given a five-point Likert scale with responses ranging
from 5 points-Highly Effective; 4 points-Effective; 3 points-moderately Effective; 2 points-Ineffective and 1 point-
Highly Ineffective. The numerical rating scale used in the system study to give interpretations of the evaluation of
acceptability results is: 4.50-5.00 is Highly Effective (HE)/Strongly Agree (SA); 3.50-4.49 is Effective (E)/Agree (A);
2.50-3.49 is Moderately Effective (ME)/Moderately Agree (MA); 1.50-2.49 is Ineffective (I)/Disagree (D); and 1.00—
1.49 is Very Ineffective (VI)/Strongly Disagree (D).

Evaluation

To ensure the veracity of its system’s quality, the system's characteristics has to be evaluated with ISO/IEC 9126
criteria. Kilidar, et al (2005), said that ISO/IEC 9126 is intended to support evaluation of intermediate software products.
According to the study by Padayachee, et al (2010), ISO/IEC 9126 defines quality as "the totality of characteristics of
an entity that bear on its ability to satisfy stated and implied needs." The ISO/IEC 9126-1 defines a quality model with
six characteristics, namely, functionality, reliability, usability, efficiency, maintainability, and portability. In the
present study, of the six characteristics only functionality and usability were considered. These are believed
important features to determine the user’s perspectives in the quality of the software. As specified by Stefani, et al
(2007), the model’s structure relies on the set of quality characteristics and sub-characteristics that are directly related
to quality as perceived by the end-users (referred to hereafter as "external measures"). In the study of Fahmy, et. al.
(2012), functionality is ‘the capability of the software to provide functions which meet the stated and implied needs of users
under the specified conditions of usage’. They said further that functionality is divided into 5 sub-characteristics:
Suitability, Accuracy, Interoperability, Security, and Functional Compliance. In their study, they also specified that
usability is ‘the capability of the software product to be understood learned, used and attractive to the user, when used under
specified conditions’. Usability is divided into 5 sub characteristics: Understandability, Learn-Ability, Operability,
Attractiveness and Usability. According to Losavio, et al. (2003), the usability of a system is the capability of the
software product to be easily understood, learned, and used under specified conditions. In the study, it referred to
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the ease of usage and learning; users learned with minimal effort, with an appealing and user-friendly interface and
organized usable modules. In the present study functionality defined as correct system functions on registration,
contestant and judge data entries; reliable judge score entries per component in all categories; correct print outs and
the summary of all categories for the top ranking winners. In like manner, referred to the ease of usage and learning;
users learned with minimal effort, with an appealing and user-friendly interface and organized usable modules.

RESULTS AND DISCUSSIONS

This section presents results according to its defined objectives to trace the design aspects of the system's
functionality and usability system’s characteristics in Tables 1-2. Table 1, as shown, contains the system evaluation
ratings on functionality. The table shows the functionality Weighted Mean (WM) of 5.00 as a Highly Effective rating. It
connotes that the system functions as expected, as evidenced by all items' Highly Effective ratings. It means that the
system functioned correctly on registration, contestant, and judge data entries; functioned reliably on judges' score
entries per component in all categories; produced correct print-outs of all winners in all categories; produced correct
print-outs of all winners in all categories; generated a summary of all top five ranking contestants in all categories;
and generated correct print-outs of the top five ranking contestants with all judges. According to Raja and Barry in
2005, as cited in the study of Farooq, et al (2011), functionality is the capability of the software product to provide
functions that meet stated and implied needs when the software is used under specified conditions. It means that the
system as a whole is capable of providing the functions necessary for the events once installed.

As shown in Table 2, the results of the evaluation on the usability system design characteristics as perceived by the
users are shown. The system garnered a WM of 4.79, deemed Highly Effective rating. The weighted mean rating
implies that the system is easy to use; its functions are easily learned; they are learned with minimal effort; it has an
appealing and user-friendly interface; and it provides four different usable modules. The result implies further that
the system provided visible and organized four different usable modules with the highest mean rating (M = 5.00),
deemed Highly Effective. It means a visible and organized module upon opening, allowing the users to choose
directly what particular modules they would choose. It is definitely true because the system provides visible and
organized main modules and their sub modules. They are presented in the left portion successively with
corresponding icons and labels. As said, usability needs to be addressed in the early development stage. The result
was affirmed in the study of Golden (2010). According to her, addressing usability early in the software development
process is a non-trivial problem. In order for usability to be a first-class citizen among software quality attributes,
usability design must be made cost-effective for development organizations. This is confirmed in the study by Aziz,
et al. (2013) that usability is one of the important characteristics in making products such as websites or software
usable and quality. Preece, Rogers, & Sharp (2015), as cited in the study of Alshehri, et al. (2019), usability is a quality
attribute of users’ experiences when interacting with interactive technologies that assesses the easiness of the user
interface. On the other hand, it is noted that the system functions that are easily learned got the lowest mean ratings
(M = 4.60), deemed highly Effective. The lowest result is not alarming because it is still a highly effective rating. Golden
(2010) further said that usability needs to be addressed early in the design process in ways that enable it to be
successfully incorporated into software architecture designs and software engineering implementations.

CONCLUSION

It is concluded that the E-Tabulator System generally observed functionality and usability system design
characteristics. It functioned highly effective according to the functional requirements of the users to derive the most
preferred women in the pageant. Likewise, it is highly usable for use in events like the pageant and similar activities.
It is highly usable because the system provides visible and organized main modules and submodules with
corresponding icons and levels that can be learned and used easily.
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Recommendations

To fully utilize its potential, it is recommended that it be extended to similar events in the nearby cities hosting the
pageant. There is a need to create an alternative mobile-based E-Tabular system, as suggested by the user, so that
judges can choose which design is most comfortable for them to use during the pageant. Likewise, there should be
complete measures of quality characteristics in future studies to substantiate the present results.
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Table 1. Functionality System Design Characteristics

Functionality: The evaluators perceived that the system: Mean
1. functioned correctly on registration, contestants and judges data entries; 5.00
2. functioned reliably on judges score entries per component in all categories; 5.00
3. produced correct print-outs of all winners in all categories; 5.00
4. generated summary of all top five ranking contestants in all categories; and 5.00
5. generated correct print-outs of the top five ranking contestants for all judges. 5.00
Weighted Mean(WM): 5.00
Table 2. Usability System Design Characteristics
Usability: The user percieved that the system: Mean
1. was easy to use; 4.70
2. functioned are easily learned; 4.60
3. users learned the system with minimal effort; 4.80
4. offered the user with an appealing and user friendly interface; 4.85
5. provided visible and organized four different usable modules; 5.00
Weighted Mean (WM): 4.79
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Figure 1. Use Case Diagram of the System Figure 2. Rapid Application Development Diagram
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ABSTRACT

Colors are added to food substances to make it more attractive. As a result the food colorant agents have
high demands in the food industry. A wide range of synthetic coloring agents that have been approved
as food additives are available and are used in various types of food prepared or manufactured around
the world. However, there is growing concern that the use of synthetic colours may have a long-term
negative impact on human health as well as in the environment. Therefore as an alternative source the
natural pigments have successful marketing which are derived from microorganisms, animals and
plants. The using of these natural pigments as food colorants and nutritional supplements reflects the
existence and importance of global markets where consumers are willing to pay a premium for "natural
healthy ingredients."”Among all the natural pigments sources microorganisms have many advantages
because of their no seasonal impact on pigment quality and quantity, ease of handling and large-scale
production with little or no impact on biodiversity, and so on. Microorganisms such as bacteria, fungi
and algae are basically used for pigment production. This review discuss about the types of bacterial
pigments which have application in food industry.

Keywords: Colours, Microorganisms, Pigment, Natural , Food
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INTRODUCTION

Colour is the integral part of human being. Without colour we cannot imagine the world and this is equally true for
the food we consumed. Among the food materials such as fruits, vegetables etc have striking natural shades and
hues and therefore, do not require any further coloration [1]. However, the addition of food colorants is an essential
part of the recipe for many food items before final packaging or serving. Food colorants improve the visual appeal
and give the food a distinct identity, making it appear more appealing and enjoyable to eat. Food color is frequently
associated with flavor, safety, and nutritional value [1, 2]. Pigments have been used as colouring agents since
prehistoric times. Color was first added to food in Egypt, when candy makers used natural extracts in their products.
Similarly, the use of natural colourants in food was seen in Japan in shosin text of the Nara period (8th century),
which contains references to colouring soybean and adzuki-bean cakes[3,4]. Previously, all colourants used were of
natural origin, such as saffron, paprika, turmeric, various flowers, and so on[1,2,5]. Synthetic colours were first
produced in the mid-nineteenth century, and due to their low production cost, high tinctorial strength, and chemical
stability, they quickly became popular as food colourants [1,2]. However, several health concerns were raised in later
years as a result of the use of many potentially hazardous synthetic chemicals as food colorants, leading to the
prohibition of various such food colour additives, such as Quinoline Yellow, Yellow 2G, Ponceau SX, Brilliant Black
B etc [1]. Because of synthetic colours have possible side effects like hyper-activity in children, allergenicity,
toxicological, and carcinogenicity problems the natural pigments importance gaining day by day. Some of the
research reported that natural food colour has become an important part in the food industry area, particularly the
discovery of new natural colourants. The use of compounds as food colourants is strictly regulated, whether the
colours are naturally derived or synthesized [6]. Organizations such as the US Food and Drug Administration (FDA),
the European Food Standards Authority (EFSA), and the World Health Organization (WHO) have advocated for safe
dosages of these colours in food, drugs, and cosmetics [6,7,8,9].

Plants, insects, and microbial sources are the main sources of natural colours. Microbial colourants are preferred due
to their ease of scalability and potential lower production costs[5,6,9]. Lower production costs, higher yields, easier
extraction, lower-cost raw materials, no seasonal variations, and strain improvement techniques to increase natural
pigment production are all advantages of microbial fermentation for natural pigment production[6,10]. Pigments
have different health benefit such as antioxidant , anticancer, antimalarial , antiproliferative , antimicrobial activity.
Carotenoids, flavins, melanins, quinines, monascins, and violacein are some of the common pigments produced by
microbes that can be used as food colours. They can also be used as food additives, antioxidants, colour enhancers,
and functional ingredients[4,6,11]. This review discuss about the types of bacterial pigments which have application
in food industry.

Scenario of Natural Colours

The global dyes and pigments market was worth USD 36.4 billion in 2021, and it is predicted to increase at a CAGR
of 5.2 percent from 2022 to 2030.Among all the markets area the international market for natural products is
experiencing unprecedented growth. Among the cause , the boom in the market which is expected to exceed US$ 4
billion in the United States alone in 2000, and the emergence of new categories of natural substances, which are
rapidly and fundamentally changing the concept of health and disease [12,13].

Europe, North America, Asia-Pacific, and the rest of the world make up the global food colour market. Europe,
North America, and Asia-Pacific account for 34%, 30%, and 22% of the total global food colour market, respectively
(JAM) Consumer pressure, sociological changes, and technological advancements resulting in further advancements
in the food processing industry have all contributed to an increase in the overall colour market. The most significant
growth has been in naturally derived colours as a result of improved stability and the food industries' desire to meet
the growing consumer perception that 'natural is best [13]. The expansion of the food industry in China, India, and
Japan would create an appealing market for food colour manufacturers in this region. It has been estimated that by
2024, the global food colour market may be projected to reach approximately US$5.7 billion, with a 4.9% Compound
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Annual Growth Rate (CAGR) between 2019 and 2024 [14,15]. The food colour market in India is expected to grow at
a CAGR of 5.3 percent between 2020 and 2025 [14,16]. India primarily produces synthetic colours that are approved
by the Food Safety and Standard Authority of India (FSSAI). The FSSAI has approved the use of only eight synthetic
colours in food products that do not exceed their Acceptable Daily Intake values.

Types of Bacterial Pigment as a Food Colours

Among all the microorganisms, fungi, bacteria and microalgae are the well known natural pigment producers. These
naturally occurring pigments are reflections of secondary metabolites that have high commercial value in the food
and dairy, cosmetics, pharmaceutical, textile, and dyeing industries [1,4]. According to the reports ,microorganisms
producing pigments such as carotenoids, canthaxanthin , astaxanthin , prodigiosin , pycocynin, melanin and
violecin having potential application as a food colour. The important natural food colour produced by bacteria and
their benefits are discussed in this review.

Astaxanthin : Astaxanthin is an orange red colour , lipid soluble pigment. It is found in yeast, microalgae, some of
the marine organisms , feathers of some birds. It has also been reported that various bacteria, including Halobacterium
salinarium, Agrobacterium aurantiacum, and Paracoccus carotinifaciens, produce it [1,17,18,19,20]. It has anti-aging and
memory-boosting properties and is used as a colouring agent in animal and fish foods [1,6,21].

Canthaxanthin : It is orange to dark pink colour, lipid soluble pigment and have potent antioxidant property. It has
been reported that it is produced by Bacteriochlorophyll containing microbes such as Bradyrhizobium sp. and
Halobacterium sp[1,22,23,24]. It is an approved food colourant which used in various food range as well as salmon
and poultry feed [6,22,23,24].

Lycopene : Lycopene is a water insolube pigment belonging to the carotenoid group. It is naturally found in tomato
and red colour fruits and vegetables and can also be synthesised by chemically [6,25,26]. It is an approved meat
colouring agent of several countries such as USA , Australia , New Zealand etc. Some of the research reported that
lycopene has an ability to prevent breast and stomach cancer [1].

Melanin : Melanin are naturally producing pigments produced by variety of microorganisms as well as animal and
plants. Some of the reasearchs reported that the bacteria such as Actinoalloteichussp , Bacillus safensis |,
Brevundimonas sp, Nocardiopsis alba, Pseudomonas stutzeri , Streptomyces glaucescens have an ability to produced
melanin[27]. They are used in sunscreen cream , cosmetic items , food items, eye glasses, pharmaceutical product and
food items[6,28,29,30,31,32,33].

Phycocyanin : Phycocynin is a blue green , water soluble pigment produced by some species cyanobacteria . It has
been also reported that Pseudomonas species can also have an ability to produced phycocyanin [6,34]. Phycocyanin
is mostly used in making of sweets and ice cream and also used as a rich protein dietary supplements. According to
the literature review, it has antioxidant , anti-alzhemeric , antimalarial activity [1,35].

Prodigiosin : It is a red colour water insoluble pigment produced by several groups of bacteria such as Serratia
marcescens, Vibrio psychoerythrus, Rugamonas rubra, Streptoverticillium rubrireticuli, and other eubacteria [1,36] .
Prodigiosin shows antibacterial, anti-malarial , antifungal , anticancer , antineoplastic activity. It has been used as a
colouring agent in yogurt, milk and carbonated drinks. [1,6,37]

Violacein : Violacein is the most common purple colored pigment with numerous biological activity. They have
most common bioactivities such as antibacterial, antiviral, antileishmanial, anticancer, antiulcerogenic , enzyme
modulation activity[6,38]. Chromobacterium violaceum, Pseudoalteromonas, Collimonas, Janthinobacterium, Microbulbifer
are some of the common violacein producing bacteria[6,39]. It is widely used in cosmetics, food, medicine, and
textiles [40].
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Riboflavin : It is a water soluble , yellow pigment producing bacteria. Riboflavin commonly known as vitamin B2. It
is used as a dietary supplement and as a food additives in dairy items, baby foods , fruits and energy drinks.
According to the report Clostridium acetobutylicum bacteria have an ability to produce this pigment[1,41].

CONCLUSIONS

With growing public awareness and interest about the use of safe and hygienic food additives, the industrial
demand for natural pigments is expected to rise significantly in the coming years. Microbial pigments are an
appealing alternative to synthetic food colorants not only because they are natural, but also because they have
several beneficial health activity. According to the literature review many microorganisms have been ability to
produce food grade pigments in the laboratory. But large scale production and purification of these bioactive
products from many of them remains a challenge. However, more studies is required to optimise pigment
characteristics such as composition and yield by determining the most optimised growth parameters, the use of
genetically modified organisms to boost production, lowering production cost and the presence of various elicitors
for pigment production.
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Green Fast Green FCF

11% I

m Synthetic

20%

H Natural

Nature identical

m Caramel

Fig 1: Percentage of Global Food colour market
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ABSTRACT

The black and white Piper betle leaves were collected from Kumananchavadi, Guduvancheri and
Poonamallee, Chennai, Tamil Nadu, India. The extractions of crude were made using the polar solvents
such as ethanol, distilled water and hot distilled water. These different crude extracts were subjected to
phytochemical analysis and the results of black Piper betle leaves were found that the ethanol extract
contains Alkaloids, Saponins, Tanins, Cardiac glycosides, flavonoids, Phenols, steroids, Terpenoids,
Quinones and Proteins. The Alkaloids were absence in the two solvents such as Distilled water and hot
distilled water extraction. Moreover the Saponins were absence in hot distilled water extraction when
compared to ethanol and distilled water. The results of phytochemicals from White Piper betle leaves was
showed that the ethanol extract contains Alkaloids, Saponins, Tanins, Cardiac glycosides, flavonoids,
Phenols, steroids, Terpenoids and Quinones. The Protein was absence in ethanolic extraction when
compared to Distilled water and hot distilled water extraction. The compounds Alkaloids and Saponins
were absent in distilled water and hot distilled water extraction when compared to ethanolic extraction.
Finally in this study confirms the presence of various valuable phytochemicals in the black and white
Piper betle leaves and these bioactive compounds can be use in pharmacological activities

Keywords: Black Piper betle, White Piper betle, Leaves, Phytochemicals
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INTRODUCTION

The Infectious diseases are disorders which are caused by many organisms such as bacteria, viruses, fungi, or
parasites that are transferred through directly or indirectly from one person to another and sometimes infectious
diseases are causes of death worldwide. The use of chemotherapeutants to treat organisms which result in drugs
residues in the organisms which create eventually be harmful to human health (Hernandez-Serrano 2005). Scientists
are searching of new alternative sources of antimicrobial drugs from natural resources due to different types of
undesirable side effects using chemotherapeutants. Many scientific studies were reported that the natural plants
products and their biologically activities were used for wide variety of purposes (Hammer et al., 1999). One of the
popular medicinal plants in Asia is Piper betle (L) commonly known as betel vine belongs to the family Piperaceae.
The Piper betle plant consisting of roots, leaves, stems, stalks and fruits. The heart shaped dark green colored leaves of
betle vine are popularly called as Pann, in India and vettrilai in Tamilnadu. The use of Piper betle plant leaf has many
beneficial health effects. The betle leaves are chewing habit practices in many countries which are believed that it can
avoiding bad breath, preserving the teeth, strengthening the gum and stimulating the digestive system (Fazal et al.,
2014; Kaypetch et al., 2018). The leaf extracts of Piper betle contains various phytochemicals like phenol, steroids,
tannins, flavonoids, alkaloids and saponins also contains diastases, sugar and essential oil. The purified compounds
of P. betle leaf extracts have the efficiency of antioxidant, antibacterial, antiseptic, anti-cancer, anti-inflammatory, and
immunomodulatory (Aara et al., 2020). The leaf extract of Piper betle are also used for cough, fever, fatigue, asthma, to
disinfect wounds externally (Rai et al., 2011). The pharmacological action of Piper betle plants were demonstrated
based on their presence phytochemical constituents (Pradhan et al., 2013). However these phytochemicals has been
reported to be varying because of its geographical factors (Dwivedi and Tripathi 2014). Therefore, in the present
study black and white P. betle leaves were used for the analysis of Phytochemicals using different solvents.

MATERIALS AND METHODS

Plant Materials

The study deep green heart shaped and light green heart shaped Piper betle leaves were selected and the name is
called in Tamil Nadu is the deep green as Karupu vettrilai (Black Piper betle) and the light green as Vellai vettrilai
(White Piper betle). The black and white Piper betle leaves were collected from three places such as Kumananchavadi
(Fig.1: A-B), Guduvancheri ((Fig.1: C) and Poonamallee (Fig.1: D), Chennai, Tamil Nadu, India. The collection was
made in the month of December 2021. The collected black and white Piper betle plants were photographed separately
(Fig. 1). The wet weights of the collected black and white Piper betel leaves were measured. The collected both plants
leaves were stored in a sterilized polythene bag and transported to the laboratory for further experiment. The
collected black and white Piper betle leaves were washed with tap water and distilled water to remove microbes and
dust particles. The washed leaves were shade and air dried at room temperature for two weeks and stored in air
tight containers. The dried leaves were pulverized by grinding using mortar and pestle and finally dry weight was
measured

Preparation of Extract

The experiments were made using three different solvent namely Ethanol, Distilled water and Hot distilled water for
the extraction of phytochemicals from the black and white Piper betel leaf powder. In the extraction procedure 20 g of
black and white Piper betle plants leaf powders were used with 250 mL of three different solvents such as Ethanol,
Distilled water and Hot distilled water separately for 72 h (3 Days) at room temperature. After three days the extracts
were collected, filtered through muslin cloth, Whatman filter paper and evaporated by rotary evaporator at 40°C and
stored in air tight glass container for qualitative phytochemical analysis.
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Qualitative Phytochemical Analysis

The ethanol, distilled water and hot distilled water solvents extractions were subjected to phytochemical analysis by
the method given by Harborne J.B., 1973. The phytochemical analysis was made separately for both black and white
Piper betle.

Test for Alkaloids

Mayer’s Test

To the extract, 2 ml of mayer's reagent was added; formation of reddish brown precipitate indicates the presence of
alkaloids.

Test for Saponins

To 1 ml of the extract, 5 ml of water was added and the tube was shaken vigorously. Copious lather formation
indicates the presence of saponins.

Test for Tannins

To the extract, ferric chloride was added, formation of a dark blue or greenish black color showed the presence of
tannins.

Test for Cardiac Glycosides

Keller-Killani Test

To 1ml of the extracts, 2 ml of glacial acetic acid containing a drop of FeCls. Equal volume of conc. H2SOs was added
from the sides of the tube. A brown colour ring indicates the presence of cardiac glycosides.

Test for Flavonoids
Alkaline reagent test: Extract was treated with 10% NaOH solution; formation of intense yellow color indicates
presence of flavonoid.

Test for Phenols
Lead acetate test: The extract was taken; 3 ml of 10% lead acetate solution was added. A bulky white precipitate
indicated the presence of phenolic compounds.

Test for Steroids

1 ml extract was dissolved in 10 ml of chloroform & equal volume of concentrated H2SOs was added from the side of
test tube. The upper layer turns red and H:SOs layer showed yellow with green fluorescence .This indicates the
presence of steroid.

Test for Terpenoids

Salkowski Test

5 ml of extract was mixed in 2 ml of chloroform, and concentrated sulphuric acid was carefully added to form a
layer. A reddish brown colouration of the interface indicates the presence of terpenoids.

Test for Quinones
The extracts were treated separately with Alc. KOH solution. Appearance of colors ranging from red to blue
indicates the presence of quinones.

Test for Proteins

Ninhydrin Test

The extract was taken and few drops of freshly prepared Ninhydrin reagent was added and heated. The appearance
of pink or purple colour indicates that the presence of proteins, peptides or amino acids.
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RESULT AND DISCUSSION

The plant Piper betle are commonly known as betel leaf which is climbing shrub or small tree indigenous to tropical
Asia, Australasia and the Pacific and which are mostly grown in India, Bangladesh, Malaysia, Bhutan and China
(Ghani, 2003; Rahman, 2010; Yusuf et al., 1994). In India which is mostly cultivated in Tamil Nadu, Andhra Pradesh,
Karnataka, Kerala, Maharashtra, Odisha, Bihar, Uttar Pradesh and Madhya Pradesh (Sengupta et al., 2011). This
study black and white Piper betle leaves were used for the extraction of phytochemicals and these were collected from
Kumananchavadi (Fig.1: A-B), Guduvancheri (Fig.1: C) and Poonamallee (Fig.1: D), Chennai, Tamil Nadu, India. The
collected leaves were subjected to remove microbes and dust particles. Then the wet and dry weight of the collected
white and black Piper betle leaves were measured and which the Black Piper betle showed 696g of wet leaves given
90g of dry leaf powder and White Piper betle showed 9469 of wet leaves given 102g of dry leaf powder (Table 1 and
Fig: 2).

Extractions

The extraction of active target compounds is depends on the polarity of the diluents because the polar compounds
can able to extract easily by using of polar solvents (Goli et al., 2005). The extractions of crude were made using the
Black and White Piper betle leaf powder by the polar solvents such as ethanol, distilled water and hot distilled water.
These different crude extracts were subjected to phytochemical analysis and which confirmed the presence of
bioactive compounds (Table 2&3 and Fig 3&4).

Phytochemical screening

The previous report of Piper betle plant leaves extraction contains various bioactive compounds such as alkaloids,
tannins, saponins, steroids and polyphenols (Koff et al., 1971). The Phytochemical analysis of this study also proved
that the presence of maximum bioactive compounds in Black and White Piper betle leaves. The results of
phytochemicals in Black Piper betle leaves was showed that the ethanol extract contains Alkaloids, Saponins, Tanins,
Cardiac glycosides, flavonoids, Phenols, steroids, Terpenoids, Quinones and Proteins. In distilled water extract
contains Saponins, Tanins, Cardiac glycosides, flavonoids, Phenols, steroids, Terpenoids, Quinones and Proteins. The
hot distilled water extract contains Tanins, Cardiac glycosides, flavonoids, Phenols, Steroids, Terpenoids, Quinones
and Proteins. However, the Alkaloids were absence in the two solvents such as Distilled water and hot distilled
water extraction. Moreover the Saponins were absence in hot distilled water extraction when compared to ethanol
and distilled water (Table 2: and Fig 3).

The results of phytochemicals in White Piper betle leaves was showed that the ethanol extract contains Alkaloids,
Saponins, Tanins, Cardiac glycosides, flavonoids, Phenols, steroids, Terpenoids and Quinones. In distilled water
extract contains Tanins, Cardiac glycosides, flavonoids, Phenols, steroids, Terpenoids, Quinones and Proteins. The
hot distilled water extract contains Tanins, Cardiac glycosides, flavonoids, Phenols, Steroids, Terpenoids, Quinones
and Proteins. However, the Protein was absence in ethanolic extraction when compared to Distilled water and hot
distilled water extraction. The Alkaloids and Saponins were absence in the two solvents such as Distilled water and
hot distilled water extraction when compared to ethanolic extraction (Table 3 and Fig 4). Moreover the previous
study of Periyanayagam et al., 2021 reported that the collected betle leaf from Tamilnadu absence of alkaloids but in
this study showed that the collected black and white Piper betle leaf from Tamilnadu contains alkaloids especially in
ethanolic extractions. The Piper betle leaves are contains the essential oils which have the properties of anti-fungal,
antibacterial and anti-protozoan activities (Joseph et al., 2010) and some studies reported that the plant leaves
contains also high Antioxidants activities(Dasgupta, 2004; Majumdar et al., 2002). These all pharmacological actions
are based on their presence phytochemical constituents (Pradhan et al., 2013). In this investigation the major
phytochemicals are found in the black and white Piper betle leaves and these bioactive compounds can be used for
pharmacological actions present and future.
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CONCLUSION

The leaves of Piper betle are naturally chewing habit practices in many countries especially in India. In this study the
preliminary phytochemical screening of black and white Piper betle leaves were showed the presence of various
major bioactive compounds in the ethanol, distilled water and hot distilled water extracts. These bioactive
compounds can be used as therapeutic drugs for Antidiabetic, Antioxidant and Antibacterial activity. The Piper betle
plant is easy to cultivate and these plant extractions and methods are simple, cost effective and eco-friendly when
compare to synthetic drug.
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Table 1: Wet and Dry weight of the Black and White Piper betle leaves

Sample Wet Weight (g) Dry Weight (g)

Black Piper betle 696 90

White Piper betle 946 102

Table 2: Phytochemicals from Black Piper betle leaf Extraction

Samples

Alkaloids
Saponins
Tannins
Cardiac
glycosides
Flavonoid
S
Phenols
Steroids
Terpenoid
S
Quinones
Proteins

Ehanolic Extract of
black Piper betle leaf + + + +

+
+
+
+
+
+

Distilled water
Extract of black
Piper betle leaf

Hot distilled water
Extract of black
Piper betle leaf

+ Present; - Absent

Table 3: Phytochemicals from White Piper betle leaf extraction

SAMPLES

DS

ALKALOI

SAPONINS

TANNINS

CARDIAC
GLYCOSIDES

FLAVONOIDS

PHENOLS

STEROIDS
TERPENOIDS

QUINONES

PROTEINS

Ehanolic Extract of white
Piper betle leaf

Distilled water Extract of
white Piper betle leaf

Hot distilled water
Extract of white Piper
betle leaf

+ Present; - Absent
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Fig 1: The collection of Black and White Piper betle Fig. 2: Wet and Dry weight of the Black and White Piper
leaves (A-B Kumananchavadi; C-Guduvancheri; D- betle leaves
Poonamallee)
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Fig 3: Phytochemicals from Ethanolic, Distilled water and Hot distilled water extract of Black Piper betle leaf
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Fig 4: Phytochemicals from Ethanol, Distilled water and Hot distilled water extract of White Piper beetle leaf
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ABSTRACT

Globally tea (Camellia sinensis (L.) O. Kuntze) is widely accepted beverage which accommodates replete
peculiar metabolites that are beneficial to human health. But the amount of epicuticular wax and
chlorophyll and also the rate of photosynthesis of tea plant fluctuates due to the specific effect of shades
on the plant. In terms of assimilate supply by way of photosynthesis, yield formation of tea is scrutinized.
The present study deals with the effect of shade (i.e., heavy shade, moderate shade and no-shade
condition) on physiological attributes of tea bushes. The main focus in this study is on how chlorophyll
content, deposition of epicuticular wax on the surface of leaf and net photosynthesis of the plants are
affected by contrasting shade conditions. Five different clones of tea plant (i.e., TV1, TV18, TV20, TV25,
PANITOLA 126) is clutched from Tocklai tea gardens for the study. The study reveals that the
chlorophyll content, mean wax accumulation and rate of photosynthesis is higher in moderate shade
than heavy shade or no-shade condition. When yield potential and quality is considered, the tea bushes
growing under medium shade shows the best performance. Distinct adaptation to shade is shown by the
photosynthetic apparatus and other physiological process of tea.

Keywords: Photosynthesis, chlorophyll epicuticular wax,photosynthesis, shade conditions.

INTRODUCTION

Globally tea (Camellia sinensis), which is considered aswidely accepted beverage, is native to China. It is an evergreen
shrub tilled in soils that are acidic in nature from tropical to temperature zones in Asia (Shuet al, 2003).In wvell
managed gardens, tea can endure fecund for a centenary as it is a durable commercial beverage crop. Due to their
lengthy continuance, tea can resist the environmental provocations and adapt themselves physiologically to climate
changes (Larson, 2015; Li et al., 2017).Cs mechanism of photosynthesis is revealed in tea plants (Roberts and Keys,
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1978). Although the stems play a part in CO: assimilation, the vital plant organ where photosynthesis transpire are
the leaves of tea plants (Sivapalan, 1975). For photosynthesis, chlorophylls are considered as a crucial component and
in all photosynthetic plant tissues, chlorophylls crop up in chloroplasts as green pigments. They are willingly draws
out in organic solvents like acetone and others and are loosely bound to proteins (Dey, 2014). A physio-chemical
blockade is furnished by epicuticular wax in tea plants in order to fortify against seizure by fungi and other baleful
organism and also ameliorates hostility towards water lost. A large amount of simple chemical constituents such as
hydrocarbons, aldehydes, wax ester, fatty acid etc have been secluded from waxes (Wollenweber, 1981).Tea is
considered as a shade-loving plant which adapt themselves to the understorey of tropical rainforest in its vernacular
habitat (Wang, 2012). Shade treatment can effectively fluctuate the physiological results in tea bushes as its
physiology depends on the amount of sunlight received.This work clearly deals with the effect of shades on
physiological attributes of tea bushes.

MATERIALSAND METHODS

Site Description

Tocklai Tea Research Institute is situated in the district Jorhat. It is located 26.7289° N latitude and 94.2281° E
longitude. Various clones of tea plants are present in the institute’s garden for various research purposes and other
uses.Matured leaves of clones TV1, TV18, TV20, TV25 and PANITOLA 126 of Tocklai Tea Research Institute was
taken for the calculation of chlorophyll content, leaf wax and photosynthesis of the tea bushes.

Methods
For Estimation of Chlorophyll
Leaf discs of 5mm diameter were punched from matured leaves avoiding leaves veins. Leaf discs were then
immediately weighted and immerged in 10 ml of 80% acetone in glass vials wrapped with aluminium foil kept in a
refrigerator at 40°C for 72 hours. The supernatant was then decanted and the volume was made up to 10 ml with
fresh acetone. The absorbance was recorded at 663 nm and 645 nm against 80% acetone as blank using
spectrophotometer. Chlorophyll ‘a’ and chlorophyll ‘b’ were calculated adopting the equations suggested by Arnon
(1949) based on the existing co- efficient for pigments. The equation adopted are given below-
Chlorophyll ‘a’ (mg/g) = [12.7(A663) — 2.69(A645)]/1000 x V/W.
Chlorophyll ‘b’ (mg/g) = [22.9(A645) — 4.68(A663)]/1000 x V/W.
Where V = Volume of the extract in millilitre.

W = Fresh weight of the sample in gram.

A663 and A645 are optical densities at respective wavelengths.
Chlorophyll concentration were expressed in milligram per gram of fresh weight of the sample.

For Estimation of Leaf Wax

Mature leaves were collected and their surface was cleaned with the help of wet cotton. Two sets of Petri plates were
weighed for each variety and the initial weight of Petri plates was recorded. Leaf area of individual leaf was
measured with the help of a leaf area meter and placed over the Petri plates. 10 ml of chloroform was poured on
each Petri plates with leaf and allow to stand for 1 min. Then each leaf was properly rinsed in chloroform and then
the leaves were discarded. The Petri plates along with the chloroform in it was left overnight. A tiny shining layer
was observed on the surface of each Petri plates, which showed that the wax has been deposited. Finally, the weights
of these Petri plates were taken. The amount of wax deposited was calculated by subtracting the initial weight from
the final weight.

Wax present per unit area of the leaf = total wax present in the leaf/ leaf area.

For Photosynthesis Estimation
Gas exchange parameters like net photosynthesis are measured with the help of portable photosynthesis system
CIRAS -2.
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RESULTS AND DISCUSSION

Results of Chlorophyll Estimation

Chlorophyll ‘a’ content in different clones ranged from 1.38-2.38 mg/g fr. wt. Chlorophyll ‘a’ content was highest in
clone TV1 under moderate shade condition and lowest in the clone TV18 under no shade condition.Chlorophyll ‘b’
content in different clones ranged from 0.49-1.18 mg/g fr. wt. Chlorophyll ‘b’ content was highest in clone TV1 under
moderate shade condition and was lowest in the clone TV1 & TV18 under no shade condition.Total chlorophyll
content in different clones ranged from 1.87-3.13 mg/g fr. wt. It was observed that total chlorophyll content is higher
in heavy shade condition compared to no shade and moderate shade condition in all the clones under
investigation.Average data showed that chlorophyll content is comparatively higher in leaves growing under shaded
condition than under non shaded condition. This may be due to increased photo-oxidation of chlorophyll under non
shaded condition. Chlorophyll is constantly synthesized and destroyed (photo-oxidation) in the presence of light, but
under very high light intensities the rate of decomposition is greater, with balance being established at a lower
concentration (Kramer & Kozlowski, 1979). Shade leaves have higher concentration of chlorophyll than sun leaves
(Boardman, 1977). Chlorophyll pigments harvest the solar energy and involve in light mediated reductive
phosphorylation. They have direct correlation with photosynthetic carbon metabolism in higher plants. Due to the
out-breeding nature of Camellia species, present day commercial plantations exhibit polymorphism, where each
genotype shows significant colour differences. During processes such as fermentation, the chlorophyll-degradation
chlorophyllase enzymes remain active, causing chlorophyll to degrade to pheophorbides and pheophytins. These
compounds play a leading role in causing the resulting dark colour of fermented tea (Khamessan and Kermasha,
1995; Daood, 2003).

Result of Leaf Wax Estimation

The wax content in the different clones ranged from 10.20- 151.07 (ng/cm?). Among the clones’ highest leaf wax
content was recorded in PANITOLA 126, which was maximum under moderate shade condition. Mean wax
accumulation in our study was higher under moderate shaded condition compared to no shade and heavy shade
condition.The above results indicates that moderate shade is suitable for high wax accumulation in tea plants, which
impart them tolerance to biotic and abiotic stresses and has been implicated in defense mechanisms against excessive
ultraviolet radiation, high temperature, bacterial and fungal pathogens, insects, high salinity, and low temperature
(Dominguezet al., 2011; Yeats and Rose, 2013). There are even distinctive cuticular waxes in different growth and
developmental stages. Many environmental factors (e.g., light, temperature, and humidity) also influence wax
composition considerably in the same species (Geyer and Schénherr, 1990; Kolattukudy, 1996).

Result for Photosynthesis Estimation

Rate of photosynthesis under no shade condition ranged from 11.17 to 19.37 u mol/m2/s. Rate of photosynthesis
under moderate shade condition ranged from 17.0 to 26.37 i mol/m2/s. Under heavy shade condition recorded rate
of photosynthesis ranged from 5.63 to 11.13 p mol/m?/s. Highest rate of photosynthesis observed under moderate
shade condition compared to heavy shade and no shade conditions in all the clones.The above results indicates that
moderate shade, condition is most suitable condition for maximum photosynthesis in tea clones. Previous
experimental findings have showed that shade trees interrupt the direct sun rays and provides adequate light i.e., 50-
70% of the total sunlight, thereby rate of photosynthesis is increased by 24% compared to unshaded leaves. The yield
of tea shoots under 35% light intensity was higher than that in plants grown with full sun (Barua, 1969).The net
photosynthetic rate was significantly lower in unshaded tea compared to that of shaded tea (Mohotti and Lawlor,
2002; Karunaratneet al., 2003). In our observations moderate shade condition was found to be more favourable
condition for higher photosynthesis, that may be due to optimum light and optimum leaf temperature for maximum
photosynthesis.

From the above study it is clear that the tea bushes growing under medium shade condition are found to be
photosynthetically active because shade trees help in reducing the leaf temperature of the bushes and help in
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reflecting over 70% of harmful infra-red radiation from the solar spectrum.Epicuticular wax deposition is also found
to be maximum in case of plants growing under medium shade while the chlorophyll a and chlorophyll b content
has been found to be highest in case of bushes growing under heavy shade giving it a dark green colour whereas the
bushes prevent in open condition (i.e., exposed to sunlight) are found to be light green in colour which is also co-
related with the low chlorophyll content.It can be concluded that the tea bushes growing under medium shade are
the best in performance when yield potential and quality is considered because there is a reduction in excessive heat
and radiation. There is an increase in productivity as leaf area index and accumulation of dry weight in tea increases
under medium shade condition. It has been also observed that there is a better partitioning of dry matter to actively
growing shoots for higher harvest index in case of medium shade plants. At the same time, the leaf litters of shade
trees add organic matter to the soil and also help in preventing soil moisture during dry winter months.
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Table 1: Chlorophyll ‘a’ content in tea clones

Clones Chlorophyll a (mg/g fr. wt.)
NO SHADE MODERATE SHADE HEAVY SHADE
TV1 1.39 2.38 2.08
TV18 1.38 1.58 1.98
TV20 1.53 2.00 1.89
TV25 1.80 1.99 2.18
PANITOLA 126 146 1.67 1.74

Table 2: Chlorophyll ‘b’ content in tea clones

Clones Chlorophyll b (mg/g fr. wt.)
NO SHADE MODERATE SHADE HEAVY SHADE
TV1 049 1.18 0.88
TV18 049 0.65 0.80
TV20 0.55 0.83 0.75
TV25 0.69 0.88 0.70
PANITOLA 126 0.54 0.62 0.72

Table 3: Total chlorophyll content in tea clones

Clones Total Chlorophyll (mg/g fr. wt.
NO SHADE MODERATE SHADE HEAVY SHADE
TV1 1.88 3.56 2.97
TV18 1.87 2.23 2.84
TV20 2.08 2.83 2.64
TV25 249 2.87 3.13
PANITOLA 126 2.00 2.29 247

Table 4: Leaf wax content in tea clones

Clones Leaf Wax (pug/cm?)
NO SHADE MODERATE SHADE HEAVY SHADE

TV1 68.30 100.52 75.62
TV18 74.89 52.50 40.67
TV20 38.03 38.99 10.20
TV25 31.72 59.71 92.24
PANITOLA 126 147.77 129.23 151.07
Mean 360.70 380.94 369.78

55906



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences w www.tnsroindia.org.in ©lJONS

Vol.14 / Issue 78 / June / 2023  International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997

Dimonjyoti Bora

Table 5: Photosynthesis estimation content in tea clones.

Clones Photosynthesis Estimation (1 mol/m?/s)
No Shade Moderate Shade Heavy Shade
TV1 11.17 17 5.63
TV18 19.37 211 9.53
TV20 1757 251 11.13
TV25 16.3 26.37 10.8
PANITOLA 126 13.13 19.87 8.7
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ABSTRACT

Many signalized intersections functioning in India are fixed time signals and most of the times the signal timings are
decided based on the prevailing traffic volume conditions using some approximations. The signalized intersection
located at ECIL cross roads attracts huge traffic from all the legs. In the present study traffic volume data was
extracted from the video footage obtained from the city traffic wing. One unique feature of the present study was
that, while extracting data from the video footage python programming code was used and hence the data was
retrieved very quickly from the video footage. The other special features of the study include determination of
saturation flow from the actual data collected using the saturation headway and PCU values recommended by Indo
HCM 2017 for signalized intersections were used to convert the different vehicles of mixed traffic into equivalent
PCU s. Using these inputs of traffic volume, saturation flow determined relatively more accurately, the optimum
cycle time and signal timings were designed by Webster method. For Computing the signal timings, a C program
was written and executed successfully. It was found from the analysis of results that at two approaches the existing
green timings were not adequate and at the third approach, it was over estimated.

Keywords: HCM, PCU, Isolated, ECIL
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INTRODUCTION

Road traffic signals are the major bottlenecks in the smooth flow of traffic in general and more so in case of mixed
traffic conditions, where in all the different types of vehicles with varying static and dynamic characteristics share
the common space. Due to this reason the traffic flow at these locations is affected and results in increased delay to
the vehicles. In order to reduce the delay and smoothen the flow of traffic, it is always desirable to check the
adequacy of signal timings periodically at these locations. Periodicity may depend on several factors, but one of the
major factor is increase in traffic volume and the resulting delay to the vehicles. In view of the above, in the present
study, it is proposed to check the adequacy of signal timings at the ECIL signal, located in Hyderabad, India. Many
times the road users expressed their dissatisfaction regarding the delay caused to the vehicles. As part of the study, it
is proposed to collect the classified traffic volume data entering into the intersection from various approaches, and
also to study the existing geometric condition of the intersection. It was observed from the geometry of the
intersection that, there was a small rotary existing at the intersection, in addition to the traffic light signals. It is also
proposed to use open CV software for retrieving the video recorded traffic data. Indo HCM 2017 proposed PCU
values for signalized intersections were used to convert the different vehicle groups into PCUs. It is planned to
determine the saturation flow, an important input parameter for signal timings from the average of several
saturation headways and finally design the cycle length and signal timings, following Webster method and usinga C
program.

REVIEW OF LITERATURE

Pranav Kumar Pal and Kamal Nabh Tripathi (2022) carried out research on signal timing design for a in Luck now
city and used Webster method and IRC methods for design. Hima Bindu Maripini et al (2022) presented an optimal
signal design using sample travel time information collected from mobile data and found that the proposed design is
capable of handling traffic flow fluctuations without requiring the entire traffic stream data. They also demonstrated
that sample data from four probe vehicles per phase is adequate for real-time optimal signal design. Jiangfan Yang et
al(2021), optimized the signal timings using Webster method and from their results found that the average delay at
the intersection is reduced by nearly 7 seconds, and the optimization effect is significant. Madhav Kumar et al (2020)
redesigned the signal timings according to the present scenario of traffic. The design was according to the IRC and
Webster method of signal design. The field traffic flow data was taken for an hour using a digital video camera. The
study concluded that the IRC method is more suitable than Webster for the existing traffic conditions. To ensure the
free flow of traffic and reduction in conflicts redesigning was done. Prasanna Kumar et al (2018) carried out a study
for improving the safety of an uncontrolled road traffic junction at Maisammaguda, in Hyderabad and it is a T-
junction and designed the traffic signals based on the Webster method.

Objectives of the Present Study

In the present study the following objectives are defined.

e To collect the geometric details of the study intersection

e To collect the classified traffic volume data of the study intersection from the video footage using Open CV
software

e To determine the saturation flow rate

e To design signal timings using Webster method with the help of C program

Methodology and Data Collection

The methodology followed in the present study is given in the following steps.

1. Identification and description of study location

2. Geometric details of the intersection

3. Collecting the Video footage of traffic data pertaining to the location from traffic police wing and

4. Retrieval of the data from the Video footage using open CV software
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Conversion of traffic volume into PCUs and determination of design hourly volume
Determination of saturation flow rate

Computation of optimum cycle time and signal timings using Webster’s method
Presenting the signal timings in signal timing diagram

Comparison with existing timings

© oo NG,

Identification and Description of Study Location

The study location is the signalized intersection located near ECIL cross roads, in Hyderabad, Telangana state of
India and is locate at Latitude: 17.451749 and Longitude: 78.567116. It is an important intersection catering to the
diverse categories of residential, commercial and school and college users. It also connects several important areas
surrounding the location that include Moula Ali. AS Rao Nagar, Tarnaka, and Kushaiguda.

Geometric Details of the Intersection

Geometric details of the intersection such as number of lanes, width of lanes etc. was collected by taking physical
measurements at the location and the diagram showing all the geometric details is given in Figure -2. Classified
traffic volume data was collected for the identified peak hour by extracting the video footage data obtained from the
traffic wing of Hyderabad police.

Collecting the Video footage of traffic data pertaining to the location from traffic police wing and Retrieval of the
data from the Video footage using open CV software

For retrieving the video graphic data, an advanced vehicle detection and classification system with the aid of Open
CV was used. YOLOvV3 algorithm in conjunction with Open CV was used to detect and classify objects. YOLOVS is
trained on the COCO dataset, to read the files containing different categories of vehicles and store them in a list. The
COCO dataset includes 80 distinct classes. In the present study it is only needed to detect cars, motorcycles, buses,
and trucks, and hence the required class index contains the index of those classes from the coco dataset. A random
colour is generated for each class of vehicle in the dataset using the np.random. randint() function. These colours
were used to draw the rectangles around the objects. The random. seed() function saves the state of a random
function so that it can generate some random number on each execution. Frames from a video file were retrieved and
then Cap.read() reads each frame from the capture object after reading the video file through the video capture
object. The frame was cut in half by using cv2.reshape (). The crossing lines were then drawn in the frame using the
cv2.line() function. Finally, the output image was displayed using the cv2.im show() function. Snap shots of retrieval
of video data is shown in Figure -3. Summary of traffic volume data obtained from the four legs of the study
intersection is furnished in Table -1 below.

Conversion of traffic volume into PCUs and determination of design hourly volume

In the present study, the PCU values developed for signalized intersections and given in Indo HCM 2017 were used
to convert the vehicles of different types and arrive at the design hourly volume. The PCU values used in the study
are presented in Table 2.

Determination of saturation flow rate

Saturation flow was computed from the average saturation headway of 25 cycles from each of the approaches for the
straight going and right turning vehicles and then determined the number of vehicles going in the determined
hourly saturation flow rate by dividing number of seconds in an hour (3600) with the average saturation headway.
The obtained Saturation flow values are presented in Table: 4 below.

Computation of optimum cycle time and signal timings using Webster’s method

Optimum Cycle Time by Webster's Method

Cycle length is the total period during which one complete sequence of signalization takes place around an
intersection. A complete cycle comprises all the phases with their respective signal indications. The cycle length with
minimum delay is often termed optimum cycle length, and it can be determined by Webster's equation:
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Co=1.5L +5 /1-Yi

where Co = optimum cycle length in seconds

and L= sum of the lost time (seconds) for all phases=li+l2+1s...+li up to i number of phases.

Lost time per phase= Start up time (usually 1-2 sec) + Clearance lost time

Clearance lost time=A portion of the Amber interval (usually 1-2 sec) + All-Red interval Yi = Yi= summation (y: + y2 +
Ya+yatyi)

Y= Flow ratio

Calculation of Green Time

Effective Green time (gi) for the respective it" phase can be calculated from the following expression gi=yi/Yi (Co-Li)
where g, - effective green period of phase i y = flow factor of phase i;

C = cycle length;

L = total lost time

Y = sum of y factors and

Co-Li= total effective green time

The C program written for signal timing design is presented as Annexure -1

The signal timings obtained are given in Table:5 below and the timing diagram is shown in figure 5 below.

SUMMARY, CONCLUSION AND RECOMMENDATION

Signal timing design was carried out from the real time data collected from traffic police wing and extracted using
open CV software and a C program was executed to compute the signal timings in Webster method. It was found
that at North bound approach and west bound approaches the existing green timings were not adequate and at
south bound approach the existing green time was over estimated. It is believed that these signal timings estimated
in the present study based on actual traffic conditions, if implemented will reduce the delay to vehicles. It is also
recommended that the rotary present inside the intersection area be removed so that the traffic flow can be improved
and delay to vehicles also can be significantly reduced.
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Annexure -1
‘C’ Program for Signal timing design

#include <stdio.h>

#include <math.h> int main()

{

intn,r, 1;

float ga, gb, sa, sb,sc,qc;

floatya, yb,yc,y, co, b, a, ga, gb,gc;

printf ("Enter the number of phases-n=");

scanf ("%d", &n);

printf ("Enter the value of all red time-r=");

scanf ("%d", &r);

|=2*n;

I=1l+r;

printf ("\n The value of lost time is %d sec ", I);

printf ("\n Calculate the optimum cycle length ");

printf ("\n Enter the value of normal and saturation flow ");
scanf ("%f%f%f%f%f%f", &ga, &gb,&qc,&sa,&sh,&sc);

ya = floorf((qa / sa)*10)/10;
yb = floorf((gb / sb)*10)/10;
yc¢ = floorf((qc / s¢)*10)/10;
y =ya+ybtyc;

printf ("\n The value of ya is %.1f", ya);

printf ("\n The value of yb is %.1f", yb);

printf ("\n The value of yc is %.1f", yc);

printf ("\n the value of y is %.1f", y);

co=((1.5*D+r)/(1-y);

printf ("\n The value of co is %.1f ", co);

a=co-l;

ga = (ya*a)ly;

printf ("\n The value of green time at phase A is %.1f ", ga);
gb = (yb*a)ly;

printf ("\n The value of green time at phase B is %.1f ", gb);
ge = (ycra)ly;

printf("\n The value of green time at phase c is %.1f ",gc);
return 0;

}
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Table: 1 Traffic Volume Data at the Intersection
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N fh h No of Aut No. of two No of No.of No.of No. of
ame ot the approac 0 ot Autos Wheelers Buses Cars LCVs HCV
North Bound
. . 17 7 207 2
(Straight and Right) 257 38 3 0 8 8
South
. . 162 854 36 270 21 04
(Straight and Right) 6
West
. . 311 1465 68 713 82 11
(Straight and Right)
Table: 2 PCU Values Used
SNo Vehicle Type PCU
1. Two Wheelers 0.4
2. Autos 05
3. Passenger Cars 1.0
4, LCVS 1.1
5. HCVS 1.6*
6. Bus 1.6*

Source: Indo HCM 2017
Table: 3 Design hourly Volume in PCU/h

SNo Name of the approach Design hourly volume (PCU/h)

1. North Bound 1232
2. South Bound 780
3. West Bound 1672

Table: 4 Saturation Flow in PCU/h

SNo Name of the approach Saturation Flow (PCU/h)

1. North Bound 2073
2. South Bound 3346
3. West Bound 10004

Table: 5 Comparison of Signal Timings

Green Time (Seconds)
SNo Name of the approach Existing Proposed
1. North Bound 90 110
2. South Bound 55 45
3. West Bound 20 25
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Figure 2: Geometric Details of Study | Figure 3: Snapshots of retrieval of video data
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Figure 4: Excel Sheet before and after Execution
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Figure 5: Timing Diagram
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ABSTRACT

Hyperlipidemia is a metabolic dysregulation associated with increased risk factors for the development
of diabetes, premature development of cardiovascular diseases such as atherosclerosis, hypertension and
coronary heart disease. Gossypium arboreum (Malvaceae) commonly known as cotton plant was used
traditionally for the treatment of diarrhea and inflammatory conditions. It was reported to contain
flavanoids like Gossypetin-O-glucoside, Quercetin-O-glucoside which play major role in anti-oxidant
and anti-hyperlipidemic activity. So far, there is no scientific work reported on the anti-hyperlipidemic
effect of this plant or its extracts. Keeping this in view, the present study was envisaged to investigate the
possible antihyperlipidemic effect of Gossypium arboreum leaf extract in Triton-X induced hyperlipidemic
rats. Antihyperlipidemic drug, Simvastatin (10mg/kg body wt.) was used as a positive control. Serum
lipid parameters like total cholesterol, triglycerides, low density lipoprotein (LDL), very low density
lipopreotein (VLDL) and high density lipoprotein (HDL) in hyperlipidemic rats and test groups are
compared to normal control statistically. From the results, it was observed that, treatment with G.
arboreum leaves extract (200 mg /kg and 400 mg/kg) significantly decreased the level of cholesterol,
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triglycerides, VLDL and LDL as compared to hyperlipidemic control. There was significant increase in
the HDL as compared to hyperlipidemic control.

Keywords: Hypolipidemic activity, Gossypium arboreum, Flavanoids, Triton-X induced hyperlipidemia,
Simvastatin, Phytochemical screening.

INTRODUCTION

Lipids are the major components which serve as the major structural component of the body and also act as energy
source. The plasma contains lipoproteins like high density lipoproteins (HDL), low density lipoproteins (LDL), very
low-density lipoproteins (VLDL) and chylomicrons whose levels determine the human health. Hyperlipidemia is a
condition in which an elevation in the blood lipid concentration was observed. It often results from delayed or
defective clearance, or overproduction of VLDL by the liver, which subsequently transforms into LDL. Higher
concentrations of LDL and low levels of high density lipoprotein (HDL) cholesterol in blood predict the
cardiovascular risk in both men and women [1]. Life style habits like lack of exercise, smoking, age, excess alcohol
intake causes hyperlipidemia. Other conditions like obesity, diabetes mellitus and pregnancy also have a part in
causing hyperlipidemia[2]. Hyperlipidemia develops as a consequence of abnormal lipoprotein metabolism or
reduction in the LDL receptor expression or activity and consequently diminishing the hepatic LDL clearance from
the plasma. Various protein targets like HMG CoA reductase, bile acids and lipoprotein lipase have been selected in
these pathways for the treatment of hyperlipidemia. Among all the hypolipidemics, HMG CoA reductase inhibitors,
“statins” were effectively used. Statins mainly work by inhibiting the enzyme HMG CoA reductase, which is a key
regulatory enzyme in the biosynthesis of cholesterol[3].

Gossypium arboreum(Tree Cotton) is a shrub attaining heights of one to two metres. Its branches are covered with
pubescence and are purple in colour. Stipules are present at the leaf base and they are linear to lanceolate in shape
and sometimes falcate. The leaves are glabrescent. The leaves exhibit a dentate margin though sometimes only very
slightly so. They are cordate at the base and acute at the apex[4]. The flowers are set on short pedicels. An epicalyx is
present, which is a series of subtending bracts that resemble sepals. True calyx is small, measuring only about 5
millimetres (0.20 in) long. The fruit is a three- or four-celled capsule measuring 1.5 to 2.5 centimetres (0.59 to 0.98 in)
across. It is ovoid or oblong in shape and glabrous. The surface is pitted and a beak is present at the terminal end.
The seeds within are globular and are covered in long white cotton[5].

Phytochemical review of this plant reported the presence of phenols, flavonoids and triterpenoids as major
constituents. Gossypium arboreumis reported for its antidiabetic, antihypertensive, and antifungal activity. Infusion of
the leaves of Gossypium arboreum is used to reduce respiratory complications like cough and cold[6, 7]. Analgesic and
anti-inflammatory effect of the ethanolic leaf extract was established by using carrageenan-induced paw edema and
tail flick model in rats. Leaf extract showed significant activity in tail flick model and a dose dependent inhibition of
carrageenan-induced paw edema. Aqueous and acetone extract of G.arboreum exhibited potent a-amylase and a-
glucosidase inhibitory activity at relatively low concentrations with ICs value of 10.10 mg/mL and 2.75 mg/mL
respectively [8]. The extracts were also found to contain phytochemicals such as tannins and steroids which
may be responsible for the inhibitory effect. Based on previous literature, we selected this plant for evaluating the
antihyperlipidemic activity. Flavanoids are one of the important classes of phytochemical components from various
plant sources. Research on flavanoids is increasing because of their versatile health benefits [9]. Flavanoids prevent
coronary heart disease, scavenge free radicals and have hepatoprotective, anti-inflammatory, and anticancer
activities, while some flavanoids exhibit potential antiviral activities[10].
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Plant Material

Leaves of Gossypium arboretum were collected in the medicinal garden of our institute and are authentified by
Dr.K.Ammani, Associate professor, Acharya Nagarjuna University. The collected leaves were dried and powdered to
coarse consistency in cutter mill. The powder was passed through 40 # mesh particle size and stored in an airtight
container at room temperature.

Chemicals and Drugs

A suspension of triton —X (S D Fine chemicals) in 0.15 M NaCl was used for inducing hyperlipidemia in experimental
rats. Simvastatin (Dr. Reddy's Laboratories, Hyderabad), Diagnostic Kits for estimation were purchased from Merck
Diagnostics India Ltd. Anesthetic ether (Ozone International, Mumbai), and all other chemicals were of analytical
grade.

Extraction

2.5 kg of the fresh air-dried, powered leaves were extracted with alcohol and water (80:20) by simple maceration
procedure at room temperature for 48 h in conical flask with occasional shaking and stirring. The extract was filtered
and concentrated to dryness at room temperature to avoid the decomposition of the natural metabolites. The extract
was preserved in a refrigerator till further use.

Preliminary Phytochemical Screening of Plant Extract

Various qualitative tests were performed for the detection of phytochemical constituents present in the
hydroalcoholic extract. Different tests were performed for the presence of carbohydrates, tannins, flavanoids,
steroids, glycosides, alkaloids, saponins etc [11].

Fractionation of Extract

The hydroalcoholic extract concentrate (130 mL) was partitioned repeatedly with petether, ethyl acetate (1:1 v/iv) in a
separating funnel to obtain the petether, ethyl acetate and residual hydro-alcoholic fractions. The solvents were
evaporated under reduced pressure;

Total Flavonoid Content

The total flavanoid content (TFC) content was determined according to the method of Zhishen et al., 1999. Each
fraction of sample (0.2 ml) was added to 4 mL of double-distilled water and 0.3 mL of 5% NaNO: in a 10ml
volumetric flask. The samples were maintained for 5 min, and 0.3 mL of 10% AICIs was added. After 6 min, 2 mL
NaOH was added and was made up to mark with double-distilled water. The absorbance was measured at 510 nm.
TFC was calculated using a calibration curve of quercetin equivalents.

Animal Studies

Adult albino rats of wistar strain (150-200 g) of either sex was procured and housed in the animal house. Standard
pellets obtained from Gold mohar rat feed, Mumbai India, were used as a basal diet during the experimental period.
The control and experimental animals were provided food and drinking water and libitum. All the animal studies
were approved by Institutional Animal Ethical committee 1529/po/Re/S/11/CPCSEA/CHIPS/IAEC8/PRO-02/2020-21.

Preparation of Test Sample
Hydroalcoholic extract of the plant and different fractions were formulated as suspension in distilled water using
Tween-80 as suspending agent.

Preparation of Standard
Simvastatin 10 mg/kg was used as the reference standard drug for evaluating the antihyperlipidemic activity which
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was made into suspension in distilled water using Tween-80 as a suspending agent.

Triton-X Induced Hyperlipidemic Model [12].

Animals kept for fasting for 24 h, were injected a saline solution of triton at the dose of 400 mg/kg intra-peritoneally.
Plant extracts, at the dose of 200mg/kg, were administered orally through gastric intubation, the first dose being
given immediately after triton injection and second dose 20 h later. After 4 h of second dose the animals were
screened for various biochemical parameters. Blood was collected from orbital plexus of rat under ether anesthesia
and centrifuged by using centrifuge at 2000 rpm for 30 minute to get serum.

Experimental Design

Animals were divided into five different groups with six animals in each group. Group | served as normal control
and this group receiveregular standard pellet diet. Group Il was hyperlipidemic control (Disease control) and this
group did not receive any treatment except triton (400mg/kg/p.o). Group Il was positive control which was given
standard antihyperlipidemic drug simvastatin (10 mg/kg/day p.o.) along with Triton-X. Group IV and V received
leaf extracts of G. arboreum (200 & 400 mg/kg/day, p.0.). Treatment period for all these groups was 48 hours.

Method for in-vivo Anti-Hyperlipidemic Activity of Leaf Extract of GA

Blood was collected by retro-orbital sinus puncture, under mild ether anesthesia. The collected samples were
centrifuged for 10 minutes. The serum was assayed for total cholesterol, triglycerides, high-density lipoprotein
(HDL), low density lipoprotein (LDL), and very low-density lipoprotein (VLDL) using standard protocol method.
Serum total cholesterol, triglyceride was estimated by the method of CHOD-PAP and high-density lipoprotein by the
method of GPO-PAP. Low density and very low-density cholesterol were calculated by using Friedwald formula
and VLDL: TG/5 respectively.The results of the study were expressed as meant S.E.M. Data was analyzed by using
one way analysis of variance test (ANOVA) followed by Dunnett’s t-test for multiple comparisons. Values with P <
0.05 were considered significant.

RESULTS AND DISCUSSION

Results of Phytochemical Analysis
Phytochemical screening of all the extract of G. arboreum showed the presence of various phytochemical constituents
like flavonoides, triterpenoids, carbohydrates, tannins, phytosterols and traces of alkaloids.

Results of Anti Hyperlipidemic Activity

The effect of the hydroalcoholic extract of leaves of G. arboreum was studied on serum lipids and lipoproteins level of
triton (400 mg/kg) induced hyperlipidemic rats and results are expressed as change in serum lipid and lipoprotein
levels. As expected, administration of triton X led to elevation of serum lipid and lipoprotein levels, which were
maintained over a period of study in hyperlipidemic control group and these rats, were given treatment with the
plant extract. The results were comparable with reference standard simvastatin. There was a significant elevation in
serum lipids and lipoproteins in triton induced hyperlipidemic control rats when compared with normal control. At
this time an increased level of HDL-Cholesterol was also observed. 400 mg/kg body weight G.arboreum leaf extract
reduced serum lipids significantly (p<0.001) as compared to hyperlipidemic control statistically.

Treatment with G. arboreum leaves extract (400 mg/kg) significantly decreased the level of cholesterol, triglycerides,
VLDL and LDL as compared to hyperlipidemic control. There was significant increase in the HDL as compared to
control. This effect may be due to the increased activity of lecithin: cholesterol acetyl transferase which incorporates
free cholesterol, free LDL into HDL and transferred back to VLDL and intermediate density lipoprotein. Decrease in
the triglyceride level may be due to the increase in activity of the endothelium bound lipoprotein lipase which
hydrolyses the triglyceride into fatty acid or due to inhibition of lipolysis so that fatty acids do not get converted to
triglyceride.
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Hepatic cholesterol synthesis is accelerated by triton X. Moreover, triton physically alters very low-density
lipoproteins rendering them refractive to the action of lipolytic enzymes of blood and tissues, preventing or delaying
their removal from blood. Hence the hypolipidemic effect of extracts could be due to an increased catabolism of
cholesterol into bile acids.The results obtained from the pharmacological screening have led to the conclusions that,
hydroalcoholic extract of G. arboreum leaves have significant antihyperlipidemic activity. Hence it can be exploited as
antihyperlipidemic therapeutic agent or adjuvant in existing therapy for the treatment of hyperlipidemia.
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Group Experimental Groups Treatment
| Normal Control Normal Saline
1l Hyperlipidemic or Disease Control Triton-X in saline (400 mg/kg)
1 Standard Simvastatin (10 mg/kg)
v Test-I GA extract (200 mg/kg body weight)
\Y Test-11 GA extract (400 mg/kg body weight)
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Table-2: Results of phytochemical analysis
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S. No Plant Constituents Test Performed Result
1. Carbohydrates Molisch’s test +
2. Proteins Ninhydrin test -
3. Flavanoids Shinoda’s test +
4. Alkaloids Mayer’s test +
5. Steroids Liebermann burchard’s test +
6. Terpenoids Salkowski test +
7. Saponins Froth test +
8. Tannins Ferric chloride test +
9. Glycosides Keller- kiliani test -

10. Phenolic compounds Ferric chloride test +
11. Fixed oils Spot test _

Table 3: Total Flavaniod Content

Total Flavanoid

Pet Ether Fraction

Ethyl acetate

Hydro Alcoholic

ISSN: 0976 — 0997

Content Fraction Fraction
0% 3% 9%
Table 4: Results of Anti-Hyperlipidemic Activity
Groups Total Cholesterol HDL TG VLDL LDL
Normal Control 36.55+14.2 21+4.9 55.1+6.2 10.6+1.6 4345.1
Disease Control 456+4.4 11.5+3.3 55.2+3.4 11.06+0.6 23.11+3.8
Standard 27.2+1.5% 13.7£4.2* 37.5+6.9** 7A4%1.4% 9.1+0.5*
Test-1 (200mg/kg) 36.4+3.5* 15.5+0.5** 42.1+3.3* 8.310.6* 12.143.7*
Test-2 (400mg/kg) 36.1+3.7* 21.6£2.1** 45.4+3.6* 9.1+0.7* 5.5+1.0%*
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ABSTRACT

The simple and affordable sol-gel approach was used to successfully preparation of nanostructured
spinel ferrite (CoosNiosFe1oCri004). X-ray diffraction (XRD) and high resolution transmission electron
microscopy (HRTEM) were used to characterize the prepared nanomaterial. P-nitro phenol was
converted to P-amino phenol through the catalytic reduction of spinel ferrite in the presence of sodium
borohydride at room temperature. The UV-VIS and IR spectroscopy was used to study the reduction of
p-nitro phenol to P- amino phenol. Using prepared spinel ferrite, complete reduction of p-nitro phenol
was effectively accomplished.

Keywords: Nanostructured ferrite, XRD, Catalytic reduction, Room temperature.

INTRODUCTION

Nowadays, as industrialization expands, the release of hazardous compounds into the environment has increased
exponentially. Hazardous pollutants are frequently produced by industries like textile, paper and pulp, printing,
iron and steel, petroleum, pesticides, paint, and pharmaceuticals. The wastewater from these sectors has high
quantities of both organic and inorganic pollutants. Organic pollutants such benzene hydrocarbons, sulphonamides,
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polychlorinated biphenyls, dyes, phthalates, aromatic nitrates, etc. are a severe issue because they are hazardous and
can cause cancer [1]. Aromatic nitro compounds, in particular nitrophenols, are the primary pollutants discovered in
industrial and agricultural waste waters. This happens as a result of their stability and solubility in water. Due to its
negative consequences, the US Environmental Protection Agency has designated nitrophenols as a priority
contaminant [2]. Nitrophenols have been demonstrated to be a substantial toxicity for aquatic life in addition to
causing odour problems in aquatic environments. Nitrophenols must therefore be eliminated from industrial
effluents in order to protect the environment and human health [3]. Yet, it is difficult to eliminate nitrophenols
naturally by microbial degradation since they are chemically and physiologically persistent compounds [4].
Therefore, the creation of clean, environmentally friendly techniques is necessary for the removal of these toxins
from industrial wastewater. Several oxidation and reduction processes have been recorded for the removal of
nitrophenol, including catalytic with air oxidation (CWAOQ), photo catholic degradation, electrochemical methods,
and hydrogenation reactions [5-12)] etc. One of the most important steps in the process of eliminating nitrophenols
from industrial water is reducing them to aminophenol. In reduction reactions, nitrophenols are transformed into
amino phenols, which is an important step in the commercial production. Phenols are the main ingredients in many
industrially made medicines. Moreover, several biologically active compounds are used in the commercial sector as
photographic develops and as corrosion inhibitors in paints [13-14]. Nitrophenols can be transformed into amino
phenols in a variety of ways, such as electrolytic reduction and metal/acid reduction. using reducing agents
including hydrazine hydrate and hydrazine, among others, as well as homogeneous and heterogeneous catalytic
hydrogenation and photo reduction [15-20]. The difficulties in recovering the catalyst, the problem of disposing of
the metal oxide sludge, the mutagenic and carcinogenic properties of hydrazine, etc. are just a few of the
disadvantages of this procedure. NaBH4 has shown to be a potential reducing agent because it is a gentler and more
thermally stable chemical hydride than the others [21-22]. investigated the use of CuFe204 magnetic nanoparticles in
the reduction of nitrophenol. 95% conversion was reached in 40 seconds when 200 equivalent excesses of NaBH4
were employed to observe the reduction reaction. There aren't many publications out there right now that discuss
using ferrites as a catalyst to reduce aromatic nitro compounds when using NaBH4 as a reducing agent. Ferrites are a
fantastic option for use as catalysts because of their simplicity in synthesis, ability to be recycled, low cost, and
tolerance to highly acidic and basic conditions. Determining the catalytic efficiency of ferrites made using the Sol-gel
method in the reduction process of nitrophenols to aminophenols is the main goal of the current investigation.

Experimental

Synthesis spinel ferrite (CoosNiosFe1.0Cr100s)

Simple and cost-effective sol-gel method was used to synthesize mixed metal ferrite sample (CoosNiosFe10Cr1.00a).
AR grade ferric nitrate, cobalt nitrate, nickel nitrate, chromium nitrate and citric acid were used for synthesis of
ferrite. The necessary stoichiometric ratios for the metal nitrate solutions were combined with the least amount of
distilled water possible. At 353 K, the solution was stirred using a magnetic stirrer. Ammonia solution was added to
the mixture to keep the pH between 9 and 9.5. To create a fluff-like mass, the solution combination was gradually
heated to a temperature of 373 K while being stirred continuously. The reaction was seen to cause the solution to
become viscous (converting to gel). Further heating produced colourful powder. The powder was first allowed to
cool for a while before undergoing six ethanol washes. Following washing, the powder was dried in an oven for
eight hours. To produce ferrite nanoparticles, the obtained powder was calcites at various temperatures for 8 hours.

RESULTS AND DISCUSSION

XRD and HRTEM Study

The XRD pattern of spinel ferrite CoosNiosFe1oCri1004is shown in Fig. 1.The spinel pattern shows well, high, strong
and aculeate peaks. The growth of smaller crystallites may have contributed to the broadening of the peaks. In XRD
patterns there were diffraction peaks associated with Co, Ni, Fe and Cr species. This result indicates that no inferior
phase of any impurity was identified. XRD result confirms purity of nano sample. Fig. 2 represents a high resolution
transmission electron microscopy of CoosNiosFe1oCri1004 powder. The micrograph demonstrates how a homogeneous
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product with aggregated nanoparticles was created. Fig. 2 represents HRTEM images at 20 nm spinel ferrite nano
material. It also exhibits nanorods with a hexagonal shape. The average length and diameter of the spinel ferrite
material are 45-56 nm and 15-27 nm respectively. Therefore, the surface to volume ratio is higher than in other
material, which is advantageous for catalytic applications.

The Catalytic Test

The yellow color of p-nitrophenol disappeared after 60 seconds when sodium borohydride was added to the reaction
mixture comprising CoosNiosFe1oCri00s during the conversion of p-nitrophenol to p-aminophenol. When
CoosNiosFe10Cri00s wasn't present, the decolonization took about five and a half hours. This might be because the
milder reducing capacity of NaBHs was markedly enhanced by the presence of spinel oxide. In the UV spectra, it was
possible to see that the NO:z group's 400 nm absorption peak had disappeared. O-H stretch caused the 3324 cm-1
strong sharp peak in the FTIR spectra was observed.

Anti-symmetric N-H stretching vibrations lead to 3118.33 cm-peak. Aromatic C-H stretching frequency of about
3084 cmwas discovered. In the areas 1614.13 cm, 1589.06 cm, and 1515.78 cmas a result of skeletal vibration or
aromatic C=C. 1344.14 cm?1324.86 cm?due to N-H bending, 1215.9 cmdue to C-N stretching a vibration was
noticed. The spectroscopic analysis proved that there were no contaminants as a result of the intentional synthesis of
p-aminophenol and hydrogenation of the benzene ring.It has also been documented that Ni-nanoparticles can reduce
p-nitrophenol when hydrazine hydrate is used as the reducing agent.In this case, the reaction was carried out at a
high temperature (50-60 °C) and it was demonstrated that the reaction was finished after one and a half hours. In
contrast, in the current work, p-nitrophenol was reduced by NaBHs at room temperature without the need of a
solvent, and the product was also obtained after only a short time of stirring. Reaction is given below.

- =

OH OH
COps Nigs FeqgCryg O4

NaBH,4
NDE NH2

i, -

This exemplifies how the spinel oxide catalyst directly affects the reaction activation energy. To evaluate the
catalyst's ability to be employed again, five successive fresh batches of p-nitrophenol were repeatedly reduced. The
UV-Vis absorption curves for five consecutive reductions are shown in Fig. 3. The release of hydrogen during the
hydrolysis reaction between NaBHs and water is hypothesized to be sped up by spinel oxide. According to a report,
NaBHa4 hydrolysis in water (Below reaction).

NaBHs +4H20—NaOH+H3BOs +4H:

A negligible amount of hydrogen was theoretically created. There have been numerous efforts to hasten the process
of creating additional hydrogen. Spontaneous hydrogen liberation was seen over spinel oxides with the general
formula CuM:04 (M=Al, Cr, Mn, Fe, Co). Hence, it makes sense that the presence of mixed metals spinel oxide would
trigger the in-situ, spontaneous generation of hydrogen, which would swiftly cause p-nitrophenol to decline.

Mechanism of Reduction

Ferrites have more interesting catalytic activity than single component metal oxides, as is widely documented from
the literature. The composition of the catalyst is often what determines its catalytic activity. The catalytic activity of
ferrites is influenced by a number of variables, including the particle size, redox characteristics of the metal ions, and
the distribution of those ions among the tetrahedral (A) and octahedral (B) sites of the cubic spinel lattice. The metal
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ions in the octahedral positions of ferrites are essential for catalysis. This is as a result of the exposed octahedral sites
on the surface. Moreover, metal ions at octahedral sites are positioned farther apart to allow unrestricted interaction
with the reactant molecules. Nitrophenol and borohydride ions (generated by the ionisation of NaBH4 in aqueous
medium) diffuse from the aqueous solution towards the nano ferrite surface when nano ferrite catalyst is added to
the reaction mixture. The metal ions at the octahedral positions of the nano ferrite catalyst's cubic structure serve as a
conduit for the transfer of electrons from BHa to nitrophenol, which produces aminophenol. The H* ions needed for
reduction are present in the aqueous media.

CONCLUSION

Nanostructured spinel ferrite(CoosNiosFei1oCrioO4)prepared using simple sol-gel method. XRD and HRTEM
techniques were used to confirmed the prepare nanosized material. Spinel oxide (CoosNiosFe1LoCri004) was proven to
be a powerful catalyst for the reduction of p-nitrophenol at room temperature and without the need of a solvent. The
reduction rate has significantly increased as compared to the reaction that was carried out without the catalyst. It is
described and explored how P-Nitro Phenol (PNP) transforms into P-Amino Phenol (PAP). Spinel oxide accelerated
the in-situ reaction's rate of hydrogen production from the aqueous NaBHa4 solution, which could account for the
catalyst's activity. Insights from our extensive research on the catalytic mechanism may help to enhance the
functionality of spinel ferrite-based devices for pertinent applications.

ACKNOWLEDGEMENT

The authors (ADP) acknowledge Changu Kana Thakur A.C.S. College New Panvel (Autonomous) for providing
financial support under RUSA (Rashtriya Uchchatar Shiksha Abhiyan) Government of India and the necessary
resources to carry out the research.

REFERENCES

1. Chiou, J. R, Lai, B. H., Hsu, K. C., Chen, D. H., One-pot green synthesis of silver/iron oxide composite
nanoparticles for 4-nitrophenol reduction. J Hazard Mater2013;248-249 (2013) 394-
400.https://doi.org/10.1016/j.jhazmat.2013.01.030

2. Shaoqing,Y. Jun. H, lianlong, W., Radiation-induced catalytic degradation of p-nitrophenol (PNP) in the
presence of TiO2 nanoparticles. RadiatPhysChem2010;79:103%9e46. https://doi.org/10.1016/j.radphyschem.
2010.05.008

3. Megharaj, M., Pearson, H.W. &Venkateswarlu, K. Toxicity of phenol and three nitrophenols towards  growth
and metabolic activities of Nostoclinckia, isolated from soil. Arch. Environ. Contam. Toxicol. 21, 578-584 (1991).
https://doi.org/10.1007/BF01183881

4. DaiR, Chenl, LinJ, Xia S., Chen S., Deng Y., Reduction of nitro phenols using nitroreductase from E. coli in
the presence of NADH. J. Hazard Mater2009;170:141-143. https://doi.org/10.1016/j.jhazmat.2009.04.122

5. Apolinario AC., Silva AMT., Machado BF., Gomes HT., Araujo PP., Figueredo JL., et al. Wet air oxidation of
nitro-aromatic compounds: reactivity on single- and multi-component systems and surface chemistry studies
with a carbon xerogel. Appl.Catal. B. Environ2008;84:75-86https://doi.org/10.1016/j.apcatb.2007.12.018

6. Maurino V., Minero C., Pelizzetti E., Piccinini P., Serpone N., Hidaka H., The fate of organic nitrogen under
photocatalytic conditions: degradation of nitrophenols and aminophenols on irradiated TiO2.
J.PhotochemPhotobiol A. Chem.1997;109:171-176.https://doi.org/10.1016/S1010-6030(97)00124-X

7. Xiong P., Fu Y., Wang L., Wang X., Multi-walled carbon nanotubes supported nickel ferrite: a magnetically
recyclable photocatalyst with high photocatalytic activity on degradation of phenols. Chem. Eng. J.2012;195-
196:149-157.https://doi.org/10.1016/j.cej.2012.05.007

55925



http://www.tnsroindia.org.in
https://doi.org/10.1016/j.jhazmat.2013.01.030
https://doi.org/10.1016/j.radphyschem.
https://doi.org/10.1007/BF01183881
https://doi.org/10.1016/j.jhazmat.2009.04.122
https://doi.org/10.1016/j.apcatb.2007.12.018
https://doi.org/10.1016/S1010-6030(97)00124-X
https://doi.org/10.1016/j.cej.2012.05.007

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©lJONS

Vol.14 / Issue 78 / June / 2023  International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Jadhav et al.,

Zaggout FR., Ghalwa NA., Removal of o-nitrophenol from water by electrochemical degradation using a lead
oxide/titanium modified electrode. J. Environmental Management2008;86:291-296.https://doi.org/10.1016
/j.jenvman.2006.12.033

Zhu X., Ni J., The improvement of boron-doped diamond anode system in electrochemical degradation of
pnitrophenol by zero-valent iron. ElectrochimicaActa2011;56:10371-10377.https://doi.org/10.1016/
j-electacta.2011.05.062

Chu YY., Qian Y., Wang WJ., Deng XL., A dual-cathode electroFenton oxidation coupled with anodic oxidation
system used for 4-nitrophenol degradation. J. Hazard Mater2012;199-200:179-185.https://doi.org/10.1016
/jjhazmat.2011.10.079

Rizhi C., Yan D., Weihong X., Nanping X., Effect of alumina particle size on Ni/A1203 catalysts for p-
nitrophenol hydrogenation. Chin J. Chem. Eng. 2007;15(6):884-888https://doi.org/10.1016/S1004-9541(08)60019-1
Wu Z., Chen J.,, Di Q., Zhang M., Size-controlled synthesis of a supported Ni nanoparticle catalyst for selective
hydrogenation of p-nitrophenol to p-aminophenol. CatalCommun2012;18:55-59.https://doi.org/10.1016
/j.catcom.2011.11.015

Du Y., Chen H., Chen R., Xu N., Synthesis of p-aminophenol from p-nitrophenol over nano-sized nickel
catalysts. Appl. Catal. A Gen2004;277:259-264.https://doi.org/10.1016/j.apcata.2004.09.018

Min KI., Choi JS., Chung YM., Ahn WS., Ryoo R., Lim PK, . p-Aminophenol synthesis in an organic/aqueous
system using Pt  supported on mesoporous  carbons.  ApplCatal A  Gen2008;337:97-
104.https://doi.org/10.1016/j.apcata.2007.12.004

Udupa HVK., Rao MV, The electrolytic reduction of pnitrophenol to p-aminophenol.
ElectrochimActal967;12:353-361.https://doi.org/10.1016/0013-4686(67)80013-6

Polat K., Aksu ML., Pekel AT., Electroreduction of nitrobenzene to p-aminophenol using voltammetric and
semipilot scale preparative electrolysis techniques. J ApplElectrochem2002;32:217-
223.https://doi.org/10.1023/A:1014725116051

Taghavi F., Falamaki C., Shabanov A., Bayrami L., Roumianfar A., Kinetic study of the hydrogenation of
pnitrophenol to p-aminophenol over micro-aggregates of nano-Ni2B catalyst particles. ApplCatal A
Gen2011;407:173-180.https://doi.org/10.1016/j.apcata.2011.08.036

Chen R.,, Wang Q., Du Y., Xing W., Xu N., Effect of initial solution apparent pH on nano-sized nickel catalysts in
p-nitrophenol hydrogenation. ChemEng J2009;145:371-376.https://doi.org/10.1016/j.cej.2008.07.042

] Gazi S., Ananthakrishnan R., Metal-free-photocatalytic reduction of 4-nitrophenol by resin-supported dye
under the visible irradiation. ApplCatal B Environ2011;105:317-325.https://doi.org/10.1016/j.apcath.2011.04.025
Mohamed MM., Al-Sharif MS., Visible light assisted reduction of 4-nitrophenol to 4-aminophenol on Ag/TiO2
photocatalysts synthesized by hybrid templates. ApplCatal B Environ2013;142e143:432-
441 https://doi.org/10.1016/j.apcatb.2013.05.058

] Kumarraja M., Pitchumani K., Simple and efficient reduction of nitroarenes by hydrazine in faujasite zeolites.
ApplCatal A Gen2004;265:135-139.https://doi.org/10.1016/j.apcata.2004.01.009

Kojoma Y., Suzuki K., Fukumoto K., Sasaki M., Yamamoto T.Kawai Y., et al. Hydrogen generation using
sodium borohydride solution and metal catalyst coated on metal oxide. Int J Hydrogen Energy2002;27:1029-
1034.https://doi.org/10.1016/S0360-3199(02)00014-9

FenglJ., SualL., MaY., Ren C., Guo Q., Chen X., CuFe204 magnetic nanoparticles: a simple and efficient catalyst
for the reduction of nitrophenol. ChemEng J2013;221:16-24.https://doi.org/10.1016/j.cej.2013.02.009

Russo N., Fino D. Saracco G. Specchia V. Catal Today 2007;119:228-32.https://doi.org/10.1016/
j-cattod.2006.08.012

Saadi S, Bouguelia A, Trari M. Renew Energy 2006;31:2245-56.

55926



http://www.tnsroindia.org.in
https://doi.org/10.1016
https://doi.org/10.1016/
https://doi.org/10.1016
https://doi.org/10.1016/S1004-9541(08)60019-1
https://doi.org/10.1016
https://doi.org/10.1016/j.apcata.2004.09.018
https://doi.org/10.1016/j.apcata.2007.12.004
https://doi.org/10.1016/0013-4686(67)80013-6
https://doi.org/10.1023/A:1014725116051
https://doi.org/10.1016/j.apcata.2011.08.036
https://doi.org/10.1016/j.cej.2008.07.042
https://doi.org/10.1016/j.apcatb.2011.04.025
https://doi.org/10.1016/j.apcatb.2013.05.058
https://doi.org/10.1016/j.apcata.2004.01.009
https://doi.org/10.1016/S0360-3199(02)00014-9
https://doi.org/10.1016/j.cej.2013.02.009
https://doi.org/10.1016/

Indian Journal of Natural Sciences ﬁ www.tnsroindia.org.in ©lJONS

Vol.14 / Issue 78 / June / 2023  International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997

Jadhav et al.,

Spinel Ferrite
(Cog sNig sFe, oCry 40,)

Intensity (a.u.)

10 20 30 40 50 60 70 80
20 (degree)

Fig. 1 X-ray diffraction pattern of Spinel Ferrite sample  Fig. 2 HRTEM image of spinel ferrite sample
1.2 s
PNP

1.0 4

0.8 4

0.6 4

0.4 4

Extinction

0.2 4

0.0 4

200 250 300 350 400 450 500
A (nm)

Conversion PNP To PAP

Fig. 3 UV-VIS spectrums of P-Nitro Phenol (PNP) to P- Fig. 4 Mechanism ofconversion of P-Nitro Phenol
Amino Phenol (PAP) (PNP) to P-Amino Phenol (PAP)

55927



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences w www.tnsroindia.org.in ©lJONS

Vol.14 / Issue 78 / June / 2023  International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997

RESEARCH ARTICLE

Study of Multi Story Building with Single and Multiple Shear Wall

J. Selwyn Babu! and MohdImranullah Khan*

1Professor, Department of Civil Engineering, Malla Reddy Engineering College, Hyderabad, Telangana,
India.
2PG Scholar, Department of Civil Engineering, Malla Reddy Engineering College, Hyderabad, Telangana,
India.

Received: 18 Dec 2022 Revised: 23 Mar 2023 Accepted: 02 May 2023

*Address for Correspondence
MohdImranullah Khan

PG Scholar,

Department of Civil Engineering,
Malla Reddy Engineering College,
Hyderabad, Telangana, India.

E. Mail: imran.mreca@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.

ABSTRACT

Shear wall systems are often used by buildings as one of the lateral load-resisting systems that they
include. Shear walls are the structural characteristics that are among the most efficient in preventing the
passage of lateral forces through a building. When it comes to the construction of buildings that are
meant to withstand seismic activity, reinforced concrete structural walls, which are often referred to as
shear walls, play an important role as the primary earthquake-resistant components. Shear walls have
extremely high in-plane stiffness and strength, which enables them to be utilized to simultaneously
withstand huge horizontal loads and sustain gravity loads. This permits shear walls to be employed in a
variety of applications. Due to the fact that shear walls are capable of performing both of these duties,
they are highly useful in a range of applications that fall within the purview of structural engineering.
When earthquake forces are applied to a structure, they are almost always included in order to prevent
the building from collapsing entirely. These members are mostly flexural in nature. It is very necessary to
carry out a precise assessment of seismic response of the walls since the characteristics of these shear
walls have such a substantial impact on the response of the buildings. Within the parameters of this
inquiry, a high-rise building of twenty stories is taken into consideration. There are three unique types of
RCC structures that are used today, and each of these models may have a single shear wall, a double
shear wall, or a triple shear wall. The findings of the study will be presented so that they can be
contrasted with one another and analyzed in order to gain an understanding of the behavior of RCC-
framed buildings with shear walls when they are subjected to seismic load in Zone V. Specifically, this
will be done so that the results can be compared with one another.
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INTRODUCTION

General

Shear walls are a type of structural wall that is specifically designed to withstand horizontal forces that are generated
in the plane of the wall as a result of wind, earthquakes, and other types of forces. These forces may be caused by a
variety of natural and manmade events. The most typical kind of shear wall is one made of reinforced concrete (RC),
which also happens to be the most durable material. These wall components are often used in the construction of
structures. Because of their very high in-plane stiffness and strength, shear walls are able to withstand massive
horizontal loads without being damaged. Shear walls are able to withstand large amounts of horizontal stress
because of this feature, which also enables them to support gravity loads. Because of this, the use of shear walls in a
variety of settings is now open to a broad variety of options. It is possible for the thickness of walls made of
reinforced concrete to range anywhere from 140 millimeters to 500 millimeters, but this will be depend on various
factors, including the age of the structure, the horizontal pressures that are caused by things like wind and
earthquakes, and the thermal insulation requirements of the building. These walls, in the overwhelming majority of
situations, continue to climb all the way up to the very pinnacle of the structure. These situations may be rather
specific. The placement of the walls will, in almost all cases, be symmetrical in reference to at least one axis of
symmetry that is included in the design. This will be the case in the vast majority of cases. Shear walls are able to
resist lateral loads because they transmit the load that is created by external forces such as wind or earthquakes to
the foundation. This allows the shear walls to withstand the external pressures. In addition to this, they are
responsible for the lateral rigidity of the system and carry the weight of the gravity loads that are applied to it.

Seismic Design Philosophy

The guiding principles of a certain document provide an indicator of the overall level of security that one may
anticipate getting as a result of employing it. Documents pertaining to codes make it abundantly clear that the
standards they establish are merely minimum criteria that are intended to ensure the protection of human life but do
not guarantee against the loss of property. This is made clear by the fact that the standards they establish are only
minimal criteria.

The fundamental ideas of earthquake-resistant architecture may be summed up as follows:

1. The design philosophy that was chosen for the code IS: 1893 (Part 1)-2002 was to ensure that all structures have
at least the needed degree of strength to withstand the potential hazards that may be encountered.

2. When compared to the real forces that are exerted on buildings when they are shaken by earthquakes, the
design forces that are listed in the standards are much lower. The primary criteria that should be used when
constructing earthquake-resistant structures should be based on the lateral strength of the structure.

3. It is expected that this will make it possible for the structure to endure just minor damage without falling
entirely apart. When planning the construction of a building, it is essential to take into consideration the
earthquake-generated vertical inertia forces, unless the magnitude of these forces is not considered to be
significant.

4. The design pressures that must be applied to buildings that are supported by rock or soils that are compact and
do not become liquefied or slide as a result of ground vibrations are outlined in detail in the building
regulations.

5. These pressures must be applied to ensure that the buildings remain stable. When constructing a structure, it is
essential to take into consideration the lateral design pressures that are outlined in the code IS: 1893 (Part 1)-2002.
These forces must be taken into account.
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Objectives

The following are the main objectives of this project

1. Toinvestigating the seismic conduct of multi story working by 1S 1893:2002 utilization.

2. To contrast the multi story structures with single, double and triple shear wall condition.

3. To study the values of the Story Drift, Shear, Bending, Building, time period and frequency for different shear
wall conditions

4. To examination the structures in ETABS Software.

METHODOLOGY

General

In this chapter, we will talk about the methodology that was used in the study that served as the foundation for
present investigation. This study was carried out to investigate a variety of parameters, including storey drift and
lateral displacement, with the goal of determining the optimal location for shear walls and braces inside the
structure, in addition to the most effective configuration for those components.

Equivalent Linear Static Analysis

When planning against the effects of earthquakes, one must constantly keep in mind the dynamic nature of the load
that they are trying to account for. On the other hand, analysis of easy regular structures may often be achieved by
the use of equivalent linear static techniques. This is something that can be done according to the great majority of
standards of practice to regular constructions that are low to medium in height. The approach to structural analysis
of multi-story structures that is suggested in code considers the building as if it were a distinct system with
concentrated masses at each floor levels. After computing, the value obtained from this calculation is then spread
across the height of the structure.

After collecting the lateral forces in this way, they are subsequently allocated to the different components that are
responsible for the lateral load resistance. The building in issue must be of a low height, and it must not spin an
excessive amount when the surrounding area is shifted for this to be the case. The response of the structure is read
from the response spectrum design once the natural frequency of the structure has been determined (either
calculated or defined by the building code).

Linear Dynamic Analysis

In situations in which the impacts of higher modes are not thought to be substantial, it is advised to make use of
static approaches. This is something that often occurs with buildings that have lengths that are relatively comparable
to those of neighboring structures. As a result of this, buildings like towering skyscrapers, structures with torsion
anomalies, and non-orthogonal systems need a dynamic process in order to work in the correct manner. The seismic
input can be treated in a number of different ways. After that, a simulation of the seismic input is carried out using
either of these two modeling methodologies. In comparison to linear static processes, these linear dynamic processes
have the benefit of being able to take into consideration higher modes.

Seismic Analysis by Response Spectra

Response spectrum analysis is likely the method that is utilized most frequently in design when attempting to
determine the greatest reaction that may be expected from a structure as a result of being subjected to seismic
activity. This is because response spectrum analysis can be used to determine the maximum reaction that may be
expected from a structure. This is an approximation method that makes use of linear algebra. It is possible to
determine the maximum response for each mode by using the proper response spectrum in the calculation.
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SRSS (Square Root of Sum of Squares)

One of the methods of modal combination that is used the most often is known as SRSS, which is an acronym that
stands for "square root of sum of squares." According to this rule, the maximum response in definitions of a given
parameter (displacements, velocity profile, accelerations, or even internal forces) can be estimated by taking the
square root of the total of the squares of the modal responses that contribute to the global response.

Load Combinations

The following Load Combinations have been considered for the design:
1.5(DL£LL)

1.5(DLEQX)

1.5(DLEQY)

1.2(DL + LL+EQX)

1.2(DL + LL+EQY)

(0.9DL%1 5EQX)

(0.9DL%1 5EQY)

Nogkrwdr

Where:-

DL - Dead Load

LL - Live Load

EQX-Earthquake load in X direction

EQY-Earthquake load in Y direction

Out of these different load combinations 1.5 (DL+EQX) or 1.5 (DL+EQY) load is worst load combination and was
giving worst effect on the structure in the present study.

Design Considerations
In the present study, analysis of G+ 20 stories building in Zone IV and Zone V seismic zones is carried out in ETABS.
Basic parameters considered for the analysis are:

[1] Concrete grade : M30

[2] Reinforcing steel grade :HYSD Fe500

[3] Beam dimensions : 230mmX460mm
[4] Column dimensions : 230mmX460mm
[5] Slab thickness :150mm

[6] Bottom story height t4m

[71 Remaining story heights :3m

[8] Live load ;5 KN/m?

[9] Dead load :2 KN/m?

[10] Density of concrete 125 KN/m3

[11] Seismic Zones :Zone 3

[12] Site type a1l

[13] Importance factor 015

[14] Response reduction factor : 5

[15] Damping Ratio :5%

[16] Structure class .C

[17] Basic wind speed :44m/s

[18] Risk coefficient (K1) :1.08

[19] Terrain size coefficient (K2): 1.15

[20] Topography factor (K3) :1.36

[21] Wind design code 1S 875: 1987 (Part 3)
[22] RCC design code . 1S 456:2000

[23] Steel design code : 1S 800: 2007
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[24] Earth quake design code : 1S 1893 :2002 (Part 1)
RESULTS AND ANALYSIS
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CONCLUSION

The following conclusions were drawn from this investigation.

1. After supplying the shear wall from single to triple in both X and Y direction conditions, top deflection was
decreased and attained within the permitted deflection.

2. Comparing different sites, it was discovered that the shear wall location was more efficient for shorter columns.

3. Cracked wall For regular shape building, symmetry in the outermost moment-resisting frames provides higher
performance.

4. The value of drift is discovered to be smaller for buildings with triple shear walls than for those with double and
single shear walls.

5. The value of drift is found to be lower value for building with triple shear wall shear wall than remaining cases
like double shear wall and triple shear wall.

6. The values of Shear found lower value for building with single shear wall condition system and bending is
lower for building with double shear wall.

7.  When the opening position is changed from one position to another position, it has been seen for a specific
opening in a wall.

8. This investigation led to the conclusion that as the percentage of shear walls increases, drift and deflection
decrease but shear force and bending moment increase.
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ABSTRACT

The present work has been designed to create ecofriendly edible coating from the isolated biomaterials.
The biomaterials were extracted from the selected plants such as Kappaphycusalvarezii (Doty) Doty ex
Silva (Solieriaceae), PancratiumtriflorumRoxb. (Amaryillidaceae), TerminaliacatapaL. (Combretaceae) and
Cyanodondactylon(L.) Pers. (Poaceae). These plants were frequently available biomass and are edible. The
extracted biomaterials were mixed together with different ratios to produce the edible coating solution A,
B, C, D and E. The colour, odor, pH, bubble, heating resistance, water content and water resistance of the
coating solutions were recorded. The coating solution of composition (E) gives the positive result. The
produced edible coating solution is colourless and has good stability, quality and shelf life may better
alternative to chemical and wax based edible coating solutions. The results of microbiological studies
revealed that the edible coating solution has decreased the fungal as well as bacterial contamination and
no toxicity. The successfully produced edible coating solutions were applied to selected fruits and
vegetables. The following parameters such as shelf life, sensory evaluation, weight loss, pH, shrinkage
percentage, shrivelling percentage and decay percentage were analysed at regular intervals and
recorded.

Keywords: Biomaterials, biofilm, edible coating, shelf life.
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INTRODUCTION

Fruits and vegetables are essential in human’s daily diet due to health and nutritional value associated with their
intake. However, they are products with a relatively short postharvest life, as long as they are used for consumption,
they are living tissues and may undergo physiological and biochemical changes that may have significant physical or
pathological manifestations for economic loss [1, 2].

Postharvest treatments with conventional synthetic waxes or chemical fungicides have been used for many years to
control postharvest decay and extend shelf life for fruits and vegetables. The continuous application of these
treatments has cause health and environmental issues. Considering the growing interest in healthier, safer, more
natural and environment-friendly natural coatings have been developed in recent years to avoid the use of
synthetic waxes [3]. Hence the use of edible coatings has emerged as an effective and ecofriendly and also
alternative to extend their shelf life and protect them from harmful environment [4].

In addition, coatings are able to act as a carrier of many functional ingredients such as antimicrobials, antioxidants,
antibrowning agents, nutrients or flavouring and colouring compounds enhancing food stability, quality and safety
[5]. The proposed study aims at the production of edible coating film from biomaterials from plants especially from
non toxic sea weeds and plants with rich edibility particularly carrageenan, starch, mucilage, cellulose content,
gelling agent and antimicrobial properties. Therefore, the present work is designed to create an ecofriendly edible
coating from non toxic biomaterials isolated by plants to enhance the shelf life of fruits and vegetables. In order to
separate biomaterials from plants the following species has been selected such as Kappaphycusalvarezii(Doty) Doty ex
Silva (Solieriaceae), PancratiumtriflorumRoxb. (Amaryillidaceae), TerminaliacatapaL. (Combretaceae) and
Cyanodondactylon(L.) Pers. (Poaceae).

MATERIALS AND METHODS

Collection of Plant Materials

The production of edible coating for fruits and vegetables, the following plant materials were selected for the present
study such as Kappaphycusalvarezii(Doty) Doty ex Silva, PancratiumtriflorumRoxb., Terminaliacatappa L. and
Cynodondactylon (L.) Per.The selected study plant materials were obtained from various regions of Tamilnadu and
Kerala. The seaweed Kappaphycusalvarezii were harvested from the coastal regions of Mandapam, Rameshwaram in
Tamilnadu. The tubers of Pancratiumtriflorum were collected from Karimkulam, Kerala. The Cynodondactylonleaves
were collected from N.G.M College campus, Pollachi. The essential oil (Clove oil) and badam resins were purchased
from the local market. In laboratory, the collected species were washed and cleaned under running tap water to
remove salt, sand, dust particles and other impurities. The process was repeated with distilled water. The cleaned
plant materials were kept for further studies.

Isolation of Biomaterials

Isolation of Carrageenan[6]

Dried sample of Kappaphycusalvarezii seaweeds were cut into small pieces (+ 1 cm) and then weighed 50 grams.
Samples are soaked with distilled water for 30 minutes. Then, it was extracted using NaOH with the ratio of seaweed
to the solvent 1: 20 (g/ml). The extraction was done using a hot plate at 90° C. It was filtered using a muslin cloth
when it was still hot. The filtered solution was taken in a separate container and 5 % KCI was added to stand for 15
to 20 minutes at room temperature until the gel formation. After the gel formation, they were washed with distilled
water to reach the pH of +7 and filtered using muslin cloth. The isolated carrageenan gel was dried in oven at 60°C
for 24 hours. The dried powder of carrageenan was weighed and stored for further use.
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Identification of Carrageenan
The carrageenan is determined by soluble in water at a temperature of 80° C, forming a viscous clear solution and
insoluble in ethanol.

Isolation of Starch [7]

The fresh tubers of Pancratiumtriflorum were cut into small pieces and the samples were ground with distilled water.
The ground slurry was then sieved and filtered using a coarse sieve and muslin cloth. Filtrate was allowed to settle
for 2 hours, the resulting starch was washed three times with distilled water and allowed to settle for 21 hours. After
21 hours, supernatant was decanted, the starch (wet) was dewatered and then oven dried at a temperature of 55° C
for 4 hours. Finally the dried starch was collected in a container for further use.

Identification of Starch
The iodine test is used to analysis the presence of starch. Add 2 ml of iodine solution in the sample. The colour
turned to blue to black confirmed the presence of starch.

Isolation of Cellulose[8]

Cellulose isolation was carried out using the pulping technique consisting of four steps: (1) mild acid hydrolysis with
0.4% H2SOa4 for one hour, and subsequent washing; (2) chlorination with 3.5% citric acid, stirring the solution in a
water bath at 30° C to pH 9.2, washing with distilled water until neutral pH; (3) alkaline extraction with 20 % NaOH
under stirring for 1 h, followed by a washing process; (4) bleaching with a solution of 0.5 % citric acid and
continuous stirring for 1 hour, and a final wash to neutral pH. Then the material was manually shredded and placed
in an oven for 24 hours at 60° C. The material was weighed to determine the total yield of the cellulose.

Identification of Cellulose
The cellulose was confirmed through iodinated zinc chloride solution. A small amount of sample was placed in a
watch glass and dispersed with iodinated zinc chloride solution. The violet blue colour confirmed cellulose

Isolation of Mucilage

The shade dried plant materials were soaked with distilled water for 1 hour; fully soaked materials were boiled for
30 minutes and allowed to stand for 15 minutes. Then the material is centrifuged at 8000 rpm for 15 minutes to
release mucilage. The supernatant is collected. The yield of isolated mucilage was weighed and stored for further
use.

Preparation of Coating Solution

The coating solution was prepared from isolated biomaterials of study plants such as carrageenan, starch, cellulose,
mucilage, resin and essential oil (Clove oil). The isolated biomaterials were combined together with different
proportion to form a coating solution and to produce final transparent edible coating solution. A known quantity of
isolated biomaterials such as carrageenan, mucilage, starch, cellulose, resin and essential oil were added in 100 ml
distilled water. The mixture solution was stirred for one hour using magnetic stirrer at room temperature, followed
by the solution was heated at 40° C for 10 minutes continuous stirring using glass rod. Then the solutions was
autoclaved for 121° C at > psi for 15 minutes. The final volume of the solutions was kept under room temperature for
1 minute.

Processing of Coating Solution

The edible coating technology was tested for the following fruits and vegetables i.e. MalusdomesticaBorkh (Apple),
Musa acuminataColla (Banana) Capsicum annuum L. (Chilly) and Solanumlycopersicum L. (Tomato) respectively. The
testing samples were selected accordingly uniform size, colour and absence of damage and fungal contamination.
The uncoated testing samples (Fruits and vegetables) were used as a control.The testing samples (fruits & vegetables)
were capsulated with edible coating solution by dipping process according to Prasad et al., 2018 [9].The testing
samples were soaked in 50 % sodium chloride solution for two minutes to remove all contaminants. Further the
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samples were submerged in coating solution container for few second. Then the samples were taken out to allow
excess coating by drain until the uniform coating formation. Finally the samples were dried under ambient
conditions. After drying, samples were stored at room temperature. The observations were performed on both
control and coated fruits and vegetables for regular intervals of storage period.

Observations

The following parameters were tested for the present study.

Parameters for Edible Coating Solution

Sensory Evaluation [10]

For sensory evaluation, visual inception of color, odor, bubble and pH were observed.

Heat Resistance Analysis

The heat resistance capacity of prepared coating solutions are identified at 10, 30, 50, 70 and 1000 C temperatures.
Water Content Analysis [11]

Determination of water content was performed by drying method, the following formulae was used as follows.

Inital Weight — Final Weight <100

Percentage of Water Content = - -
Inital Weight

Water Resistance Analysis [12]
1x1 cm of dried coating film was weighed and soaked for 10 seconds in distilled water. The final weight of the

soaked film are weighed. Procedure of soaking and weighing were carried out back until final sample mass will
constant.

Water resistance (w) = %xloo

0
Where, Wo - Initial sample mass, W - Final sample mass.
Microbial Analysis
The antimicrobial activity of coating solution was studied by streak plate method. The microbial inhibition were
tested by the following microorganisms such as Escherichia coli (MTCC 77), Staphylococcus aureus (MTCC 96),
Klebsiellapneumoniae (MTCC 3384), Pseudomonas aeruginosa (MTCC 424) and fungi like Aspergillusniger (MTCC 282).
The organisms were purchased from PSG Hospitals, Coimbatore, Tamilnadu state in India.100 mm sterile | - petri
plates (2-section) were taken and the first section filled with freshly prepared nutrient agar medium and potato
dextrose agar medium separately, followed by the second section filled with coating solution. The microbial strains
were streaked on the both side of the plate. The inoculated petri plates were kept in incubator at 28°C for 24 hours.
The microbial growth was observed and recoded.

Parameters for Treated Fruits and Vegetables

Shelf - Life Test
The shelf life assessment of testing samples of coated and non-coated fruits and vegetables was assessed by visual
inception on daily basis.

Sensory Evaluation [13]

During storage, the sensory evaluation of stored testing samples were performed by a panel of five members on
hedonic scale ranging from 0 to 5, where 1 = very bad, 2 = bad, 3 = medium, 4 = good and 5 = excellent. Color, aroma,
appearance and overall acceptability were recorded.

Weight Loss [14]

Weight loss of the testing samples was performed for weekly intervals until the end of experiment. The weight loss
(WL) percent was determined by using following the formula.
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WL:@xlOO
A

Where, A - Initial weight. B - Final weight

pH Measurement
The samples were cut into small pieces and homogenized in a grinder. 10 g of grounded samples were suspended in
100 ml of distilled water and then filtered. The pH of the samples was assessed using a pH meter.

Titratable Acidity [15]

The titratable acidity of samples was calculated by titration method. 50 ml of juice samples were titrated with 0.1 N

NaOH, few drops of phenolphthalein was used as indicator. The titration done triplate till the concrete reading has

been achieved.

0.064 x Normality of NaOH x Titre Value
Volume of Sample (ml)

Fruit Shrivelling Percentage [16]

Fruit Shrivelling Percentage (FSH %) of testing samples was evaluated based on a 4-score scale as: 1- very shrivelling,

2- low shrivelling, 3- normal and 4- very smooth.

Percentage of Acidity = %100

Shrinkage Percentage [17]

The length and breadth of fruits and vegetables were measured as an index for shrinkage. The samples were

measured by using Verniercalliper weekly interval during the storage period.

Initial length — Final length
Initial length

Initial breadth — Final breadth

. . _ 1
Shrinkage percentage in terms of breadth nitial breadih %100

Shrinkage percentage in terms of length = x100

Decay Percentage [18]

The testing samples of fruits and vegetables were examined for mold growth during periods of storage. The
sample was considered infected when a visible lesion was observed. The decay incidence was expressed as
percentage of samples infected for all samples were used for measurement.

Initial Weight — Final Weight><

e - 100
Initial Weight

Decay percentage =

Statistical Analysis
The collected data of results were analyzed statistically and carried out with the SPSS Software.

RESULTS AND DISCUSSION

Preparation of Edible Coating

The present study for the preparation of edible coating for fruits and vegetables the following biomaterials were
extracted viz. carrageenan from Kappaphycusalvarezii (Doty) Doty ex Silva (Solieriaceae), mucilage and starch from
PancratiumtriforumRoxb. (Amaryillidaceae)cellulose from Cyanodondactylon(L.) Pers. (Poaceae) and the resins were
obtained from TerminaliacatapaL. (Combretaceae) Fig. 1. The current work to produce eco-friendly edible coating
from these combinations of biomaterials has a completely new record; previously no work has been published on
these formulations. Biomaterials were extracted using different methods. The extracted biomaterials were combined
at different ratios to form formulations A, B, C, D, and E. The volume of the final coating solution obtained, colour,
pH, odor, heating resistance, water content and water resistance were recorded and tabulated (Table 1, 2 & 3 and
Figure 2 to 4). Based on coating ability and quality the formulation E shown positive results, whereas the formulation
A, B, C and D are exhibited negative results. Finally the formulation E is selected for the coating process on fruits and
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vegetables. The edible coating produces has good strength and stability, Therefore the replacement of chemical and
synthetic wax based coatings make the basis for sustainable and ecofriendly edible coatings. Likewise many authors
have extensively studied ecofriendly edible coatings from plants such as Aloe vera gel, neem, lemon grass, rosemary,
tulsi, and turmeric. Usually herbs have antimicrobial properties including vitamins, antioxidants and essential
minerals [19, 20, and 21].Ginger, essential oil, clove bud oil; turmeric neem extract, mint oil, other essential oil and
extracts are also used in edible coating of fruits and vegetables. Herbs are natural source of vitamins, minerals,
antioxidants, beneficial for health act as a nutraceutical and medicines [23, 24].

Evaluation of physical and chemical parameters for edible coated fruits and vegetables during storage period

The prepared coating solutions were applied by dibbing method on some selected fresh fruits and vegetables like
apple, banana, chilly and tomato respectively. After the coating process it is observed the encapsulated coating looks
transparent appearance. During storage period the following physical and chemical parameters were tested.

Sensory Evaluation

The sensory evaluation (color, aroma, appearance and overall acceptability) of the control and coated samples were
examined at intervals of three days during the storage period. The edible coating enhances the sensory quality and
extends the shelf life of coated samples rather than control samples. Some control samples are deteriorating and
completely unacceptable but coated samples remain intact. Thus, the sensory evaluation revealed that the edible
coating treated samples score high in hedonic scale than the control samples. At the end of the storage period,
panellist members gave high score to edible coated treated samples (Table 4). The coated samples have no significant
difference at the end of the storage period. It could be concluded that the maximum score can be related to the
minimum water loss from the fruit surface and maintenance of better balance between sugars and acids of fruit juice
[25]This study similar to Seehanamet al. [26] which said that the coated tangerine fruits showed higher gloss and
better visual appearance results as compared with the non - coated fruit.

Weight Loss

The weight losses of coated samples are compared to the control samples during the storage period for all tested
fruits and vegetables. Water transfer is restricted by coatings that act as barriers and protect fruit skin, thus delaying
dehydration[27]. Thus, the control sample causes changes in morphology as well as fungal and bacterial
contamination, while the coated sample has no changes in morphology and the absence of contamination (Table 6).
Respiration and transpiration are a major cause of weight loss of fruits and vegetables. Hence the edible coating
decreased the respiration and transpiration rate by acting as a semi permeable membrane on the surface of the fruits
and vegetables. According to Perez-Gago, Serra and delRio [28], coatings of edible material applied as a thin layer
can offer a possibility to extend the shelf life of fresh-cut vegetables by providing a semi permeable barrier for gases
and water vapor, reducing, therefore, respiration and water loss and thus avoiding dryness and weight loss.

pH

The pH value of both control and coated test samples were increased gradually during the storage period. The pH
value of coated samples was lesser when compared to control samples (Table 6). As the storage time passes, the
senescence occurs in fruits during which there will be increase in the pH value [29]. It is also due to a decrease in
acidity and an increase in TSS value as the fruits ripen at the storage time [30]. Coating reduces respiratory and
metabolic rates, and thereby the lesser utilization of organic acids, reported by Baraiyaet al. [31].The results showed
that the coatings show better control on pH during the entire storage period compared to control samples.

Titratable Acidity

The titratable acidity of uncoated and coated samples was analyzed regularly during the storage period. The
titratable acidity level of both control and coated samples were gradually decreased over the storage period.
Titratable acidity was higher in coated samples compared with uncoated samples. The reason for fall in acidity level
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is the utilization of organic acid in the respiration and metabolic process[32] also suggested that the decrease in
acidity has been attributed towards the conversion of organic acids into sugars and their further utilization in the
metabolic process of the fruit (Table 7).

Shrivelling Percentage

The shrivelling percentage of the control and coated samples were examined at intervals of three days during the
storage period based on a 4 - score scale. The control samples showed lowest score compared to coated samples
(Table 8).

Shrinkage and Decay percentage

The shrinkage percentage of control and coated fruits and vegetables in terms of length and breadth were observed
on weekly intervals. The maximum shrinkage percentage (length) for Banana and Tomato observed in control ranges
from 88.56 at 0 day to 84.36 at 14t day of storage and 65.95 at 0 day to 62.17 at 21t day of storage respectively. The
shrinkage percentage (length) of coated samples resulted minimum when compared to control; similarly other tested
samples also reflected better result for coated samples (Table 9). The shrinkage percentage (breadth) of fruits and
vegetables also reflected the minimum value in coated samples than the control (Table 10). It is clearly indicates that
the coating biomaterials retard the activity of enzymes responsible for ripening, cell degradation was prevented and
help to reduce moisture loss and lesser respiratory gas exchange, hence delay in senescence and lower the shrinkage
percentage. Similarly the decay percentage of the coated samples also resulted better than the uncoated control
(Table 11).

Microbiological Analysis

Microbiological analyses of edible coating solution were carried out on streak plate method. Two section petri plates
were used to fill nutrient agar medium and edible coating solution respectively. After incubation period the streak
plates were observed and the microbial growth was noted. Interestingly the result indicates that the first half of
nutrient agar medium shows higher microbial population; meanwhile the second half of edible coating solution
shows no growth for selected bacterial and fungal strains. It is indicates that the stronger antimicrobial ability of
edible coating solution. It may due to the presence of natural antimicrobial compounds in edible coating solution.
This edible coating solution has been suggested to as alternatives to synthetic coating ones for preserving fruits and
vegetables quality, owing to their effectiveness against spoilage and food borne pathogens. Recently the use of edible
coatings as polymeric matrices for the entrapment of natural antimicrobial agents has been investigated as a
promising alternative to overcome these limitations by lowering the diffusion of active compounds onto food
surfaces and hence maintaining their concentrations at a critical level for microbial growth inhibition over long
periods of storage [33]. Moreover, edible coatings may act as a semi permeable barrier providing an additional
protection for foods against moisture loss, solute migration, gas exchange, respiration, and oxidative reactions
[34].This in agreement with Natalia et al. [35] prepared edible antimicrobial coating using plant extracts showed that
the extracts of clove, garlic and cinnamon are incorporated in coating to reduce the growth of Pseudomonas fluorescens
and showed stronger antibacterial activities.

CONCLUSION

In this study, the coated fruits exhibited more shelf life period when compared with the control. The results showed
that the edible fruits coating is an eco friendly approach and showed the less microbial growth in room temperature.
The present study concluded for edible coating solution used for various fruits and vegetables but the problem is the
materials do not resist to over moisture level.
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Table 4. Effect of edible coatings on sensory evaluation of fruits and vegetables during storage period

S.No | Plant name Biomaterial Initial Final Percentage of Colour | Texture
name weight weight yield (%)
(grams) (grams)
1 Kapphaphycusalverezii Carrageenan 5 35 70% White | Powder
2 Pancratiumtriflorum Mucilage 50 20 60% White | Colloid
3 Pancratiumtriflorum Starch 5 35 70% White | Powder
4 Cyanodondactylon Cellulose 10 0.762 7.62% White | Powder
Table 2.Formulations of edible coating solutions
S.No Biomaterials name Solution A | Solution B | Solution C | Solution D | Solution E
) () () Q) *)
1 Carrageenan 15 15 15 1.0 15
2 Mucilage 3.0 3.0 3.0 3.0 3.0
3 Starch 2.0 15 01 0.5 0.01
4 Cellulose 15 1.0 05 0.01 0.01
5 Resin 0.2 0.02 0.2 0.02 0.01
6 Essential oil (Clove oil) 0.005 0.005 0.005 0.005 0.01
7 Distilled water (ml) 100 100 100 100 100
+ Positive result, - Negative result
Table 3. Physical properties of edible coating solutions
Properties Solution A | Solution B | Solution C | Solution D | Solution E
Colour White White White Colorless Colorless
Odor No specific | No specific | No specific | No specific | No specific
Ph 7.3 1.7 7.2 7.9 7.0
Bubble High High Medium Low Low
Heating resistance 60 60 60 60 60
Water content 50 35 20 35 15
Water resistance 12.67 17.64 17.64 19.14 20.93

Sample Treatments Storage periods (days)

0 3 6 9 12 15 18 21
Control 5 5 4 4 4 3 2 2
Apple Coated 5 5 5 4 4 4 4 4
Control 5 3 3 2 1 - - -

Banana Coated 5 5 4 4 4 3 - -
Control 5 5 4 3 3 3 - -

Chilly Coated 5 5 5 4 4 4 3 3
Control 5 5 4 4 4 3 3 2
Tomato Coated 5 5 5 5 5 4 4 4

Hedonic scale ranging from 0 to 5, where 1 = very bad, 2 = bad, 3 = medium, 4 = good and 5 = excellent
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Table 5. Effect of edible coatings on weight loss of fruits and vegetables during storage period

Sample Treatments Storage period (Weight in grams)
0 7 14 21
Apple Control 140.64+0.27 139.21+0.44 136.2+0.72 120.55+054
Coated 143.52+0.75 140.75+0.58 129.76+0.91 128.19+0.62
Banana Control 88.56+0.88 87.68+0.91 84.36+1.66 -
Coated 84.11+0.92 83.7+£1.47 81.55+0.97 -
Chilly Control 12.15+£1.27 8.38+0.75 8.12+0.43 -
Coated 12.54+0.98 12.11+0.95 10.92+0.57 9.2+0.41
Tomato Control 65.95+0.21 64.14+1.42 65.95+0.62 62.17+0.24
Coated 60.02+0.34 59.11+0.97 57.56+0.71 56.43+0.39
Mean £ SD
Table 6. Effect of edible coatings on pH of fruits and vegetables during storage period
Sample | Treatments Storage periods
0 3 6 9 12 15 18 21
Apple Control 4.68+0.14 | 4.99+041 | 5.00+0.74 | 5.00£0.92 | 5.10+0.16 | 5.14+0.27 | 5.21+0.44 | 5.25+1.29
Coated 4.68+0.25 | 4.68+0.38 | 4.97+0.65 | 5.08+1.21 | 5.06+0.29 | 5.11+0.11 | 5.17+0.75 | 5.21+0.94
Banana Control 4.48+0.73 | 4.484+0.17 | 458+0.52 | 5.08+0.74 | 5.26+0.64 - - -
Coated 4.48+0.61 | 450£0.26 | 4.52+0.47 | 5.09+0.83 | 5.29+0.42 - - -
Chilly Control 5.64+0.09 | 5501044 | 5.54+0.66 | 5.68+0.07 | 5.71+0.77 | 5.86+0.45 - -
Coated 5.64+0.17 | 5.39£052 | 5.39+0.72 | 5.57+0.14 | 5.69+0.65 | 5.81+0.71 - -
Tomato Control 4560.16 | 4.36£0.18 | 4.69+0.61 | 5.12+0.47 | 5.07£0.49 | 5.11+0.94 | 5.11+0.71 | 5.26+0.19
Coated 4.82+0.11 | 4.90+£0.24 | 5.05+0.58 | 5.07£0.63 | 5.11+0.44 | 5.18+1.28 | 5.19+0.82 | 5.20+0.27
Mean + SD
Table 7. Effect of edible coatings on titratable acidity of fruits and vegetables during storage period
Sample | Treatments Storage periods
0 3 6 9 12 15 18 21
Apple Control 0.20+0.74 | 0.184£0.91 | 0.17+0.46 | 0.14+0.85 | 0.13+£1.12 | 0.10£0.41 | 0.08+0.07 | 0.07+0.73
Coated 0.21+0.78 | 0.21£0.27 | 0.20+0.24 | 0.18+0.74 | 0.16+£0.36 | 0.12+0.41 | 0.12+0.85 | 0.10+0.76
Banana Control 0.23+0.46 | 0.19+0.09 | 0.16+0.37 | 0.11+0.42 | 0.08+0.78 - - -
Coated 0.22+0.23 | 0.21£0.17 | 0.17+0.29 | 0.14+0.47 | 0.13+£0.11 | 0.12+0.78 - -
Chilly Control 0.27+0.14 | 0.23+0.84 | 0.20+0.45 | 0.18+0.94 | 0.15+0.65 | 0.09+0.45 - -
Coated 0.27+0.57 | 0.26+0.42 | 0.23+0.70 | 0.19+0.52 | 0.18+0.23 | 0.15+0.41 | 0.13+0.90 | 0.11+0.54
Tomato Control 0.31+0.85 | 0.29+0.46 | 0.26+0.27 | 0.21+0.54 | 0.19+0.76 | 0.17+0.85 | 0.13+0.19 | 0.11+0.57
Coated 0.32+0.54 | 0.31+0.86 | 0.28+091 | 0.26+0.67 | 0.25+0.74 | 0.24+0.82 | 0.23+0.63 | 0.21+0.98
Titratable acidity in percentage % Mean + SD
Table 8. Effect of edible coatings on shrivelling percentage of fruits and vegetables during storage period
Sample Treatments Storage periods
0 3 6 9 12 15 18 21
Apple Control 4 4 4 3 3 3 2 2
Coated 4 4 4 4 4 3 3 3
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Banana Control 4 4 4 3 3 - - -
Coated 4 4 4 4 3 2 - -

Chilly Control 4 4 4 4 3 2 - -

Coated 4 4 4 4 4 3 3 3

Tomato Control 4 4 4 4 3 3 2 2
Coated 4 4 4 4 4 4 3 3

4-score scale as: 1-very shrivelling, 2- low shrivelling, 3- normal and 4- very smooth

Table 9. Effect of edible coatings on shrinkage percentage (length) of fruits and vegetables during storage period

Sample Treatments Storage period
0 7 14 21
Apple Control 98.64+0.47 96.21+0.85 94.2+0.92 92.55+0.42
Coated 98.52+0.76 97.75+1.07 96.76+0.73 96.19+0.84
Banana Control 88.56+0.99 87.68+0.92 84.36+1.06 -
Coated 84.11+0.57 83.7+1.22 81.55+0.75 -
Chilly Control 12.15+1.46 8.38+0.76 8.12+0.48 -
Coated 12.54+0.31 12.11+0.19 10.92+0.73 9.2+0.42
Tomato Control 65.95+0.49 64.14+0.45 65.95+0.94 62.17+0.56
Coated 60.02+0.97 59.11+0.73 57.56+0.57 56.43+0.79

Shrinkage percentage %, Mean + SD

Table 10. Effect of edible coatings on shrinkage percentage (breadth) of fruits and vegetables during storage
period

Sample Treatments Storage period
0 7 14 21
Apple Control 0 0.93+0.43 2.79+0.1.43 4.65+0.94
Coated 0 0.47+0.31 1.90+0.82 2.85+1.55
Banana Control 0 2.54+1.29 5.93+0.46 -
Coated 0 1.69+1.46 4.23+0.37 -
Chilly Control 0 4.41+0.93 13.23+0.51 -
Coated 0 2.77£0.95 4.16x0.97 5.55+0.91
Tomato Control 0 1.17+0.48 2.94+1.25 5.29+0.42
Coated 0 0.62+0.29 1.87+0.96 3.75+0.35

Shrinkage percentage %, Mean + SD

Table 11. Effect of edible coatings on decay percentage of fruits and vegetables during storage period

Sample Treatments Initial weight Final weight Decay percentage %
Control 140.64+0.94 120.55+0.88 14.28+0.61
Apple Coated 14352+0.41 128.19+1.37 10.68+0.43
Control 88.56+0.34 84.36+0.48 4.74+0.97
Banana Coated 84.11+0.49 81.55+0.89 3.04+0.38
Control 12.15+0.93 8.12+0.97 33.16+0.46
Chilly Coated 12.54+0.53 9.2+1.14 27.48+0.93
Control 65.95+0.83 62.17+0.92 5.73+1.27
Tomato Coated 59.11+0.31 56.43+0.53 4.53+0.91

Decay percentage %, Mean + SD
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c. Cyanodon daciylion (L.) Per. . Terminalio catapa L.

Figure 1. Photographs of study plant species

. Starch ol Cellulose

Figure 2. Biomaterials isolation process
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e. Prepared edible coatingeg solution

Figure 3. Showing the steps in coating solution preparation

Conted fruits and vegetables

Figure 4. Processing of edible coating on fruits and vegetables
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ABSTRACT

Xerostomia in older individuals is one of the cause of failure of complete dentures due to lack of
retention and stability of dentures. The treatment of choice for such patients is the use of salivary
stimulants, topical agents, saliva substitutes, synbiotics and systemic sialogogues and prosthodontically
by means of a salivary reservoir incorporated denture. To assess the effect of synbiotics on quantity and
pH of saliva in completely edentulous individuals. The study prospectively reviewed pH and quantity of
saliva from samples taken from completely edentulous individuals at baseline and after intervention in
Control (Group 1) and Study group (Group 2) respectively. Synbiotics did show an increase in quantity
of saliva, however, change in quantity and pH of saliva was not statistically significant (P>0.05) The
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effect of synbiotics on quantity and pH of saliva in completely edentulous individuals was not
statistically significant.

Keywords: Prebiotics, Probiotics, Xerostomia, Synbiotics, Modulation Of Saliva

INTRODUCTION

Combination of electrolytes, glycoproteins and enzymes forms saliva which lubricates and keeps the oral mucosa
hygienic. In addition, it protects the mucosa from distress, aids in digestion and also helps with the process of taste
sensation. In complete dentures, saliva helps with retention of the prosthesis [1]. Saliva also plays a profound role in
decreasing the chances of stomatitis and candidiasis by maintaining the pH of oral cavity. In patients with
xerostomia, the oral mucosa becomes dry, tends to crack and ulcerate which makes wearing removable prostheses
uncomfortable as it may lead to frequent ulcerations, poor retention, difficulty in speaking and swallowing.
Xerostomia is seen in Sjogren Syndrome (SS), after radiotherapy, autoimmune diseases or as side effect of
medications [2]. It can be managed by the use of salivary stimulants, topical agents, saliva substitutes and by means
of denture with salivary reservoir.

World Health Organization (WHO) defined Probiotics as ‘live microorganisms which when administered in
adequate amounts confer a health benefit on the host.” A number of probiotic induced benefits on the general health
has been proposed, such as decrease in susceptibility to infections, allergies as well as lowered blood pressure and
serum cholesterol values [3]. It has also shown to alter the composition of saliva and also efficiently lessen the risk of
xerostomia [1]. Prebiotics are defined as “substrates that are selectively utilized by host microorganisms conferring a
health benefit [4] which have the capacity of altering the intestinal microflora. Some of the commonly known
prebiotics are lactose, inulin, fructo-oligosacccharides, galacto-oligosaccharides and xylo-oligosaccharides [5].

Gibson and Roberfroid introduced the concept of “Synbiotics”- “a mixture of probiotics and prebiotics that
beneficially affects the host by improving the survival and implantation of live microbial dietary supplements in the
gastrointestinal tract, by selectively stimulating the growth and/or by activating the metabolism of one or a limited
number of health-promoting bacteria, and thus improving host welfare” [6]. One such commercially available
formulation of synbiotics is Vibact-DS (Mumbai, India) capsules with strains of 4 beneficial bacteria
namely Streptococcus faecalis, Clostridium butyricum, Bacillus mesenteric and Lactobacillus sporogenes, which was used in
this study and will be henceforh named synbiotics. Effect of synbiotics on quantity and pH of saliva in completely
edentulous patients was assessed in this study.

MATERIALS AND METHODOLOGY

Simple random sampling of 40 patients were done with 20 in control Group (Group 1) and 20 in study group (Group
2) according to the inclusion criteria (Table 1) after taking consent from the patients. In the first visit, the participants
were asked to rinse their mouth with water and wait for 10 minutes prior to collection of saliva. Participants were
allowed 10 minutes between collection of unstimulated and stimulated saliva. Samples were collected between the
time frame of 9am to 12pm and quantity and pH of both stimulated and unstimulated saliva were assessed. Resting
saliva was collected followed by acid stimulated saliva.

Whole Unstimulated Saliva

Patients were asked to sit quietly with their head slightly lowered without talking or chewing and to spit any saliva
that accumulates in the floor of the mouth. Saliva within the first minute of collection was discarded to eliminate
food debris and unwanted substances, after which the saliva that was pooled in the floor of the mouth for 5 minutes
and then collected into a graduated beaker and the quantity was measured.
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Whole Stimulated Saliva

The patient was asked to swish 0.25% citric acid solution twice for 15 seconds and then spit out. Followed by
collection of saliva for next 5 minutes, by spitting into a pre-weighed beaker after discarding first minute of saliva
collection.

pH of Saliva

pH of saliva was tested using pH-O-Meter for both unstimulated and stimulated sample of saliva. Participants of
study group were provided with synbiotics and participants in control group were given empty gelatin capsules,
which were taken once daily for a period of 14 days. All assessment variables under study were compared by
applying Student’s Paired ‘t’ test from before to after intervention in both the groups under study at 5% (p, 0.05) and
1% (p, 0.01) level of significance. Statistical analysis software namely SYSTAT version 12 (made by Crane’s software,
Bangalore) a licensed copy was used to analyse the data.

RESULTS

Salivary parameters of quantity (stimulated and unstimulated) and pH of saliva before and after intervention with
empty gelatin capsules and synbiotics are shown in (Table 2) and (Table 3) respectively. In control group and study
group, quantity and pH of saliva did not show statistically significant changes after intervention [p>0.05]. On
comparing the mean values of quantity of saliva after intervention in control and study group there was an increase
in salivary secretion after intervention in study group, compared to control group as shown in table (Table 4) while
pH was not affected. By applying Student’s Unpaired ‘t’ test there is no statistically significant difference [p>0.05] in
the mean values of parameters of saliva after intervention when control group was compared with study group as
shown in (Table 5)

DISCUSSION

Quality of life and nutrition are encumbered in older completely edentulous individuals due to decrease in salivary
flow [6], leading to poor retention of the prosthesis and digestion of food which further affects nutrient absorption
capacity. Prolonged indigestion may lead to altered flora and acute or chronic inflammation of the intestines.
Suggested protocol for such cases are prebiotics, probiotics or synbiotics [7]. If salivary pH is acidic in nature then the
denture wearers are more prone to oral candidiasis [8]. Studies have shown that effect of prebiotics [9],
probiotics [1,3] and synbiotics [10-12] increases and influences the composition of saliva, such as the concentrations
of mucins and salivary immunoglobulins and also maintains pH. Growth and activity of beneficial organisms is
enhanced and simultaneously activity of potentially deleterious bacteria is suppressed, thus modifying the balance of
microflora in that region. [11] Exact mechanism of how synbiotics is still unclear but proposed mechanisms
include [10]:

a) Enhancement of colonization of hard and soft tissues in the oral cavity,

b) Modulation of the immune response and

¢) Antagonism of pathogens either by the production of antimicrobial compounds or through competition for
mucosal or binding sites.

Combining the effects of fermentable substrates and live microorganisms are known as synbiotics. They may be
complementary or synergistic. If the prebiotics and probiotics have their own independent action that may confer
health benefits then they are called complementary and if they are dependent on each other to elicit a health benefit
then they are called synergistic [13]. Synbiotics in the study falls under synergistic combination of pre and probiotics
with  genetically = modified Bacillus  mesentericas  probiotic  and, Streptococcus  faecalis, Clostridium
butyricum and Lactobacillus sporogenes as probiotic, which helps in restoring the flora of intestine. Spitting method
of salivary collection and pH of both stimulated and unstimulated saliva was checked [14,15].

55952



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©lJONS

Vol.14 / Issue 78 / June / 2023  International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997

Palekar et al.,

Effect of synbiotics on quantity and pH of saliva in completely edentulous individulas was accessed. Synergestic
effect of synbiotic did show an increase the quantity of saliva in the study group, however it was not statistically
significant. There was no effect on pH of saliva in both stimulated and unstimulated conditions. A comparison of
results of this study could not be made as this study is first of its kind. Although this study did show an increase in
the quantity of saliva, exact mechanism of this effect could still not be identified.

CONCLUSION

Synbiotics are now viewed as a prime tool that helps in reducing and preventing risks related to diseases. Most
research on synbiotics has been done in humans, but research is increasingly focused on animals. Improved numbers
of beneficial bacteria and reduced potential pathogen load after administration of synbiotics to livestock. has been
proven. This study concludes that consumption of synbiotics did not lead to statistically significant effect on quantity
and pH of saliva in completely edentulous patients. Nevertheless, further studies must be conducted in this direction
so as to elucidate the exact mechanism of functioning of synbiotics.
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Table:1: List of inclusion and Exclusion Criteria
Inclusion criteria Exclusion criteria

Those who are on any other pro/prebiotic or
Subjects above 55 years of age who are
synbiotics supplements during the course of the
completely edentulous.
study

Subjects who use salivary stimulants, topical
Omnigender agents, saliva substitutes and systemic
sialogogues
Healthy, non-smokers without any systemic
Subjects with a history of salivary gland disorder
diesease
Subjects willing for the study and has signed

Subjects not willing for the study
informed consent

Table 2: Comparison of mean and SD values of all parameters of saliva before and after intervention in the
Control group
Control group (n=20)

Before After Student’s
‘p’ value
intervention intervention Paired ‘t’ test
and significance
Mean = SD Mean = SD value
Quantity of Saliva (M) p=0.5763
0.88+0.25 0.85+0.26 0.5297
Unstimulated not significant
Quantity of Saliva (M) p=0.8638
2.20£1.00 2.19+1.04 0.1765
Stimulated not significant
p=0.6636 not
pH of Saliva Unstimulated 7.19+0.10 7.19+0.10 0.4497
significant
p=0.2967
pH of Saliva Stimulated 7.65+0.13 7.62+0.13 .1068

not significant
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Table 3: Comparison of mean and SD values of parameters of saliva before and after intervention in the Study

group

Quantity of Saliva (MI)
Unstimulated
Quantity of Saliva (MI)
Stimulated
pH of Saliva
Unstimulated
pH of Saliva

Stimulated

Study group (n=20)

Before
intervention

Mean + SD

1.17x0.75

3.23+2.13

7.21+0.12

7.68+0.11

After intervention

Mean + SD

1.21+0.68

3.29+221

7.24+0.11

7.68+0.12

Student’s Paired

‘t’ test value

0.7682

1.000

1.846

0.1606

‘p’ value and

significance

p=0.4620
not significant
p=0.3434
not significant
p=0.0980 not
significant
p=0.8760

not significant

Table. 4. Comparison of mean and SD values of parameters of saliva before and after intervention in the Control

and Study group

Control group (n=20) Study group (n=20)
Before After Before After
intervention | intervention | intervention | intervention
Mean * 5D Mean £ SD Mean * SD Mean £ 3D
Quantity of Saliva (MI)
Unstimulated 0.88x0.25 0.85+0.26 1.17+0.75 1.21+0.68
Stimulated 2.20+1.00 2.19+1.04 3.23+2.13 3.29+2 21
pH of Saliva
Unstimulated 7.19x0.10 7.19+0.10 7.21+0.12 7.24+0.11
Stimulated 7.65x0.13 7.62+0.13 7.68+0.11 7.68+x0.12
T 55955
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Table. 5. Comparison of mean and SD values of parameters of saliva at after intervention in the Control and
Study group

Control group Study group Student’s ‘p’ value and
(n=20) (n=20) Unpaired °t’ significance
After After test value
intervention intervention
Mean * SD Mean = SD
Quantity of Saliva 0.85+0.26 1.21+0.68 1.5500 p=0.1385,
(M1} Unstimulated not significant
Quantity of Saliva 219+1.04 3.29+2 21 1.424 p=0.1715,
{MI) Stimulated not significant
pH of Saliva 7.19+0.10 7.24+0.11 1.059 p=0.3035,
Unstimulated not significant
pH of Saliva 7.62+0.13 7.68x012 1.033 p=0.3152,
Stimulated not significant
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ABSTRACT

Plants that have medicinal properties have been used from the traditional system of medicine to the
modern medical system and used in the treatment of various diseases and disorders. Cleome viscosa is
commonly known as "wild mustard or Dog mustard, *“ an annual sticky herb widely used in traditional
medicine and developing in modern medicine. It belongs to the Family Capparaceae, and it is a weed
that is widely distributed in the regions of Pakistan, India, China, Ceylon, Africa, USA, Nigeria, etc.
Cleome viscosa is a common remedy in the Ayurvedic and Unani systems of medicine, as documented in
the ethnobotanical surveys. In the traditional method of treatment, the leaves, seeds, and roots of the
plant are widely used as an anthelmintic, antiscorbutic, antiseptic, cardiac stimulant, carminative,
febrifuge and sudorific, anticonvulsant, anti-diarrhoeal. They are also used to treat skin diseases. The
plant contains various pharmacological activities such as anthelmintic, antimicrobial, analgesic, anti-
inflammatory, Immuno Modulatory, antipyretic, Psycho Pharmacological, anti-diarrheal, and Hepato
Protective. The plant also contains various Phyto constituents used as novel medicinal agents and in the
specific herbal formulation. This review intends to explain the pharmacological properties of Cleome
viscosa along with its Phyto chemistry and ethnobotanical features.
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INTRODUCTION

Viscosa belongs to the genus cleome, which includes 12 genera and 250 species worldwide, and belongs to the
family Capparaceae. It is commonly known as the Asian spider flower, tickweed, dog mustard, wild mustard, and
yellow mesambay [1]. It is an annual herb showing erectile growth and bears sticky leaves; rural people cultivate
this plant as a substitute for cumin seeds[2]. Cleome viscosa is a bisexual plant bearing both reproductive
characteristics, enabling self-pollination. It is found in Asia, North America, and South America, also distributed
locally on the coast of the Andaman& Nicobar Islands, Andhra Pradesh, and Tamil Nadu. This plant is consumed as
a food supplement due to its medicinal value. The leaves and seeds are used in the medicinal preparation of many
systems, especially in Unani, Siddha, folk medicine, and Ayurveda [3].

Botany

Botanical Name: Cleome viscosa Linn.

Class: Dicotyledonae.

Genus: Cleome.

Family: Capparaceae.

Synonymy(s): Arivela viscosa (L.) Rafin.

Polanisia viscosa (L.) DC. [3]

Common Name: Asian spiderflower, dog mustard, wild mustard, yellow mesambay, ground dove feed, caia,
Tickweed. Yellow cleome, etc. [1].

Description

Viscosa, an annual herb, has a branched stem, leaves simple or spiral,and 3-13 foliate. Flowers are bisexual, with
both stamen and pistil, and have a nectar gland at the base, which attracts insects for self-pollination. The plant
bearsup to 40 seeds, and they are orbicular or reniform. The flowers are brightly coloured with four sepals and
petals freely attached to the plant.[3]

Distribution

Cleome viscosa originates in Asia and is distributed throughout the continents for its medicinal value. It is cultivated
locally in Kerala, Karnataka, Uttar Pradesh, West Bengal, and the coastal region of Andaman and Nicobar. Recently
it was found in North America, Australia, Africa, etc.

Cultivation

Viscosa grows on sandy soil and rocky soil. It needs a perfect humid temperature and an altitude of 1000 meters
above sea level. In some rural places, it is considered a weed in the fields of paddy and sugarcane.[1]. Animals or
insects do not harm the plant due to its sticky nature on the stem and strong odour[2]. It can withstand a
temperature of about 12 degrees to 26 degrees Celcius. The harvesting period lies between the end of august and
October. It grows during the Kharif season along with the other agricultural crops.[4]

Ethnopharmacology

The cleome plant plays a vital role in food and medicinal fields. Every plant part has therapeutic value and is
cultivated to extract the desired crude drug. Cleome species treat certain bacterial and fungal infections [5]. The
leaves, stems, flowers, seeds, and roots of the plant contain different chemical constituents, which have Anti-cancer,
Analgesic, Anti-inflammatory, Antimicrobial, and Antidiarrheal properties. The leaves of the plant were known to
have an antimalarial property and larvicidal activity [6]. When introduced to the rats, the methanol extract of the
entire plant showed antidiarrheal potential and decreased gastrointestinal motion [7]. The anti-inflammatory
property exhibited by the Cleome viscosa was found to have significant activity compared to a standard anti-
inflammatory agent [8]. The decoction made out of crushed leaves is used to treat dysentery, and chewing the fresh
leaves for a week is said to increase the probability of women becoming pregnant [9]. The decoction from seeds
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treats diarrhea and rheumatism; excess can cause stomach discomfort. Leaf decoction is mixed with clarified butter
to treat ear inflammation [4]. The roots are reported to cure skin diseases like rashes and diabetes[10].

Phytochemistry

Cleome was reported with a wide range of phytochemical components present in different plant parts. The seeds of
Cleome viscosa are rich in essential fatty acids and vitamins. Cleome seeds contain 18% oil, five fatty acids, seven
amino acids, and sucrose.It contains Palmitic acid, stearic acid, linolenic acid, and oleic acid but is mainly rich in
linoleic acid [10].

Seeds

Upon various phytochemical studies, the seeds are reported to have certain chemical constituents such as
dihydrokaempferide-3- glucuronide and docosanoic acid. The ethanol isolation of seeds is said to have a derivative
called cleosandrin [11].

Roots
The root is one of the crucial parts of the cleome plant as it contains enormous chemical components such as
naringenin-4-galactoside and dihydrokaempferol-4’- xyloside [12].

Whole Plant
A new glycoside was isolated from the entire plant and designated eriodictyol-5-rhamnoside [13]. The glycoside was
glycoflavanone, 3’,4’-dihydroxy-5-methoxyflavanone-7-O- a-L- rhamnopyranoside.

Pharmacological Properties

Edibleness

Cleome seeds are a cheap and alternative source for mustard seeds. It is found abundant in rural places and hilly
regions. It has an oil content that comprises essential oils, fatty acids, and vitamins. The leaves of the cleome plant
were found to cure boils and other skin problems. The studies and isolation of essential elements from Cleome viscosa
prove the edibleness.

Antipyretic Activity

A study showed that the Cleome viscosa has an antipyretic activity. The methanol extract obtained from cleome was
introduced to a person having normal body temperature and yeast-induced pyrexia in rats. The extract was given to
both at successive doses of 200, 300, and 400 mg/kg. The extract decreased the body temperature and the action
extended up to 5 hours. This confirms the antipyretic activity of Cleome viscosa Linn [7].

Analgesic Activity

The seeds of Cleome viscosa contain oils, and it is used as analgesic agents for arthritis, joint pain, etc. The poultices
obtained from seeds are used as a counter-irritant in joint pain. The methanol extract of Cleome viscosa shows
significant activity as compared to the standard analgesic agent [14].

Antidiarrheal Activity

Not only the seeds, but the entire plant of Cleome viscosa also has an antidiarrheal property. A common laxative
‘castor oil’ was given to rats to induce diarrhea. Then the methanol extract from the entire plant was given to the
rats. After extract introduction, the rats exhibited reduced gastrointestinal motility. These studies prove the
antidiarrheal property of clome viscose [7].

Antimalarial Activity

The leaves of cleome seeds have a natural mosquito repellent formula that keeps away the mosquitos. The leaves are
burned and the smoke is used to keep the mosquitoes away as possible. It also has a larvicidal property that kills the
2nd and 4t stage larvae of female anopheles [15].
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SUMMARY

Cleome viscosa has been used as a food additive in many rural areas, and the knowledge about its uses has not been
spread among people very well. Despite having many medicinal values cleome is not used as a cash crop and is still
considered a weed among many. It is easy to cultivate and harvest, even on a large scale as it does not require any
special irrigation techniques or skilled labour. The cleome species serves a crucial role in novel medicine agents;
showing antidiarrheal, antimalarial, anticancer, antimicrobial, and many more. In spite of chemical components
found on the Cleome viscosa further studies on the species can help us to improve the modern and traditional
medicines and enables us to cure different diseases. The data given above emphasize the potential of the traditional
medicine cleome viscosa.
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Figure 2. Phytoconstituents of Cleome viscosa Linn.
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Figure 3. Phytoconstituents of Cleome viscosa Linn.
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ABSTRACT

The pharmacological effects of Aegle marmelos are reviewed in this article. It's a member of the Rutaceae
family. Other names for the Aegle marmelos include Bael, Bilwa, and wooden apple plant. It has a variety
of biologically active substances with great medicinal value that are found in the leaves, flowers, fruits,
wood, roots, and bark. Coumarins (Marmelosin, marmesin, imperatorin), alkaloids (Aeglin, aegelenine),
tannins (skimmianine), carotenoids, seed oils, and other unspecified phytochemicals are among the
components recovered from Aegle marmelos. This plant's phytochemicals have demonstrated a range of
pharmacological and biological efficacy against a number of chronic illnesses, including cancer,
cardiovascular disease, immunosuppressive illness, and gastrointestinal dysfunction. This plant extract's
various components have pharmacological properties including anticonvulsant, antioxidant, anti-
inflammatory, anti-diabetic, anti-diarrheal,. antihyperglycemic, anxiolytic, antidepressant, antihistaminic,
antimicrobial, hepato protective, analgesic, immuno modulatory, cardio protective, and antithyroid
activities The knowledge on the botany, ethnopharmacology, phytochemistry, biological activities, and
insecticidal qualities of the A. marmelos plant is summarised in the current review.

Keywords: Coumarins, tannins, pharmacological properties, Aegle marmelos, botanical description,
phytochemical, and ethnopharmacology.
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INTRODUCTION

Since ancient times, people have employed plants as a natural supply of therapeutic chemicals. A moderately sized,
slender, aromatic tree, Bael (Aegle marmelos (Linn), family Rutaceae, is also known as the bale fruit tree. It grows in the
western Himalayas between 6.0 and 7.5 metres in height and between 90 and 120 cm in width, reaching an altitude of
1200 metres [1]. The A. marmelos plant and its plant-derived medicines are used to treat and alleviate physical and
mental disorders. Traditional Chinese, Ayurvedic, Siddha, Unani, and Tibetan remedies all use these herbs. Many
ancient texts a number of ancient texts, including as the Rigveda, Yajurveda, Atharvaveda, Charak Samhita, and
Sushrut Samhita, mention the use of plants as treatments for various illnesses.,. [2]. Additionally, these plants are
used to treat various medical conditions due to their a number of ancient texts, including as the Rigveda, Yajurveda,
Atharvaveda, Charak Samhita, and Sushrut Samhita, mention the use of plants as treatments for various illnesses..
They are also used to treat diarrhoea and dysentery. A. marmelos leaves were once used to induce infertility or
abortion in females [3].

Origin and Distribution [5,6]

The Eastern Ghats and Central India are where the bael tree first appeared. India is where A. marmelos originally
lived. A. marmelos is a plant that grows in some Egyptian gardens in Surinam and Trinidad, as well as along the
foothills of the Himalayas, in Bihar, Uttarpradesh, Jharkand, and Madhya Pradesh. Aegle marmelos are found in
practically all of the states of India as well as in China, Nepal, Sri Lanka, Pakistan, Bangladesh, Indonesia, Malaysia,
Tibet, and the Philippines.

Botanical Description [7]

Aegle marmelos is a slow-growing, medium sized tree, up to 25 -30 feet in height with short trunk, thick, soft, flaking
bark, and has few spiny branches. The full botanical description of A. marmelos is given in Table 2

Utilization of A. marmelos
Every part of A. marmelos plant is utilized for general purpose and also medicinal purpose.

General uses

The Eastern Ghats and Central India are where the bael tree first appeared. India is where A. marmelos originally
lived. A. marmelos is a plant that grows in some Egyptian gardens in Surinam and Trinidad, as well as along the
foothills of the Himalayas, in Bihar, Uttarpradesh, Jharkand, and Madhya Pradesh. Aegle marmelos are found in
practically all of the states of India as well as in China, Nepal, Sri Lanka, Pakistan, Bangladesh, Indonesia, Malaysia,
Tibet, and the Philippines.

Ethanomedicinal uses
Phytochemical Composition

There are many different types of compounds present in plants, including alkaloids, cardiac glycosides, saponins,
steroids, coumarins, terpenoids, phenylpropanoids, tannins, polysaccharides, and flavonoids.

Alkaloids [12]

The alkaloids are the largest single class of secondary plant chemicals. A number of different alkaloids exist, such as
aeglin, aegelenine, dictamine, fragrine (C13H1103N), O-methylhalfordinine, isopentenylhalfordinol (15), N-2- [4-(3',
3'-dimethylallyloxy) phenyl] ethyl cinnamide
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Terpenoids [13,14]

The leaves of A. marmelos were extensively investigated for their essential oil. It was discovered that alpha-
phellandrene was a vital component found in the leaves, twigs, and fruits. Leaf oil provided alpha phellandrene (56%)
and p-cymene (17%). Later, P-Menth-1-en-3,5-diol was extracted from A. marmelos leaves and characterised. Aegle's
primary ingredient is

Coumarins [15]
There are marmelide, marmellosin, marmesin, imperatorin, marmin, and allomperatorin, as well as methyl ether,
xanthotoxin, scopoletin, scoparone, umbelliferone, and umbelliferone

Phenylpropanoids [16]
These phenolic compounds are organic compounds that have 3C sidechains linked to an aromatic ring. The

phenylpropanoids include lignans, hydroxycoumarins, and phenylpropenes. From leaves, heartwood, and root, a
novel chemical called marmesin was create

Flavonoids [17]
Rutin, flavone, flavan-3-ols, and flavone glycosides are all present.

Polysaccharides [18,19]
On hydrolysis, galactose, arabinose, uronic acid, and L-rhamnose are produced.
Seed oil [20]

Seed oil is bitter and it consists palmitic, stearic, oleic, linoleic and linolenic acid.

Tannins [18]

The fruit of A. marmelos had the highest amount of tannin when tested in January. The pulp of wild apples contains
9% less tannin than farmed ones. Skimmianine, another name for tannin, which is also known as 4, 7, and 8-
trimethoxyfuroquinoline, is also contained in leaves.

Carotenoids

The therapeutically useful elements of Aegle marmelos are the carotenoids Marmelosin, skimmianine, and
umbelliferone. There are other insignificant components such ascorbic acid, sitosterol, crude fibres, tannins, -amyrin,
carotenoids, and crude proteins. Psoralen, the xanthotoxin scopoletin, and tembamine are all present in roots. A.
marmelos 12 has also been shown to contain substances including praealtin D, trans-cinnamic acid, 4-methoxy benzoic
acid, betulunic acid, and montanin. Several of the many bioactive chemicals that have been discovered in this plant's
numerous parts are listed in Table 4 [21].

Nutritional Value [10]

The bael plant has a high nutritional value and is a good source of vitamins, minerals, carbs, and proteins. The Bael
plant provides minerals including calcium, iron, and phosphorus as well as vitamins like carotene, thiamin,
riboflavin, and niacin. The inclusion of macro- and micronutrients like vitamins, organic compounds like tannins,
alkaloids, polyphenols, and terpenes, fibre, protein, and oil allows plants to exhibit a variety of health advantages.
Bael pulp contains a lot of vitamin C. (ascorbic acid). A dehydrated powder made from the fruit pulp and 30% sugar
is used to make a soft squash or a cold beverage. The pulp of the bael fruit is combined with sugar, glucose, skim
milk powder, and hydrogenated fat to make toffee. Worms are destroyed by the bael fruit in the intestine
Additionally, it is suggested as a treatment for persistent dysentery. Fresh leaf or flower juice reduces appetite,
however a floral infusion made with sugar and milk is used as a cooling beverage. Fruit juice is made more palatable
by adding milk and sugar. The Bael fruit's pulpis employed in the production of candy, squash, nectar, jellies, and
marmalades. Unripe Bael fruit seeds' mucilage is utilised as glue and adhesive. Feronia gum is made from a thick,

55964



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©lJONS
Vol.14 / Issue 78 / June / 2023  International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997

Jhansi Lakshmi et al.,

gum-like substance that is extracted from the Bael tree's trunk and branches. For the treatment of burns, Bael dry
powder is diluted with mustard oil (1:2) and administered topically. This is frequently used to treat dysentery and
diarrhoea. Bael fruit is frequently prescribed to treat peptic ulcers or piles, digestive issues, and to combat heat
exhaustion. Blood purification and toxin removal from the liver and kidneys are two common uses for bael fruit juice.
Additionally, it modulates the immune system and serves as a toxin defense. An excellent source of the liver-health
enhancing nutrients beta-carotene, thiamine, and riboflavin is A. marmelos. Additionally, bael fruit serves as a
component of cardiac tonics.

REPORTED ACTIVITIES OF AEGLE MARMELOS:
One of the most popularly utilised medicinal plants in the Rutaceae family is A. marmelos. This herb has reportedly
been used for numerous therapeutic purposes recently.

Antioxidant Activity

Antioxidants are substances that have the ability to scavenge free radicals and are also utilised to protect cells from
oxidative stress caused by free radicals. The antioxidant molecules come from organic materials like plants. The
presence of flavones, isoflavones, flavonoids, anthocyanin, coumarin lignans, catechins, and isocatechins in these
plants is what gives them their antioxidant action. A. marmelos is crucial for both cytoprotection and defence against
membrane damage brought on by pro-oxidants. Male albino rats were used to test the antioxidant effects. Glucose,.
Estimates of urea and glutathione-S-transferase concentrations in plasma, glutathione (GSH) and malondialdehyde
(MDA\) concentrations in erythrocytes, and DT-diaphorase, superoxide dismutase, and catalase concentrations in the
lung were made for each animal group at the end of the four-week period. Drug-catabolic body fluids underwent
these changes. After 4 weeks, blood glucose levels and MDA levels in the A. marmelos group are lower than those in
the diabetic rats, and erythrocyte GSH levels are then raised. Leaf extract protects the antioxidant defence system
and corrects pancreatic beta-cell histological changes in STZ-induced diabetic rats [24]. Comparing the antioxidant
and free radical-scavenging properties of ripe and unripe Aegle marmelos When ripe fruit extract was compared to
unripe fruit extract, the results of enzymatic antioxidants showed an increase (except glutathione peroxidase).
Unripe fruit has a higher percentage of free radical inhibition than ripe fruit does [25]. Screening for antioxidant
activity using the DPPH radical scavenging method, reducing power assay, nitric oxide scavenging test, and
superoxide radical assay on the fruit pulp of A. marmelos has H202 radical scavenging assay, ABTS radical
scavenging assay, and others. Alcoholic and aqueous extract both have strong antioxidant properties [26].

Antimicrobial Activity

A. marmelos has long been used to reduce a wide range of dangerous microorganisms as well as treat a variety of
infectious diseases brought on by bacteria, fungi, and viruses. The antibacterial activity of A. marmelos's leaves was
found utilising the agar well diffusion technique. The aqueous, petroleum ether, and ethanol extracts of the leaves of
Aegle marmelos efficiently suppress the multiresistant strains of Staphylococcus aureus, Bacillus subtilis, Escherichia coli,
Streptococcus pneumoniae, Salmonella typhi, Klebsiella pneumoniae, and Proteus vulgaris. The ethanolic extract showed
activity against Penicillium chrysogenum, whereas the petroleum ether and aqueous extracts showed action against
Fusarium oxysporum [27]. The bacteria that the methanol Kills include Bacillus subtitlis, Staphylococcus aurens,
Klebsiella pneumonia, Proteus mirabilis, Escherichia coli, Salmonella paratyphi A, and Salmonella paratyphi B. Hexane,
cold methanol, hot methanol, and ciprofloxacin extracts all demonstrated significant antibacterial action against
Escherichia coli, Klebsiella pneumonia, Proteus vulgaris, Micrococcus luteus, Enterococcus faecalis, and Streptococcus faecalis.
Antimicrobial activity testing revealed that gram-negative bacteria were more active than gram-positive ones [28]
Cuminaldehyde and eugenol, two chemical components found in eagle leaves, both exhibit potent antibacterial
properties [29].
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Antibacterial Activity

The leaves, roots, and fruits of A. marmelos contain a number of extracts that have been shown to be efficient against a
wide range of bacterial species. Bacteria, the most adaptable unicellular pathogens, often spread through soil, water,
air, and food to infect humans and other animals with disease. Similar diseases can be treated with natural treatments
like aegle marmelos. Several Aegle extracts demonstrated antibacterial activity against Pseudomonas denitrificans,
Staphylococcus aureus, Bacillus stearothermophilus, Micrococcus luteus, Streptococcus faecalis, Micrococcus
glutamicus, and Streptococcus faecalis. Various extracts' antibacterial potency was assessed using the agar well
diffusion method. .. Klebsiella pneumoniae, Escherichia coli, Proteus vulgaris, Micrococcus luteus, Enterococcus faecalis, and
Streptococcus faecalis are just a few of the organisms that a variety of extracts, such as hexane, cold methanol, hot
methanol, and ciprofloxacin extracts, exhibit high antibacterial activity against [30]. Leaf extracts have demonstrated
anti-Escherichia coli action. Aeromonas sp., Escherichia coli, Pseudomonas salanacearum, and Xanthomonas
vesicatoria were all susceptible to the essential oil made from the leaves. the ethanolic scavenging assay, the ABTS
radical assay, and the H202 radical assay. Alcoholic and aqueous extract both have strong antioxidant properties [26].

Antimicrobial Activity

A. marmelos has long been used to reduce a wide range of dangerous microorganisms as well as treat a variety of
infectious diseases brought on by bacteria, fungi, and viruses. The antibacterial activity of A. marmelos's leaves was
found utilising the agar well diffusion technique. The aqueous, petroleum ether, and ethanol extracts of the leaves of
Aegle marmelos efficiently suppress the multiresistant strains of Staphylococcus aureus, Bacillus subtilis, Escherichia
coli, Streptococcus pneumoniae, Salmonella typhi, Klebsiella pneumoniae, and Proteus vulgaris. The ethanolic extract
showed activity against Penicillium chrysogenum, whereas the petroleum ether and aqueous extracts showed action
against Fusarium oxysporum [27]. Salmonella paratyphi A, B, Escherichia coli, Bacillus subtitlis, Staphylococcus
aurens, Klebsiella pneumonia, Proteus mirabilis, and Staphylococcus aurens are a few of the microorganisms that the
methanol extract of bilwa demonstrates potent antibacterial effect against. Hexane, cold methanol, hot methanol, and
ciprofloxacin extracts have extremely strong antibacterial activity against Escherichia coli, Klebsiella pneumonia,
Proteus vulgaris, Micrococcus luteus, Enterococcus faecalis, and Streptococcus faecalis. Antimicrobial activity assays
revealed that gram-negative bacteria had higher levels of microbial activity than gram-positive strains [28].
Cuminaldehyde and eugenol, two chemical components found in eagle leaves, both exhibit potent antibacterial
properties

Antibacterial Activity

Various extracts of A. marmelos leaves, roots and fruits have been reported to be active against many bacterial strains.
Bacteria are the most versatile unicellular pathogens, which are normally transmitted through soil, water, air and
food and cause diseases in human beings and animals. Suchtypes of diseases could be treated with various natural
products like Aegle marmelos. Different extracts of Aegle showed antibacterial activity against Micrococcus glutamicus,
Streptococcus faecalis, Staphylococcus aureus, S. pyogenes, Bacillus stearothermophilus, Micrococcus luteus, E. coli and
Pseudomonas denitrificans. The antibacterial activity of the different extracts was evaluated by agar well diffusion
method. Various extracts like hexane, cold methanol, hot methanol and ciprofloxacin extracts shows high
antibacterial activity against different organisms that are Escherichia coli, Klebsiella pneumoniae, Proteus vulgaris,
Micrococcus luteus, Enterococcus faecalis and Streptococcus faecalis [30]. Leaf extracts have showed an activity against
Escherichia coli. The essential oil obtained from the leaves exhibited activity against Aeromonas sp The anti-fungal
effects of ethanol, including those against Trichophyton rubrum, T. terrestre, Epidermophyton floccosum, Aspergillus
fumigatus, A. niger, and A. flavus. The root's ethanolic extract has revealed action against Trichophyton
mentagrophytes and Aspergillus fumigatus. The presence of Ca2+ - dipicolonate and/or free Ca2+ ions in the media and
within the cytoplasm of microorganisms is related to the germination of any spore (bacterial or fungal). One of the
crucial elements that determines whether a spore will germinate or remain dormant is the uptake and usage of the
Ca2+ ion by the spore. The Ca2+ - dipicolonic acid metabolic pathway may be disrupted by the essential oil from
aegle leaves, thereby inhibiting spore germination. This is one potential mechanism for the anti-fungal effects of aegle
leaf oil.., Escherichia coli, Pseudomonas salanacearum and Xanthomonas vesicatoria.
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Antiviral Activity [31]

A virus is seen as both a living and non-living entity, depending on where it is located in the host body. It causes
seasonal outbreaks and doesn't react well to the majority of synthetic medications. The tiniest pathogen, a virus has
two forms: a live organism inside the host body, and a non-living organism outside the host body. The effectiveness
of several bael tree sections' in vitro antiviral activity against human coxsackie viruses B1-B6 has been assessed. As a
typical antiviral drug, ribavirin has an IC50 of 100- 1000, 500- 1000, 250- 500, and 62.5 g/ml for leaves, stem and stem
bark, fruit, root and root bark, and pure compound marmelide, respectively. The most effective virucidal agent is
marmelide, which disrupts the beginning stages of the replicative cycle. In contrast to contemporary virucidal
chemotherapeutic drugs (such as ribavirin), which operate in the later stages of viral replication and also have
significant side effects, it appears that Aegle possesses antiviral actions in the early stages of viral reproduction with
minimal host damage. To gauge its level of potential as an antiviral drug, the impact of several Aegle extracts on late
protein synthesis was investigated. Fruit extracts at a concentration of 50% ethanol have demonstrated antiviral
efficacy against Ranikhet sickness. The fruit extract hasn't shown any activity against the vaccinia virus, but it has
shown interferon-like activity against the same virus. to improve the viricidal action of the Aegle.

Antidiarrheal Activity

One of A. marmelos' most significant therapeutic traits is its antidiarrheal action, which is widely used to treat
chronic diarrhoea and dysentery. A. marmelos' antidiarrheal activity has recently been confirmed by a number of in
vitro and in vivo experiments. The antidiarrheal activity of A. marmelos' dried fruit pulps was tested in vitro. The
MIC technique was used to perform antidiarrheal activity against the organisms that cause diarrhoea [37]. Aegle root
and leaf extracts exhibit gastroprotective and antidiarrheal properties against diarrhoea brought on by oil inanimal
prototypes. Unripe fruit slows down the flushing process and limits the sensation of faeces, blood, and mucus.
Subacute, chronic, and amoebic dysentery are treated specifically with the dry powdered leaves and fruit pulp..
Additionally, the unripe fruit is baked with brown sugar or jaggery. To treat acute dysentery, green fruit pulp juice is
employed. When consumed with cold water, fine fruit powder slows down blood clotting and causes stools to
become more feculent and solid. Additionally, the mucous disappears following continued Belgiri use. It is one of the
most crucial treatments for chronic dysenteric disorders characterised by intermittent constipation and diarrhoea.
Mice exposed to castor oil-induced diarrhoea were found to be responsive to methanolic extract of A. marmelos 10.
The ethanolic extract has moderate activity against Shigella dysenteriae and good activity against Shigella boydii, S.
sonnei, and S. flexneri. Unripe A. marmelos fruit crude aqueous extract was isolated for diarrhea-causing compounds
The extract was found to have antibacterial, anti-Giardia, and anti-rotavirus properties, as well as an inhibitory effect
against Giardia and rotavirus [38]. However, none of the six examined bacterial strains had their viability changed

Antihistaminic Activity [39]

A. marmelos’ roots are the source of the quinoline alkaloid complex known as skimmianine. The effects of
skiammianine on the release of histamine from rat mast cells are investigated in this study. Rat basophilic leukaemia
(RBL- 2H3) cell line and rat peritoneal mast cells were the two cell types used in the investigation (RPMCs).
Histamine release from rat mast cells was induced with DNP24-BSA, thapsigargin, and lonomycin mixes 48/80.
Skimmiamine acts on the histamine H1 receptor in RBL-2H3 cells that have been stimulated to release histamine by
DNP24-BSA, thapsigargin, and ionomycin.

Hepatoprotective Activity [40]

A. marmelos leaf has a hepatoprotective effect against liver damage brought on by alcohol consumption in albino rats.
The intraperitoneal method is used to provide bacterial suspension to rats at a concentration of 5x106 CFU/0.1 ml.
Then, for 15 days, the animals were given an alcoholic extract of Aegle marmelos diluted in functional saline at a
concentration of 100 mg/kg body weight. The animals were starved for 12 hours after 15 days, and then they were
lightly sedated with chloroform before being scarified. Animal blood is drawn to separate the serum, and the organs
are removed and homogenised in ice-cold saline solution. The levels of protein, SGOT, SGPT, alkaline phosphate,
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total bilirubin, and other biochemical markers were examined. DTNB was used to estimate blood glutathione levels.
Aegle marmelos leaves were used as a control group in certain trials that involved administering 30% ethyl alcohol to
four groups of animals for 40 days. The rats that were induced given for 21 days with A. marmelos leaves. According
to the findings of this study, Aegle marmelos leaves exhibit outstanding hepatoprotective properties.

Cardioprotective Activity [40,41]

In albino-wistar rats, isoprenaline-induced myocardial infarction is prevented by aegle leaf extract. It demonstrates a
large increase in the enzyme levels of lactate dehydrogenase and creatine kinase as well as a significant decrease in
the heart of isoprenaline-treated rats. Aegle marmelos is a heart depressant that has also been reported to cause
palpitations 40. For cardiotonic activity, fresh Aegle fruit juice is taken in various dilutions. The current research
supports the claim that Aegle has superior cardiotonic action to Digoxin [41]

Anticancer Activity

In both industrialised and developing nations, cancer ranks as the second leading cause of mortality for both men
and women. Aegle fruit extract is utilised to strengthen the immune system, which raises a body's anticancer activity.
Preclinical research shows that A. marmelos leaf extracts were effective in preventing the development of organisms
such as leukemic K562, T-lymphoid Jurkat, B-lymphoid Raiji, erythroleukemic HEL, melanoma Colo38, and breast
cancer cell lines MCF7 and MDAMB-231. Numerous studies have demonstrated the anticancer benefits of
phytochemicals found in A. marmelos, including lupeol, eugenol, citral, cineole, and d-limonene [42]. The Ehrlich
ascites carcinoma animal model has demonstrated an anticancer effect of the hydroalcoholic extract of Aegle leaves.
The strongest anticancer impact was seen when the extract (400 mg/kg) was administered. In tests using sea urchin
eggs, brine shrimp, and methy!l thiazolyl tetrazolium (MTT), the plant extract displays cytotoxicity against tumour
cell lines. Additionally, the extract has anti-proliferative effects on the breast cancer cell lines MCF7 and MDA-
MB231. The presence of skimmianine in the leaf extract, which Kills the tumour cells 31, causes the start of apoptosis.

Wound Healing Activity [43]

Aegle marmelos leaves are mostly used for the treatment of wound. The methanolic extract of Aegle marmelos was
administered on topical as well as intraperitoneal administration was studied under two types of wound models that
are excision and incision wound model in rats. Both the injection and ointment produces same response in excision as
well as incision wound type was tested. In the excision model the extract which is used in treated wounds were
found to epithelialize faster and also the rate of wound contraction was higher when compared to control wounds.
The extract also facilitates the healing process by increasing the tensile strength in incision wound type. Then the
results were also compared with the standard drug nitrofurazone

Antifertility Effect [44]

Male Albino rats were used to test the antifertility effects of Aegle marmelos leaf aqueous extracts. Aegle marmelos leaf
aqueous extracts (250 mg/kg body weight) were given to the rats for 45 days, after which the treatment was
determined by the decrease in testis, epididymis, and seminal vesicle weights. Additionally, testicular sperm count,
epididymal sperm count, motility, and aberrant sperm count are all decreased by the extract

Antidiabetic Activity [10]

A. marmelos leaf extract is a crucial medication for the management of diabetes. Additionally, it improves the body's
capacity to utilise the external glucose load by stimulating glucose uptake similarly to insulin. In experimental
diabetic animals, aegle leaf extract significantly lowers blood urea and cholesterol levels as well as oxidative stress, as
shown by a significant decrease in lipid peroxidation, conjugated diene and hydroperoxide levels and an increase in
several enzymes such as superoxide dismutase, catalase, glutathione peroxidase, and glutathione levels in serum as
well as liver. The anti-diabetic and anti-hyperlipidemic effects of the allopolyherbal formulation are demonstrated in
oral glucose tolerance test and STZ-induced diabetic rat model using leaf extract from A. marmelos. . It has
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considerable hepatoprotective, antioxidant, and pancreas-protective properties in addition to improving glycemic
management greatly. It has an ingredient called umbelliferon-D-glucopyranosyl-(2(I) 1 (I1))-D-glucopyranoside,
which lowers the excess glucose level in STZ-induced diabetic rats. Additionally, A. marmelos exhibits ameliorative
benefits in rat models of early-stage diabetic nephropathy and cardiomyopathy caused by alloxan. Additionally, A.
marmelos extract inhibits the enzyme aldose reductase and demonstrates its preventive function in diabetic cataract.
Additionally, it inhibits both pancreatic and intestine -glucosidase in vitro. The presence of limonene, a strong anti-
glycating agent, in the leaf extract helps to reduce secondary problems in STZ-induced diabetic mice. In STZ-induced
diabetic rats, bark extract exhibits hypoglycemic and beta-cell regeneration properties. The antioxidant defence
system of tissue and histological integrity are improved by A. marmelos leaf extract Additionally, it improves
haemostatic performance in STZ-diabetic rats and functions as a hypoglycemic and dyslipidemic inhibitor. The
preparation of herbal medications for the treatment of ischemic heart disease in diabetic people uses both the extracts
and chemical components of aegle. The green leafy porridge plants are utilised to regulate hypo- and hyperglycemic
reactions. Additionally, Aegle leaf extract lowers the expression of the muscarinic M1 receptor gene in the cerebral
cortex of STZ-induced diabetic rats. In experimental rats with STZ-induced diabetes, leaf extract exhibits
antihyperlipidemic and anti-diabetogenic characteristics and reduces the diabetic consequences. The chloroform
extract of A. marmelos developed anti-diabetic, anti-glycating, and antioxidant activities, successfully reducing
cataract development and kidney damage. As a result, the plant is employed in the treatment of Type 2 diabetes.

Miscellaneous Properties [12]

Leaves of Aegle marmelos are used for the treatment of jaundice, leucorrhea, conjunctivitis, and also wounds and
thyroid related disorders. Aegle marmelos acts as an astringent and carminative and also acts as cardiac stimulant. It is
also used in treatment of irritable bowel syndrome, snake bite, acute shigellosis, and in gonorrhea.

Toxicity Studies

Aegle marmelos are both used as a food source of nourishment and have a number of therapeutic benefits. The leaves
of A. marmelos are not administered to pregnant or nursing women, nevertheless, as they have historically been used
to sterilise and induce abortion in females. A. marmelos leaves have recently been investigated for their acute and
subacute toxicities. The acute and subacute LD50 values of the various extracts of A. marmelos leaves were examined
in Wistar albino rats. The results showed that the LD50 values of the various extracts were given to several groups of
animals at doses ranging from 1300 mg to 1700 mg/kg body weight. The histopathology examinations following 50
mg/kg body weight (daily, for 14 days) 45 showed no alterations. A. marmelos’ dried fruit pulp was examined for its
topological characteristics. Swiss albino mice were subjected to acute oral toxicity tests with ethanol extracts of the
dried fruit pulp from A. marmelos at doses of 550 and 1250 mg/kg body weight. Test extract did not exhibit any
toxicity at this doses. Throughout the 14-day experiment, mice's behaviour and physiological activity remained
unchanged. The results showed that the test extract's LD50 values were greater than 1250 mg/kg body weight [37].

CONCLUSON

Aegle marmelos is a significant medicinal herb and is widely utilised in Ayurveda, Siddha, and other medical systems,
according to this review. This plant's various parts, including the leaf, fruit, seed, bark, and root, are used to treat a
wide range of illnesses. The A. marmelos has anti-inflammatory, wound-healing, anti-cancer, anti-fertility, anti-
bacterial, anti-fungal, anti-diarrheal, anti-antidiabetic, cytoprotective, hepatoprotective, anti-viral, anti-cancer, and
anti-fungal effects. Numerous physiologically active substances have been extracted from different A. marmelos
sections. Alkaloids, Terpenoids, Vitamins, Coumarins, Tannins, Carbohydrates, Flavonoids, Fatty Acids, Essential
Oils, and other diverse molecules are among the isolated substances. This review mainly concentrated on a number of
reported pharmacological research and phytochemical analyses of A. marmelos.
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Table 1 : Taxonomic Classification of A. marmelos L.

Taxonomy of Aegle marmelos Vernacular names of degle marmelos

Kingdom: Plantae English: Wood/Stone apple, Bengal Quince, Indian Quince
Subkingdom: Tracheobionta Bengali: Bel. Shreefal

Superdivision: Spermatophyta  Hindi: Sir Phal

Division: Magnoliophyta French: Oranger du Malabar
Class: Magnoliophyta Indonesian: Mojo tree
Subclass: Rosidae Javanese: Modjo

Order: Sapindales Khmer: Banu

Family: Rutaceae Latin: Aegle marmelos
Genus: Aegle Malay: Pokok Maja Batu
Species: Aegle marmelos Marathi: Kaveeth

Nepali: Bel. Gudu

Sanskrit: Shreephal. Bilva. Bilwa
Tamil: Vilva Maram, vilva Pazham
Telugu: Maredu

Thai: Mapin. Matum. Tum

Urdu: Bel

Vietnamese: Mbau Nau. Trai Mam

Table 2: Botanical Description of A. marmelos L.

Plant part Morphological characters
Seed The seeds are individually enveloped in an adhesive sac and are tiny, hard, flattened-oblong shapes with
woolly hairs.
Bark The bark has a number of long, straight spines and is brownish or grey in colour.
Leaf These trifoliate leaves have a pointy apex and a round base. Young leaves have a light green colour, while
mature leaves have a dark green hue
Flower These trifoliate leaves have a pointy apex and a round base. Young leaves have a light green colour, while
mature leaves have a dark green hue
Fruit The Bael fruit is green when it is unripe and turns yellowish brown when it is ripe. Inside the apple is abou
15 orange pulp.

Table 3: Botanical Description of A. marmelos L.

Plant part Morphological characters

Bark The bark is brownish or grey in colour and it contains a no. of
straight long spines.

Leaf These leaves are trifoliate and having round base and pointed tip.Young leaves are light greer
& Matured leaves are dark green in
color.

Flower The flowers are greenish or yellowish in color and bisexual in
nature.

Fruit The Bael fruit is green in unripe stage and it changes to yellowish
brown when ripen. It contains 15-20 orange pulp inside of thefruit.

Seed The seeds are small, hard, flattened-oblong, bearing wooly hairs and each enclosed i
adhesive sac.
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Table 4: Phytochemical Constituents of Aegle marmelos L.

Parts of | Chemical constituents Therapeutic effects

plant

Leaf Skimmiamine, Aegelin, Lupeol, Cineol, Anti-cancer, cardio active, Anti-
Citral, Citronellal, Cuminaldehyde, inflammatory, Anti-septic, Antiallergic etc.
Eugenol, Marmesin

Bark Immature- Marmin, Skimmiamine, Mature- Abortifacient, Anti-ulcer, Antidiarrheal,
Fagarine

Unripe Tann Astringent

fruit

Fruit Marmelosin, Luvangetin, Aurapten, psoralen, Cardio-protective, anti-ulcer
Marmelide Antispasmodic, Anti-diarrheal

Figure 1: Leaves of Aegle marmelos
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ABSTRACT

For effective money management, financially education is a necessary ability. The condition of financial
literacy in women is investigated in this literature review, along with the variables that affect women's
level of financial literacy and the economic repercussions of inadequate financial literacy. It concludes
that despite advancements, there remains a sizable disparity across men and women when it comes to of
their financial literacy, having women more likely than men to report insufficient knowledge and lack of
confidence in their capacity to make sound financial decisions. As contributing factors, factors including
age, marital status, education, money, and culture are also included. Early financial education, greater
salaries, and marital status all increase the likelihood that women will advance professionally and
academically. Economic repercussions of inadequate financial education among women include a
decreased amount of savings for retirement, greater amounts of debt, and lower levels of economic
mobility. Strategies like expanding access to financial information and tools, removing social and cultural
barriers, and focusing interventions on specific groups are suggested as ways to increase women's
financial literacy levels. Even if achievement has been made, more needs to be undertaken to close the
gender pay gap and advance women's economic security.

Keywords: Financial Literacy, women, Education, Behaviour, Factors.

INTRODUCTION

For people to make wise financial decisions, they need to have financial literacy, which is a crucial skill. It requires
having the capacity to comprehend, evaluate, and efficiently manage one's own financial. Given the increasing proof
of substantial disparities between genders in this area, financial literacy is especially important for women. Even
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after taking into account variations in background, income, and marital status, a number of studies have
demonstrated that women aren't as financially savvy than men. This lack of understanding of finances can result in
decreased savings rates, greater debt levels, and lower income during retirement for women, all of which have
substantial economic repercussions. Therefore, it is crucial to pinpoint the causes of this gender disparity in financial
literacy along with to create solutions, prosperity and financial stability. Studies have revealed that women
frequently have lower levels of financial literacy than males, despite the fact that financial literacy is a vital aspect of
economic well-being (Lusardi & Mitchell, 2014). The present status of study on the subject of financial literacy in
women is examined in this literature review, with an emphasis on the economic ramifications of poor financial
literacy and methods for raising those levels. Despite recent gains in promoting financial awareness among women,
more needs to be done to guarantee that every one of women have the skills and knowledge required for both
economical security and prosperity. The significance of financial literacy & its possible effects on people as well as
society have been emphasised by numerous academics and policymakers. The idea of financial literacy, however, has
only recently drawn considerable attention. Financial literacy was formerly frequently seen as a personal obligation
rather than a communal issue. However, recent studies have demonstrated that having poor financial literacy can
result in serious economic repercussions for both individuals and society as a whole. This has prompted greater
attempts to raise financial literacy & to create practical plans for enhancing financial literacy, particularly among
women. Several factors, such as variations in earnings, educational attainment, and cultural norms, bring to the
gender disparity in knowledge of finances. Recent study, however, indicates that the threat of stereotypes could have
a substantial role in the reported gender discrepancy. Stereotype danger is a phenomena in which people are
concerned about confirming unfavourable preconceptions about their peer group. In regard to financial literacy,
biases may cause women to be less confidence in their financial ability, influencing their decisions regarding
finances. As a result, tackling the risk of stereotypes is a critical component of initiatives to promote women's
financial literacy.

REVIEW OF LITERATURE

Women Have Lower Levels of Financial Knowledge than Males

Women continuously exhibit lower levels of financial literacy than males, according to studies (Lusardi & Mitchell,
2014; OECD, 2014). According to a research conducted by Lusardi and Mitchell (2014), women performed lower than
men on the financial literacy examination in every country studied, with the gender gap being worst in poorer
nations. Another research conducted by the Financial Industries Regulatory Authority (FINRA, 2019) discovered that
women had poorer levels of financial literacy in areas such as investment, risk management, and credit.

Financial Literacy Is Influenced By Socioeconomic Circumstances.

According to research, socioeconomic variables such as earnings, schooling, and age might impact women's financial
literacy levels. For example, Hung, Parker, and Yoong (2009) discovered that women with greater levels of education
had higher levels of financial literacy. Similarly, according to a research conducted by the National Bureau of
Economic Research (NBER, 2015), financial literacy is positively associated to income and wealth.

Economic Results Are Connected To Financial Literacy

Financial literacy is consistently associated with a variety of economic outcomes, including greater savings rates,
more effective investment choices, and superior planning for retirement (Lusardi & Mitchell, 2014; NBER, 2015). Low
levels in financial literacy, on the other hand, can contribute to financial instability, debt, and poor (Lusardi &
Mitchell, 2014). A National Endowment for Financial Education (NEFE) research, for example, discovered that
women who participated in financial education programmes reported lower levels of financial stress and more
confidence in their abilities to handle money.
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Interventions In Financial Literacy Can Be Successful.

Financial literacy programmes have been proven in studies to increase women's understanding of finances, attitudes,
and behaviours (Hung et al., 2009; NEFE, 2019). These types of measures can take many different forms, such as
financial literacy lessons, workshops, and coaching. For example, a World Bank (2017) research discovered that
financial education programmes targeted to the individual desires and requirements of women significantly more
efficient than generic programmes.

Cultural Variables Might Have An Impact On Financial Literacy.

Gender norms and money attitudes, for example, can have an impact on women's financial literacy (Hung et al.,
2009). Some cultures, for example, may regard financial issues as the preserve of men, and this can result in a lower
degree of financial understanding among women. Furthermore, social norms regarding savings and spending can
influence financial behaviour (OECD, 2014). Overall, the evidence demonstrates that increasing women's financial
literacy is vital for achieving economic stability and empowerment. Interventions that take socioeconomic and
cultural issues into consideration may be the most successful in reaching this aim.

Research Questions

1. What is the present state of financial literacy amongst women versus men?

2. What factors contribute to the gender disparity in financial literacy levels?

3. What effect does stereotype threat have on women's financial literacy?

4. Which strategies have been successful in lowering stereotype threat and increasing financial knowledge among
women?

Objectives
1. Determine and compare the present state of financial literacy amongst women and men.
2. Determine the elements that lead to the gender disparity in financial literacy level.

RESEARCH METHODOLOGY

The first stage in conducting a literature review research on financial awareness and literacy among women is to
perform an extensive review of relevant literature. After that, | searched academic databases, internet library
resources, and search engines for pertinent information. Data from chosen studies should be collected and analysed,
and findings would be synthesised to create a clear and succinct description of the procedure for reviewing literature

Findings of the Study

Women often have a lesser amount of financial knowledge than males: Women routinely have a lower degree of
knowledge about finances than males, according to studies. This might be attributable to a variety of variables,
including disparities in educational possibilities, social conventions about gender roles, and life events. Women's
financial literacy levels can be influenced by social and economic variables such as income, schooling, and age:
People with greater amounts of earnings, schooling, and work experience are more likely to be financially literate.
When it pertains to financial literacy, women whom come from lower-income homes, have less schooling, or are
young might fall at a disadvantage.

Women often have a lower level of financial knowledge than males: Financial literacy is associated with a variety of
favourable economic outcomes, including improved savings rates, more favourable investment selections, and better
retirement planning. According to studies, persons with greater levels of financial literacy make greater financial
choices as a whole, including accumulating more money, saving more efficiently, and preparing for retirement more
successfully. Financial literacy initiatives can help women improve their economic knowledge, attitudes, and
behaviours: Various educational actions, such as seminars, distance learning courses, and coaching programmes,
have been shown to improve women's financial literacy.
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Gender conventions and money attitudes, for example, can all have an impact on women's financial literacy: Cultural
beliefs and expectations around gender roles, as well as beliefs about money and financial management, can also
play a role in shaping financial literacy levels among women.

CONCLUSION OF THE STUDY

Improving women's financial literacy is critical for ensuring economic stability and empowerment: Raising financial
literacy within women is critical because it may lead to improved overall economic results as well as more economic
empowerment & security for women. Interventions that take socioeconomic and cultural aspects into consideration
may be the most successful in boosting financial literacy for women: Financial education initiatives that are tailored
to the individual socioeconomic and cultural characteristics that impact financial literacy in women may be more
successful than generic treatments that do not account for these aspects. Women's financial education programmes
that are targeted to their unique needs and preferences outperform generic programmes: Financial education
initiatives customised to women's individual needs, interests, and circumstances might prove more effective to
generic programmes that do not account for these characteristics. Financial literacy initiatives can reduce financial
stress and increase women's confidence in money management: Financial education interventions have been shown
in studies to reduce financial stress and boost confidence in money management among women, which can have a
good influence on their general health and quality of life.
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ABSTRACT

Construction and engineering depend heavily on the cement industry. The purpose of this research was
to get insight into the perspectives and awareness of workers at Chettinad Cement Corporation Limited,
Puliyur with regards to health and safety policies and practises. The employer's brightly coloured
welfare measures will have an instantaneous effect on the work environment's artificial safety and
productivity. There were 108 participants in the study. Probability and Chi-square tests, as well as a
correlation analysis, are employed in this investigation. Workers at Chettinad Cement Corporation
Limited tend to be between the ages of 26 and 35, and this research found that the workers' perceptions
of health and safety measures were significantly influenced by their level of experience. According to the
research, Chettinad Cement Corporation Limited has a number of potential problems that may be
mitigated if the association increased worker compensation and took other appropriate measures.

Keywords: Cement Industry, Employee Health, Working Condition, Safety, Labour Welfare

INTRODUCTION

Each organisation must prioritise the wellbeing of its employees above all else. One of the major contributors to
accidents that result in plant injuries and work-related illnesses is a worker's own poor state of physical and mental
health. If health and safety aren't properly handled, it can have disastrous results. Employers are legally required to
ensure their employees’ well-being. There is a moral need for employers to ensure the well-being of their employees.
The groups must take responsibility for the safety of its members in the workplace. Social welfare includes worker
protections and benefits. It entails conforming one's work life, social life, and family life to the norms of the society in
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which one resides. Depending on factors including a nation's value system, social institutions, level of
industrialization, and the state of the country's social and economic development, the concept of "weal" will always
be shifting. The content may also vary from area to region within a single country. Weal is a condition of complete
contentment and material security, according to Chambers' Dictionary. The term "welfare" is used to describe a
situation in which a person or group enjoys a satisfying level of ecological, economic, and social success. The welfare
measures instituted by the union boost the union's standing in the eyes of the working population, guarantee a more
harmonious workplace and cut down on employee waste, all of which lead to higher productivity and a better
standard of living for everyone.

Objectives of the Study
» To study the effectiveness of health and safety measures espoused by chettinad cement corporation limited,
karur.

» To know the workers perception regarding the safety programs and practices.
» To find out the impact of artificial safety and work terrain on productivity.

Need for the Study
> It keeps workers healthy and protects their well being.
» Asafe and healthy plant protects workers from injury.

Scope of the Study
» To promoting and maintaining overall well-being of workers in all occupation.
» To easily fete and understand health problems in any artificial atmosphere that may be generated from any

source.
Limitations

> The data has been collected only from 108 workers in the association due to the deficit of time.
> My study is compare to your association only.

> The data has been collected during the busy hour of the workers.

REVIEW OF LITERATURE

The purpose of this study, as stated in Johannson B; Rask K; Stenberg M (2010), was to conduct a comprehensive
literature review on the topic of piece rate earnings and their effects on health and safety. Seventy-five scholarly
publications were reviewed, and 31 of them were deemed to be of adequate quality and applicability for this
investigation. The survey compiles and analyses the results of these articles. Health, musculoskeletal injuries,
physical workload, aches, and occupational injuries have attracted a lot of attention in recent years. Although the fact
that 27 of the 31 research reviewed indicated negative impacts of piece rates on various health and safety aspects
does not prove causality, it does provide extremely strong support for the idea that piece rates typically have adverse
consequences on health and safety.

We analysed the literature on occupational health and safety interventions by Tompa, Emile PhD; Dolinschi, Roman
MA,; de Oliveira (2009) to draw conclusions on the economic value of these programmes. Journal databases, current
systematic reviews, and research recommended by subject matter experts were all part of the search for relevant
literature. We found substantial evidence that the financial benefits of implementing ergonomic and other
musculoskeletal injury prevention interventions in the manufacturing and warehousing sectors outweigh the costs.
There is room for more research into the monetary worth of interventions. The assessment also offered suggestions
for enhancing the methodological quality of economic evaluations in this body of work.
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Peter A. Cripton; Meghan Winters; Conor C. O'Reily; M. Anne Harris (2009), It's possible that riding a bike could
help you get in shape. Improving public health requires an understanding of how to make bicycling safer. We looked
at research on how better bicycle infrastructure may make streets safer for cyclists. Injuries, severity of injuries, and
collisions were included as outcomes studied in order to evaluate safety. So far, it appears that the presence of
bicycle facilities (such as on-road bike routes, on-road marked bike lanes, and off-road bike paths) is associated with
the lowest risk, while the presence of sidewalks and multi-use trails is associated with the highest risk, major roads
are more hazardous than minor roads, and major roads are more hazardous than minor roads. Additional
characteristics that appear to promote cyclist safety are street illumination, paved surfaces, and low-angled hills. The
purpose of the research conducted by Artazcoz, Cortes, Escriba-aguir, and Cascant (2009) was to determine the
personal and professional factors that contribute to extended workweeks. Salary workers aged 16-64 were included
in the sample from the Catalonian Health Survey of 2006 (3950 males and 3153 women). There was a gender gap in
the causes of lengthy work hours. A lack of sleep, smoking, job discontent, and hypertension were all linked to
working 51-60 hours per week among men. For females, the only correlations were with smoking and sleep
deprivation. Male breadwinner status may account for the disparate effects of overtime on men's and women's
health.

Edington, Dee W., and Schultz, Alyssa B. (2008), The purpose of this literature review was to show the data linking
health risks to the economic indicators of lost time at work, decreased productivity, increased medical expenses, and
higher prescription drug prices in the workplace. PubMed was searched, and then high-quality studies were chosen
and added to those already known to the authors. There is a substantial amount of research connecting worker
health concerns to health care and pharmaceutical expenses. Health concerns are linked to productivity indicators,
according to a growing body of literature. The study demonstrates the significance of success metrics in the evolving
field of workplace health management. Cantor, David E. (2008), The goal of this paper was to examine existing
literature on supply chain workplace safety and to advocate for more study of the human, operational, and
regulatory factors that affect worker protection. This report proposes a number of avenues for future study that
could help raise consciousness about the need to better an organization's approach to workplace safety. This study
cites 108 sources that discuss the development of logistics and transportation safety. The study identifies 14 potential
avenues for further research in the field of supply chain safety, all of which would benefit practitioners dealing with
safety challenges in the workplace.

Lorena Cascant, Imma Cortes, VincentaEscriba-aguir, and Lucia Artazcoz (2007), The purpose of this paper is to
create a framework for epidemiological research on work and health by bringing together traditional occupational
epidemiology with a structural view that centres on gender inequalities in health and the workplace. Classic
occupational epidemiology is critiqued for its omissions and shortcomings when viewed through a feminist lens.
Women's health issues have received less attention than men's in traditional occupational epidemiology. Few studies
of health disparities between men and women in the workplace have taken into account socioeconomic status or the
effect of family responsibilities on men's well-being. It is important to consider the interplay between gender, family
responsibilities, job, and socioeconomic status when analysing the relationship between work and health from a
gender viewpoint.

RESEARCH METHODOLOGY

Research Design
This study employs a descriptive research strategy based on a comprehensive and methodical questionnaire.

Method Of Collection
Primary and secondary data are used in the data collection process.
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Sampling Size
The sampling size of the study is 108

Sampling Unit
The sampling unit of the study is employees of Chettinad Cement Corporation Limited.

Sampling Method
The sampling method used in the study is simple random sampling method.

Tools for Data Analysis
>  Descriptive Statistics
» Chi-Square Test

» Correlation

Data Analysis

Descriptive Statistics

Number of responders to a questionnaire expressed as a percentage of the overall population selected for the study;
this is the focus of percentage analysis, a straightforward statistical tool. It's one of the simplest types of analysis that
can provide significant findings to a researcher. From the above table it was found that major of the respondents are
Male (85.2%) &they are under the age group of between 26-35 (37%) & they recompleted Post graduate (78.7%) &
the persons havel-2years of experience (47.2%) and their Salary is between Rs.15000-25000 per month (38.9%).

Chi-Square Test

Table 1. Gender and Effectiveness

HO - There is no significance relation between using Gender and Effectiveness.
H1 - There is significance relation between using Gender and Effectiveness.

Inference

The determined cumulative value of.000 from the table above is below the threshold of 5%. Therefore, H1 is a valid
and accepted hypothesis.

Table 2: Age and Effectiveness

HO- There is no significance relation between using Age and Effectiveness.

H1 - There is significance relation between using Gender and Effectiveness.

Inference
The preceding table shows that the estimated cumulative value was below the level of 0.05 percent, coming in at.000.
Therefore, H1 is a valid and accepted hypothesis.

Correlation

Table 1. Gender and Perception

HO- There is significance relation between using Gender and Perception

H1 - There is no significance relation between using Gender and Perception

Inference

The preceding table shows that the estimated cumulative value is -.051, which is lower than the threshold of 0.05
percent. Therefore, HO is a well-fitting and valid hypothesis.

Table 2: Experience and Perception

HO-There is significance relation between using Experience and Perception

H1 -There is no significance relation between using Experience and Perception
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Inference
From the above table the calculated table the calculated sum value is 1.35 which was above the level of 0.05%. Hence
the Hypothesis of H1 is truly fit and it is acceptable.

FINDINGS, SUGGESTIONS AND CONCLUSION

Findings

From the above table it was found that major of the respondents are Male (85.2%) &they are under the age group of
between 26-35 (37%)& they are Completed Post graduate (78.7%) & the persons havel-2years of experience (47.2%)
and their Salary is between Rs.15000-25000 per month (38.9%)).

Suggestions

The following are some recommendations for the company to consider in order to enhance worker safety. The
researchers recommend that the employer raise the worker's salary. Also, to reduce air pollution, trees will be
planted around the factory and in any surrounding towns. In addition, the report recommends that the organization
prioritise the reduction of risks and the enhancement of safety rules and procedures in the workplace.

CONCLUSION

The goal of the research was to learn about the health and safety policies in place at the chettinad cement corporation
limited, puliyur. A total of 108 people were selected for the study using a stratified simple random selection strategy.
According to the data, most workers are between the ages of 26 and 35. According to the data, the vast majority of
workers hold post-secondary education degrees. The research also indicates that there should be separate policies in
place to protect workers engaged in high-risk business processes. The company's obligation to its workers extends to
the provision of personal protective equipment like gloves and face masks.
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Table 1. Demographic variables

Demographic variables Frequency Percent
Male 92 85.2
Female 15 13.9
Gender Not prefer to say 1 9
Total 108 100
18-25 28 25.9
26-35 40 37.0
36-45 30 27.8
Age Above 45 10 9.3
Total 108 100
Under graduate 12 1.1
Post graduate 85 78.7
. Diploma 9 8.3
Education Others 2 1.9
Total 108 100
Less than 1 year 4 3.7
1-2 years 51 47.2
2-3 years 28 25.9
Experience Above 3 years 25 23.1
Total 108 100
Below 15000 6 5.6
15000-25000 42 38.9
Salary 25000-35000 35 324
Above 35000 25 23.1
Total 120 100.0

Table 2: Gender and Effectiveness

Chi-square df Asymp. Sig.
Gender 5.62 1 .000
To what extent do you feel that safety
measures are adequately implemented in 42.00 3 .000
your workplace?
Hovy gﬁgcpve are safety training progr.ams in 28.43 ’ 000
minimizing workplace hazards and risks?
How often dg yog witness unsafe behaviors 5404 3 000
or actions in your workplace?
To what extent do safety policies and
procedures improve your personal safety and 2521 3 .000
well-being?
How confident are you in using safety
equipment and tools provided by the 78.25 3 .000
company?
Table 3: Age and Effectiveness
Chi-square df Asymp. Sig.
Age 49.45 2 .000
To what extent do you feel that safety 42.00 3 .000
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measures are adequately implemented in
your workplace?
.Hov.v gffgcgve are safety training progrgms 28.43 5 000
in minimizing workplace hazards and risks?
How often dg yog witness unsafe behaviors 544 3 000
or actions in your workplace?
To what extent do safety policies and
procedures improve your personal safety 2521 3 .000
and well-being?
How confident are you in using safety
equipment and tools provided by the 78.25 3 .000
company?
Table 4: Gender and Perception
The safety
The safety culture in
The safety ;I'huei Saniit:t rulesand | The safety the
training ?ovlioded is regulations |incidents are workplace
Gender | program is P .. are clearly |reported and promotes
. . sufficient . -
informative communicat| addressed accountabilit
and
and helpful. . ed and promptly. y and
effective. -
understood. responsibilit]
Y.
Pearson |1 000 168 057 -028 129 -150
Gender Correlation
Sig. (2-tailed) .083 555 776 182 121
N 108 108 108 108 108 108
The safety | Pearson -168 1.000 417 319 410 454
training | Correlation
program is |Sig. (2-tailed) .083 .000 .001 .000 .000
informative
and N 108 108 108 108 108 108
helpful.
The safety | Pearson 057 417 1.000 222 200 222
equipment| Correlation
provided is|Sig. (2-tailed) 555 .000 .021 .038 .021
sufficient
and N 108 108 108 108 108 108
effective.
The safety | Pearson -028 319 222 1.000 267 029
rulesand | Correlation
regulationsSig. (2-tailed) 776 .001 021 .005 767
are clearly
eommunica 108 108 108 108 108 108
ted and
understood,
The safety | Pearson -129 410 200 267 1.000 244
incidents | Correlation
are Sig. (2-tailed) 182 .000 .038 .005 011
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reported
and N 108 108 108 108 108 108
addressed
promptly.
The safe.ty Pearso.n -.150 454 222 .029 244 1.000
culture in | Correlation
the  [Sig. (2-tailed) 121 .000 021 767 011
workplace
promotes
accountabil| 108 108 108 108 108 108
ity and
responsibil
ity.
Table 5: Experience and Perception
The safety The safety
The safety (;I'huei Saniitnyt rulesand The safety | culture in the
training ?ovlioded is regulations |incidentsare| workplace
Experience | program is P L are clearly |reported and promotes
. . sufficient . L
informative and communicated addressed | accountability
and helpful. effective and promptly. and
" | understood. responsibility.
Pearson 1.000 287 077 -048 -011 036
. Correlation
Experience Sig. (2-
g 003 427 619 913 709
tailed)
N 108 108 108 108 108 108
The safety ) _Pearson 287 1.000 417 319 410 454
training Correlation
programis | Sig. (2- 003 000 001 000 000
informative tailed)
and helpful. N 108 108 108 108 108 108
The.safety Pearso.n -077 417 1.000 222 .200 222
equipment | Correlation
provided is Sig. (2-
sufficientand| tailed) a2t 000 021 038 021
effective. N 108 108 108 108 108 108
The safety | Pearson -048 319 222 1.000 267 029
rulesand | Correlation
regulations | Sig. (2- 619 001 021 005 767
are clearly tailed)
communicated
and N 108 108 108 108 108 108
understood.
Thesafety | Pearson |49 410 200 267 1,000 244
incidents are | Correlation
reported and Sig. (2-
addressed tailed) 913 .000 .038 .005 011
promptly. N 108 108 108 108 108 108
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The safety | Pearson 036 454 222 029 244 1.000
culture in the | Correlation
workplace | Sig. (2- 709 000 021 767 011
promotes tailed)
accountability
and N 108 108 108 108 108 108
responsibility.
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ABSTRACT

The main goal of the current study is to provide evidence of how the Rengma Naga people of Karbi
Anglong, Assam, used plants to treat a variety of illnesses. An intensive Field study was conducted from
January 2021 to June 2022. Questionnaires, personal interviews, and group discussions were conducted.
Informants were selected randomly belonging to different age groups and gender. The data collected
were all from primary sources as there is no written record or documentation on medicinal plants. For
the treatment of various ailments and diseases, 40 medicinal plants belonging to 38 genera and 29
families were identified. The families Asteraceae and Zingiberaceae were found to have a maximum
number of species used in traditional medicine.

Keywords: Ethno medicine, Indigenous knowledge, Rengma Naga, health care.

INTRODUCTION

Ethnomedicine is the branch of Ethnobotany that focuses on the investigation of plants used by the tribal or
indigenous populations to treat different ailments and health disorders. By definition, Indigenous knowledge (1K) of
Ethnomedicine implies the long-historical use of plants for medicinal purposes by different communities. It is
believed to have evolved over the years through trial and error methods and symbolizes the relationship between
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humans and nature. Traditional healthcare practices are common among ethnic groups and are still used as a source
of medication for a variety of illnesses. North East India is well recognized for its variant culture, diverse ethnicity,
abundant biodiversity, and beautiful hilly terrains. It is home to more than 200 ethnic tribal groups [1]. Each ethnic
group has a distinct culture and customs. The region has a vast geographical area rich in flora and fauna. Most of the
tribals depend on the surrounding environment for their daily needs and especially depend on plants for medicinal
purposes. Among the different ethnic groups settled in the north-eastern part of India, the Rengma Naga is found to
inhabit the fertile land of East Karbi Anglong ( then Mikir hills), Assam since 1800 [2]. Karbi Anglong district is
situated in the state of Assam, India. The district administrative headquarter is Diphu. It covers a total area of 10,434
sg. km and is located between 25°33' to 26°35' N Latitude and from 92°10" to 93°50" E Longitude[3].Besides
RengmaNaga, Karbi, Dimasa, Kuki, Garo, Tiwa, Pnars, Boro and a few plain tribes inhabited the region [4]. The main
occupation of the Rengma Naga is agriculture and rice comprises the staple food. Ngada is the main festival of the
Rengm as which is celebrated every year in the last week of November.

The literature review shows several ethnobotanical studies that have been conducted and documented the valuable
plant species with their usage. In North East India, the significance of ethnobotanical studies starts in the late 1970s
[5]. One of the ground-breaking works was done by Borthakur, [6]Jwho identified 46 medicinal plant species while
researching the lesser-known therapeutic use of plants among the tribes of Karbi Anglong (Mikir Hills), Assam.
From Kamrup district of Assam, Kotoky & Das, [7]documented the utilization of 24 plant species for the treatment of
liver disorders. 31 medicinal plants were identified by Sajemé& Gosia, [8]as being used by the Lushai tribe in North
Cachar Hills of North East India. Much such work on the documentation of Ethnomedicinal plants of Assam was
conducted. Some of the listings were the Chorei tribes of Assam employed 53 distinct medicinal plants according to
the research done by Choudhury et al., [9], antitode against toxins among the karbis of Assam[10],medicinal plants
for treating various gynaecological problems [11], according to Basumatary,et al., [12] the Bodo Kachari tribe of Karbi
Anglong, Assam uses 44 medicinal plant species for treating diseases like cough, fever, dysentery, bone fracture,
etc., plants used for treating skin conditions by the major ethnic groups of Assam were studied by Tamuli and
Ghosal, [13], 201 medicinal plants used by Karbis, Pnar and Tiwa [4], used of anthelmintic plants by the tribal
populations of Udalguri, Assam [14], In lower Assam, 41 medicinal plants from 31 families were documented as the
potential antidiabetic plants [15], documented anti-jaundice plants utilized by tea tribes of Morigaon [16], Baidya et
al., [17] recorded 38 Ethnomedicinal plants used by the Karbisthat belonged to 36 genera and 27 families and
Terangpi and Yashmin, [18]gave an account on the practise of medicinal plants for inducing abortion among the
karbis of Assam. The studies in various literature highlight the inadequate documentation on the Rengma Nagas of
Karbi Anglong Assam. Therefore the current research work was conducted with a primary focus on the
documentation of plants useby the Rengma Naga for medicinal purposes.

MATERIAL AND METHOD

The study area includes 6 villages under Nilip Block, East Karbi Anglong, Assam. The villages are Akhoiphuta
Enrghuga, Jonpha, Chokihola, Khirang gaon (Lolashongnyu), Chosenlari - I, and Jamerhe Borlangso Rengma Gaon.
An intensive field study was conducted from January 2021 to June 2022. Prior Informed Consent was signed by the
village head (Gaon Burah) and also by the informant before conducting the interview. All the informants were given
the necessary explanation about the main objective of the study before obtaining the PIC. The selection of the
informant wasdone randomly. A total of 122 informants were interviewed for gathering the information. Indigenous
information on the use of medicinal plants was collected through questionnaires, group discussions, field surveys,
personal interviews, and observation. The questionnaires contain questions about the detailed information of the
informant, followed by the vernacular name of the medicinal plants, part use, uses, method of consumption,
distribution, and sources of collection. The field survey was done with the help of a field guide and informants for
the collection of medicinal plants. All the plant specimens were photographed and collected for making Herbarium.
With the aid of published works [19, 20, 21, 22, 23, 24, 25, 26, 27), the plant species were identified.Some of the
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herbarium specimen was identified and authenticated at BSI, Shillong, Meghalaya. All the plant species were
photographed with DSLR Camera EOS 1500D and a Samsung galaxy A30 mobile phone.

RESULTS

In the present study, 40 medicinal plant species from 38 genera and 29 families have been identified. These plants are
used for treating various diseases and ailments like skin infections, stomach-ache, diarrhoea, dysentery, constipation,
blood clotting, joint pain, jaundice, toothache, and other diseases. The family Asteraceae and Zingiberaceae were
found to have a maximum number of species followed by the family Acanthaceae, Apocynaceae, Fabaceae,
Lamiaceae, and Piperaceae. One species each were represented by the other remaining 22 families (Figure 2).The leaf
was the most commonly utilized plant part, followed by the rhizome, bark, fruit, root, whole plant, pulp, petiole, and
stem (Figure 1). Herbs made up the majority of plant species with 37%, followed by shrubs (25%), trees (20%), a
climber (12%), palms (3%), and succulents (3%) (Figure 3). Method of preparation falls under different categories
such as paste, external application, and oral consumption. The study also reveals the use of many medicinal plants
reported as vegetables and fruit by the community. Table 1 includes the scientific name, common name, vernacular
name, family, habit, part used and uses. A few of the medicinal plants are depicted in Plate 1 below.

DISCUSSION

The Rengmas are found to depend on plants mostly grown in wild for treating various ailments. They collect the
plants while visiting the field and also many villagers grow wild medicinal plants in their home gardens which is
indirectly conserving the plant species. The predominance of Asteraceae and Zingiberaceae family shows that the
plant species are prevalent in natural surroundings and are familiar to the villagers for their medicinal purpose. This
is proven by the used of Curcuma aeruginosa Roxb. and Zingiber zerumbet (L.) Roscoe ex Sm for treating diarrhoea
instead of modern medicine. Additionally, both Arya, etal. [28] and Kala, [29] reported on the dominance of
Asteraceae family utilized for medicinal purposes. The result of the present study depicts a similarity in the
traditional uses of some plants with other indigenous tribes of the region. Basumatary, et.al. [12] documented the use
of Aloe vera (L.), Azadirachta indica A. Juss and Andrographis paniculata (Burm f.) Nees. for treating cuts and burn, skin
infections and malaria respectively. Baidya, et.al. [17] (2020) also reported the similar medicinal uses of Ageratum
conyzoides L. and Acmella oleracea (L) R.K.Jansen in their findings. In agreement with our result, Arya, et.al. [28] have
reported the use of Centella asiatica (L.) Urban as a blood purifier, Ageratum conyzoides L. for cuts and wounds, and
Paederia foetida L. for stomach disorder. Baruah, et.al. [30] reported the similar medicinal usage of Azadirachta indica
A. Juss., Ricinus communis L., Paederia foetida L., and Carica papaya L. The use of Calotropis gigantea L. Dryand, Piper
nigrum L. & Saccharum officinarum L. has been mentioned by Alom, [31]. The similarity in the practise of therapeutic
plants among the different indigenous communities suggest the wide utilization of these plant species and there is a
possibility of cross-cultural sharing of traditional knowledge among the people of different ethnic groups or
neighbouring regions.

CONCLUSION

The study concluded that the Rengma Nagas are well connected with nature for food and medicinal purposes. The
poor road connectivity and limited healthcare facility make the villager more dependent on wild plants available in
their vicinity for medicinal usage. Among the Rengma people, the practice of traditional medicine is still widely
used. However, the very existence of valuable indigenous knowledge is severely challenge by the younger
generation’s lack of interest, which has grown over time. On the other hand, environmental degradation due to
anthropogenic activities has also posed a threat to the diversity of wild plants. The conservation of plant species is
essential as they are culturally, socially, and economically linked with the villagers. Therefore extensive research and
documentation of the existing aboriginal information of medicinal plants utilized by the Rengmas are indispensable.
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Furthermore, phytochemical and pharmacological analysis for bioactive compounds would yield important details
of therapeutic action. There is a greater scope to do more ethnomedicobotanical research as the region is very much
neglected in this field.
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Table 1: Listed below are the reported medicinal plants arranged according to the family:

Sl. Scientific Common name Vernacular Eamil The habit/ Uses
No. Name name Y Part used
Andrographis Herb The entire plantis
nicul . . iled in water
1 paniculata Creat/ green chiretta Malaria ben Acanthaceae Whole boiled
(Burm.f.) lant and consumed to
Nees P treat malaria.
. The leaf i
Thunbergia Tenghedu Climber El fiezaorﬁ) izttz I;
2 grandiflora Bengal trumpet g Acanthaceae P y
ranyu Leaf stone/rock to
alba Roxb. -
control bleeding.
The fresh rhizome
is taken raw or boil
Acorus Herb for constipation
3 Calamus L. Sweet flag Lamba Acoraceae Rhizome and is also used to
get rid of a bad
spirit.
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Creeping | Thewhole plantis
Centella ;
4 asiatica L Indian pennywort Thujeng Apiaceae Herb boiled and eaten
' penny Rungho P Whole to purify the
Urban
plant blood.
The leaf with
mustard oil is
lotropis warm near the fire
.Ca otrop! . Apocynacea Shrub .
5 gigantea (L.) Crown flower Jangnyipvu o Leaf and applied
Dryand. externally to cure
joint pain and
swelling.
The leaf is taken
after being boiled
in rtol r
Catharanthus : Yvate to lowe
- Apocynacea Herb high pressure.
6 roseus (L.) Cape periwinkle - .
e Leaf Raw leaf extract is
G.Don )
applied externally
on catand dog
scratches.
The young leaf
Lasia spinosa Herb and petiole are
7 P . Spiny taro Sethetpvu Araceae Leaf/petiol | boiled and eaten
(L.) Thwaites . .
e for intestinal
deworming.
Carvota urens Palm The extract of the
8 i L Fishtail palm Nshen ben Arecaceae pul pulp sap is taken
' P for jaundice.
The gel mixed
ith honey i
Aloe vera (L.) With honey is
Asphodelace | Succulent | eaten raw to cure
9 Burm.f. Aloe vera Aloe vera A
ae Leaf gastric, and
applied externally
on cut and burn.
To control
Ageratum . bleeding from
g . Billy goat weed/ . Herb 9
10 conyzoides L. ; Kengkhipvu Asteraceae cuts and wounds,
chickweed Leaf .
the leaf paste is
topically applied.
Acmella Herb The leaf paste is
11 oleracea (L.) Toothache plant Huthipu Asteraceae applied to cure
Leaf
R.K.Jansen toothache.
To treat
Inula cappa dizziness/vertigo,
(Buch-Ham. the leaf is crushed
Ex D.Don) Herb and smells/ apply
’ A . .
12 DC. Sheep’s ear Jangnyet steraceae Leaf topically. Addition

ally itis employed
to get rid
ofevil/bad spirits.
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External
Mikania RananvuKeshi Vine/climb | application of leaf
13 | micranthaKunt Bitter vine g ny i Asteraceae er paste on cuts and
h g Leaf sores to stop
bleeding.
- The bark is boiled
Oroxylumindic Bignoniacea Tree and taken for
14 | um(L.) Benth. Trumpet flower Nchupo 9 . .
e Bark jaundice and
ex Kurz !
pneumonia.
Raw juice from
the young leaf is
taken to cure
Carica papaya Tree Dengue, ripe fruit
15 Papaya Thengsha Caricaceae Fruit, O
L. ouna leaf is eaten for
young treating the
digestive
disorder.
The root is
Chloranthus crushed, boil, and
o hloranth hr ' L
16 officinalis Tall Chloranthus Nyenchen Chloranthac Shrub taken to cure joint
eae Root . ;
Blume pain/anti-
spasmodic.
Garcinia
nculataR .. . . Fresh fruit is eaten
17 pedunculataRo Garcinia/Borthekera Rencha sha Clusiaceae Tree Fruit .
xb.ex Buch. to cure diarrhoea.
Ham.
The bark of the
tree is boiled and
L . ken for curin
Terminalia Black/Chebulicmryob . Combretacea Tree taken for curi .g
18 Khisen Sha . measles and dried
chebula Retz. alam e Bark /fruit ..
and fresh fruit is
taken to lower
high pressure.
Kalanchoe The leaf extract is
. Air plant/ Clapper Herb taken for gastric
19 | pinnata (Lam.) Ma keronyen | Crassulaceae .
bush Leaf and kidney
Pers.
stones.
The young leaf is
warm near the fire
Ricin Euphorbiace Shrub .
20 't u.s Castor bean Yongtu P and applies to
communis L. ae Leaf . .
swelling and joint
pain.
Liver problems
. . and jaundice are
. hr
21 Cajanu§ cajan Pigeon pea Roho dal Fabaceae Shrub treated by
(L.) Millsp. Leaf . :
ingesting the leaf
boiled in water.
Mimosa Touch me not Ketjetpvu/ Herb The root with holy
22 . ; Fabaceae . L
pudical. kejonyen Root basil leaf is grind
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and the juice is
taken to cure
headaches.

The fresh leaf is

Cleroden.drum East Indian glory . . Shrub boiled and eaten
23 | colebrookianum Hingcheren Lamiaceae .
bower Leaf to lower high
Walp.
blood pressure.
The leaf is
crushed and
applied to cure
mouth ulcers and
Ocimum Herb blisters. The leaf
i lokhi Lami .
24 sanctum L. Holy basil Tulokhi amiaceae Leaf of holy basil and
betel leaf is
crushed and the
paste is used to
control bleeding.
To treat typhoid,
malaria, and
Punica .. Shrub dysentery, the
2 Pomegranate Kharat(i ben Lythraceae .

S granatum L. 9 Y Leaf /bark young leaf is
boiled and
consumed.

The leaves and
Azadirachta bark are boiled
indica A.Juss. Meliaceae Tree and either eaten
26 Neem Neem ben .
Leaf/bark or applied
topically to treat
skin ailment.
Tree For jaundice, the
27 | Morusnigra L. Black mulberry Khemosha Moraceae Leaf leaf extract is
used.
External
application of
rhizome paste
M . hr .
28 .u.sa Vegetable banana Thayabi Musaceae S. ub provides
paradisiaca L. Rhizome . ;
immediate
toothache
alleviation.
For diarrhoea, the
Psidiumguaj . . Tree leaf extract is
29 sidiumguajava Guava Mitheri ben Myrtaceae ..
L. Young leaf administered
orally.
B invill . For diarrhoea, a
ougal Y'. ca L Nyctaginace Shrub .
30 spectabilis Great bougainvillea Kagos nyen leaf decoction is
. ae Leaf
Willd. used.
Climber/vi | Betel leaf with the
31 Piper betle L. Betel leaf Pennyi Piperaceae ne leaf of Holy basil
Leaf is crushed and
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applied to control
bleeding from the
cut.
The dried fruit
and leaf of
Vine/climb | Ocimumsanctum L.
32 | Pipernigrum L. Black pepper Gulmoris Piperaceae er are crushed and
fruit taken for
pneumonia and
cough
33 S.a?charum Sugar cane Kwed Poaceae Shrub The ju.ice Is Faken
officinarum L. Stem for jaundice.
The young leaf
Pacderia foetida Climber/vi and rootare
34 L Stink vine Thabyi-e Rubiaceae ne boiled and taken
' Leaf, root for indigestion
and stomach ache.
To treat food
Murraya Tree poisoning, gas
35 koenigii (L.) Curry leaf tree Curry ben Rutaceae Leaf and stomach-
Sprengel aches, the leaf
decoction is taken.
The leaf is boiled
Laportea Shrub and consumed to
36 crenulata Stinging tree Jambo kadagi Urticaceae Leaf relievephysical
(Roxb.) Gaud. pain and increase
appetite.
The crushed
rhizome s
37 Curcuma Mango ginger Gi Zingiberacea Herb combine with
amada Roxb. e Rhizome water and taken
orally to treat
stomach-ache.
The rhizome
Curcuma - extract mixed
. . . . . Zingiberacea Herb . .
38 aeruginosa Pink and blue ginger Gulomogi o Rhizome with water is used
Roxb. for dysentery and
diarrhoea.
Zingiber - To treat. cfough
. . Zingiberacea Herb and vomiting, the
39 officinale var. Red ginger Gachen . . -
rubrum e Rhizome rhizome s
consumed.
The extract
ofcrushed
Zingiber - rhizome mixed
40 zerumget (L) Wild ginger Melinyu g Zingiberacea Herb with warm water
e Rhizome .
Roscoe ex Sm. and a pinch of salt
is taken for
diarrhoea.
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Part used
PulpSterfietiole Rhizome
Fruit 2% 2% 2% 13%
Root
wholeplanl7%

Leaf
52%

mRhizome mleaf mBark mwholeplant ®mRoot mFruit mPulp mStem ®Petiole

Figure 1: Pie chart showing different parts of plant used in the preparation of traditional medicine.

4.5
4
3.5
3
2.5
2

NO. OF SPECIES

1.5
1
0.5

FAMILY

Figure 2. Representation of the medicinal plants reported from the study area according to family
units(Others represent a family with one species: Acoraceae, Apiaceae, Arecaceae, Araceae, Asphodelaceae,
Bignoniaceae, Caricaceae, Chloranthaceae, Combretaceae Clusiaceae, Crassulaceae, Euphorbiaceae,
Lythraceae, Rubiaceae, Rutaceae, Meliaceae, Moraceae, Musaceae, Myrtaceae,Nyctaginaceae, Poaceae, and
Utricaceae )
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HABIT

Tree

Palm

3%

Succulent
3%

Herb
37%

Climber
12%

Shrub

) 25%
M Herb M Shrub ®Climber ™ Succulent ®Palm ™ Tree

Figure 3: Reported medicinal plants belonging to different habit groups.

icin

al plants from the study area.

Plate 1(a- I): Some of the purported med
a e T f 7

I.‘
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Plate 1 (a-1):a. Ageratum conyzoides L., b. Andrographis paniculata (Burm.f.) Nees. c. Bougainvillea spectabilis
Willd. d. Cajanus cajan(L.) Millsp. e. Calotropis gigantea (L.) Dryand. f.Centella asiatica (L.) Urban g.
Catharanthus roseus (L.) h. Chloranthus officinalis Blume. i. Curcuma aeruginosa Roxb. j. Ricinus communis L. K.
Thunbergia grandiflora alba Roxb I. Inula cappa (Buch-Ham. Ex D.Don) DC.
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ABSTRACT

A study on stress management in the workplace is the topic of this research. The primary purpose of this
research is to determine what aspects of life are most affected by stress, what makes stress less of an issue
for people at work, and what kinds of procedures can be used to alleviate stress in the workplace. This is
a descriptive study meant to gauge the stress experienced by workers there. The questionnaires were
collected via an interview schedule approach. A total of 120 questionnaires were given out to workers in
this descriptive study, although only 104 were usable in the end. The resulting percentage is 82%.
Primary and secondary sources were used to fill out the questionnaire, and we used a basic random
sample technique. In this analysis, we employed Descriptive Statistics, Chi-Square Testing, and Analysis
of Variance (ANOVA). Finally, a number of recommendations are made to further encourage the
knowledge-sharing and creative actions of AURO's staff.

Keywords: Stressors, Effects of stress, Stress copying, Mechanism

INTRODUCTION

Employees' physical and mental health can suffer from the stress that is inescapable in the workplace. The purpose of
this research was to examine existing research on how to help workers cope with stress on the job. The research will
look into what causes stress in the workplace, how that stress manifests itself in the workplace, and what kinds of
stress management strategies have been implemented there in the past. More and more workers report feeling
overwhelmed by pressures at the office. They may be adjusting to an unusually heavy workload, unusually long
hours, or unusually rapid shifts in innovation and deadlines in order to keep up with changing demands. The
emphasis on getting things done has replaced the possibility of having a job for life as the driving force behind
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company success. Now more than ever, stress is recognised as a genuine threat to employee health and safety on the
job. Both the individual and the ecosystem can benefit from better management of stress. It's useful for lowering
stress levels in people's lives and in the workplace as a whole.

Objectives of the Study

The objectives of the study are

e To know the importance of stress management

e To analyse the effects of stress on individual life

e Tostudy the various factors causing stress among the employees

e To identify the different methods and techniques of reducing the stress
e Tostudy the effects of stress on the health of employees

Need of the Study

e It helps the various factors causing stress among the employees.

e Ithelps to coping up techniques as how they overcome stress.

e To give constructive suggestion to the management as how to minimize stress.

Scope of the Study

e Tostudy aims to find out the work stress management restricted within the organisation and

e To know the factors which are contributing for stress

e Toanalyze managing the work stress of employees

e The scope of the study is extended only to the employees working in AURO, Coimbatore, it does not cover
employees working in other branches of AURO to fulfil the objectives of this research, this study is conducted to
analyze the stress management among the employees of AURO

Limitations

e  The study restricts only with the employees of Auro,Coimbatore

e The study only assumes that information was given by the employees without any bias

e Thetime duration was three months and it is limited. This will be a limitation to complete the study

REVIEW OF LITERATURE

Kavitha's study, "Role of stress among women employees forming the majority workforce at IT industry in Chennai
and Coimbatore," (2012), focuses on the impact of workplace stress on IT workers. From her findings, she deduced
that married women, in particular, experience significantly more stress than single women in the
workplace.According to research by P.S. Swaminathan and Rajkumar S., "Stress Levels in Organizations and Its
Effect on Employee Behavior” (2013). (2013). An investigation was conducted to determine the correlation between
stress and demographic factors such as age, employment, work schedule, and workplace setting. An employee's
stress is unique to them. The results show that there is a sweet spot where everyone is productive to their fullest
potential, and they pinpoint three causes of occupational stress: 1) Role overload; 2) Job insecurity; and 3)
Performance expectations. 2) Distancing oneself from one's roles #3 Stability in the role.

"Emotional Intelligence as Predictor of Occupational Stress among Working Professionals” by Satija S. and Khan W.
(2013). (2013). Occupational stress, which they equate with job stress, is said to have a similarly negative effect on
workers' attitudes and behaviour if not managed well. The correlation between EQ and stress at work is the focus of
this investigation. The results of this study suggest that emotional intelligence is a strong indicator of job stress. 7
Researchers Amir Shani and Abraham Pizam (2009) examined the prevalence of job-related depression among
Central Florida hotel workers. By analysing the connection between job stress and characteristics of the hospitality
industry, they found that incidence of depression was higher than expected.
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The relationship between "occupational stress, bad health, and organisational commitment" has been studied by
Viljoen and Rothmann (2009). (2009). They saw a strong correlation between workplace stress and health problems
and poor levels of employee dedication. Physical and mental illness were both exacerbated by worries about one's
job security. Five stressors, including Work-life balance, Overload, Control, and Job characteristics, were found to be
predictive with low person commitment to the business. Occupational stress among nursing workers in surgical
settings, by Schmidt, Denise Rodrigues Costa, et al. (2019). The researchers set out to assess the extent to which
nursing professionals in surgical settings experience occupational stress, as well as the relationships between stress
and various aspects of their jobs.A study titled "Occupational Stress and Teaching Strategies among Chinese
Academics" was conducted by Li-fang Zhang (2009). (2009). According to the study's authors, when participants’
self-evaluations are taken into account, it becomes clear that both positive and negative conceptual changes in
teaching strategy are predicted by participants' role inadequacies.

According to research by Kayoko Urakawa and Kazuhito Yokoyam titled "Sense of Coherence (SOC) may Reduce
the Effects of Occupational Stress on Mental Health Status among Japanese Factory Workers," published in 2009,
male managers' mental health status was negatively impacted by job demand and stress, while female coworkers'
mental health status was positively impacted by SOC. They concluded that SOC is a major factor in determining how
well people of both sexes deal with stress at work. According to J.E. Agolla's study "Police Officers: The Case of the
Botswana Police Service" (2009), the force in Botswana has 12 officers (2009). He conducted research among police
officers in Botswana to learn more about the prevalence of stress at work and how officers there deal with it. The
results of this study show that the use of force is a major source of stress for police officers. Exercising, going out
with friends, eating a good diet, planning a career, and training personnel were all named as coping techniques.

RESEARCH METHODOLOGY

Research Design
Descriptive research using a well-structured questionnaire was used for this study's design.

Table 1. Method of Collection

Demographic variables Frequency Percent
Male 47 45.2%
Female 47 45.2%
Gender Not prefer to say 10 9.6%
Total 104 100%
18-25 28 26.9%
26-35 40 38.5%
36-45 27 26.0%
Age Above 45 9 8.7%
Total 104 100%
Married 48 46.3%
MaritalStatus Unmarried 48 46.2%
others 8 7.5%
Total 104 100.%
Less thanl years 23 22.1%
1-3years 40 38.5%
3-5years 27 26.0%
Job Experience Above 5 years 14 13.5%
Total 104 100.0%
Below 20000 20 19.2%
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salary 20000-30000 34 32.7%
30000-40000 24 23.1%

40000-50000 12 11.5%

Above50000 13 12.5%

Total 104 100%

Primary and secondary data are used in the data collection process.

Sampling Size
The sampling size of the study is 104

Sampling Unit
The sampling unit of the study is employees of Auro.

Sampling Method
The sampling method used in the study is simple random sampling method.

Tools for Data Analysis
e  Descriptive Statistics
e Chi-Square Test

e ANOVA

Data Analysis

Descriptive Statistics

Percentage analysis is a straightforward statistical tool that measures the proportion of a sample population that
answers a questionnaire. It's one of the simplest types of analysis, and it's useful for seeing how a study turns out. It
can be seen from the table that the majority of respondents are both male and female (45.2 percent), are between the
ages of 26 and 35 (38.5 percent), are married (46.3%), have between one and three years of work experience (38.5
percent), and make between twenty thousand and thirty thousand rupees ($3,500 and ten thousand dollars) per
month (32.7 percent ).

Chi-Square Test

Table 1: Gender and Employee Empowerment

HO - There is no significance relation between using Gender and Employee Empowerment.

H1 - There is significance relation between using Gender and Employee Empowerment.

Inference

The preceding table shows that the estimated cumulative value is below the level of 0.05 percent, coming in at.000.
As a result, H1 can be accepted as a valid hypothesis.

Table 2: Age and Employee Empowerment.

HO- There is no significance relation between using Age and Employee Empowerment.

H1 - There is significance relation between using gender and Employee Empowerment.

Inference

The aforementioned tabular analysis revealed a total value of.000, well below the threshold of 5%. Therefore, H1 is a
valid and accepted hypothesis.

ANOVA

Hypothesis Statement

Table 1: Age and Environment change

Ho: There is no significance relationship between age and Environment change.

56002



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©lJONS

Vol.14 / Issue 78 / June / 2023  International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997

Karishma and Suganya

H:: There is a significance relationship between age and Environment change.

Inference

The determined significance value from the preceding table is.000, which is less than the threshold value of.05 (5
percent level of significance). As a result, we cannot accept HO. You can go with H1. Thus, it follows that the passage
of time correlates significantly with shifts in the surrounding environment.

Table 2: Age and Leadership

Ho: There is no significance relationship between Age and Leadership.

H:: There is a significance relationship between Age and Leadership.

Inference

The determined significance value from the preceding table is.000, which is less than the threshold value of.05 (5
percent level of significance). As a result, we cannot accept HO. You can go with H1. It follows that there must be a
strong connection between seniority and leadership ability.\

FINDINGS, SUGGESTIONS AND CONCLUSION

Findings

Based on the data presented above, we can infer that 45.2% of respondents were female, 38.5% were between the
ages of 26 and 35, 46.3% of employees were married, the average length of an employee's tenure at their current job
was 1-3 years, their monthly income ranged from 20,000 to 30,000 rupees, and they took pride in their work and were
inspired to share what they had learned.

Suggestions

Stress is a common experience among employees in various organizations . Therefore, conducting a study on stress
management among employees would be beneficial. The study could investigate the reasons for stress among
employees, as well as interventions that could be used to manage stress. Additionally, the study could explore
organizational interventions, such as improving management styles and ensuring adequate time for planning work
tasks, as well as personal interventions outside of work, such as physical exercise and taking breaks .By targeting
both individuals and organizations, the study could promote effective interventions that improve management
practices and promote personal interventions outside of work, ultimately reducing the negative effects of work stress
on physical and mental health.

CONCLUSION

Therefore, from this study , it is found a study on stress management among employees in an organization could be
highly beneficial. The study could investigate the reasons for stress and interventions that could be used to manage
it, including personal and organizational interventions. Organizational interventions, such as implementing a system
of checks and balances when delegating work and assigning tasks, were perceived as effective. Personal
interventions outside of work, such as physical exercise and taking breaks, were also important. By targeting both
individuals and organizations, the study could promote effective interventions that improve management practices
and reduce the negative effects of work stress on physical and mental health. Ultimately, this could lead to improved
employee health, better performance, and a healthier workplace culture
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Table 1: Gender and Employee Empowerment

Chi-square df Asymp. Sig.
Gender 38.38 3 .000
| feel empowered to make decisions related to my 4432 3 000
work
I have the necessary resources to effectively 3022 1 000
perform
| feel supported by my colleagues and supervisors 79.90 4 000
in my work
Table 2. Age and Employee Empowerment.
Chi-square df A symp. Sig.
Age 8.46 3 0.00
| feel empowered to make decisions related to 4432 3 000
my work
I have the necessary resources to effectively 30.22 1 000
perform
| feel supporte.d by my colleagues and 79.90 4 000
supervisors in my work
Table 3. Age and Environment change
Sum of Squares df Mean Square F Sig.
Between Groups 68.02 3 34,01 16.74 .000
Within Groups 237.77 117 2.03
Total 305.79 120
Table 2. Age and Leadership
Sum of Squares df Mean Square F Sig
Between Groups 94.09 3 47.05 42.65 .000
Within Groups 129.07 117 1.10
Total 223.17 120
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ABSTRACT

Social media is now widely used in our daily lives. In particular, this applies to the millennial generation.
Social media is still the most practical and straightforward method of connecting with people today. As a
result, companies may utilize it as a tool to reach their target consumers through a variety of means,
including advertising. The aim of the study is to conduct a survey regarding the impact of social media
advertising on the online purchase intention of cosmetics among female consumers and In addition to
that knowing cosmetics purchase and social media behavior. This research is carried out considering
female consumers in Bangalore who are purchasing cosmetics through an online mode. For this study
non-probability technique is been adopted, convenience sampling technigue is used. Data was collected
through the structured questionnaire from 385 respondents. A total of 21 questionnaire were collected
from respondents. Once the data was collected, SPSS program is used by the researcher to carry out
analysis. Cronbach’s Alpha test is conducted to test the data reliability,finding the link between social
media advertising and online purchase intent is the major goal of the study. The social media advertising
had three items i.e. Credibility, Entertainment and Informativeness. There is an hypotheses proposed in
the study, The association between the effectiveness of social media advertising and online purchase
intent for cosmetics was examined using a Pearson Correlation test. It has been discovered that social
media advertising significantly influences female customers' online cosmetics purchasing intentions.

Keywords: Social media advertising, online purchase intention, consumer behavior

56005



http://www.tnsroindia.org.in
mailto:manasangowdaphd@gmail.com

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©lJONS

Vol.14 / Issue 78 / June / 2023  International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997

Manasa and Alex Rajesh

INTRODUCTION

The World Wide Web has seen a significant increase of user-driven web technologies during the past ten years,
known as social media, which has resulted in the development of online communities, improved discussions, and
opinion-sharing, as well as user-generated content. The huge popularity of social networking sites like Facebook,
Instagram and Twitter was brought on by this development. In the year 2022 the average time spent in a Social
Media by people of India in a day is 2 hours 33 minutes (GWI, 2022).Social media plays a significant role in
contemporary lives. Numerous data elements and user-related information may also be found on social media
platforms. They let marketers to exploit publicly available information. Social media allows marketers the ability to
develop customized advertising based on the interests, behaviors, demographics, and even email addresses of their
audience. Social media is now widely used in our daily lives. In particular, this applies to the millennial generation.
Social media is still the most practical and straightforward method of connecting with people today. As a result,
organizations may utilize it as a tool to reach their target consumers through methods other than advertising. The
possibility of creating value via social networks influences customers' intention to purchase. (Goldwin, Prabhu, &
Ahmed, 2021)Consumers' heightened awareness of hygiene and beauty in recent years has been largely attributed
due to technological advancements, globalization, and rising purchasing power. This is the primary driver behind
the cosmetics industry's explosive growth. (Shaji, 2020)

With 530 million members as of February 2021, messaging app Whatsapp had the most social media users in India.
Facebook was ranked third at the time, with YouTube coming in second. The nation's government updated its IT
legislation earlier that year in an effort to encourage social media sites to self-regulate by putting a heavier emphasis
on the standards. More over 50% of Indians had access to social networks in 2020. It was predicted that 67 percent of
the population will be using social networks by the year 2025. This was due in part to the burgeoning telecom sector,
which offered inexpensive mobile data and saw Reliance Jio pave the way for affordable digital communication for
the common Indian.

Online Advertising

With the development of the internet, advertisement adds the digital tool to the traditional media (TV, print and
radio). Through webbased publicizing, "Marketers, communicate with, and convince users of online to position a
brand, which permits an organization to advance both customer awareness and preference in redid and customized
way, and decline the time expected to settle on a purchasing choice (Hanafizadeh & Behboudi, 2012).By the by, it
merits seeing that online advertisement has not supplanted traditional advertising, as the two strategies are
corresponding. In any case, online advertisement has constrained the traditional advertisement idea to adjust to the
difficulties of the new innovation and rethink the length of its extension and techniques, as has occurred over the
years at whatever point an innovative headway influenced the promoting scene. In other words, the Internet has
meaningfully had an impact on the manner in which the customers and promoters see what's more, experience
advertisement, as in it has set out a special freedom for tweaked and customized association between the two partied
(Barreto, 2013)

Purchase Intention
With the steady purchasing choices consistently and various choices on the lookout, buyers need to adapt to
overload information. Purchase intention is characterized as the chance of buyer in buying item or service soon
(Laksamana, 2018).

India Beauty and Personal care Industry in India

Evolving ways of life, and developing awareness added to a huge improvement in India's cosmetics industry. In
2021 India is positioned fourth worldwide for generating the most noteworthy revenue in the market ofbeauty and
personal care. The beauty care products market overall is constrained by a modest bunch of combinations like
Procter and Gamble L'Oréal and Unilever. Though these were enormously effective in India. The India excellence
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and individual to consideration market is supposed to show a CAGR of 6.5% during 2022-2027Beauty and Personal
Care Market in India is assessed to be USD 24.53 Bn in 2022 and is supposed to arrive at USD 33.33 Bn by 2027,
developing at a CAGR of 6.32%. (Research and Markets , 2022).

Research Problem

These days, because of the prominence of the Internet and its Social media networks, social advertisement is viewed
as important to the progress of organizations today (Gaber, Wright, & Kooli, 2019)the market however is loaded up
with many organizations that convey to a similar Targetmarket. In the magnificence and wellbeing cosmetics
industry, there are numerous competitors that sell comparative items. Thus, organizations should know about how
to grap buyers' consideration regarding their communication (El-zoghby, El-Samadicy, & Negm, 2021). This study
investigated the impact of social media advertising on online purchase intention among female consumers.

Need for the Study
The aim of the study is to conduct a survey regarding the impact of social media advertisingon the online purchase
intention to buy the cosmetics and In addition to that knowing cosmetics purchase and social media behavior.

Research Objectives

e To study the impact of cosmetic brands’ social media advertising on online purchase intentiontowards cosmetics
among female consumers

e Tounderstand thecosmetics purchase and social media behavior.

RESEARCH METHODOLOGY

In this study the technique of research adopted is descriptive research. It’s a study which is done by identifying
various variables. It has considered the following methods

e  Formulation of a research problem

e  Aclear research design about the data collection

e Data was collected with a structured questionnaire

e Helps in defining the relationship between variables

Scope of Research
This research is carried out considering female consumers in Bangalore who are purchasing cosmetics through an
online mode.

Methods of Data Collection

In this study the primary mode of data collection was through a structured questionnaire, in the present study
journals from published source were reviewed for better understating of the subject and the conceptual model. A
part from journal, collected statistical data from various trusted online sites.

Sampling
For this study non-probability technique is been adopted, convenience sampling technique is used. Data is collected
from 385 respondents.

LITERATURE REVIEW

Social Media
(Ahmad, Salman, & Ashig, 2015)The study aimed to understand the impact of Social Media on Fashion Industry,
primary data was collected through a questionnaire from 130 respondents, and study has found that social media
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and fashion industry are highly interdependent on each other. (Mazeed & Kodumagulla, 2019)The study was
conducted to understand the impact of social media on purchase intention, data was collected from 100 customers
through a questionnaire to know the impact of social media on purchase media in comparison with print media.
They concluded that social media had a great impact on purchase intention in comparison with print media. (Harun
& Husin, 2019)This study attempted to understand influence of social media marketing on online purchasing
behavior of low involvement products, the sample size for the study was 384, the sampling unit was Millennials, and
they looked into four dimensions in social media marketing i.e. “Entertainment”, Interaction”, “Perceived Trust” and
“Online Communities”. The study concluded that “Perceived Trust” and “Entertainment”had a favorable effect on
Millennials' shopping habits.” (Gupta, 2013)The purpose of the study was to evaluate how customers' buying
intentions were affected by social media, the variables under the study were “Product involvement level”, “Peer
communication” and “Perceived product informativeness”, the data was collected through the questionnaire, and
inference was drawn using statistical tool i.e.Anova, Regression and Correlation. They concluded that Perceived
product informativeness have a high impact on purchase intention of consumers.

(Laksamana, 2018)With just the banking sector and 286 participants, the study was undertaken to evaluate the
influence of social media marketing on online purchase intention. Its findings showed that social media had a
significant influence on both brand loyalty and buy intention. (Poturak & Softic, 2019)The main aim of the study was
to know the impact of social media communication in creating e-WOM and itseffect on brand equity and purchase
intention, 300 responses were taken into consideration to draw an inference. Study found that social media
communication which is created by user and firm will influence brand equity and it creates a mediation effect
between e-WOM and purchasing behavior of consumers. (Yogesh & Yesha, 2014)Social media has completely
changed how people communicate and share interests and information. Marketing professionals now have a new
way to reach clients thanks to the social media and social networking industry's explosive expansion, particularly in
emerging nations like India. The study has found that social media is highly used by people as an information
source.

The primary and dominant market outlet for goods is now social media (He, Wang, Chen, & Zha, 2017) (Oktriyanto,
Budiarto, Siahaan, & Sanny, 2021)Social Media Marketing enables companies to engage with customers more quickly
and more easily. From a business standpoint, social media use has the same beneficial consequences as conventional
advertising. (Mikalef, Giannakos, & Pateli, 2013)The study found that the convenience factor in product browsing in
social media and ease of product selection in company social media sites is having an impact on consumer purchase
intention. (Gupta, Banga, & Kumar, 2021) The goal of the study was to look at how people use different social media
platforms and how that usage effects on their purchases. Descriptive research methodology was used. According to
the survey, respondents utilized social networking sites to obtain information, make informed purchases, and were
swayed by their close friends when choosing a product.

Theoretical Background of The Study

The model of “consumer decision making” (Schiffman &Kanuk, 2004) which explains the “consumer decision
making process” through “Input”, “Process” and “output”. The insert stage impacts the consumer’s product need
identification; it holds 2 considerable origins of information: Company’s marketing attempt viz. “product”, “price”,
“place”, “promotion” and the outer most sociocultural factors buyers (“friends”, “family”, “non-commercial
sources”, other “informal sources” and “neighbors”, “social-class”, and “cultural” and “subcultural” factors. The
model stresses on how consumers will make the purchase decision. The emotional factors intrinsic in every discrete
(“perception”, “motivation”, “attitude”, “personality”, and “learning”) effects how the exterior inputs affects the
consumer’s recall of a requirement, pre-purchase explore for data, assessment of various alternatives. The consumer
decision includes 3 stages: 1.“need recognition”, 2.“pre-purchase search”, and 3.“evaluation of alternatives”. The
output stage of the “consumer decision making model” contains of 2 post-decision activities: “purchase behavior”
and “post-purchase evaluation”.
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The Stimulus Response Model

“The stimulus response model” of consumer behavior is essential to know the individual consumers buying
behavior. The model briefly advances that customers are uncovered to different marketing stimuli that is “Product”,
“Price”, “Place” and “Promotion” and they are also exposed to various external environmental factors such as
“Political”, “Economic”, “Technological” and “Cultural”. There are internal factors such as psychological,
perception, attitude, learning, personal (Age, Economic situation, Occupation, Personality, Lifestyle and self-concept)
and motives that will influence on consumers buying decision. All these factors will have an impact on buying
decision making of a customer which contain “product choice”, “brand choice”, “dealer choice”, “purchase
quantity”, and “purchase timing”.

Figure given below portrays the stimulus-response model.

Source: Source: Kotler & Armstrong (2009, p. 159).

Kotler’'s model helps the study in understanding the impact of cosmetics brands’ social media marketing
stimuli on consumer buying behavior. This is extended to the research to analyze how the stimuli influence
the decision-making process and respond to the need and purchase of cosmetics.

Conceptual Framework

The exchange of knowledge and interests has been revolutionized by social media. Marketing professionals now
have a new channel with the rapid expansion of social media and social networking sites, particularly in emerging
nations like India.(Yogesh & Yesha, 2014) The primary and dominant market outlet for goods is now social media
(He, Wang, Chen, & Zha, 2017)Companies are able to engage with customers more quickly and simply through
social media marketing. From a business standpoint, social media use has the same beneficial consequences as
conventional advertising.(Oktriyanto, Budiarto, Siahaan, & Sanny, 2021). (Gupta, 2013) Perceived informativeness
plays a vital role in consumer purchase intention. Perceived trust ad Entertainment factor will have an effect on
consumer buying decision (Harun & Husin, 2019).

The proposed hypothesis for this study is based from the above discussion.

Hypothesis 1: There is a significant relationship between Social Media Advertising Value and Online Purchase
Intention towards cosmetics.

Data Reliability

Cronbach’s Alpha

Case Processing Summary

N %
Valid 385 100.0

Cases Excluded 0 0
Total 385 100.0

a. Listwise deletion based on all variables in the procedure.

Reliability Statistics

Cronbach's Alpha
Cronbach's Alpha Based on N of Items
Standardized Items
917 .906 17

Item Statistics

Mean Std. Deviation N
Cosmetics_Usage_Frequency 2.15 767 385
Social_media_platform_used_more_oftenly 1.64 1.057 385
Money_spent_on_cosmeticspurchase 1.45 745 385
Number_of_cosmetics_purchased_in_online 1.62 542 385
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SOCIAL_MEDIA ADVERTISING 2.74 873 385
SOCIAL_MEDIA_ADVERTISING 2.55 1.192 385
SOCIAL_MEDIA_ADVERTISING 2.49 1.125 385
SOCIAL_MEDIA ADVERTISING 2.68 .898 385
SOCIAL_MEDIA_ADVERTISING 2.76 1.064 385
SOCIAL_MEDIA_ADVERTISING 2.81 .969 385
SOCIAL_MEDIA_ADVERTISING 2.62 1.081 385
SOCIAL_MEDIA_ADVERTISING 2.79 871 385
SOCIAL_MEDIA_ADVERTISING 2.99 .986 385
SOCIAL_MEDIA_ADVERTISING 291 1.052 385
PURCHASEINTENTION 2.86 1.032 385
PURCHASEINTENTION 2.73 1.087 385
PURCHASEINTENTION 2.80 1.061 385
Item-Total Statistics
Scale Mean if Scale Variance Corrected Squared Cronbach's
Item Deleted if Item Deleted Item-Total Multiple Alpha if Item
Correlation Correlation Deleted
Cosmetics_Usage Frequency 4042 114.875 219 .305 921
Social_media_platform_used 4093 116.364 .070 .384 .928
_more_oftenly
Money_spent_on_cosmetics_ 41.12 118.495 .001 468 .925
purchase
Number_of_cosmetics_purch 40.95 121.063 -192 .621 .926
ased_in_online
SOCIAL_MEDIA_ADVERTIS 39.83 101.609 .949 .997 .904
ING
SOCIAL_MEDIA_ADVERTIS 40.02 98.611 .804 931 .906
ING
SOCIAL_MEDIA_ADVERTIS 40.08 98.593 .860 .957 .904
ING
SOCIAL_MEDIA_ADVERTIS 39.89 104.894 727 .898 910
ING
SOCIAL_MEDIA_ADVERTIS 39.81 101.504 .766 .883 .908
ING
SOCIAL_MEDIA_ADVERTIS 39.76 103.061 .766 .907 .908
ING
SOCIAL_MEDIA_ADVERTIS 39.95 99.781 .839 .898 .905
ING
SOCIAL_MEDIA_ADVERTIS 39.78 103.416 .841 .886 .907
ING
SOCIAL_MEDIA_ADVERTIS 39.58 102.517 781 .956 .908
ING
SOCIAL_MEDIA_ADVERTIS 39.66 100.876 .809 915 .906
ING
PURCHASEINTENTION 39.71 105.733 578 .802 913
PURCHASEINTENTION 39.84 106.176 523 .942 915
PURCHASEINTENTION 39.77 104.747 .608 932 913
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A survey was conducted among 385 female consumers, a two part questionnaire was sent to 385 female consumers.
The social media advertising consisted of 10 items and the purchase intention consisted 3 items. The data reliability
analysis was done using SPSS software, the result of Cronbach's Alpha was « .917, which indicatesgreat internal
consistency and the data is acceptable and it is excellent.

RESULTS AND DISCUSSION

Data was collected through the structured questionnaire from 385 respondents. Once the data was collected, SPSS
program was used by the researcher to carry out analysis. This study's respondents came from a variety of
sociodemographic backgrounds.Below tablesshows the respondents’ socio-demographic profile. The second part of
the questionnaire relates to the cosmetics purchase and social media behavior. The following tables illustrates the
same. Majority of the respondents use cosmetics during special occasion, Majority of the respondents use Instagram
application more often and the majority of the respondents spend less than Rs.500 per month for cosmetics purchase

Cosmetics Usage Frequency Frequency Percent
Daily 89 23.1
Special occasion 151 39.2
Rarely 145 37.7
Total 385 100.0
Social Media Platform Used Frequency Percent
More Often
Instagram 254 66.0
Facebook 58 15.1
You Tube 47 12.2
Snapchat 11 29
Pinterest 15 3.9
Total 385 100.0
Money Spent on Cosmetics
onlineypuprchase in a Month Frequency Percent
Less than 500 260 67.5
501-1500 88 22.9
1501-3000 26 6.8
Above 3000 11 29
Total 385 100.0

Hypothesis Testing

Null Hypothesis: There is no significant relationship between Social Media Advertising Value and Online Purchase
Intention towards cosmetics.Alternative Hypothesis: There is a significant relationship between Social Media
Adbvertising Value and Online Purchase Intention towards cosmetics.

Correlations
Social_Media_Advertisi Purchase_
ng_Value Intention
Social_Media_Advertising_ Pear.son Cor.r elation ! 122
Value Sig. (2-tailed) .000
N 385 385
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Pearson Correlation 722" 1
Purchase_Intention Sig. (2-tailed) .000
N 385 385
** Correlation is significant at the 0.01 level (2-tailed).

The above Pearson Correlation test was conducted to check the relationship between social media advertising value
and online purchase intention towards cosmetics, In the Pearson Correlation test, the correlation coefficient value
between social media advertising value and online purchase intention is 0.722 and with significance level 0.000, This
shows a high positive correlation between social media advertising value and online purchase intention towards
cosmetics. Hence the alternative hypothesis is supported by the statement by that there is “a significant relationship
between Social Media Advertising Value and Online Purchase Intention towards cosmetics™.

Findings

The purpose of the study was to understand the cosmetics purchase and social media behavior among female
consumers. Greater part of the respondents use beauty care products during special occasion, Majority of the
respondents use Instagram application on a more regular basis and most of the respondents spend under Rs.500 each
month for beauty care products. The main purpose of the research was to identify the relationship between social
media advertising and online purchase intention. A total of 21 questionnaire were collected from respondents. The
social media advertising had three items i.e. Credibility, Entertainment and Informativeness. There was ahypotheses
proposed in the study and it was found that Social media advertising and online purchase intent are significantly
correlated towards cosmetics among female consumers.

Hypothesis Decision

H1: There is a significant relationship between | Supported
Social Media Advertising Value and Online
Purchase Intention towards cosmetics.

CONCLUSION AND PRACTICAL IMPLICATION

The findings of this study will be a remarkable contribution for marketers and researchers. This study explored in
understanding relationship between Social Media Advertising Value and Online Purchase Intention towards
cosmetics. Respondents stated that the information provided in social media is credible, it is valuable source, it also
makes them to keep up to date about the cosmetics available in the market place and the information shared in social
media is entertaining and interesting, these findings in the study helps in knowing the significance of social media
advertisement. This will help marketers perceive that social media advertising, can assist them with expanding deals
of cosmetics and possibly advance brand loyalty from buyers. The cosmetics marketers can make strategies in digital
marketing to reach their target market and to pursue them to buy cosmetics.
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Table 1: The Respondents’ Education Profile

Education Frequency Percent
School Education 74 19.2
Graduate 134 348
Post Graduate 109 28.3
PhD/ Professional course 68 17.7
Total 385 100.0
Table 2: The Respondents’ Age Profile
Age Frequency Percent
<20 36 94
20-29 194 504
30-39 115 29.9
>40 40 104
Total 385 100.0
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Table 3: The Respondents’ Occupation Profile

Occupation Frequency Percent
Student 71 18.4
Business owner 28 7.3
Employee 191 49.6
Home maker 95 24.7
Total 385 100.0
= 210 Vi

Figure 1. India's total number of social media users as of

February 2021, broken down per platform (in millions)
Source: (Statista, 2022)

Figure 2. “Social network user penetration in
from 2015 to 2020, with estimates until 2025
Source: (Statista, 2022)

Indian Beauty and Personal Care Market
Market forecast to grow at a CAGR of 6.3%
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Figure 3. Indian Beauty and Personal Care Market

(Market forecast to grow ata CAGR of 6.3%)
Source: (Research and Markets, 2022).

Figure 4. A Simple Model of Consumer Decision
Making
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Figure 6. Conceptual Framework: Influence of Social
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ABSTRACT

The labour force, or human resource, is widely recognised as the most crucial factor of production in
today's advanced economies. Why? Because it's tough to do business in any economy without a strong
human resource base. Using a wide range of motivational strategies is crucial for any business that wants
to get the most out of its personnel. That's why companies of all stripes are putting a premium on finding
effective ways to inspire their staff members to go above and beyond in their work. No of the state of the
economy, finding strategies to motivate your staff is currently regarded as the top priority for any
manager. All firms, for-profit and non-profit alike, need to prioritise employee incentive strategies in
today's cutthroat business climate. The purpose of this research is to investigate the impact of various
motivational strategies on workers' efficiency and output.

Keywords: Motivation, Types, Techniques, Significance, Performance, Productivity

INTRODUCTION

Employees need to feel motivated to give their all in order to help the business achieve its objectives. Human needs,
desires, causes, wants, purpose, or urges are the origin of the word'motive," from which we get the word'motivation.
Motivation can be defined as the process of inducing or encouraging people to take action in order to achieve specific
corporate goals. It's how enthusiastically and imaginatively staff members approach their work for the company. In
other words, it's the method of getting others to do what you want them to do by reading their body language and
responding appropriately. It's a crucial part of being a manager in any type of business.
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Objectives of the study

e To study about the motivational techniques provided by organization.

e Toanalyse the techniques of motivation to increase performance.

e Tounderstand the impact of motivational techniques on employees performance.

Need for the Study

e This research is important for businesses who want to learn about the effects of staff incentive strategies on
outpuit.

e The study is necessary since it helps to discover the training needs and solutions to motivate people inside an
organisation.

e Employees will benefit from this research since it will provide them a chance to learn new things, hone their
abilities, and feel encouraged to contribute to the company's success as a whole.

Scope of the Study
The purpose of this research is to examine the positive effects of the offered motivational tactics on employees and to
determine what kinds of motivational training are needed to improve the business as a whole.

Limitations

e Due to time constraints, we were only able to collect data from 107 of our staff members.
e My research is limited to your company.

e Theinformation was gathered during the busiest time of day for the staff.

REVIEW OF LITERATURE

In his study, Vinaya Chaitanya Ganta (2014) discussed the theories and methodologies of motivation in depth, as
well as the necessity of motivation in the workplace to improve employee performance and productivity. The
research ultimately indicates that intrinsic employee motivation is crucial for any business hoping to boost staff
performance and overall output. Managers play a crucial part in keeping workers engaged and inspired on the job.
The manager is responsible for coming up with novel approaches to continuously inspire their staff.In his recent
article, Professor Amit Singh (2017) spoke about the importance of inspiration in the contemporary workplace. The
paper reaches the conclusion that employee motivation is a highly nuanced and complex topic. To achieve
organisational success, managers must cope with a number of challenges. Managers must understand the
importance of employee motivation, its underlying principles, and the variety of employee demands. Managers need
to keep up with the shifting priorities of different employee incentive elements throughout time.

Dr. Chandrakant Varma (2017) wrote an article in which he analysed the impact of intrinsic motivation on worker
engagement and productivity. The research found that when workers are inspired to do better, they actually do
better. Human resources departments at companies can encourage staff to stay by cultivating friendly and
productive workplaces.The most significant conclusion, according to Niranjana and Pattanayak(2016), is that most
workers agree that rewards motivate and affect performance. In conclusion, acknowledgment can be an effective
method for boosting morale in the workplace. Employees want it, and having it makes them far more productive.
Social benefits like acknowledgment have been hypothesised to have a similar impact on productivity as monetary
compensation.

Research conducted by Sajuyibe (2013) on a small sample of manufacturers in Ibadan, Oyo state, Nigeria, using both
descriptive and qualitative methods, found that pay, recognition, and pay jointly predict the performance of
employees. This study used a sample size of 100 workers to draw its conclusions.Employee motivation and
performance shows that whenever a task is valuable, the employees act with a high level of dedication, but just like
there were no illustrations of data, although the research desired, was identified by Vinay (2014) as the driving force
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in the workplace, which used motivational tools to achieve high performance from employee through the deductive
reasoning of methodology.

The commercial Bank of Sri Lanka Plc in the Jaffna District had its reward system and its effect on employee
motivation evaluated by Pratheepkanth (2011). His research set out to determine if and how much monetary and
nonmonetary incentives affect workers' motivation. Positive and significant effects of rewards and recognition on
employee motivation were found in the study overall. The findings also showed a disparity in the degrees of
incentive and motivation experienced by staff and employees of non-white racial origins.Internal and external
incentives were studied by Kuvaas et al. (2017), who found that each type of motivation has a unique impact on
workers' productivity on the job. The study's results demonstrated a favourable relationship between intrinsic
motivation and job performance, as well as a negative relationship between intrinsic motivation and both job
turnover intent and burnout. However, there is a negative association between extrinsic motivation and job
performance and a positive relationship with intentions to leave and feelings of burnout.

RESEARCH METHODOLOGY

Research Design
Descriptive research using a standardized questionnaire was the method of choice for this investigation.

Method Of Collection
Primary data and secondary data are collected.

Sampling Size
The study has a sample size of 107.

Sampling Unit
Workers at URC Construction Pvt. Ltd. serve as the study's sampling unit.

Sampling Method
The researchers utilised a random sample technique for their investigation.

Tools For Data Analysis
e  Descriptive Statistics
e Chi-Square Test

e Correlation

Data Analysis

Descriptive Statistics

Number of responders to a questionnaire expressed as a percentage of the overall population selected for the study;
this is the focus of percentage analysis, a straightforward statistical tool. It's one of the simplest types of analysis that
can provide important findings to a researcher. According to the data shown above, 53.9% of respondents are female,
43.9% are between the ages of 31 and 35, 43.9% have postgraduate degrees, 44.9% have six to ten years of work
experience, and 44.9% are senior engineers (40.2 percent).

Chi- Square Test

If you want to know if the distributions of two or more independent samples differ on a single variable, you can
apply the Chi-square test of homogeneity. This test is frequently used to evaluate differences between three or more
groups or conditions based on a binary outcome. Independence and homogeneity tests are used in the formulation of
the omnibus test statistic.
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Table 2. Gender of the Respondents and Quality of work life

HO - There is no significance relation between using Gender of the Respondents and Quality of work life.

H1 - There is significance relation between using Gender of the Respondents and Quality of work life.

Inference

The aforementioned tabular analysis revealed a total value of.000, well below the threshold of 5%. As a result, H1 can
be considered a valid hypothesis.

Table 3. Age of the Respondents and Job satisfaction

HO - There is no significance relation between using Age of the Respondents and Job satisfaction.

H1 - There is significance relation between using Age of the Respondents and Job satisfaction.

Inference:

The aforementioned tabular analysis revealed a total value of.000, well below the threshold of 5%. As a result, H1 can
be considered a valid hypothesis.

Correlation

The degree to which two or more variables move in tandem is measured statistically by their correlation. If the two
variables both go up or down at the same rate, the correlation will be positive; if one goes up while the other goes
down, the correlation will be negative. As an illustration, there is a correlation between height and weight; often,
those who are taller will also be heavier.

Table 4. Age and Quality of work life

HO- There is significance relation between using Age and Quality of work life

H1 - There is no significance relation between using Age and Quality of work life

Inference

The preceding table shows that the estimated cumulative value is -.051, which is lower than the threshold of 0.05
percent. Therefore, HO is a well-fitting and valid hypothesis.

Table 5: Experience and Job Satisfaction

HO-There is significance relation between using Experience and Job Satisfaction

H1 -There is no significance relation between using Experience and Job Satisfaction

Inference

The estimated aggregate value of 1.35 was greater than the threshold of 0.05 percent, as shown in the table below. As
a result, H1 can be considered a valid hypothesis.

FINDINGS, SUGGESTIONS AND CONCLUSION

Findings

From the above table it was found that major of the respondents are female (55.1%) &they are under the age group of
31 - 35 years (43.9%)& they are qualified with PG (43%)& the persons have6 — 10 years of job experience (44.9%) and
their designation is Senior Engineer (40.2%).

Suggestions

e If you want better results from the employee, reward them more.

e There are a few caveats to this research report. Money, non-money, work environment, quality of life, training
and development, job happiness, and job security were some of the few motivational elements addressed in this
study.

e Second, in order to learn about the most crucial factors on a more macro scale, the study's sample size should be
raised.

e Thirdly, the sample population is carefully selected. The future of the discussion of motivation should include
illuminating additional factors, such as recognition and organisational dedication.

56019



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©lJONS
Vol.14 / Issue 78 / June / 2023  International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997

Navitha and Suganya

CONCLUSION

The ability to motivate yourself is an asset throughout every stage of life. The same is true of corporate structures.
Management tasks place a premium on inspiring employees. It plays a crucial role in the management procedure. A
highly motivated workforce is a company's greatest asset, one that yields substantial returns in the form of sustained,
bolstered operations. Management can benefit from using motivation as a technique to excite their staff. Workers are
more effective, productive, and enthusiastic when they feel motivated. When employees aren't inspired to do their
best work, they become dissatisfied with their jobs and their work environment, which in turn has a negative impact
on the company's bottom line. The study demonstrates the generally utilised tactics in boosting employee
motivations, the distinct types of motivation, and the general impact of employee motivating elements on
organisational performance through the examination of many quantitative and qualitative studies.

REFERENCES

1. Ngwa, W.T., Adeleke, B.S., Agbaeze, E.K., Ghasi, N.C., & Imhanrenialena, B.O. (2019). Effects of Reward System
on Employee Performance among Selected Manufacturing Firms in the Litoral Region of Cameroon. Academy
of Strategic Management Journal, 18(3) 1-16.  https://search.proquest.com/pqdtglobal/docview/
2294437017/fulltextPDF/3EB5A94B8E874827PQ/1?accounti d=160115

2. Bhattacharya, S., & Mukherjee, P. (2009). Rewards as a Key to Employee Engagement: A Comparative Study on
I.T. Professionals. ASBM Journal of Management, 2(1), 160-175. https://search.proquest.com/central/
docview/205021963/fulltextPDF/90E1D12A5F2143D4PQ/1?accountid=1 60115

3. Surya Prakash Tripathi, “Impact of Motivation on job Performance,” Indian Journal of Research, Vol.3, pp. 1-6,
2014.

4. Ester Manik and Iwan Sidartha ,“The Impact of Motivation, Ability, Role Perception on Employee Performance
and Situational Factor as Moderating Variables of Public Agency in Bandung Indonesia,” International Journal
of Management Science & Business Administration, Vol .3, , pp. 65-73, 2017.

Table 1. Demographic variables

Demographic variables Frequency Percent
Male 48 44.9%
Gender Female 59 55.1%
Total 107 100%
Below30 22 20.6%
31-35 47 43.9%
Age 36-45 34 31.8%
Above45 4 3.7%
Total 107 100%
Degree 23 21.5%
PG 46 43.0%
Educational Qualification Professional degree 30 28.0%
Ph.D 8 7.5%
Total 107 100%
Below 5 years 19 17.8%
6 - 10 years 48 44.9%
Experience 11 -15years 28 26.2%
Above 15 years 12 11.2%
Total 107 100%
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Asst. Engineer 21 19.6%

Senior Engineer 43 40.2%

. . Civil site Engineer 25 23.4%
Designation — -

Asst. Civil Engineer 18 16.8%

Total 107 100%

Table 2. Gender of the Respondents and Quality of work life

Chi-square df Asymp. Sig.
Gender of the Respondents 48.20 3 .000
Opportunities are provided for greater growth
i P rgreaterg 53.13 3 000
and development of the individual
Leaves provided by the superiors when famil
P Y the super y 60.87 3 000
members got sick
M | trust in the organization moti m
utual trust in the orga |zat.|o otivates me 24 67 3 000
to perform effectively
The relationship between the employees and
bb 16 empIoy 35.00 2 000
work environment is healthy
Human dignity and growth are promoted in the
gnity and growth are p 4552 2 000
organization
Table 3. Age of the Respondents and Job satisfaction
Chi-square df Asymp. Sig.
Age of the Respondents 35.20 3 .000
Doing th rk that i Il sui m iliti
oing t ewo. that |§we suited to my abilities 5553 3 000
and skills motivates to work hard
Chance to develop new ways to do the job 24.20 3 .000
Promotional pohcy in the organlzgtlon motivates 4220 ’ 000
me to improve my skills
| feel satisfied after completion of the work
. pietion of 2245 2 000
assigned by the organization
Table 4. Age and Quality of work life
. Leaves
Opportur']mes provided | Mutual trust in 'I"he . Human
are provided relationship L
by the the dignity and
for greater . R between the
superiors organization growth are
Age growth and . employees and -
when motivates me promoted in
develop . work
family to perform . . the
ment of the . environment is .
S members effectively organization
individual . healthy
got sick
Pearson 1.000 -051 -162 044 -202 -.084
Correlation
Age Sig. (2 582 078 637 027 361
tailed)
N 107 107 107 107 107 107
Opportunities Pearson -051 1.000 409 329 465 173
are provided Correlation
for greater Sig. (2-
growth and tailed) 582 .000 .000 .000 .000 .000
development
N 107 107 107 107 107 107
of the
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individual
Leaves Pearson -162 409 1.000 244 411 435
provided by Correlation
the superiors Sig. (2-
when family tailed) ore 000 000 000 000
memt?ers got N 107 107 107 107 107 107
sick
Mutual trust Pearson 044 329 244 1.000 606 328
in the Correlation
organization Sig. (2- 637 000 000 000 000
motivates me tailed)
to per.f orm N 107 107 107 107 107 107
effectively
The Pearson -202 465 411 606 1.000 337
relationship Correlation
between the Sig. (2 027 000 000 000 000 000
employees tailed)
and work
environment N 107 107 107 107 107 107
is healthy
Human Pearson -084 173 435 328 337 1.000
dignity and Correlation
growth are Sig. (2- 361 000 000 000 000
promoted in tailed)
the . N 107 107 107 107 107 107
organlzatlon
Table 5. Experience and Job Satisfaction
Doing the Promotional
work thatis | Chanceto L. | feel satisfied
. policy in the .
well suited to | develop . after completion
. el organization
Experience| my abilities | new ways - of the work
. motivates me to .
and skills to do the . assigned by the
. . improve my .
motivates to job ; organization
skills
work hard
Pearson
earsor 1.000 254 267 176 288
Correlation
Experin ig. (2-
xperince Sig. ( 005 003 054 001
tailed)
N 107 107 107 107 107
Doing the work Pearson
. . . .254 1.000 409 .329 465
that is well suited Correlation
to my abilities Sig. (2-
. - . . .000 .000
and skills tailed) 005 000
motivates to N 107 107 107 107 107
work hard
Pearson
Chance to . .267 409 1.000 244 606
Correlation
develop new Sig. (2-
ways to do the - .003 .000 .007 .000
ob tailed)
J N 107 107 107 107 107
Promotional Pearson 176 .329 244 1.000 411
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policy in the Correlation
organization Sig.
motivates me to (2-tailed) 054 000 007 000
improve my skills N 107 107 107 107 107
| feel satlsflgd Pearso.n 135 173 435 208 337
after completion Correlation
of the work Sig. (2-tailed) 142 .059 .000 .000 .000
assigned by the N 107 107 107 107 107
organization
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ABSTRACT

Staff morale and output are strongly correlated with pay levels. That's why they're crucial to the
company as a whole. This study aims to analyse the relationship between pay and productivity at bescal
steel industries pvt Itd. This study combined a descriptive approach with an explanatory one. Data was
gathered through the use of a questionnaire, an interview, and a review of relevant documents. The
information was compiled with the help of bescal steel industries pvt Itd. All 180 workers of bescal steel
industries pvt Itd make up the study's population, from which a subset of 117 was drawn using a basic
stratified random sampling technique. The data was analysed using descriptive statistics, a correlation
analysis, and a chi-square test. Descriptive research concludes that all elements of pay packages impact
productivity in some way. Correlation study shows a positive and statistically significant link between
monetary pay and productivity, but non-monetary incentives have no effect on output. Statistical
investigation confirms that monetary compensation has a positive and significant influence on
productivity, while non-monetary compensation has a negative and insignificant effect on output.

Keywords: Compensation, Administration, Employee productivity, Organization

INTRODUCTION

The main aim of any organization is to increase its productivity by improving its performance. Performance of the
organization is wholly dependent on the performance of its employees, since employees performance directly
influences organizational productivity, organization need to ensure that their employees are constantly motivated to
perform better. Compensation is the driving force which keeps the employees happy and satisfied employees can

56024



http://www.tnsroindia.org.in
mailto:saranmani159@gmail.com

Indian Journal of Natural Sciences “ www.tnsroindia.org.in ©lJONS

Vol.14 / Issue 78 / June / 2023  International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997

Saran and Suganya

give better output. Production and productivity depend on the effectiveness and efficiency of the employees which
in turn, depends on the compensation and reward they get.

Objectives of the Study

General Objective

e The purpose of this research is to examine compensation packaging at Bescal Steel Industries to draw
conclusions about its impact on employee productivity.

Specific Objectives

e The purpose of this study is to determine what factors influence packaging salaries at Bescal Steel Industries.

e The goal of this survey is to ascertain the extent to which Bescal Steel Industries' employees are happy with their
pay and willing to work more.

Need of the Study

e This research has implications for the administration of the Bescal steel sector.

e The management of the targeted businesses can close the pay equity gap and improve future compensation
decisions by understanding the link between the compensation system and employee productivity.

Scope of the Study

e Compensation and output at Bescal Steel Industries are the focus of this research.

e Inorder to learn how employees feel about and think about the company.

e Examining the company's strategic direction is a top priority.

e The study's focus area was crucial for determining the extent to which employee satisfaction contributes to
organisational success.

Limitations

The study's primary weakness is that it focuses solely on the Bescal steel industry in Mannady. Furthermore, it does
not take into account other aspects that may influence worker output. Despite these caveats, the study's findings can
help managers boost the output of their subordinates.

REVIEW OF LITERATURE

Mr. Owen Harvey-Beavis (February 2003) looks at the research and policy papers written about pay for performance
programmes in elementary and secondary education. This document serves as a working draught for OECD's project
entitled "Attracting, Developing, and Retaining Effective Teachers" (OECD) Zubin R. Mulla Human resource
management (HRM) is the study of how management decisions affect workers' motivation, outlooks, and output
(Noe, et al. 2006). One of the most vital functions of human resource management is compensation administration.
There are three reasons why the topic of Compensation is relevant to you as working managers. First, if you're not
currently doing so, you might want to gain experience in human resources before going into a more general
managing position. You will thereafter have primary responsibility for developing and overseeing an efficient pay
structure. As a manager in charge of a team, you will have to recruit, evaluate, and inspire your subordinates
regardless of whether or not you pursue a human resources career path. When it comes to hiring new employees,
conducting performance reviews, and trying to inspire existing workers to give their all, pay is typically a big talking
point for managers atall levels.

Jonathan Trevor (January 2008)looked into that Besides being the largest single expense for most businesses,
compensation has also been praised as a way to boost productivity and maintain a competitive edge by several
analysts in recent years. The focus of modern methods of employee remuneration is on encouraging actions that
contribute to the company's overall goals. Organizations increasingly rely on what is known as strategic
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compensation to structure employee pay. It is important to differentiate between reward and recognition systems,
despite the fact that these two concepts are commonly employed interchangeably. Companies often implement
employee compensation systems to incentivize workers both individually and collectively for their efforts and the
success of the business as a whole. They are not part of regular pay and may have a monetary or nonmonetary cost
to the business. Although they were once only used by giant corporations, small firms are increasingly turning to
them to improve productivity and attract talented workers in today's tight labour market.

Dubin( 2002 )acknowledged and widely studied in the field of human resources since the 1930s (Lee-Ross, 2002).
Motivation is the process of satisfying one's own wants by means of one's own activities and behaviours. It has to do
with the interplay between an individual's internal motivations and those imposed on them by their external
surroundings (Lee-Ross, 2002, 55). Motivation, as defined by psychologist Robert L. Dubin, is "a force that motivates
the person to act and pushes him or her to continue in the course of action that has already been undertaken" (cited
in Kumar & Sharma, 2001). Compensation Administration Having a pay system where higher performers are
compensated more than ordinary workers is implied by the term "performance-based pay" (Hewitt, 2009). This
fosters healthy competition among employees and motivates those already performing well to raise their game even
further.

RESEARCH METHODOLOGY

Research Design
This study employs a descriptive research strategy based on a comprehensive and methodical questionnaire.

Method of Collection
Primary and secondary data are used in the data collection process.

Sampling Size
The sampling size of the study is 117

Sampling Unit
The sampling unit of the study is employees of Bescal steel industry pvt Itd.

Sampling Method
The sampling method used in the study is simple random sampling method.

Tools for Data Analysis
e  Descriptive Statistics
e Chi-Square Test

e Correlation

Data Analysis

Descriptive Statistics

Percentage analysis is a straightforward statistical tool that measures the proportion of a sample population that
answers a questionnaire. It's one of the simplest types of analysis, and it's useful for seeing how a study turns out.
The majority of respondents are men (74.4%), as shown in the table above; they also fall into the age range of 36-45
(41%); they are single (71.8%); they have between one and three years of work experience (42.7%); and they make
between 2,000 and 30,000 rupees per month (average) (41.0 percent ).
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Chi-Square Test

Table 1: Gender and Employee’s compensation

HO - There is no significance relation between using Gender and Employee’s compensation.

H1 - There is significance relation between using Gender and Employee’s compensation.

Test Statistics

Inference

The preceding table shows that the estimated cumulative value is below the level of 0.05 percent, coming in at.000.
Therefore, H1 is a valid and accepted hypothesis.

Table 2:Age and Employee’s compensation

HO- There is no significance relation between using Age and Employee’s compensation

H1 - There is significance relation between using Age and Employee’s compensation

Inference

The preceding table shows that the calculated cumulative value is.000, which is below than the threshold of 5%. As a
result, H1 can be considered a valid hypothesis.

Correlation

Table 1: Age and Compensation on employee productivity

HO- There is significance relation between using Age and Compensation on employee  productivity

H1 - There is no significance relation between using Age and Compensation on employee productivity

Inference

Based on the data shown above, we can conclude that the computed sum value is -564, which is less than 5%.
Therefore, HO is a well-fitting and valid hypothesis.

Table 2: Experience and Compensation on employee productivity

HO-There is significance relation between using Experience and Compensation on employee productivity

H1 -There is no significance relation between using Experience and Compensation on employee productivity
Inference

The preceding table shows that the estimated cumulative value was -.443, which was lower than the threshold of 0.05
percent. Therefore, HO is a well-fitting and valid hypothesis.

Findings, Suggestions & Conclusion

Findings

Employees are personally satisfied by their work and get motivated towards compensation based on employee
productivity; the average age of respondents is 36; 74.4 percent of them are male; the percentage of single employees
is 71.8 percent; the average length of employment is 1-3 years; and the average salary is between Rs.20001 and
Rs.30000 per month.

Suggestions

e Employee output often responds to compensation levels.

e Workers who believe they are receiving adequate pay for their efforts are more likely to put out maximum effort
on the job.

e  Workers are more likely to put in their best effort and care about their jobs if they know and understand how
they will be compensated.
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CONCLUSION

Employees might be encouraged to give their all by providing they are part of a system that is both financially and
otherwise rewarding for their efforts. But if workers believe they are being underpaid or undervalued, it can have a
negative impact on their motivation and output. Employers should design a compensation plan that is fair to
workers and takes into account their working conditions and the people they employ. They can boost productivity
and provide workers with a more satisfying environment if they do so.
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Table 1. Demographic variables

Demographic variables Frequency Percent
Male 87 74.4%
Gender Female 30 25.6%
Total 117 100%
25-35years 11 9.4%
36-45years 48 41.0%
Age 46-55years 45 38.5%
aboveb5years 13 11.1%
Total 117 100%
Single 84 71.8%
Marital Status Married 33 28.2%
Total 117 100%
Lessthanone year 5 4.3%
lyear-3year 50 42.7%
Job Experience 3year-byear 43 36.8%
Morethanbyears 19 16.2%
Total 117 100%
Rs.10000 - Rs.20000 11 9.4%
Income Rs.20001- Rs.30000 48 41.0%
Rs.30001- Rs.40000 45 38.5%
Rs.Above40000 13 11.1%
Total 117 100%
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Chi-square df Asymp. Sig.
Gender 27.77 1 .000
Empl mpensation form ignifican
ployee co. pensation costs fo , s a significant 2740 4 000
portion of your company’s costs
Empl mpensation plan at BSI is well
ployee compensation plan at BSI is we 4279 4 000
formulated
The pay structure at BSI ensures there is a good
balance of pays between the employees in the 8757 4 .000
company
Table 3. Age and Employee’s compensation
Chi-square df Asymp. Sig.
Age 4091 3 .000
Employee compensation costs forms a significant
ployee comp msaslg 27 40 4 000
portion of your company’s costs
Employee compensation plan at BSI is well
ploy P P 4279 4 000
formulated
The pay structure at BSI ensures there is a good
balance of pays between the employees in the 8757 4 .000
company
Table 4. Age and Compensation on employee productivity
I am aware The
. of what | am satisfied | Compensation compensation
My Basic . . .
Age av is the with the non- have a direct what | receive
of there re?/iglwed Conditions financial impact on from BSI have
spondents . of Service |compensation employee adirect impact
periodically . L
Manual | receive Productivity on my
Contains productivity
Pearson 1.000 116 -564 -.006 -416 -323
Correlation
Age of the Sig. (2-
respondents g 212 .000 .953 .000 .000
tailed)
N 117 117 117 117 117 117
Pearson
. . . .37 -.001 -1 2
My Basic pay Correlation 116 1.000 370 0 S0 %
Is reviewed Sig. (2- 212 000 995 107 001
periodically tailed)
N 117 117 117 117 117 117
am aware of | Pearson -564 370 1.000 002 383 260
what the Correlation
Conditionsof | Sig. (2- 000 000 980 000 005
Service tailed)
Manu.al N 117 117 117 117 117 117
Contains
I am satisfied Pearson
- . -.006 -.001 .002 1.000 -.170 -.178
with the non- Correlation
financial Sig. (2- 953 995 980 066 055
compensation tailed)
I receive N 117 117 117 117 117 117
Compensation Pearson -.416 -.150 .383 -.170 1.000 -.218
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productivity

have adirect Correlation
impact on Sig. (2- 000 107 000 066 018
employee tailed)
Productivity N 117 117 117 117 117 117
The . Pearso'n -.323 .298 .260 -.178 -.218 1.000
compensation | Correlation
what | receive Sig. (2-
. . . . .01
from BSI have tailed) 000 001 005 055 018
adirect
impact on my N 117 117 117 117 117 117
productivity
Table 5. Experience and Compensation on employee productivity
The
| am aware . . compensation
1 f
Total years My Basic of what the aTm satisfied Compens_atlon what |
of . . with the non- |have adirect .
. pay is Conditions of . . . receive from
experience . . financial impact on
reviewed Service . BSI have a
of there . compensation employee .
periodically Manual . L direct
spondents . | receive Productivity |,
Contains impacton my
productivity
P
Total years of earson 1.000 098 -443 324 -439 192
experience of Correlation
there Sig. (2-tailed) 292 .000 .000 .000 .038
spondents N 117 117 117 117 117 117
P
My Basic pay earson 098 1.000 370 -001 -150 298
is reviewed Correlation
eriodicall Sig. (2-tailed) 292 .000 995 107 .001
P Y N 117 117 117 117 117 117
| f P
am aware o earson -443 370 1.000 002 383 260
what the Correlation
Conditions of | Sig. (2-tailed) .000 .000 .980 .000 .005
Service
Manual N 117 117 117 117 117 117
Contains
| isfied P on
am satisfie earsor 324 -001 002 1.000 -170 -178
with the non- Correlation
financial Sig. (2-tailed) .000 995 .980 .066 .055
compens_atlon N 117 117 117 117 117 117
| receive
Compensation Pearson
P . . -.439 -.150 .383 -.170 1.000 -.218
have a direct Correlation
impact on Sig. (2-tailed) .000 107 .000 .066 .018
empIO)_/e_e N 117 117 117 117 117 117
Productivity
Th P
€ . earso'n .192 .298 .260 -.178 -.218 1.000
compensation Correlation
what | Sig. (2-tailed) .038 .001 .005 .055 .018
receive from
BSI have a
direct impact N 117 117 117 117 117 117
on my
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ABSTRACT

Services are people centric, humanistic and subjective and the outcome of service mainly depends on its
quality. Service quality is the comparison of perceived expectation of a service with perceived
performance. This empirical study attempts to understand the dimensions of service quality in the
context of Metro Sytems in BMRC, HMRL and CMRL. Metro is a rapid transit system serving various
cities in India. To ensure reliability and safety in train operations, it is equipped with most modern
communication technology and train control system. It offers number of benefits to commuters such as
long-distance travel, safe travel, high speed and hassle-free travel. The present study is conducted using
SERVQUAL model to find and analyze commuter’s perception on three service quality dimensions —
Tangibility, Reliability and Responsiveness, and to identify the relationship between service quality
dimensions and its interactions among the demographic factors in Bengaluru, Hyderabad and Chennai.
The study is carried out by using structured questionnaire. Convenience sampling with814 respondents
were taken for data collection.

Keywords: Commuter’s perception, Service Quality, BMRC, HMRL, CMRL, SERVQUAL

INTRODUCTION

Intra-city mobility affects the well-being of city dwellers and quality of urban life. A highly sophisticated and
sustainable mass transit system is key to facilitate such mobility. A major concern in public transit is to keep
improving level of service quality and make it more appealing to commuters. Therefore, commuter’s expectations
need to be met by public transit providers which can be achieved with the framework that allows managers to
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monitor the perceptions about the service. SERVQUAL developed by Parusuraman is one such framework that helps
to measure the dimensions of service quality and capture customer’s perceptions.

Namma Metro also known as Bengaluru Metro is a rapid transit system serving the city of Bangalore. It is the fourth
longest metro in India. It also contains first underground metro line in South India. The metro network consists of
two colour-coded lines, with a total length of 42.3 kilometers serving 40 stations. The system has mix of
underground, street level and elevated stations using standard-gauge tracks. The metro has an average daily
ridership of 400,000 passengers. By 2023, the system is expected to complete its phase 2 network and provide
connectivity to the city's important tech hubs of Electronic city and Whitefield.

The BMRC Limited, a joint venture of Government of India and Government of Karnataka, built and operates the
Namma Metro. Services operate daily between 5.00 a.m to 23.00 p.m with a headway varying between 4-20 minutes.
The trains are composed of three to six cars. The power output is supplied by 750-volt direct current through third
trial. Namma Metro was the second rail transport in India to use 750 V DC third rail traction, the first being the
Kolkata Metro.

The Hyderabad Metro isa rapid transitsystem, serving the city of Hyderabad, Telangana, India. It is the third
longest operational metro network in India after Delhi Metro and Namma Metro (Bengaluru) and the lines are
arranged in a secant model. It is funded by a public—private partnership (PPP), with the state government holding a
minority equity stake. Hyderabad Metro is the world's largest elevated Metro Rail system based on DBFOT basis
(Design, Built, Finance, Operate and Transfer).] A special purpose vehicle company, L&T Metro Rail Hyderabad Ltd
(L&TMRHL), was established by the construction company L&T to develop the Hyderabad metro rail project

The Chennai Metro Rail Limited is a jont venture between Government of India and Government of Tamil Nadu.
The system has underground and elevated stations and uses standard guage. It is the fourth largest metro system in
India covering a length of 54 kilometers.

Transport plays a very important role in the economic development of the country by creating employment
opportunities and sustaining economic activities. Transport is the channel of social and economic interaction
involving the physical movement of people and goods. The quest for service quality has been an essential strategic
component for service firms like BMRC attempting to succeed and survive in today’s competitive world. The
SERVQUAL Model focuses on the difficulty in ensuring high quality of service for all customers in all situations.
SERVQUAL methodology is an analytical approach for evaluating the differences between costumer’s expectation
and quality of service.

Objective of the Study

e To identify the demography of commuters who prefer metro in South Zone of India with reference to
Bengaluru, Hyderabad and Chennai.

e To analyse the relationship between service quality dimensions using SERVQUAL model and its
interactions among the demographic factors of the respondents.

RESEARCH METHODOLOGY

For the purpose of study both primary data and secondary data were considered. The primary data was collected
from different routes of Bengaluru, Hyderabad and Chennai Metro with the help of well-structured questionnaire. A
sample of 814 respondents were taken from existing Bengaluru, Hyderabad and Chennai Metro stations. Further the
questionnaire was bifurcated into demograhic dimensions like education qualification, income level etc. and Service
quality dimensions like Reliability, Tangibility and Responsiveness. Secondary data includes BMRC, HMRL and
CMRL websites and search engine.
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Sample Frame
In order to collect the information convenience sampling was used due to easy accessibility, affordability and time
constraints.

REVIEW OF LITERATURE

(Pradeep Chaitanya Dasti, 2019) Opines that inter-city transportation affects well-being and quality of life of city
dwellers. The study reveals that Mumbai’s metro network is outperforming to a satisfactory level in service and
quality-oriented sectors such as metro system network, system capacity and comfort. Though the social aspect of
sustainability dimension is performing at satisfactory level, the rest of the aspects such as environment, economic
and financial dimensions need significant improvement. The government has huge responsibility of utilizing
multilateral and bilateral funding agencies for developing a network with minimal customization to anticipate, track
and compare the performance of various metro rail systems in India.

(Rajasekhara Mouly Potluri, 2018) collected opinions from both costumers and transport providers on the problems
faced in transport sector in India and the study reveals that the traffic congestion is the major problem faced by them.
This results in slower speed and increased travel time. The other problems include illegal parking, high fuel prices,
cleanliness, security and operational costs. The success or failure of any service organization depends on how
frontline staff delivers the required services based on customization to meet customer’s requirements by clearly
understanding the expectations of the diverse customers.

(Srivastava, 2017) opines that Customer orientation is one of the most important determinants of success of a service
organization as customers form their perceptions about service quality-based interactions with service personnel. It
requires human touch, adaptability and prompt action to make service experience upbeat and enduring for the
customers. The study reveals that reliability has most significant impact over customer satisfaction and customers
value empathy shown by employees while addressing their problem.

(Dr. Kuldeep Sharma, September 2018) have examined the platform service quality offered for railway passengers in
Mumbai Metro Corridor. They have evaluated the demographic factors like age, income, gender and its relationship
on level of passenger’s satisfaction. There was no significant relationship between these two parameters. However,
the research discovered that there was relationship between marital status and level of passengers’ satisfaction with
Mumbai Metro Corridor in relation to services offered there. Most of the respondents were satisfied with the services
and suggested to improve the number of ticket counters, parking facilities and facility for disabled person to enhance
the services to its passengers.

(Chih-Hsing Sam Liu, 2016) developed and tested an integrated model of service quality that explicates the affective
mechanisms through which service quality was associated with price perception of service, word of mouth and
revisit intention. They found that service quality is related to increased price perception of service as a result of
increasing passenger’s word of mouth which creates success in this regard.

Objectives of the Study

Objective 1

To identify the demography of commuters who prefer metro in South Zone of India with reference to
Bengaluru, Hyderabad and Chennai.

Objective 2:
To analyse the relationship between service quality dimensions using SERVQUAL model and its interactions among
the demographic factors of the respondents.
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The above objective is designed to evaluate the SERVQUAL model and to measure the service quality. The service
quality is measured by using the constructs like Reliability, Responsiveness, Tangibility, Empathy, Assurance and
Security as suggested by Parasuraman et al., (1988).

The research study is based on the conceptual model of Service quality Fig

Tangibility
- CUSTOMER
Reliability ; — >
ty >. SATISFACTION
Responsiveness

The conceptual model represents the relationship between service quality and customer satisfaction, which is
measured by its six dimensions. Security as one among the dimensions of service quality as added to the model,
exclusively for service quality of Bengaluru metro rail corporation. The service quality model is best considered for
the measurement of service quality.

Tangibility Statistics

The table 1 presents the mean and standard deviation values for the descriptive statistics on tangibility. The
respondents strongly agreed that the Cleanliness and neat maintenance in metro stations with mean and standard
deviation 4.59 (+0.807), with regard to cleanliness and neat maintenance in metro trains with the mean and standard
deviation is 4.62 (x0.767), proper ventilation in metro trains with the mean and standard deviation 4.55 (+0.833),
visible personnel security in metro stations with the mean and standard deviation 4.56 (+0.811). The respondents also
strongly agreed on visible personnel security in metro trains with mean and standard deviation 4.49 (+0.926), safety
signs displayed to the public in metro stations and metro trains with the mean and standard deviation 4.56 (+0.809),
emergency controls on metro train are in ling conditions with the mean and standard deviation 4.54 (+0.833),
comfortable seating conditions in metro trains and adequate number of seats in waiting areas of metro station with
the mean and standard deviation 4.49 (+0.925), availability of handrails or grab handles inside the metro trains with
the mean and standard deviation 4.54 (+0.835), availability of smart card facilities in metro stations to avail metro
services with the mean and standard deviation 4.56 (+0.817), adequate facilities given to physically challenged and
senior citizens commuting by metro with the mean and standard deviation 4.50 (+0.879), and appealing physical
representations of the metro service, such as issue of Quality Metro tokens with the mean and standard deviation
4,52 (+0.837).

From Table 1.1 we can observe the comparison of tangibility among the demographic parameters of commuters. In
the place of the commuter, Bangalore has the highest low level of tangibility with 1.2%, Chennai has higher moderate
level of 21.7%, and Hyderabad has a high level of tangibility of 97.1%. In terms of gender, males have 1.0% of lower
level tangibility, female have 16.1% of moderate level of tangibility and while male also have 85.4% of high level of
tangibility. Commuters aged 18 to 30 years have a 1.1% of lower level, and also have a 16.1% of moderate level too,
and those aged between 31 to 44 years have an 89.4% of high level tangibility. When it comes to the occupation of
commuters, 2.1% of them are part time employed with low level, 19.6% of them are student with moderate
tangibility, and 94.1% of them are retired with high level of tangibility. The monthly income of commuters with less
than 10000 is 2.4% of low level tangibility and also 37.3% of them are at moderate level and 91.1% of commuters did
not wish to specify at high level tangibility. With respect to the purpose of use of metro services, 1.6% of them are
using metro for visiting purposes at a lower level, 18.0% of them use for visiting purposes at a moderate level, and
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90.0% of commuters use them for shopping purposes with high tangibility. The travel frequency of respondents is
high of 95.5% at 4-5 trips/week, 24.5% of them have 1 trip/week at a moderate level, and 2.4% of them have 1
trip/week at a lower level too. When compared to age of mobility through metro, 2.2% of metro commuters belong to
less than a year at lower level of tangibility, 28.5% of commuters between 3 to 5 years at a moderate level, and 97.0%
have a higher level of tangibility for more than 5 years.

Reliabilty Statistics

The table 2 presents the mean and standard deviation values for the statements regarding the service quality aspects
of Metro. The respondents strongly agreed that accuracy in billing of metro tickets with mean and standard
deviation 4.40 (+1.005), with regard to maintain records of metro services and commuters correctly the mean and
standard deviation is 4.31 (+1.099), in reliability towards quick in addressing the commuters with respect to their
queries related to metro services the mean and standard deviation 4.37 (+1.034), performance of metro services at the
designated time with mean and standard deviation 4.56 (+0.829). The respondents also strongly agreed on the
adequate number of metro trains for commuting with mean and standard deviation 4.49 (+0.905), on punctuality of
metro train services the mean and standard deviation 4.61 (x0.793), the availability of information’s on metro train
schedules on metro website and metro stations with mean and standard deviation 4.54 (+0.864), the metro trains are
running as per the schedule with mean and standard deviation 4.62 (+0.777), and also the less waiting time period for
metro in platform and metro’s regular services without breakdowns and incident with mean and standard deviation
451 (+0.899) and 4.55 (+0.867) respectively.

From Table 2.1, we can observe the comparison of reliability among the demographic parameters of respondents. In
the place of the commuter, Bangalore has the highest low level of reliability with 2.3%, Chennai has a higher
moderate level of 21.7%, and Hyderabad has a high level of reliability of 97.1%. In terms of gender, males have 2.3%
lower level reliability and 85.4% high level reliability, while females have only 16.4% moderate level reliability.
Commuters aged 18 to 30 years have a 2.3% lower level, those aged 51 and up have a 18.8% moderate level, and
those aged 31 to 44 years have a 91.2% high level. When it comes to the occupation of commuters, 94.1% of them are
highly reliable, 20.8% of them are moderately reliable, and 9% are full-time employed. With respect to the purpose of
use of metro services, 3.1% of them are used for shopping at a lower lever, 19.7% of them for visiting purposes at a
moderate level, and 89.9% of commuters use them for home-to-work purposes with high reliability. The travel
frequency of respondents is high (4-5 trips/week), 25.3% of 1 trip/week at a moderate level, and 4.3% of 1 trip/week
at a lower level. When compared to others, 8.7% of metro commuters have a lower level of reliability, 29.3% have a
moderate level, and 97.0% have a higher level of reliability.

Responsiveness Statistics

The table 3 presents the mean and standard deviation values for the statements regarding the responsiveness. The
respondents strongly agreed that timeliness of service by employees in metro stations with mean and standard
deviation 4.56 (+0.819), with regard to issuing of metro transaction slip immediately the mean and standard
deviation is 4.47 (+0.949), in response towards quick in addressing the commuters with respect to their queries
related to metro services the mean and standard deviation 4.45 (+0.941), prompt metro services with mean and
standard deviation 4.40 (+1.025). The respondents also strongly agreed on the efficiency of metro employees in cases
of emergency with mean and standard deviation 4.51 (+0.877), on code of conduct of metro employees the mean and
standard deviation 4.54 (+0.821), the providing required information by metro employees and dealing with
commuters daily problems effectively with mean and standard deviation 4.50 (+0.864), the professional approach by
metro staff towards the commuters using metro services with mean and standard deviation 4.51 (+0.840), and also
the security to women against harassment in the premises of metro stations and inside the metro trains with mean
and standard deviation 4.57 (+0.850).

From the Table 3.1, we can observe the comparison of responsiveness among the demographic parameters of
commuters. In the place of the commuter, Bangalore has the highest low level of reliability with 2.2%, Bangalore has
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a higher moderate level of 27.0%, and Hyderabad has a high level of responsive of 95.1%. In terms of gender, males
have 1.9% lower level responsive and 24.1% of moderate level responsive, while females have only 74.4% of high
level of responsive. Commuters aged 18 to 30 years have a 2.0% of lower level, those aged 51 and up have a 37.5%
moderate level, and those aged 31 to 44 years have an 82.9% of high level. When it comes to the occupation of
commuters, 2.5% of them are student with low level, 32.5% of them are moderately responsive, and 82.4% of full-
time employed with high level of responsive. The monthly income of commuters between 10001-20000 is 5.1% of low
level, income ranging below 10000 is of 65.1% at moderate level and 84.3% of commuters did not wish to specify at
high level. With respect to the purpose of use of metro services, 2.5% of them are used for visiting purpose at a lower
level, 34.4% of them for visiting purposes at a moderate level, and 83.8% of commuters use them for shopping
purposes with high responsiveness. The travel frequency of respondents is high of 90.5% at 4-5 trips/week, 39.9% of 1
trip/week at a moderate level, and 4.7% of 1 trip/week at a lower level. When compared to age of mobility through
metro, 2.6% of metro commuter’s lies between 3 to 5 years at lower level of responsive, 42.4% of respondents belong
to 3 to 5 years of services at a moderate level, and 94.8% have a higher level of responsive for more than 5 years.

FINDINGS AND CONCLUSION OF THE STUDY

From the study it is found that the conceptual model of service quality is a good fit of measuring all the dimensions
of service quality, however the dimensions needs further attention in the interest of enhancing customer satisfaction.
The dimensions like assurance, security and empathy needs to be more focused, refined and improved.
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Descriptive statistics of the Sample : Table 1
Section -01: Demographic aspects of commuters
Table 1: Place of the commuter

Frequency Percent
Bangalore 689 84.6
Hyderabad 102 125
Chennai 23 2.8
Total 814 100.0

As per the above table, the 84.6% of respondents are from Bangalore, 12.5% of respondents from Hyderabad, 2.8% of
respondents are from Chennai.
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Table 2: Gender

Frequency Percent
Male 478 58.7
Female 336 41.3
Total 814 100.0

As per the results, 58.7% of the respondents are male and 41.3% of the respondents are female.

Table 3: Age Group

Frequency Percent
18 - 30 years 610 749
31 -44 years 170 20.9
45 -50 years 18 2.2
>51 years 16 2.0
Total 814 100.0

When it comes to age, 74.9% of the respondents belong to the age group of 18 — 30 years, 20.9% of them belong to 31
— 44 years, 2.2% of them belong to 45 — 50 years and 2% of them belong to the age group of 51 years and above.

Table 4. Occupation

Frequency Percent
Student 317 38.9
Full time employed 432 53.1
Part time employed 48 5.9
Retired 17 2.1
Total 814 100.0

According to the occupations of 814 respondents, 38.9% are students, 53.1% are full-time employed, 5.9% are part-
time employed, and 2.1% are retired.

Table 5: Monthly Income

Frequency Percent

< 10000 83 10.2
10001-20000 39 4.8
20001-30000 73 9.0
30001 - 40000 59 7.2
40000 and above 134 165
Wish not to specify 426 523
Total 814 100.0

The above table depicts the monthly income of the respondents were, 10.2% of them earn less than 10000, 4.8% of
respondents monthly income is 10001- 20000, 9% of them between 20001-30000, 7.2% of them between 30001-40000
and 52.3% of respondents wish not to specify anything.

Table 6: Purpose of use of Metro Services

Frequency Percent
Home-work 198 24.3
Home-school/campus 187 23.0
Shopping 130 16.0
Visit 122 15.0
Others 177 21.7
Total 814 100.0
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The purpose of using the metro services results in 24.3% of respondents use for travelling from home-work, 23% of
them for home-school/campus, 16% of them for shopping, 15% for visiting purpose and 21.7% of the respondents
utilize it for other purposes.

Table 7: Travel frequency (No. of trips per week by Metro)

Frequency Percent
1 trip/week 253 311
2-3 trips/week 253 311
4-5 trips/week 199 244
>5 trips/week 109 134
Total 814 100.0

A per the travel frequency of respondents, 31.1% of them take 1 trip per week, 31.1% of them have 2-3 trips per week,
24.4% of them have 4-5 trips per week and 13.4% of the respondents have more than 5 trips per week.

Table 8: Age of mobility through Metro

Frequency Percent
Less than a year 92 113
Between 1 to 3 years 172 21.1
Between 3 to 5 years 151 18.6
More than 5 years 399 49.0
Total 814 100.0

When it comes to the age of mobility through Metro, 11.3% of the respondents has less than a year, 21.1% of them
ranges between 1 to 3 years, 18.6% of them ranges between 3 to 5 years and 49% of the respondents has more than 5
years.

Table 1: Descriptive Statistics on Tangibility

N Minimum Maximum Mean Std. Deviation
11 Cleanliness and neat | 814 1 5 459 807
maintenance in metro stations
12 Cleanliness and neat | 814 1 5 462 767
maintenance in metro trains
1.3 Proper ventilation in metro | 814 1 5 455 833
trains
1.4 Visible personnel security in | 814 1 5 456 811
metro stations
1.5 Visible personnel security in | 814 1 5 449 926
metro trains
1.6 Safety signs displayed to the | 814 1 5 456 809
public in metro stations and
metro trains
1.7  Emergency controls on | 814 1 5 454 833
metro train are in ling
conditions
18 Comfortable seating | 814 1 5 449 925
conditions in metro trains and
adequate number of seats in
waiting areas of metro station
1.9 Availability of handrails or | 814 1 5 454 835
grab handles inside the metro

56038



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences

Vol.14 / Issue 78 / June / 2023

International Bimonthly (Print) — Open Access

Sushmitha and Nagendra Babu

www.tnsroindia.org.in ©[JONS

ISSN: 0976 — 0997

trains

1.10 Availability of smart card | 814 1 5 456 817

facilities in metro stations to

avail metro services.

1.11 Adequate facilities given to | 814 1 5 450 879

physically  challenged and

senior citizens commuting by

metro.

112 Appealing physical | 814 1 5 452 837

representations of the metro

service, such as issue of Quality

Metro tokens.

Valid N (listwise) 814

Table 1.1:Comparative Table of Tangibility Among Demographic Parameter of Commuter

level of tangibility
Low Level Moderate Level High Level Total

Place of the | Bangalore 1.2% 16.1% 82.7% 100.0%

commuter (Choose | Hyderabad 0% 2.9% 97.1% 100.0%

the option nearest | Chennai 0% 21.7% 78.3% 100.0%

to your location)

Total 1.0% 14.6% 84.4% 100.0%

Gender Male 1.0% 13.6% 85.4% 100.0%
Female .9% 16.1% 83.0% 100.0%

Total 1.0% 14.6% 84.4% 100.0%

Age Group 18 - 30 years 1.1% 16.1% 82.8% 100.0%
31 - 44 years .6% 10.0% 89.4% 100.0%
45 - 50 years 0% 11.1% 88.9% 100.0%
> 51 years 12.5% 87.5% 100.0%

Total 1.0% 14.6% 84.4% 100.0%

Occupation Student 1.3% 19.6% 79.2% 100.0%
Full time employed 7% 11.1% 88.2% 100.0%
Part time employed 2.1% 16.7% 81.3% 100.0%
Retired 0% 5.9% 94.1% 100.0%

Total 1.0% 14.6% 84.4% 100.0%

Monthly Income < 10000 2.4% 37.3% 60.2% 100.0%
10001-20000 0% 35.9% 64.1% 100.0%
20001-30000 1.4% 17.8% 80.8% 100.0%
30001 — 40000 1.7% 15.3% 83.1% 100.0%
40000 and above 7% 12.7% 86.6% 100.0%
Wish not to specify 7% 8.2% 91.1% 100.0%

Total 1.0% 14.6% 84.4% 100.0%

Purpose of use of | Home-work 1.0% 13.1% 85.9% 100.0%

Metro Services Home-school/campus 5% 17.1% 82.4% 100.0%
Shopping 1.5% 8.5% 90.0% 100.0%
Visit 1.6% 18.0% 80.3% 100.0%
Others 6% 15.8% 83.6% 100.0%

Total 1.0% 14.6% 84.4% 100.0%
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Travel  frequency | 1 trip/week 2.4% 24.5% 73.1% 100.0%
(No. of trips per | 2-3 trips/week .8% 11.9% 87.4% 100.0%
week by Metro) 4-5 trips/week 0% 4.5% 95.5% 100.0%
>5 trips/week 0% 16.5% 83.5% 100.0%
Total 1.0% 14.6% 84.4% 100.0%
Age of mobility | Lessthanayear 2.2% 27.2% 70.7% 100.0%
through Metro | Between 1 to 3 years 1.7% 23.8% 74.4% 100.0%
(How long have | Between 3 to 5 years 7% 28.5% 70.9% 100.0%
you been using | Morethan5 years 5% 2.5% 97.0% 100.0%
Metro Services)
Total 1.0% 14.6% 84.4% 100.0%
Table 2: Descriptive Statistics of Reliability
N Minimum Maximum Mean Std.
Deviation
Accuracy in billing of metro tickets 814 1 5 4.40 1.005
Keeping records of metro services and | 814 1 5 431 1.099
commuters correctly
Addressing the commuters quickly with | 814 1 5 4.37 1.034
respect to their queries related to metro
services (In terms of reliability)
Performing the metro services at the | 814 1 5 4.56 829
designated time
There are adequate number of metro trains | 814 1 5 4.49 905
for commuting.
Provision of on time metro train | 814 1 5 461 793
service(punctuality)
Availability of information on metro train | 814 1 5 454 864
schedules on metro website and metro
stations.
Metro trains running as per the schedule 814 1 5 4.62 T77
Waiting time for metro trains on platforms is | 814 1 5 451 899
less
Metro 1s throughout 1ling hours (Regular | 814 1 5 455 867
Services without breakdowns and incidents)
Table 2.1 :Comparative Table of Reliability Among Demographic Parameter of Commuter
Level of reliability Total
Low Level | Moderate Level High Level
Place of the | Bangalore 2.3% 15.4% 82.3% 100.0%
commuter (Choose | Hyderabad 0% 2.9% 97.1% 100.0%
the option nearest to | Chennai 0% 21.7% 78.3% 100.0%
your location)
Total 2.0% 14.0% 84.0% 100.0%
Gender Male 2.3% 12.3% 85.4% 100.0%
Female 1.5% 16.4% 82.1% 100.0%
Age Group 18 - 30 years 2.3% 15.7% 82.0% 100.0%
31 -44 years 1.2% 7.6% 91.2% 100.0%
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45 -50 years 0% 11.1% 88.9% 100.0%
>51 years 0% 18.8% 81.3% 100.0%
Total 2.0% 14.0% 84.0% 100.0%
Occupation Student 3.8% 20.8% 75.4% 100.0%
Full time employed .9% 9.5% 89.6% 100.0%
Part time employed 0% 12.5% 87.5% 100.0%
Retired 0% 5.9% 94.1% 100.0%
Total 2.0% 14.0% 84.0% 100.0%
Purpose of use of | Home-work 5% 9.6% 89.9% 100.0%
Metro Services Home-school/campus 2.7% 15.5% 81.8% 100.0%
Shopping 3.1% 8.5% 88.5% 100.0%
Visit 2.5% 19.7% 77.9% 100.0%
Others 1.7% 17.5% 80.8% 100.0%
Total 2.0% 14.0% 84.0% 100.0%
Travel frequency (No. | 1 trip/week 4.3% 25.3% 70.4% 100.0%
of trips per week by | 2-3 trips/week 1.6% 11.1% 87.4% 100.0%
Metro) 4-5 trips/week 5% 35% 96.0% 100.0%
>5 trips/week 13.8% 86.2% 100.0%
Age of mobility | Lessthana year 8.7% 29.3% 62.0% 100.0%
through Metro (How | Between 1 to 3 years 2.3% 25.6% 72.1% 100.0%
long have you been | Between 3 to 5 years 7% 22.5% 76.8% 100.0%
using Metro Services) | More than 5 years 8% 2.3% 97.0% 100.0%
Total 2.0% 14.0% 84.0% 100.0%
Table 3: Descriptive Statistics on Responsiveness Dimension
N Minimum Maximum Mean Std. Deviation
3.1 Timeliness of service by the | 814 1 5 4.56 819
employees in metro stations
3.2 Issuing of metro transaction | 814 1 5 4.47 .949
slip (metro tokens) immediately
3.3 Addressing the commuters | 814 1 5 4.45 941
quickly with respect to their
queries related to metro services
(In terms of responsiveness)
34 Giving prompt metro | 814 1 5 4.40 1.025
services (e.g., giving exact
change after receiving the
money from commuters)
35 Metro employees act | 814 1 5 451 877
efficiently in cases of emergency
3.6 Code of conduct of the metro | 814 1 5 454 821
employee is good
3.7 Employees of metro give | 814 1 5 450 .864
required information and deal
with commuter’s daily problems
effectively.
3.8 Professional approach by | 814 1 5 451 .840
metro  staff towards the
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commuters using metro services

3.9 Security to women against | 814 1 5 457 .850
harassment in the premises of
metro stations and inside the
metro trains.
Valid N (list wise) 814
Table 3.1 : Comparative Table of Responsive Among Demographic Parameter of Commuter
Level of Responsive Total
Low Level Moderate Level | High Level
Place of the | Bangalore 2.2% 27.0% 70.8% 100.0%
commuter (Choose | Hyderabad 0% 4.9% 95.1% 100.0%
the option nearest | Chennai 0% 17.4% 82.6% 100.0%
to your location)
Total 1.8% 24.0% 74.2% 100.0%
Gender Male 1.9% 24.1% 74.1% 100.0%
Female 1.8% 23.8% 74.4% 100.0%
Total 1.8% 24.0% 74.2% 100.0%
Age Group 18 - 30 years 2.0% 26.1% 72.0% 100.0%
31 -44 years 1.8% 15.3% 82.9% 100.0%
45 -50 years 0% 22.2% 77.8% 100.0%
>51 years 0% 37.5% 62.5% 100.0%
Total 1.8% 24.0% 74.2% 100.0%
Occupation Student 2.5% 32.5% 65.0% 100.0%
Full time employed 1.4% 18.3% 80.3% 100.0%
Part time employed 2.1% 20.8% 77.1% 100.0%
Retired 17.6% 82.4% 100.0%
Total 1.8% 24.0% 74.2% 100.0%
Monthly Income < 10000 1.2% 65.1% 33.7% 100.0%
10001-20000 5.1% 43.6% 51.3% 100.0%
20001-30000 2.7% 31.5% 65.8% 100.0%
30001 — 40000 0% 28.8% 71.2% 100.0%
40000 and above 1.5% 18.7% 79.9% 100.0%
Wish not to specify 1.9% 13.8% 84.3% 100.0%
Total 1.8% 24.0% 74.2% 100.0%
Purpose of use of | Home-work 2.0% 21.2% 76.8% 100.0%
Metro Services Home-school/campus 1.1% 28.3% 70.6% 100.0%
Shopping 2.3% 13.8% 83.8% 100.0%
Visit 2.5% 34.4% 63.1% 100.0%
Others 1.7% 22.6% 75.7% 100.0%
Total 1.8% 24.0% 74.2% 100.0%
Travel frequency | 1 trip/week 4.7% 39.9% 55.3% 100.0%
(No. of trips per | 2-3 trips/week 12% 17.4% 81.4% 100.0%
week by Metro) 45 trips/week 0% 9.5% 90.5% 100.0%
>5 trips/week 0% 28.4% 71.6% 100.0%
Total 1.8% 24.0% 74.2% 100.0%
Age of mobility | Lessthanayear 5.4% 43.5% 51.1% 100.0%
through Metro | Between 1 to 3 years 1.7% 41.9% 56.4% 100.0%
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(How long have | Between 3 to 5 years 2.6% 42.4% 55.0% 100.0%
you been using | Morethan5 years .8% 4.8% 94.5% 100.0%
Metro Services)

Total 1.8% 24.0% 74.2% 100.0%
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ABSTRACT

We view social media sites as technology entities that influence user participation and engagement in
various ways. These modeling processes involve three fundamental data operations, which we
collectively refer to as encoding, aggregation, and computing. Encoding is the process of organizing user
platform usage into specific, standardized activity categories. The premise for purchasing distinct and
guantitative data tokens is a heavily programmed participation platform. Researching social media
websites for shopping helps us expose these practices. By referring to social media as "post-transaction
spaces,” we add to the ongoing discussion on social media and internet platforms. Social media platforms
are distinguished from other mediated online interaction platforms by this focus. Engagement in social
media platforms is focused on an ongoing online discussion that leaves a data trail, allowing a calculated
community to be a determinant of profitability and revenue. Instead of simply concentrating on the
details, working with a hierarchical framework offers many benefits by considering all inter- and intra-
level aspects of the problem. In this situation, we suggest incorporating a hierarchy of additional criteria
into the traditional ARAS (additive ratio assessment) method. The suggested strategy is called the
"ARAS-H (hierarchical additive ratio estimation)" method. As a result, we use a bottom-up strategy to
examine the criteria at various levels in the organization. Using the recently introduced ARAS-H
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outranking method, we create outranking interactions at the topmost level of the hierarchy based on the
partial online orders acquired at the base parameter level (the lowest level of the hierarchy). According to
this method, DM judgments (ranking of possibilities) can be examined at multiple levels of the hierarchy,
in addition to the top level. Finally, we demonstrate how the ARAS-H technique can be used to rank
travel destination brand websites using a four-level hierarchy. The alternatives are Coimbatore,
Dharmapuri, Erode, Karur, Tiruvannamalai, Thoothukudi, Perambalur, and Krishnagiri. The evaluation
parameters are Facebook, Twitter, YouTube, Telegram, Instagram, and Amazon. Coimbatore got the first
rank, Dharmapuri got the seventh rank, Erode got the fourth rank, Karur got the second rank,
Tiruvannamalai got the sixth rank, Thoothukudi got the third rank, Perambalur got the eighth rank, and
Krishnagiri got the fifth rank.

Keywords: Social data mining technologies,Smart Private Classroom Courses (SPOCs), MCDM.

INTRODUCTION

The popularity of social networking sites has completely changed how consumers and businesses interact. Social
media is characterized by five features that set it apart from traditional media: involvement, openness, discourse,
communities, and connection. Social media is defined as a series of web apps that allow users to generate and
exchange content. These qualities give the general public the ability to express and rapidly share their thoughts about
a company, its goods, and its services. They also give members of the public a chance to connect with the
organization and develop relationships that are profitable for both parties. A problem arises when the public use
social media more frequently: how can organizations better engage their audience in social media? For at least two
reasons, the answers to this question are crucial for corporate public relations practice and scholarship. First, social
media public relations are acknowledged as a crucial barometer for assessing the performance of company's social
media public relations initiatives. The rising body of research demonstrates that levels of social media involvement
result in favourable visual, emotional, and behavioral responses from the public, including improved company
assessments and repeat product purchases. Second, many organizations have yet to tap into the potential of online
communication to produce material that improves public participation and promotes organization-public relations,
despite the benefits of social media over conventional media. [26]. We start the narrative by displaying the terrain
that was initially uncovered during this research's early stage and contrasting it with more recent discoveries.
Responding businesses changed their minds about using social network data and started doing it under specific
circumstances over two years. We contend that disaster response is now more compliant with the norms of quality
performance that were once applied to social media data. Social media data will continue to find niches of
permissible usage as this trend continues. Furthermore, we analyze the nature of trust as it relates to the individual
and the data in the social networking stream. In our final section, we'll talk about how emergency and disaster
response groups are limited technically in their ability to address adoption-related technical issues using social
media. [22] Communication and social media platforms might experience serious mishaps. Many building tasks are
completed by machines that collaborate to form technical systems. Efficiency ratios about gains and losses from
computer utilization are crucial for process design. The options will be ranked, and the best alternative will be
chosen, using a new ARAS methodology. The challenge of ranking a small number of decision options, one of which
is specifically specified in terms of various decision criteria that will be regarded simultaneously, is a classic MCDM
problem. The relative impact of the numbers and weight of the primary criteria taken into account in the project is in
direct proportion to a utility fitness value that establishes the complex performance characteristics of a viable
alternative, according to the ARAS technique.
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Social Media Communication

Social data mining technologies used by businesses and the government are frequently criticized for reducing
privacy and increasing monitoring. Mark Zuckerberg, the CEO of Facebook, stated that privacy isn't longer a norm in
society in the era of social media in 2010. While this is the case, several critics, like Boyd (2014), have disputed it.
Based on a considerable ethnographic study on teenage attitudes toward social media, he claims that young people
still value privacy. She and others argue that privacy is a social norm, notwithstanding Zuckerberg's assertion. Of
course, our lack of privacy concern should be indicated by the area of social media businesses that profit from the
sale of user-generated material on these platforms. Privacy influences our strategic thinking. Despite Zuckerberg and
others' efforts to downplay the significance of privacy in Twitter and Facebook situations, the idea continues to gain
support. The public is alarmed by instances of corporate privacy invasions on social media, and academic scholars
are interested in how social interactants’' sharing habits seem to go against their stated privacy concerns. Some
authors contend that there is a difference between organizational privacy and social privacy, which restrict access to
one's knowledge by people in one's network. [24] demonstrates the ability of these technologies to produce
outstanding results. Similar platforms are utilized by many governments and public agencies, such as Facebook,
Twitter, and the European Union, and use social media to foster a feeling of European identity amongst citizens.
Stars like Britney Spears have based their communication strategy in the entertainment sector on social networking.
The introduction of digital components like Virtual Learning (MOOCs) and Smart Private Classroom Courses
(SPOCs), as well as the general rise in the usage of social media to support teaching, could even disrupt the higher
education sector, encouraging learning and involvement among students at universities worldwide. This special
edition is devoted to helping readers comprehend the difficulties in managing social media. The writers offer
insightful explanations of the factors to take into account when creating social media rules using a sensitivity
conceptualization. In a second article, Angela M. Lee applies grounded theory to describe the use of microblogging
websites by journalists. By concentrating on one particular social media platform, Twitter, the authors discover that
media purchaser journalists hardly ever stump up, especially when it comes to stutter stepping; rather, the majority
of journalists use Facebook and Instagram as a supplement to their research and to connect with colleagues in the
industry. [19] Organizations must comprehend how various user groups use social media to influence, acquire,
manage, and communicate. The success of the content strategy created by the organization will increase with the
depth of such information. Businesses employing social media advertising must carefully examine the vast amounts
of consumer data at their disposal, pay attention to consumer interactions, and identify the requirements and groups
that will respond well to various strategies. They must also acknowledge that a successful plan must be built on user-
generated subject matter and interactive communication methods in a social media environment. This study
emphasized the characteristics of the social media environment and revealed two crucial factors that are essential to
social media segmentation: the first is the degree of engagement with the product category; the second is the true
situation of the interaction between social media users and the brand. Although neither of these factors is novel to the
advertising field, the integration of social media significantly improves and shapes their potential tactical application.
[15] Early social media and interactive cultural communication experiments were made as a result of the museum'’s
change. Social media, in its broadest sense, is anything that makes it easier for people to communicate, network,
and/or collaborate online. Other names for the platforms and tools that permit similar user interactions include
online networks, networking sites, and Web 2.0. These facilities are not brand new.

METHODOLOGY

Method Used

A recently created multi-criteria decision-making (MCDM) technique is the "Additive Ratio Assessment Method
(ARAS)", which was developed by Zavadskas&Turskis. It has found widespread use in many different areas,
including staff selection, corporate social responsibility company rankings, chief accountant selection, and financial
company rankings and evaluations based on online banking trust. Its widespread use and quick development are the
outcomes of its easy-to-follow, clear methods that provide fair, acceptable, and generally accurate rankings and
selections of many offered alternatives based on how well they perform about chosen weighted evaluation criteria.
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The grey "additive ratio estimation (ARAS-G)" approach and its application to decision-making problems with
increment triangular fuzzy numbers have both been the subject of several lectures and papers in recent years. This
demonstrates the ARAS method's effectiveness and efficiency [19] (Dubenite and others). The methodology was used
by ARAS to assess potential solutions for restoring built and human ecosystems. Tarskis and Savatskas created a
fuzzy ARAS approach to find logistics hubs.

Weights Calculation

The weights for the smoothness criterion were calculated using the AHP method. Turskis and Savatskas put forth
the grey ARAS technique to address the supplier selection issue. Javadskas et al. used the ARAS approach to find the
most appropriate and secure base installation option. Keruliene and Turskis used "Hierarchical Weighted Ratio
Analysis (SWARA)" and Fuzzy ARAS approaches to solve challenges in the staff selection process. Baleentis et al.
compared the performance of Lithuania's economic sectors using the fuzzy ARAS approach. Datelo et al. resolved the
staff selection issue using the ARAS method. Javadskas et al. used the ARAS methodology to choose the best
construction technique for installing pilecolumns and to assess project managers in building processes using the
AHP-ARAS approach. Tarskis et al. used AHP and Gray ARAS approach to rate structured traditional projects.
Keruliene and Turskis integrated fuzzy ARAS and AHP methodologies with a fuzzy weighting product model to
evaluate chief accounting officers. Kudut et al. used the AHP-ARAS method to prioritize culturally significant
structures. Jamani et al. blended ANP and fuzzy ARAS approach to address the dairy product industry's brand-
extension strategy selection issue. Medinekin et al. resolved the issue of sustainable building certification using the
AHP-ARAS method. Stanujkic put out an elapsed time fuzzy set-based ARAS approach to rank port sites. Javadskas
et al. integrated AHP and fuzzified ARAS algorithms to evaluate green suppliers. Nguyen and Co. used a fuzzy
AHP-ARAS method to resolve the conveyor decision problem, while Streamikine et al. evaluated Lithuanian energy-
producing technology using the AHP-ARAS approach. Rostamzadeh et al. evaluated supply chain management
effectiveness using the fuzzy ARAS approach [16]. Dealing with a plethora of qualities in various hierarchies is
typical while solving some complex decision-making situations. Given that the hierarchy procedure is effective in
resolving challenging MADM issues, it is frequently employed for those issues. There is a publication that combines
the hierarchical process and the ARAS approach in researching the ARAS method. The source node reflecting the
primary objective of the problem is positioned at the top of a hierarchical stance process, and the underlying qualities
that characterize the competence of the competitors are located at the bottom. Transitive attributes include a set of
nodes and base attributes. The ranking procedure, in which the ARAS project is implemented in each hierarchy, can
be implemented once the power structure

RESULT AND DISCUSSION

shows Table 1 Social media communication using the ARAS method. the alternatives are Coimbatore, Dharmapuri,
Erode, Karur, Tiruvannamalai, Thootukudi, Perambalur, and Krishnagiri. The evaluation parameters are Facebook,
Twitter, YouTube, Telegram, Instagram, and Amazon. shows in Figure 1 Social media communication for using
ARAS method. the alternatives are Coimbatore, Dharmapuri, Erode, Karur, Tiruvannamalai, Thootukudi,
Perambalur, and Krishnagiri. The evaluation parameters are Facebook, Twitter, YouTube, Telegram, Instagram, and
Amazon.

Table 2 shows the Calculation of the maximum value of social media communication for using the ARAS method. the
alternatives are Coimbatore, Dharmapuri, Erode, Karur, Tiruvannamalai, Thootukudi, Perambalur, and Krishnagiri.
The evaluation parameters are Facebook, Twitter, YouTube, Telegram, Instagram, and Amazon. The calculation of
maximum values is derived by using the formula (1). Table 3 shows the normalized matrix for social media
communication in the Additive Ratio Assessment method. For Facebook, Twitter, YouTube, Telegram, Instagram,
and Amazon Normalised matrix values are derived by using the formula (2).
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Table 3 shows the normalized matrix for social media communication in the Additive Ratio Assessment method. For
Facebook, Twitter, YouTube, Telegram, Instagram, and Amazon Normalised matrix values are derived by using the
formula (2). Table 4 shows the weighted normalized matrix for social media communication in the addition rate
rating system. Figure 3. It also shows Coimbatore, Dharmapuri, Erode, Karur, Tiruvannamalai, Thootukudi,
Perambalur, and Krishnagiri. The evaluation parameters are Facebook, Twitter, YouTube, Telegram, Instagram, and
Amazon. Weighted normalized matrix values are derived by using the formula (3). Shows figure 3 weighed the
normalized matrix for social media communication in the addition rate rating system. Figure 3. It also shows
Coimbatore, Dharmapuri, Erode, Karur, Tiruvannamalai, Thootukudi, Perambalur, and Krishnagiri. The evaluation
parameters are Facebook, Twitter, YouTube, Telegram, Instagram, and Amazon. Weighted normalized matrix values
are derived by using the formula (3).

Table 5 shows the final result and rank of the Smart Energy Monitoring System in the Additive Ratio Assessment
method. And it shows the SI, KI, and Rank. Sl values are derived by using the formula (4), And KI values are derived
by using the formula (5). Figure 4 shows the Si, Ki Value in social media communication as shown in figure 4, In the
SI method Coimbatore is showing the highest value and Perambalur is showing the lowest value for the KI method
Coimbatore is showing the highest value and Thootukudi is showing the lowest value of weighted normalized data.
Shows the figure 5 social media communication final results. Coimbatore is got first rank, Dharmapuri is got seventh
rank, Erode is got fourth rank, Karur is got second rank, Tiruvannamalai is got sixth rank, Thootukudi is got third
rank, Perambalur eighth rank, and Krishnagiri is got fifth rank.

SUMMARY AND CONCLUSION

The main topics of this essay were the use of social media in qualitative studies and its applications. Online
communities that share community-oriented thoughts can be reached by creating online towns that can be
segmented and grouped with specific themes using specialized language for social media platforms such as
Facebook and Twitter. For a more thorough study and methodology, additional research could be done by
integrating each of the social media sites (such as Facebook, Twitter, and LinkedIn) into theory and research.
Marwick and Boyd (2010) contend that while users of online communication are aware of imagined customers in
each interaction, content companies target audiences using specialized ways to manage "imagined audiences" on
Twitter. The information profession and the usage of competency-based paradigms are impacted by the evolution of
the information landscape, and constant professional development is essential for professionals to pick up new skills
and knowledge. Further study into how libraries and archives use social media to enhance public relations and
market their brand to the general public is possible. Libraries must be aware of social media as a useful new research
resource.[25] Science related to data security can benefit from social media. We demonstrate that social matter that
can be observed can be utilized to learn more about the patterns, values, and behaviours of various groups connected
to biodiversity conservation, in contrast to crowd-sourced consumer science data that are commonly used to monitor
biodiversity. The ability to recognize biodiversity and conservation opportunities depends on this information. A
stronger understanding of social media networks can be developed to boost social media users' monitoring role
when traveling to natural areas, even though they are not currently involved in deliberate data collecting.[21] This
essay primarily analyzes studies that have been done using the ARAS technique from the angles of theory
advancement, application expansion, and potential future difficulties. Basic bibliometric analysis reveals that there is
a clear upward trend in linked research. The distribution varies among nations/regions, publications, conferences,
and study areas, but it exhibits a general pattern, with most works coming from Lithuania and being published in the
Journal of Finance and Economics. It is obvious that the ARAS approach has been connected to many ranking
systems, and different instruments in other research domains, and has been expanded to many information settings
from the theory on which it was developed. All theoretical advancements increase the method's efficacy, viability,
and applicability. Since the implementation of the ARAS system, four primary sectors—agriculture, industry,
services, and information—have all emerged, particularly the industrial sector. This demonstrates the method's
applicability and practicality. We outline the issues from the angles of GDM, data, but also time-based on a
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comprehensive assessment of the ARAS technique from fundamental inception, theory development, and
implementation extension, and find why existing studies should pay. Focus is placed more heavily on the expert
quantitative technique, consensus-building mechanism, risk attitude of the experts, data management, decision-
making in multi-period environments, and emergency decision-making. The method can benefit from future study
directions in all content on difficulties. [10] Coimbatore has received the first rank, Dharmapuri the seventh rank,
Erode the fourth rank, Karur the second rank, Tiruvannamalai the sixth rank, Thoothukudi the third rank,
Perambalur the eighth rank, and Krishnagiri the fifth rank.
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Table 1. Social media communication using the ARAS method
Facebook | Twitter | YouTube | Telegram | Instagram | Amazon
Coimbatore 56 97 83 48 75 78
Dharmapuri 53 39 85 48 55 64
Erode 86 63 85 64 43 58
Karur 76 56 76 51 74 61
Tiruvannamalai 53 67 69 76 86 55
Thootukudi 68 68 77 57 69 64
Perambalur 55 52 45 72 48 72
Krishnagiri 64 72 48 74 87 61
Table 2. Calculation of maximum value
Facebook | Twitter | YouTube | Telegram | Instagram | Amazon
Maxor Min 86 97 85 76 87 78
Coimbatore 56 97 83 48 75 78
Dharmapuri 53 39 85 48 55 64
Erode 86 63 85 64 43 58
Karur 76 56 76 51 74 61
Tiruvannamalai 53 67 69 76 86 55
Thootukudi 68 68 77 57 69 64
Perambalur 55 52 45 72 48 72
Krishnagiri 64 72 48 74 87 61
Table 3. Normalized Matrix
Normalised Matrix
Coimbatore 0.0938023 | 0.1587561 | 0.1271057 | 0.0848057 | 0.1201923 | 0.1319797
Dharmapuri 0.0887772 | 0.0638298 | 0.1301685 | 0.0848057 0.088141 0.108291
Erode 0.1440536 | 0.1031097 | 0.1301685 | 0.1130742 | 