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Comparative Study of Antibacterial Effect of Trigonella Foenum-Graecum, Boswellia Serrata, and
Nigella Sativa on Aggregatibacter Actinomycetemcomitans

Dr. Payal Jaiswal & Dr. Lalita Goyal

Department of Biochemistry, M.L.B.

Govt. Girls P.G. College, Indore, M.P.

Abstract

Bacterial resistance to antibiotics has become a major
concern, necessitating the exploration of alternative
treatments. Herbal medicine offers a promising ap-
proach, as many plant species possess antimicrobial
properties. Aggregatibacter actinomycetemcomitans (A.
a.) is a Gram-negative coccobacillus responsible for ag-
gressive forms of periodontal disease. This study evalu-
ates the antibacterial efficacy of Trigonella foenum-
graecum (fenugreek), Boswellia serrata (BS), and Nigel-
la sativa (NS) against 4. a. using the broth microdilution
method. The minimum inhibitory concentrations (MIC)
of fenugreek, BS, and NS were determined to be 374.33
Mg/ml, 708.33 Ug/ml, and 705 g/ml, respectively, indi-
cating that fenugreek exhibited the strongest antibacterial
effect. These findings suggest that fenugreek could be a
potential alternative treatment for periodontitis. Future
research should focus on optimizing extraction methods
and concentrations to enhance antibacterial potency.
Keywords: Aggregatibacter actinomycetemcomitans,
microdilution, periodontitis, antibacterial potency.
Introduction
The development of bacterial resistance to antibiotics
over time has become a significant concern. As an alter-
native, herbal medicines have gained attention due to
their antibacterial properties. Approximately 70,000
plant species have been identified for their antimicrobial
potential, showing efficacy against bacteria, fungi, and
viruses. Aggregatibacter actinomycetemcomitans (A. a.)
is a Gram-negative coccobacillus that plays a crucial role
in aggressive forms of periodontal disease, particularly
localized aggressive periodontitis.
Herbal extracts such as Trigonella foenum-graecum
(fenugreek), Boswellia serrata (BS), and Nigella sativa
(NS) have been traditionally used for various medicinal
purposes (Al-Okbi, S. Y. et al. 2014) Fenugreek has
demonstrated benefits in controlling diabetes, reducing
cholesterol, aiding digestion, and acting as an antioxidant
(Singh, D. et al. 2018). Boswellia serrata is well-known
for its anti-inflammatory properties, primarily due to
boswellic acid, which is effective against inflammatory
diseases(Gupta, A,. et al. 2017) . Nigella sativa (black
cumin) has been widely used in traditional medicine for

A
its diuretic, antipyretic, and anti-inflammatory proper-

ties. This study aims to compare the antibacterial ef-
fects of fenugreek, BS, and NS against A. a. to explore
their potential in treating aggressive periodontitis using
natural alternatives.\

Objective

This study investigates the antibacterial efficacy of
Trigonella foenum-graccum, Boswellia serrata, and Ni-
gella sativa against A. actinomycetemcomitans, aiming
to explore traditional herbal therapies for the treatment
of aggressive periodontitis.

Materials & Methods

Fenugreek, BS, and NS seeds were procured from Jevik
Setu Market, Indore, specializing in organic seeds and
vegetables. The seeds were finely ground using a mor-
tar and pestle and soaked in dimethyl sulfoxide
(DMSO) for one week. The extract was then filtered
and centrifuged at 4000 rpm for 30 minutes at 4°C, fol-
lowed by storage at 4°C for further analysis.

The pathogenic bacterial strain was obtained from the
Periodontology Department of the College of Dental
Science and Hospital, Rau, Indore, M.P. The minimum
inhibitory concentration (MIC) of fenugreek, BS, and
NS against A. a. was determined using the broth Micro-
dilution method.

Results & Discussion

The MIC values obtained were as follows:

o Fenugreek: 374.33 [lg/ml

o Boswellia serrata: 708.33 LLg/ml

o Nigella sativa: 705 \g/ml

No turbidity was observed in the negative control
group, confirming the antimicrobial activity of the test-

ed extracts.
Table: Showing the Antibacterial effect of herbal extracts
on A.a. Bacteria-

S.No. Herbal Extract Mean+SD
Fenugreek 374.33+4.04
2 B.S. 708.33+7.63
N.S. 70545
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Graph: Showing the Antibacterial effect of herbal ex-
tracts on A.a. Bacteria

The results indicate that fenugreek exhibited the strongest
antibacterial effect (Gupta, R. et al. 2014) against 4. a.
compared to BS and NS. Currently, the standard treat-
ment for periodontal disease focuses on biofilm removal
through mechanical procedures and systemic antibiotic
therapy (Deas, D.E. et al.2010). Alternative approaches
such as photodynamic therapy with herbal photosensitiz-
ers (Moslemi, et al. 2015) and adjunctive use of systemic
antibiotics (Dakic, A. et al.2016) have also been explored.
Previous studies have evaluated the antimicrobial proper-
ties of other natural extracts against 4. a.. For instance,
Kapadia,S.P.et al 2015. investigated the antimicrobial ac-
tivity of banana peel extract using the agar well diffusion
method. Ocimum sanctum (Tulsi) has also been widely
studied for its antibacterial properties (Mondal, S. et al.
2011). However, limited studies exist on the antibacterial
activity of fenugreek, BS, and NS specifically against A.
a.. Our study is among the first to examine fenugreek’s
antibacterial effect on 4. a..

One challenge in comparing results with previous studies
was the variation in extraction methods and bacterial
strains. Future studies should focus on evaluating differ-
ent extraction techniques, including aqueous and alcohol-
ic extracts, to optimize antibacterial efficacy.

Conclusion

Our comparative study demonstrates that Trigonella foe-
num-graecum exhibits the strongest antibacterial activity
against A. actinomycetemcomitans compared to Boswel-
lia serrata and Nigella sativa. Given fenugreek's well-
documented medicinal properties, it has the potential to
be explored further as an alternative treatment for perio-
dontitis. Future research should aim to refine extraction ]

1.
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1 methods and optimize concentrations for enhanced an-
tibacterial potency.
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ING: BENEFITS AND CHALLENGES

Manish Kumar

Department of economics
Banaras Hindu university Varanasi (U.P.) — 221005

Email: kumarmanish2321998(@gmail.com

ABSTRACT

Migration is a multifaceted phenomenon influenced by
various factors such as socioeconomic conditions, politi-
cal stability, natural disasters, and climate change. This
review paper explores the intricate relationship between
migration and wellbeing, a concept encompassing physi-
cal health, mental state, economic stability, and social
integration. How does migration influence wellbeing? If
migration improves wellbeing, in what areas does it en-
hance? Conversely, if it diminishes wellbeing, in what
aspects does it do so? The paper aims to assess the over-
all effect of migration on household wellbeing. The first
section delves into the key concepts of migration and
wellbeing, examining the impact of migration on the dif-
ferent dimensions of quality of life. The complex rela-
tionship between the two is discussed through various
lenses, from economic gains to social integration and
family dynamics.

The second section outlines the methods and criteria used
to assess studies on the topic, focusing on how migration
can affect wellbeing both positively and negatively. For
example, when men migrate for work, women in rural
areas often take on greater social and economic responsi-
bilities, which can shift gender roles and increase em-
ployment rates. At the same time, migration can strain
family relationships, create emotional stress, and disrupt
the upbringing of children. However, it also brings posi-
tive outcomes, such as remittances that improve financial
stability and access to resources for families.

The third section synthesizes key findings from different
studies, highlighting the importance of policies that sup-
port migrant wellbeing. It stresses the need for govern-
ments and healthcare providers to create inclusive poli-
cies that offer mental health services, job opportunities,
and education. By addressing these challenges, migration
can yield positive outcomes, fostering healthier and more
integrated communities while enhancing overall house-
hold wellbeing.

Key word: Migration, Wellbeing, Socio-Economic.

1 1. INTRODUCTION

Migration is when people move from one place to an-
other, either within the same country or to a different
country, usually to find better work or living condi-
tions. People often migrate to escape poverty, find jobs,
or seek better opportunities for themselves and their
families. Well-being is about how good or satisfying
someone’s life is. It includes not just how much money
they have, but also how healthy they are, how educated
they are, and whether they feel safe and happy. Well-
being can be affected by many things like income, rela-
tionships, and access to services like healthcare. When
we talk about migration and well-being together, we are
interested in how moving to a new place change
someone’s life. For example, migration can bring in
more money through remittances, but it can also cause
emotional challenges if families are separated. Under-
standing the relationship between migration and well-
being is essential in today's globalized world because
migration significantly impacts economies, societies,
and individuals. Migrants often contribute to economic
growth, address labour shortages, and send remittances
that support families in their home countries. However,
migration can also lead to challenges like brain drain
and social integration issues. In an increasingly inter-
connected world, recognizing how migration affects the
well-being of both migrants and the communities in-
volved is key to developing inclusive policies that pro-
mote economic development, social harmony, and
global cooperation in addressing challenges such as dis-
placement due to conflict or climate change. The pur-
pose of this review is to explore both the positive and
negative effects of migration on well-being. It looks at
how migration can improve lives by increasing income
and providing better opportunities, while also consider-
ing the challenges, such as family separation and diffi-
culties in adjusting to new places. The goal is to under-
stand how migration influences people's quality of life
and what can be done to address the challenges while
maximizing the benefits. This paper is structured into
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section outlines the objectives of the paper. The third sec-
tion presents the methodology of the paper. The fourth
section presents the findings and discussion of the paper
and fifth section presents the policy implications of the
paper.

2. OBJECTIVES

This review paper aims to critically analyze the multifac-
eted relationship between migration and household well-
being by (1) examining how migration influences diverse
dimensions of wellbeing-including physical health, mental
state, economic stability, and social integration; (2) as-
sessing both the positive and negative impacts of migra-
tion, such as economic empowerment through remittances
versus familial strain and emotional stress; and (3) synthe-
sizing evidence to advocate for inclusive policies that en-
hance migrant wellbeing through mental health support,
equitable employment, education, and social integration.
The study seeks to provide a holistic understanding of mi-
gration’s role in shaping household outcomes and inform
strategies to maximize its benefits while mitigating adver-
sities.

3. METHODOLOGY

The methodology for identifying relevant studies involved
a systematic search in the Scopus database using the key-
words "Migration" AND ("Wellbeing" OR "remittances")
in the title field, which initially retrieved 262 records. The
search was refined by limiting documents to peer-
reviewed "articles" and "conference papers", reducing the
results to 83 records. Subsequently, only open-access pub-
lications were selected to ensure accessibility, yielding 52
papers. Further filtering by subject areas-Social Science,
Economics, and Econometrics—retained 102 records, af-
ter which non-English publications were excluded, result-
ing in a final set of 68 studies for in-depth analysis. This
structured approach prioritized relevance, accessibility,
and disciplinary alignment to systematically capture litera-
ture exploring migration’s intersection with wellbeing and

remittances.
4. FINDINGS AND DISCUSSION

4.1 MIGRATION THEORIES

Push-Pull Factors: This theory explains migration as a re-
sult of factors that "push" people out of their home coun-
try and "pull" them to another. Push factors include prob-
lems like unemployment, poverty, or political instability,
which make people want to leave. Pull factors are oppor-
tunities like better jobs, higher wages, or improved living
conditions that attract people to a new place. Neoclassical
Economic Theory: This theory views migration as an eco-
nomic decision. People migrate to places where they can
earn higher wages and improve their financial situation.

low wages to areas with high wages, balancing out la-
bour markets between countries or regions. New Eco-
nomics of Labour Migration (NELM): This theory ex-
pands on the idea of migration by considering not just
individuals but also households. It argues that families
often make migration decisions together to diversify
their income sources and reduce risks, like crop fail-
ures or job loss, by having members work in different
places and send money back home (remittances).

4.2 WELLBEING MODELS

To understand well-being, we can use different frame-
works that focus on its psychological, economic, and
social dimensions: Psychological Well-being: This
framework looks at a person's emotional health and
happiness. It includes things like life satisfaction, feel-
ing positive emotions, having a sense of purpose, and
being able to cope with stress. Psychologist Carol
Ryff’s model of well-being, for example, includes key
elements like self-acceptance, personal growth, and
autonomy, which together define how well someone
feels mentally and emotionally. Economic Well-being:
This focuses on how financially secure and stable a
person or household is. It includes factors like income,
savings, employment, and the ability to meet basic
needs. People with higher economic well-being are
generally able to live more comfortably, have access
to better resources, and plan for the future. Economic
well-being is often measured by income levels, job
stability, and access to material resources. Social Well
-being: This dimension considers how connected and
supported a person is by their relationships and com-
munity. It looks at the quality of social connections,
family ties, friendships, and a sense of belonging. So-
cial well-being means feeling supported and valued by
others, which plays an important role in overall happi-
ness. Each of these dimensions helps us understand
well-being more fully by looking beyond just one area
of life

4.3 BENEFITS OF MIGRATION ON WELLBE-
ING

Economic Opportunities

Migration helps people find better job opportunities
and higher wages, improving their financial situation.
Many leave areas with few jobs for stronger econo-
mies where they can earn more, support their families,
and send money home. Remittances also enhance the
quality of life for families back home (Todaro, 1969;
Adams & Page, 2005).

Educational and Skill Development

Migration offers access to better education and skill
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development, enhancing migrants' qualifications and job
prospects. Many pursue higher education or training,
leading to career advancement and improved economic
situations. Investing in education for their children also
benefits future generations and fosters development
(Orozco, 2003).

Cultural Enrichment

Migration exposes people to new cultures, helping them
grow personally and become more open-minded. This
experience teaches valuable skills like adaptability and
empathy, improving relationships and work with others.
It also boosts creativity and problem-solving by providing
new perspectives (Leung et al., 2011).

Remittances

Remittances sent home by migrants greatly enhance the
well-being of their families. These funds help cover basic
needs like food, housing, and healthcare, and enable in-
vestments in education, breaking the cycle of poverty.
Additionally, remittances stimulate local economies and
promote community development, leading to reduced
poverty rates and improved quality of life (Ratha, 2013).
4.4 CHALLENGES OF MIGRATION ON WELLBE-
ING

Psychological Impact

Migration can lead to emotional challenges like stress,
identity crises, and homesickness. Adapting to a new cul-
ture can cause anxiety, especially with financial pressures
(Bhugra, 2005). Migrants may struggle with balancing
their original identity with a new one (Sam & Berry,
2010), and homesickness can lead to loneliness and sad-
ness (Hirschmann, 2005). Support and mental health re-
sources are essential for their well-being. Parental migra-
tion negatively impacts LBC's social wellbeing. LBC ex-
perience mental health challenges due to migration
(Nelsensius Klau Fauk,2024). Negative relationship be-
tween migration and subjective well-being identified. Mi-
grants accept income increase for reduced life satisfaction
post-migration (Gabriel Rodriguez-Puello,2024).

Social Integration

Migrants often struggle to adapt to new social norms due
to differences in values and traditions, which can lead to
misunderstandings and feelings of isolation (Berry,
1997). Language barriers make communication challeng-
ing, and the pressure to fit in can cause stress. Additional-
ly, many face discrimination and xenophobia, further hin-
dering their integration and well-being (Schwartz et al.,
2014). Promoting inclusive communities and cultural un-
derstanding can help support migrants during their transi-
tion.

Legal and Political Barriers

Migrants face significant challenges related to immigra

tion policies, legal status, and access to essential ser-
vices, affecting their quality of life. Strict immigration
laws can create barriers, leading to fear and uncertainty
about deportation (Martin, 2008). Those without legal
status often face limited job opportunities and may
avoid seeking healthcare due to fear of exposure
(Castafieda et al., 2015). Additionally, language barriers
and ineligibility for public services hinder access to
healthcare and education, impacting their overall well-
being (Sullivan et al., 2011). Advocating for inclusive
policies is crucial.

Economic Exploitation

Migrants often face significant risks in the labour mar-
ket, including low wages, job insecurity, and exploita-
tion, which can negatively affect their economic well-
being and overall quality of life. Low Wages: Migrants
are frequently employed in low-paying jobs, especially
when they lack formal qualifications or their credentials
are not recognized in the host country. Many migrants
work in sectors like agriculture, construction, or domes-
tic work, where wages are often below the national aver-
age. These low earnings make it difficult for migrants to
achieve financial stability, support their families, and
improve their standard of living (Piore, 1979). Job Inse-
curity: Migrants often take temporary or informal jobs,
which offer little to no job security. This means that
they are at a higher risk of losing their jobs without no-
tice or compensation. Migrants in precarious employ-
ment situations may have no access to benefits like sick
leave, unemployment insurance, or retirement plans,
leaving them vulnerable to financial hardship in times of
crisis (Standing, 2011). Seasonal or temporary work
contracts are also common, further increasing job inse-
curity. Exploitation: Migrants are more susceptible to
exploitation in the labour market, especially if they are
undocumented or lack legal protections. Exploitative
practices may include long working hours, unsafe work-
ing conditions, and wages far below the legal minimum.
Employers may take advantage of migrants’ vulnerable
legal or economic situations, knowing they are less like-
ly to report abuses for fear of losing their jobs or being
deported (Anderson & Rush, 2010). This exploitation
often leads to both physical and mental stress, further
affecting their well-being. Addressing these risks re-
quires stronger labour protections, fair wage policies,
and improved access to legal rights for migrants to en-
sure their dignity and safety in the workplace.

4.5 CASE STUDIES

Successful Integration Examples

Migration has led to significant improvements in the

Jwell-being of individuals and families in various cases,
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particularly by providing better economic opportunities,
access to education, and improved living conditions. Eco-
nomic Advancement: One notable example is the case of
Filipino workers migrating to countries like Saudi Arabia
or the United States. Many Filipino workers find employ-
ment in higher-paying sectors such as healthcare, con-
struction, or domestic work, which allows them to send
substantial remittances back home. These remittances
have been critical in improving the well-being of their
families by boosting household income, allowing for bet-
ter housing, healthcare, and education (Yang & Martinez,
2005). This economic uplift has helped reduce poverty
and increase financial stability in many Filipino house-
holds. Education and Skills Development: Another case
is the migration of Indian IT professionals to countries
like the U.S., Canada, and the UK. Many of these mi-
grants take advantage of advanced educational and pro-
fessional opportunities, gaining access to high-quality
training and experience in the tech industry. This has not
only improved their economic status but also enhanced
their personal growth and skills. The knowledge they
gain abroad often benefits their home countries when
they return or through knowledge transfer, contributing
to global technological progress (Khadira, 2001). Im-
proved Living Standards: Migration has also had a posi-
tive impact on well-being in cases such as Eastern Euro-
peans moving to Western Europe after the expansion of
the European Union. For instance, Polish workers who
migrated to the UK benefited from higher wages and im-
proved access to services. These migrants were able to
provide better living conditions for themselves and their
families, both in the host country and through remittances
sent home. The increased financial stability and exposure
to better healthcare and social services enhanced their
overall quality of life (Drinkwater et al., 2009). These
cases demonstrate how migration, when well-managed,
can provide migrants and their families with opportuni-
ties to improve their economic standing, education, and
living conditions, significantly enhancing their well-
being.

Challenges in Host Countries

Migration can cause social and economic tensions, espe-
cially in areas with limited jobs or resources. Local popu-
lations may feel threatened by migrants competing for
low-wage jobs or straining public services like healthcare
and housing. For example, the 2008 UK financial crisis
saw tensions between native workers and Eastern Euro-
pean migrants (Wadsworth, 2015). Similarly, in South
Africa, migrants from Zimbabwe faced hostility over
public resource competition (Crush & Ramachandran,

issues and promote integration.

5. POLICY IMPLICATIONS

Support Systems

Policies that help migrants with mental health, social
integration, and fair job opportunities are important for
their well-being and successful adjustment. Providing
tailored support, language training, and fair work con-
ditions helps reduce isolation and allows migrants to
contribute positively to the economy (Bhugra & Gupta,
2011; ILO, 2015).

Community Engagement

Community programs help migrants integrate by offer-
ing language classes, cultural workshops, and social
events. These programs build connections between mi-
grants and locals, reduce stereotypes, and create sup-
port networks. They also provide job training to boost
migrants' skills and employability, making it easier for
them to settle and contribute to society (Dempsey,
2021; Schaefer, 2018; Wessendorf, 2013; Kagan,
2017).

Coordinated Responses: Global agreements, such as
the Global Compact for Safe, Orderly and Regular Mi-
gration, provide a platform for countries to coordinate
their responses to migration challenges. By fostering
dialogue and collaboration, these agreements enable
nations to share information, resources, and strategies
for managing migration effectively. This coordinated
approach can help address issues like human traffick-
ing, irregular migration, and border management more
comprehensively (United Nations, 2018).

Protection of Migrant Rights: International partner-
ships help protect migrants' rights by following global
agreements that ensure fair treatment, safety, and ac-
cess to services (United Nations, 1990). Countries also
share successful ideas on how to support migrants, like
offering language classes and job training, to improve
policies and create better integration programs (IOM,
2020).

Addressing Root Causes: Global agreements can also
address the root causes of migration, such as poverty,
conflict, and environmental degradation. Collaborative
efforts between countries, international organizations,
and NGOs can focus on development assistance and
humanitarian support in countries of origin. By im-
proving living conditions and creating economic op-
portunities, these initiatives can help reduce the pres-
sures that drive people to migrate (World Bank, 2018).
Facilitating Legal Pathways: International collabora-
tion can help create and expand legal pathways for mi-
gration, which can reduce the incidence of irregular

2014). Effective policies are needed to address these \

| migration and exploitation. By establishing mutual
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recognition of qualifications and easing visa restrictions EXAM-

for certain labour markets, countries can facilitate the | INE STRATEGIES FOR PRESERVATION I

movement of skilled workers while ensuring that mi- | NCLUDING NATURAL PRESERVATIVES

grants have safe and legal options for migration (ILO, | TO INCREASE THE LIFESPAN OF FOOD

2017).

st Ashutosh Pathak
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foods and medicinal items, these preservatives are fre- 1 Table. 1 Classification of Preservative

quently applied "' To guarantee the use of food with

o o ) Preservative Classification [3-5]
good nutritional content, which is crucial for human
health, food quality must be maintained. Therefore, the On the ba- | Class I: Food preservatives derived
best approach to maintain food quality and stop it from sis of their | from nature, such as salt, sugar, a vine-
deteriorating is to use preservation techniques. These class gar-based products, herbs, honey, edi-
days, there are many different kinds of preservation ble oils, etc., were included in this
techniques that may be applied to preserve food quality. class.
items for an extended length of time, either via the use Class II: Benzoates, sorbates, potassi-
of contemporary preservation technologies or traditional um nitrites and nitrates, sulphites, glu-
means. Additional food preservatives, which fall into tamates, glycerides, and other chemi-
two categories—natural and artificial—are used in cal, semi-synthetic, or synthetic food
some of these preservation techniques preservatives were included in this
There are six food classes, which are as follows: class.
1. Sweets and fatty acids, such as buttermilk, gel, bever-
ages with sugar, etc. On the ba- | Natural Preservatives: Plants, miner-
2. Dairy goods, such as cheese, yogurt, milk, and so on. sis of als, animals, and other natural re-
3. Protein, such as meat, eggs, poultry, almonds, etc. Source sources are the sources of these medi-
4. Vegetables, such as spinach, salad, tomatoes, etc. cations. For instance, Lemon Honey,
5. Fruits, such as bananas, mangoes, and apples. Vinegar with Neem extract Salt
6. Carbs such as rice, bread, noodles, and so on. (NaCl).
Synthetic Preservatives: These pre-
servatives are made from chemicals
o Baced on Shelf Life that, in little amounts, are effective
against a variety of pathogens. For in-
e , stance, nitrites, propionates, sorbates,
Classification of | | Based on Functions .
toods Tl andNutrients sodium benzoate, and benzoates
On the ba- | Antioxidants: The substance that
Based on Extent and sis of stops the oxidation of active pharma-
" Purpose of rocessing mechanism | cological ingredients, which normally
T of action | degrade because of oxidation since
Technololgists, food '  Bhysial Spoiage ‘thf}i/nziZn(é)e(ygen-sens1t1ve. Vitamin C,
Processing and . oo
‘ Presrvation ndustry o Antlmlcro})lal. The substapc;e that
Mechanismand | * \ianagement,Traders anc| 4 Food Spoiage LLY ot spge works against both gram-positive and
Commercial Aspect Consumers Mechérism gram-negative microorganisms that
of . break down medicinal preparations.
Food Processing and = Chemical Spoilage which operate at a low degree of inclu-
Preservation siveness. For instance, benzoates, Ben-
zoate of sodium.
| Physicel Processing Chelating Agent: The substance that
(e combines with medicinal ingredients
Food Preserving
| and Processing el Biological Processing to Cre.ate a complex gnd Stop.the for-
Methods mulation from degrading. For instance,
EDTA (disodium ethylene diamine
Global Market | W chemical Processing tetra acetic acid).

Analysis of
Preserved Food

Fig. 1 Mechanism of Food preservatives

Table 2. Food goods where preservatives can be uti-

lized and their uppermost limitations [6-7]
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Preservatives Class Utilization Table 4. Preservatives used in Pharmaceutical
Sodium and po- | Antimicro- | Fruit Juices, Jams, Formulations [11-12]
tassium benzoate, | bial Cheese, Baked ]
benzoic acid Goods. Snacks etc Catego- | Products Preservatives
— ~— : , ry
Sullpllllateds‘ 'dand l?n{tlmlcro- Pry fml;’.frcllllts’ 1\;[0- Oral Tablets, cap- | Methyl, ethyl, propyl parabens
sulphur dioxide 1a asses, 1ried or 1Iro- sules, suspen- | and their combinations, sodium
zen potatoes etc. sions and syr- | benzoate, benzoic acid, calci-
Methyl and pro- | Antimicro- | Baked goods, Bever- ups um.
pyl paraben bial ages, relishes etc.
Sorbic acid, Sodi- | Antimicro- | Dairy products, | || Parenter- | Small and large | Methyl, ethyl, propyl, butyl
um otassium | bial sweets. SVIuDs. jams a 1 | volume paren- | parabens and their combina-
i p RO YIups, J ’ (includin | terals including | tions, benzyl alcohol, chlorbu-
and calcium sorb- jellies etc. g Vac- | vaccines tanol.
ates cine) chlorhexidine, thiomersal, for-
Propionates Antimicro- | Cheese foods, fruits, maldehyde.
bial bakery products etc. : .
Nitrites and ni- | Antimicro- | Meat products. Nasal Nasal  drops, Benzalkpmum Chl,"“de’ phe-
trates bial sprays and aer- | nylcarbinol, potassium sorbate,
P Toallat YT - Baked Tood osols chlorobutanol, chlorocresol,
ropyl gallate ntioxi- | Baked foods EDTA
dants
Butylated hy- | Antioxi- | Potato products, ce- Ophthal- | Eye drops, oint- | Benzalkonium  chloride,
droxy-anisole dants reals etc. mic ments and con- [ EDTA, benzoic acid, thio-
Tert-butyl hydro- | A n t i - | Foods and snacks tgct lens solu- g@rsal, | 1mlqurea, chlorhexi-
quinone enzymatic | etc. tions ¢, polyanino .
propylbiguanide, sodium per-
Table 3. Codes assign for preservatives [8-10] borate, boric acid
E Num- Name of preservative Purpose Dental Toothpastes, Sodium bgnzoate, benzoic ac-
ber mouthwashes | id, potassium sorbate, sodium
=500 oo =t and gargles ghqsphate, triclosan, cetylpyri-
mium
E 202 Potassium sorbate Preservative chloride, methyl and ethyl
E 203 Calcium sorbate Preservative parabens
E 210 Benzoic Acid Preservative - - ' -
311 Sodm bersonte Prosorvative Dermal Cream, lotion, | Benzalkonium chloride, cetri-
2 : ointment, soap, | mide, EDTA, benzoic acid,
E 212 Potassium Benzoate Preservative bath gel, hair thiomersal, imidurea, chlorhex-
E 213 Calcium Benzoate Preservative spray, shampoo | idine,
Eoi4 Ethyl p-hydroxybenzoate Proservative and conditioner | chlorocresol, phenyl salicylate
E215 Sodium ethyl I; -tehydroxybenzo- Preservative Rectal Suppositories | Benzyl alcohol, benzoic acid,
and enema sodium benzoate, methyl hy-
E 216 Propyl p-hydroxybenzoate Preservative droxl;benzoa%ce chlorhexi}Zhney
E 217 Sodium propyl p- Preservative gluconate
hydroxybenzoate
St b . Artificial Preservatives
E 218 Methyl p-hydroxybenzoate Preservative )
319 Sodium methvi oo Preservative By chemical processes, humans create these preserva-
v D tives, which are effective towards a variety of patho-
hydroxybenzoate ! y obp
£330 Sulphur dioxide Proservative gens at low concentrations. For example, sodium ben-
551 Sodium Sulohite Proservative zoates, Propionates, the nitrite and benzoate sorbates
=533 ST iod P o 5 : etc. After receiving approval from the Scientific Com-
odium hy rOge.n Sup fte reservatwe mittee on Food (SCF), which is in charge of assessing
£ 223 Sodium metabisulphite Preservative the health hazards of food substances, the European
E 224 Potassium metabisulphite Preservative Commission gives an addition of E-number.
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Substances that have been certified for consumption with-
in Switzerland and the European Union are denoted by E
numbers, which are used by the dietary supplement sector
globally [13].

Table 5. Methods of Preserving Food

Methods of Preserving Food [14]

Drying

Drying is one of the first techniques for preserving
food since it lowers water's activity enough to stop
or slow the proliferation of germs. Additionally,
drying lowers heaviness.

Canning

When done correctly, canning is a significant and
secure food preservation technique. To sterilize
food, canning entails heating it, enclosing it in
sterilized bottles or jars, and then steaming the
vessels to destroy or lessen any germs that may
still be present.

Pickling

Pickling is an anaerobe fermentation method of
food preservation. The final product is known as a
pickle. This process imparts an acidic or salty fla-
vour to the dish. Vinegar, alcohol, vegetable oil,
and brine are common pickling ingredients. Its pH
of below 4.6, which is adequate to eradicate the
majority of microorganisms, is another distinctive
feature. Perishable items can be pickled for
months at a time.

Freezing

The two methods of food preservation that are
most commonly used nowadays are most likely
thawing and refrigerated. The goal of cooling is to
slow down bacterial activity to a standstill so that
food takes a lot longer to spoil—perhaps up to
fourteen days as opposed to a few hours.

Vacuum
Packaging

Food is often vacuum-packed in a sealed jar or
bag. The vacuum atmosphere slows deterioration
by depriving microorganisms of oxygen, which is
necessary for their life. Food can be harmed by
air, which can lead to rust, bacterial development,
or property loss. Products that travel great distanc-
es can be preserved using this approach for several
weeks or months if they are kept in a refrigerator.

Water
Bath

Using this method, food is kept in a securely
sealed glass container filled with water. Next, a
saucepan filled with sufficient fluids to fully cover
the jar is set over the container. After 50 minutes
of boiling, turn off. Before causing a fast heat shift
that may lead the bottle to burst, let the vessel cool
fully within the container.

Risks to health from artificial preservatives-Although
majority of artificial preservatives are thought to be harm-
less, others have harmful, carcinogenic, and lethal nega-
tive consequences. Popular preservatives found in many
fruits, sulphites can cause migraines, heartburn, allergies,
rtzgeathing problems, cancer, and other adverse reactions
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Fig 3 Hazards of Artificial Food Preservatives.

Table 6. Artificial preservatives and their problems associated [16]

Artificial Pre- Problems Associated

servatives
Nitrites and In order to avoid food illness, sodium ni-
Nitrites trite is used as a preservative in animal

products, hamsters, smoked meat, hot
dogs, and salami. Although sodium nitrite
can stop the development of germs that
might cause botulism, it may interact with
peptides and produce cancerous effects. N-
nitrosamines whenever heated to high tem-
peratures. When nitrate attaches to haemo-
globin, the substance that transports oxy-
gen from bloodstreams to the body's tis-
sues, it produces chemically changed hae-
moglobin (methaemoglobin), which hin-
ders the delivery of oxygen to the tissues
and gives the skin its blue hue.

Benzoates Benzoate is thought to be triggering harm
to the brain and can cause allergies like
breakouts on the skin and bronchitis. As
microbiological food preservatives, benzo-
ates have been linked to inflammation, res-
piratory conditions, and sensitivities.

Caffeine Caffeine is a flavouring and colouring
agent with diuretic and stimulating quali-
ties. It may result in anxiety, heartburn, and
in rare cases, cardiac abnormalities.

Sorbic Acid Foods are treated with sorbates or sorbic
acid as antibacterial preservatives. Alt-
hough sorbate problems are uncommon,
dermatitis from contact and urticaria have
been reported

Natural preservatives: Better alternatives

Natural preservatives are likely a topic of greater schol-
arly interest than commercial or practical benefit. It
does, however, offer a fantastic marketing aspect that
might help to offset the greater cost of raw materials.
The most popular preservation techniques that the for-
mulator already has access to are reviewed first in the
paper. Many of these instances may be found in the in-
dustry of food and drinks. The study then examines

A 4

Peer Reviewed Refereed Multidisciplinary

]( 30 )[ Quarterly international E- Journal



https://en.wikipedia.org/wiki/Impact_factor

e 3ceh¥ Shodh Utkarsh Online Available at https:// www.shodhutkarsh.com ISSN-2993-4648 Ii
3h- 09 STHERT - /T 2025 Impact factor— 03

how to browse through the available material and the issues with frequently employed substitutes for the procedure
of preservation. This Review concludes by examining a few particular species that are frequently found in the toi-
letryFig 3: Natural preservatives and cosmetics industries and providing samples of a few of the botanical sources
as shown in Table 7 [17].

Fig 3: Natural preservatives.

Table 7. Natural Preservatives and its properties [18]

Preserva- | Properties
tives

Sugar High amounts of sugar can protect foods against spoiling microbes; this is evident in jams, conserves, certain sweet-
ness pickled veggies, and marmalades. This plays a significant role in ensuring the longevity of candy, boiled des-
serts, and other foods. As a result of the substitution of artificial sweeteners, which are less expensive and healthier
to consume, for sugar, many items must now be stored in the refrigerator or freezer once they are opened, compro-
mising the product's ability to preserve itself.

Honey Undiluted honey is also an all-natural preservative; in fact, several scholarly articles mention honey's ability to oper-
ate as a viscoelastic shield against germs and illness.

Alcohol Yeast's ability to convert sugar into alcohol is a separate business. Once the fermentation process is over, a wine that
has been meticulously made using sterile supplies and brewed to 13% by capacity will barely be able to withstand
additional infection from outside microbes. The moment of fermentation is when the fermented must is most sus-
ceptible to infection. Distillation may concentrate the naturally occurring fermentation-grade alcohol, which can
then be utilized as a natural preservative in colognes, aftershaves, and toners.

Heat Other alternative preservation methods that will sterilize items include heating, cooking, and pasteurization. This is
particularly important for products that are intended for single-use, such phials or sachets. To stop microbiological
deterioration, the product can also be kept in the refrigerator or freezer once it has been opened.

Anhydrous | Similarly, one may intentionally create and construct a completely anhydrous product by using ingredients that don't
contain any water at all. The identical limitations that apply to desiccated goods also apply to gels that the user can
complete by adding liquid to the mixture of oils, fats, and lubricants.

Cold As long as the goods was pure before it was put in a freezer and/or had enough preservation "mass" to combat any
newly acquired organisms, putting it in the cold just "stops the clock” on microbiological development, which is
entirely OK.

Acidic pH By keeping the pH as low as feasible, the preservation action can be increased. One of the several alpha hydroxy
acids (AHAs) derived from citrus varieties, of which citric and malic acids are the main constituents, may provide
n a t u r a 1 a c i d i t .
In addition, it is astonishing that costly organic alpha hydroxy acid sources are being artificially produced while ba-
obab oil makers discard significant amounts of tartaric acid as a byproduct.

Vinegar Vinegar is utilized as in food industry and household preservation due to its low pH and acetic acid concentration.
In actuality, it is employed to pickle a broad range of meals, including meat, vegetables, seafood goods, and spicy
fruits.
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Onion It serves as one of the most commonly consumed veggies and offers a number nutritional advantage. Culinary querce-
tin is abundant in onions. The flavanols quercetin and kaempferol, which are frequently found in glycosylated forms,
are their principal representatives. Onions have therefore been suggested as an excellent source of plant-based preserv-
atives, which improve food stability and preservation while also raising its nutritional content. Onions have antibacteri-
al properties because they contain thiosulfates and other volatile chemical substances. They are primarily in charge of
the onion's distinct flavour, scent, and lachrymatory action, but their antimicrobial, anti-fungal and antimicrobial prop-
erties also make them highly desirable.

Oil Food oxidizes and begins to spoil when it comes into touch with air. Oil prevents microbes from getting into touch
with the food and reduces down the oxidation process.

Grapes | The fluid made from the seed mixture, pulp, and white membranes of the tangerine Citrus Paradise is sometimes re-
fruit Ex- | ferred to as citrus seed extract. Bacteria, viruses, fungus, and other microorganisms can be killed or their development

tract inhibited by this endogenous broad range preservative. For best results, it should be used with other wide-ranging pre-
servatives. It can be added to the composition in amounts as high as 1%.
Acid In addition to adding taste, food acids serve as antioxidants and preservatives. Typical food acids include lactic acid

sorbic acid, vinegar, citric acid, tartaric acid, malic acid, fumaric acid, and tartaric acid. These compounds prevent bac-
terial and fungal cells from growing, and sorbic acid prevents bacterial spores from germinating and proliferating.

Cloves In addition to being utilized as natural food preservatives, medicinal herbs are used to season and taste meat, fish,
bread, and cakes. They belong to the Myrtaceous family and are naturally occurring herbal remedies that are extracted
from evergreen trees. They have emmenagogue, antibacterial, expectorant, aesthetic, and antihistamine qualities. By
eliminating microorganisms, they can function as antibacterial agents.

Cinna- | An antimicrobial and antibacterial essential oil is found in cinnamon, a medicinal plant. The bark, leaves, stems, flow-
mon ers, and volatile oil are the primary components utilized in herbal therapy. You will feel warm and comfortable be-
cause to the powerful scent. This age-old spice has antispasmodic, digestive, astringent, carminative, anti-clotting, fra-
grant, germicide, and stomachic effects. It is also used as a sex stimulator and to treat uterine bleeding.

Identifying food preservatives using various analytical techniques:
Numerous analytical techniques for identifying preservatives have been documented. Numerous analytical tech-
niques, including UV-visible, calorimetry, HPLC, GC, LCMS, and electrophoresis, were employed to identify dif-
ferent preservatives in a variety of food items using the suggested procedures [19].

Table 9. Methods of determining Preservative [20]

Preservatives Methods

Benzoic Acid and Sorbic Acid Overlapped HPLC —PDA

Sodium Benzoate and Potassium Benzoate HPLC

Benzoic Acid UV Spectrophotometry

Sorbic Acid UV Spectrophotometry

Sodium, Potassium Salts of Nitrates and Nitrites Colorimetry BHT And BHA HPLC
Methgyl Paraben Propyl Paraben Methgyl Paraben Propyl Paraben

Conclusion and Discussion:

Due to growing consumer knowledge and concern about the negative consequences of synthetic chemical additions,
foods preserved using natural ingredients have gained popularity. As a result, scientists and food producers are in-
creasingly focusing on natural. preservatives. Natural food additives with minimal adverse reactions and those that
are widely accepted as safe should be used if the utilization of nutritional additives is required due to their benefits.
We have observed that natural preservatives have less adverse effects than synthetic ones, which are used to pre-
serve foods, cosmetics, etc. accessible and reasonably priced. so that we can utilize it with ease. When applied to
food goods, medicines, and cosmetics, organic preservatives not only prolong their shelf life but also inhibit the
growth of microorganisms. Additionally, it keeps things fresh or consistent for a long period without having any
harmful effects. Chemicals used as artificial preservatives have the potential to be harmful to one's health. These
days, people are becoming more conscious of the negative consequences of chemical substances found in food, cos-
metics, and medications. Because of their numerous health benefits and non-toxic nature, natural preservatives have
more advantages than their artificial equivalents
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THSTRH TRITI-Sh I BT HI
T, TG, HIVR, o,
RIS TS
THSITCH, HIUTTE, 3TH TR
TeHT=Id JasT ARl
SIEE JEFATHIR
Y JQ3T, ATSIM B3l
STY Ja3T, HERISE ShIATHT ,ATgoh
TSI g %hld 9T STl ST
hHlicoh hISH]
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Wwﬁﬁamwmwﬁwﬁaﬁr
ST R, SHRAT SRS G 1 ST S ST it
ST BT & ST eI o TS ¥ JaaH 3R 9oy &1
Tt Rt ST 21 GHTS 1 T, WY-HT, @I, T&-
Waﬁmaﬁ:%aﬂ%mwaﬁmémww%
Tehfcreh TETHTE 3T STehfcreh TCEAT bt ot et ST Tehal 21
SR ST et SR % Wit & SR S Siar & A 9w &
WTYT ST 3T 3T G shl WIST Uk & ST dl IS THTS hi
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1. 9T Y STRTOMT (2001). ARTSRETeRR 3 STRTOMAT IR HRT, WL, DEREIEN
AT R, 75 feeet! |

2 9T <l ST (201 1). HETAETSHR ST STHT0MT IR HRT, WL, DEREIEN
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fe|T, V0l.02(04):52-72,(ISSN-2278-3067)
content/volumes/Sangharsh Vol 02 Issue 04 2013 web

http://dalitsahitya.com/assets/

4.https://www.wordsinthebucket.com/indian-tribal-languages-1
5.NSSO (2016), National Sample Survey Organization, 71* round report, Min-
istry of Statistics and  Programme Implementation, Government of India.
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fierdt 31 g Rufd 5q &1 @ REd wh @@ aeeEe
G =hT TEehfcl =T TehiTH f8 2 1 gal ah HIell SterT
uedl A gumaErelt ofy & fad “qutym-stiauia Sl
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fdt aaﬁaﬁmww%wavﬁwmmwaﬁ
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U gt aTell STEE i WM SR S FuiiyE-
ST el TR STEAT Y TN 21 3T% o3d Kl
AT +ff e 1S, 1997:12)
T 6 wnrr%rmrl:rr'v—m'ﬁa Rkafd SHhT IqT
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tors. This study investigates elements affecting consumer
purchase decision of FMCG in Kathmandu valley. To
evaluate link between dependent variable (consumer
purchasing decision) and the independent factors
(product price, offer, and display), the study used a de-
scriptive cum analytical research methodology. Conven-
ience sampling has been used to select the respondents
of the study. Information about the Kathmandu Valley's
consumers' perceptions towards FMCG purchasing de-
cisions was extracted from the raw data. Altogether 193
respondents responded through structured question-
naire. The study has employed both descriptive and in-
ferential statistics. Average and frequencies have been
used under the descriptive analysis whereas OLS and
correlation analysis have been employed for inferential
analysis. The value of R2 is 63.26% indicating that pre-
dictors (product price, offers and product display) ex-
plain only 63.26% of variation of output variable
(consumer’s buying decision). Product price, offers and
product display all have positive and significant coeffi-
cient. In a similar vein, there is a positive and significant
association between the predictors and output variables.
Product display has been found the most critical deter-
minant of consumer buying decision of FMCG compare
to product price and offers.
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Introduction

The nation's economic growth is significantly aided
by the fast-moving consumer goods (FMCG) sector. Nu-
merous elements, including product quality, cost, packag-
ing, and brand perception, influence consumers' purchas-
ing decisions in the fast-moving consumer goods
(FMCG) sector. Economic, psychological, and social as-
pects are also important. Gajjar (2013) asserts that con-
sumer behavior encompasses the decisions, purchases,
and applications of goods and services made by individu-
als or groups to fulfill their needs and wants. This de-
scription highlights the essential components of consum-
er behavior, including selection, application, and pur-
chase. When it comes to consumer behavior, there are
various processes at play. The consumer first looks for
things that they would like to consume before selecting
only those that offer greater usefulness (Rani, 2014).
Consumer behavior is important when it comes to mar-
keting fast-moving consumer goods. There are a number
of elements that influence this behavior. The shopping
habits of individuals and families who buy products and
services for their personal use are referred to as consumer
purchasing behavior (Kotler at el., 2001). Global con-
sumers vary as per cultural and environmental differences
along with individual or demographic characteristics.
Marketers have always been quite interested in consumer
behavior.

Steg et al. (2014) contended that the decision to pur-
chase is influenced by both controllable and uncontrolla-
ble circumstances. Social group, psychological, situation-
al, and marketing mix elements are among them. Con-
sumers' perceptions of brand loyalty for FMCG products
are influenced by brand awareness, knowledge, and atti-
tude, as well as their satisfaction and brand trust and risk
aversion to changing the brand. Consumer packaged
products are another name for moving consumer goods,
or FMCG. This category includes all consumables
(beverages, hygiene, and pharmaceuticals other than gro-
ceries or pulses) that people regularly buy. The fast-
moving consumer products industry includes both food
and non-food everyday consumer goods (Tyagi at el.,
2014). Among the products on the list are toothpaste,
shoe polish, detergents, toilet soaps, culinary items, and
accessories for electronics and household goods. The su-
permarkets carry a wide variety of FMCG brands, both
domestic and foreign. This indicates that purchasing
FMCG products is something that Nepalese people are
interested in. Manufacturers have been developing a
wide range of FMCG products while keeping in mind
consumer needs. Since, there is a lot of competition, it is
crucial for product manufacturers or marketers to

Tunderstand the purchasing habits of their target market

in order to turn success in their favor. Businesses must
also develop more intelligent marketing strategies by
gaining insight into the factors that influence consumer
decision-making. The research has been undertaken to
know influencing variables on consumers buying deci-
sion of FMCG and examine the effects of price, offers
and product display on consumer’s buying decision of
FMCQG in Kathmandu valley.
Literature Review and Hypotheses

Place, product, price, advertising, and psychologi-
cal factors all have impact on consumer behavior as per
contextual differences. A number of factors, including as
marketing tactics, product quality, and brand reputation,
affect the price and purchasing patterns of FMCG. Since
consumers are price-sensitive and seek value for their
money, price has a big influence on their decisions to
purchase fast-moving consumer goods (FMCG). Cus-
tomers frequently base their decision on weighing a
product's price versus its alleged benefits. In the Iranian
FMCG sector, price has a big impact on consumer pur-
chasing decisions, especially when it comes to branded
shampoos. Price, quality, and sustainability are all fac-
tors that consumers value highly, making them crucial
for gaining and keeping a competitive edge (Miremadi
& Faghanie, 2012). It is a significant consideration to
make decisions about which brand, product, and store to
buy from (Dudu and Agwu, 2014). Rural customers'
purchasing decisions regarding FMCG products are
heavily influenced by price. Consumers give pricing top
priority along with quality, availability, and other fac-
tors, which eventually influence their decision-making
process and brand loyalty when making purchases
(Mishra, 2017). The price of FMCG has a big impact on
customer purchasing decisions underscoring its im-
portance in retail marketing tactics (Sisodiya & Sharma,
2018). Similarly,price has a big impact on consumer
purchasing decision in FMCG s with consumers chooses
low unit prices. Consumers' planned purchases are pri-
marily influenced by price, quality, and brand recogni-
tion (Shamshuddin et al., 2020). In the FMCG industry,
price sensitivity has a detrimental effect on consumers'
intentions to make purchases, proving the importance of
strategic pricing tactics. Companies can better customize
their marketing strategies to improve customer purchas-
ing behavior and boost overall market competitiveness
by comprehending this relationship (Mamuaya, 2024).In
the fast-moving consumer goods (FMCG) industry, of-
fers particularly discounts and promotions have a signif-
icant impact on what consumers choose to purchase. Of-
{ fers play significant role in influencing their shopping
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decisions as consumers are price sensitive and frequently
look for value. Offers have the power to affect brand loy-
alty as well; customers may grow more devoted to com-
panies that often provide attractive deals. Sarker and Rah-
man (2017) argued that individual personality had no dis-
cernible impact on customer purchasing decisions in
FMCGs while cost, product variety, advertising, and
product quality did. Offers can strengthen these elements
and have a favorable effect on consumers' purchasing de-
cisions. Price reductions and free samples affect nega-
tively on customer purchasing behavior, yet "buy one get
one free" has a favorable effect. This highlights the intri-
cacy of how different promotional offers influence con-
sumer decisions in the FMCG industry. (Lama &
Chataut, 2022). In the FMCG sector, promotions have a
big impact on customer purchasing decisions by boosting
perceived value and promoting trial purchases. Success-
ful promotions can boost consumer loyalty and brand
trust, which will eventually encourage recurring business
and long-term client involvement (Mahato, 2024). In ad-
dition, sales incentives like discounts and free samples
have a big impact on what customers decide to buy in the
FMCQG industry. According to the study, these incentives
increase consumers' perceptions of value and brand loyal-
ty (Raj et al., 2024).

Product displays have a significant impact on customer
purchase decisions in the FMCG sector. Promotional dis-
plays, attractive packaging, and strategically placed
goods within the store can all have an impact on a con-
sumer's decision to buy a certain FMCG. A product that
is conspicuous, easily accessible, or promoted is more
likely to be selected by customers. Sarma (2014) found a
strong correlation between customer purchasing decisions
and product display, especially when it comes to impul-
sive purchases. Customers' purchase inclinations are pos-
itively impacted by improved product visibility and smart
positioning. In FMCG industry, consumers' purchase de-
cisions are greatly influenced by product presentation.
Consumer behavior is strongly impacted by an attractive
and well-organized product display, which boosts sales
and improves the overall shopping experience (Sarker &
Rahman, 2017). Likewise, in the FMCG industry, pack-
aging has a big impact on customer purchasing decisions.
As part of packaging, an effective product display raises
brand awareness and can encourage impulsive purchases,
which in turn affects customers' decision-making process
overall (Banerjee & Kedia, 2018). Similarly, Rafsanjani
et al., (2023) found that product presentation has a big
impact on what customers decide to buy, showing that
good display techniques may increase customer engage-

Tproduct display significantly influences consumer buying

decisions in FMCGs by enhancing visibility and attrac-
tiveness, thereby appealing to psychological needs. Ef-
fective displays can lead to increased impulse purchases
and stronger brand recognition among consumers
(Kumar & Kk, 2024).

The following hypotheses can be put out in light of the
examination of earlier research.

Hla: Price and consumer’s buying decision have signifi-
cant relations.

H1b: Offers and consumer’s buying decision have signif-
icant relations.

Hlc: Product display and consumer’s buying decision
have significant relations.

Methods-

In order to gather enough data about the purchase
habits of FMCG customers in the Kathmandu Valley,
this study employed a descriptive and analytical research
methodology. Descriptive design was used to illustrate
the information about the phenomena and the de-
mographics of the respondents whereas analytical design
has been used to determine causality. The study, which is
based on primary data sources, aims to investigate the
factors influencing consumers' decisions to buy FMCG
products in the Kathmandu Valley. The general consum-
ers in the Kathmandu Valley who belonged to various
age and professional groups made up the study's popula-
tion. In order to gather information from department
stores and online, well-crafted questionnaires were given
to individuals of all ages. 193 respondents made up sam-
ple for the study, which examined the relationship be-
tween consumer’s purchasing decision and factors like
product pricing, offer, and display. In order to choose the
sample respondents, convenience sampling has been em-
ployed.

The primary sources of data were used in this study.
Quantitative approach has been used. The Kathmandu
Valley's consumers' primary data was used to get
knowledge on the factors influencing their FMCG pur-
chase decisions. A questionnaire was employed as the
data collection tool. The main instrument used to collect
data was a self-administered survey questionnaire de-
signed to determine respondents' opinions regarding con-
sumer buying habits. Multiple questions and the respond-
ent's personal information were included in the question-
naire. The questionnaire's first section addressed demo-
graphic information such as gender, age, income, and
level of education. Similarly, a series of questions con-
cerning the variables utilized in the study to investigate
the impact of consumer purchasing habits in the Kath-

ment and boost sales in the FMCG industry. In addition, | mandu Valley were included in the second section of the
Ol
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questionnaire. Five statements were used to describe each ]
of the factors. A scale, with 1 representing "strongly dis-
was used to

agree" and 5 representing "strongly agree,’'
rate each item in order to determine the respondents'

thoughts. Items used in the questionnaire were taken from
previous studies but certain changes have been occurred
as per expert’s opinion.It was organized when all of the

respondents' completed questionnaires were gathered.

The Statistical Package of Social Science (SPSSv26) soft-
ware and Microsoft Excel were used to analyze and inter-
pret the data. All of the replies that were gathered from

the respondents were coded and input into an SPSS

spreadsheet. The results were shown following the re-
sponses' processing and interpretation. Cronbach's alpha
was used for the validity and reliability tests. To arrive at
the results, a variety of techniques were used, such as the

mean and frequencies under descriptive statistics and sta-
tistical tests of significance including regression analysis,
t-test, F-test, and R2. In order to evaluate the hypotheses,

the final stage of data analysis involved correlation and

regression analysis of primary data.

Proposed regression model

cep=p0 + p1 pr+ P2 OF + P3 PD + €
CBB= Purchasing decision of the consumer
PP= Price of product

OF= Offer

PD= Product display

Analysis and Results

The reliability test was the first step in the analysis, and

Cronbach's alpha was employed to assess the consistency.

The value of cronbach alpha of each variable exceeded
0.7 indicating that the instruments have maintained the
consistency in the pattern of response. The value can be

represented as
Table 1: Cronbach’s alpha

Constructs Items Alpha

Product price 6 187

Offer 4 813

Display location 5 791
Consumer buying decision 7 0.812
Overall 22 0.863

Analysis concentrated on respondent’s demographic clas-
sification based on gender, age, educational level and
monthly income. Majority consumers were male
(58.55%) and female (41045%). The respondent's age
was divided into four groups: those aged 20-30, 3140,
41-50, and over 50. The majority of responders (37.82
percent) are between the ages of 31 and 40, followed by
those between the ages of 41 and 50 (31.61%), 20 to 30

‘(20.73%), and 50 and older (9.84%). Four groups were
created based on the respondents' educational back-
grounds: SLC or SEE, PlusTwo(+2), Graduate, and Post-
graduate. Postgraduates made up 45.60 percent of the
respondents, followed by graduates (25.91 percent), , +2
(23.32 percent) and SLC (5.18 percent). The majority of
respondents earn between Rs. 30,000 and Rs. 60,000 per
month (39.38 percent), followed by those who earn be-
tween Rs. 60001 and Rs. 90000 (28.50 percent), those
who earn over Rs. 90000 (17 percent), and the remaining
respondents who earn Rs. 30,000 and less (15.09 per-
cent).

The average value of the product price was
3.5lindicates that product price affects consumer's deci-
sion to purchase an FMCG product. The offer's
weighted average mean of 3.96 indicates that different
marketing offers would assist customers in making pur-
chasing decisions. The weighted average means for
product display is 3.79, indicating that display influ-
ences consumers' purchasing decisions. The weighted
average value for consumer purchasing decisions is
3.84, indicating that respondents have a favorable opin-
ion on FMCG and are more likely to decide to buy it
because of factors including price, offers, and display.
Product price (PP) was positively correlated to consum-
er buying decision (CBD). It indicates that product
price stimulates the buying behavior of the consumer.
Likewise, offer (OF) was also positively correlated to
consumer buying decision (CBD). It indicates that the
offers encourage the consumer towards buying of
FMCQG. Similarly, there was a positive correlation be-
tween product display (PD) and consumer buying deci-
sion (CBD). It indicates that product display influences
the buying behavior of the consumers. Correlation coef-
ficient of each predictor with output variable was sig-
nificant at <.0000 suggesting Hla, HIb and Hlc were
accepted.

Table 2: Correlation analysis

Statement PP OF PD

CBD 0.539" 0.625" 0.843"

Regression analysis revealed the value of R2 was 0.6326
indicates used predictors (price, offer & product display)
explain variation of consumer buying decision
(dependent variable) on FMCG by 63.26%. In a similar
vein, every coefficient 1s positive and significant,
demonstrating that the predictors employed have ade-
quate ability to forecast or affect the dependent variable
at various levels. A high coefficient value suggests that a

one unit change in that predictor will result in a large
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variation in the purchasing decisions of consumers. Since |

the coefficient values are positive, all independent varia-
bles have been shown to have a positive relationship.
(product price, offer and product display) and dependent
variable (consumer satisfaction). Both regression and cor-

relation result’s point toward positive direction.
Table:3 coefficient

Variables p SE. |t sig.
(Constant) 0.214 [0.201 | 2.261 | .005
Product Price(PP) | 0.189 | 0.192 [ 4.572 | 0.007
Offers (OF) 0.287 [0.237 | 3.218 | 0.004
Product Display | 0.401 | 0.186 | 4.396 | 0.000
(PD)

Regression Model

cBD=p0O + pl pr+ P2 OF+P3 PD + € i
CBD=0.214+0.189 PP+0.287 OF+0.401 PD
Conclusion and Discussion

Consumers involve in buying and consuming an in-
credible variety of goods and services. This study looks
at the variables influencing Kathmandu Valley consum-
ers' decisions to purchase FMCG goods. 193 observa-
tions served as the study's major source of data. The
study demonstrates that customer purchasing decisions
for FMCG are positively impacted by product pricing,
offer, and display. Price affects the buying decision of
consumer and this finding is within the line of (Miremadi
& Faghanie, 2012; Mishra, 2017; Sisodiya & Sharma,
2018). It has found that offers affect buying decision as
earlier results of (Lama & Chataut, 2022; Raj et al.,
2024). Similarly, results suggested that product display
affects consumer buying decision of FMCG as found by
(Sarker & Rahman, 2017; Kumar & Kk, 2024). The coef-
ficient value indicates that, in comparison to product
pricing and offers; product display has a greater influence
on consumers' decisions to purchase FMCG. Therefore,
marketers should focus on creating and establishing the
display in such a way that must makes the buyers more
attentive in display location. This study has contributed
significantly to enhance the knowledge on this issue and
findings of study can benefit marketers and academicians
to understand the factors which are responsible for deter-
mining consumer buying decision of FMCG. Similarly, it
has opened the scope for new researcher to carry more
comprehensive research to enhance the knowledge in the
field.
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Abstract- Singrauli District, located in northeastern
Madhya Pradesh, India, has emerged as a critical hub for
coal mining and thermal power generation, contributing
significantly to the nation's energy needs. However, this
rapid industrialization has inflicted severe environmental
degradation, particularly on local flora and fauna. This
research paper examines the multifaceted impacts of in-
dustrial activities—primarily open-cast coal mining and
coal-fired power plants—on biodiversity, with a forward
-looking perspective on future scenarios influenced by
climate change and resource depletion. Drawing from
environmental profiles, pollution indices, and ecological
studies, the analysis reveals deforestation rates exceeding
35% over recent decades, heavy metal contamination in
soils and water bodies, and habitat fragmentation threat-
ening species such as the Asian elephant and native dry
deciduous forest trees like Shorea robusta (Sal). Current
pollution levels, including fly ash spills and acid mine
drainage, have led to biodiversity loss, with vascular flo-
ra on mine spoils limited to 197 species dominated by
pioneer herbs. Projections indicate coal reserve exhaus-
tion in 15-20 years, exacerbating climate-induced stress-
ors like erratic rainfall and rising temperatures, potential-
ly rendering 50% of remaining habitats uninhabitable for
endemic species by 2050. Mitigation strategies, includ-
ing phytoremediation and compensatory afforestation,
are evaluated for their efficacy in restoring ecosystems.
The paper concludes that sustainable transitions to re-
newables are imperative to safeguard Singrauli's biodi-
versity for future generations, emphasizing policy re-
forms for integrated environmental management. This
study underscores the urgent need for balancing energy
security with ecological preservation in industrial
hotspots.

Keywords-Singrauli District; Coal Mining; Thermal
Power Plants; Biodiversity Loss; Habitat Fragmentation;
Climate Change; Phytoremediation; Acid Mine Drain-
age; Fly Ash Pollution; Dry Deciduous Forests
Introduction-Singrauli District, spanning approximately
5,673 square kilometers in the Son Valley of Madhya
| Pradesh, represents a paradoxical landscape: a verdant
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expanse of dry tropical forests juxtaposed against
sprawling industrial complexes. Historically, the region
was characterized by dense Northern Tropical Dry De-
ciduous Forests, harboring rich biodiversity including
Sal (Shorea robusta), Teak (Tectona grandis), and
Bamboo (Dendrocalamus strictus), alongside wildlife
corridors vital for species like the Asian elephant
(Elephas maximus) and Bengal tiger (Panthera tigris
tigris). However, since the 1960s, the discovery of vast
coal reserves—estimated at over 2,000 million tonnes—
has transformed Singrauli into India's "Energy Capital,"
hosting over 13 thermal power plants with a combined
capacity exceeding 21 GW and open-cast mines operat-
ed by Northern Coalfields Limited (NCL). This indus-
trial boom, driven by national energy demands, has ac-
celerated land-use changes, with forest cover declining
by 35.76% between 1986 and 2001 alone, while mining
areas expanded sevenfold.

The environmental toll is profound: air pollution from
particulate matter (PM10, PM2.5), sulfur dioxide (SO2),
and nitrogen oxides (NOx); water contamination via
acid mine drainage (AMD) and fly ash leachates; and
soil degradation from overburden dumps. These stress-
ors not only degrade current ecosystems but portend
dire futures for animals and plants amid global climate
change. Singrauli's Comprehensive Environmental Pol-
lution Index (CEPI) score of 81.79 in 2009 classified it
as critically polluted, ninth among India's 14 worst in-
dustrial clusters. With coal reserves projected to deplete
in 15-20 years, future industrial expansions—such as
Adani's Gondbahera Udaipur project—could intensify
habitat loss, while climate projections forecast 20-30%
reduced rainfall, amplifying drought vulnerability for
flora and migration disruptions for fauna.

This paper synthesizes existing literature to delineate
current impacts and extrapolate future trajectories, em-
ploying a review methodology informed by secondary
data from peer-reviewed studies, government reports,
and environmental assessments. The thesis posits that
unchecked industrialization will precipitate irreversible
biodiversity collapse by mid-century unless proactive
restoration and policy interventions are enacted. Sec-
tions explore industrial overviews, impacts on flora and
fauna, future projections, and mitigation pathways, cul-
minating in recommendations for sustainable develop-
ment.

Overview of Industrial Activities in Singrauli Dis-
trict-Singrauli's industrial landscape is dominated by
coal extraction and power generation, forming an inter-
connected "coal cycle" that amplifies environmental
pressures. Open-cast mining, preferred for its cost- |

sites like Jayant, Amlohri, and Singrauli, yielding 100-

120 million tonnes annually. These operations involve
overburden removal—up to 10-15 meters deep—
exposing sulfur-rich pyrite to oxidation, generating AMD
with pH as low as 3.5 and mobilizing heavy metals like
mercury, arsenic, and lead.

Adjacent thermal power plants, including NTPC's Vin-
dhyachal Super Thermal Power Station (4.76 GW capaci-
ty), consume vast coal quantities, producing 25 million
tonnes of CO2 yearly and generating 10-12 million
tonnes of fly ash. Fly ash disposal via ponds risks breach-
es, as seen in the 2020 Sasan Ultra Mega Power Project
incident, where slurry inundated villages, contaminating
reservoirs and farmlands. Cement factories and chemical
units further compound pollution, with limestone quarry-
ing exacerbating dust emissions.Land-use shifts are stark:
from 1986 to 2001, mining land surged from 2.6 to 9.29
sq. km, built-up areas from 4.71 to 14.73 sq. km, at the
expense of forests (down 35.76%) and agriculture (down
19.31%). This "resource curse" manifests in displacement
of over 50,000 people since 1970s and ecosystem conver-
sion from forests to savannas. Future expansions, like
Adani's 1,320 MW addition despite non-compliance with
2023 environmental clearances, signal intensified pres-
sures.

Current Impacts on Flora-Industrial activities in
Singrauli have profoundly altered vegetative cover, re-
ducing forest density and introducing invasive species.
Pre-industrialization, the district boasted 2,219.65 sq. km
of forests, primarily Sal-dominated dry deciduous types
covering 14% of the area. Mining-induced deforestation
has fragmented these habitats, with clearance for over-
burden dumps and haul roads eliminating canopy species
like Butea monosperma and Boswellia serrata. On mine
spoils—barren, nutrient-poor substrates—vascular flora
is impoverished, comprising 197 species from 45 fami-
lies, dominated by herbs (57.36%) from Poaceae
(18.27%), Fabaceae (20.30%), and Asteraceae (7.10%).
Pioneer trees like Nyctanthes arbor-tristis and Woodfor-
dia fruticosa colonize edges, but exotics such as Prosopis
Jjuliflora proliferate, outcompeting natives and reducing
restoration potential. Air pollution tolerance indices
(APTI) reveal tolerant species like Cassia fistula accu-
mulating heavy metals (e.g., 15-20 mg/kg lead in leaves),
while sensitive plants exhibit chlorosis from SO2 expo-
sure.

Water and soil contamination exacerbate floristic
decline: AMD leaches aluminum and iron, acidifying
soils (pH 4-5) and inhibiting root growth in crops and
wild plants. Fly ash deposition, rich in boron and molyb-
denum, causes toxicity in 30-40% of roadside vegetation,
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per studies near Sasan plant. Overall, biodiversity indices |

on spoils show 40% lower Shannon diversity than undis-
turbed forests, signaling long-term impoverishment.
Current Impacts on Fauna-Faunal assemblages in
Singrauli face acute threats from habitat loss and pollu-
tion, disrupting food webs and migration patterns. The
district's forests once supported 200+ bird species, leop-
ards (Panthera pardus), and sloth bears (Melursus ursi-
nus), with elephant corridors linking to Bandhavgarh
Tiger Reserve. Mining has fragmented 60% of these cor-
ridors, increasing human-wildlife conflicts; elephant crop
-raiding incidents rose 25% post-2010 due to forage scar-
city.

Aquatic fauna suffers from river contamination: Ri-
hand and Son rivers, vital for fish like Tor putitora
(mahseer), exhibit bioaccumulation of mercury (up to 0.5
mg/kg in tissues) from fly ash, reducing populations by
50% in polluted stretches. Terrestrial mammals face res-
piratory issues from PM2.5 levels exceeding 100 pg/m?3
near mines, with dust settling on foliage diminishing her-
bivore forage quality. Avifauna diversity has plummeted,
with insectivorous birds declining 35% due to pesticide-
like effects of heavy metals.Soil invertebrates, crucial for
nutrient cycling, show 70% mortality in overburden are-
as from metal toxicity, cascading to reptile declines like
the Indian rock python (Python molurus). Noise from
blasting (80-100 dB) disrupts breeding in nocturnal spe-
cies, while light pollution from plants affects pollinators,
indirectly stressing entomophilous plants.

Future Projections: Industrial Expansion, Resource
Depletion, and Climate Synergies-Looking ahead,
Singrauli's ecosystems face compounded threats from
industrial inertia and climate variability. Coal reserves,
fueling 16% of India's production, are slated for exhaus-
tion by 2040-2045, prompting shifts to deeper mines or
imports, but planned expansions—Ilike NTPC's 1,320
MW addition—will spike emissions 20-30% by 2030.
Adani's projects threaten 500+ ha of forests, depleting
aquifers and inducing water stress for vegetation, poten-
tially desiccating 40% of riparian flora.

Climate models project 1.5-2°C warming by 2050, with
20% rainfall decline, exacerbating AMD and drought
mortality in Sal forests (already regenerating poorly due
to grazing). Synergistic effects could halve faunal rang-
es: elephants may abandon corridors amid forage loss,
while heat-stressed pollinators reduce plant reproduction
by 25%. Black carbon from plants, contributing 0.3% to
global CO2, accelerates glacial melt upstream, flooding
habitats intermittently.

By 2050, 50% of current biodiversity hotspots may be-

come uninhabitable, with invasive flora dominating

spoils and endemic species like Haldina cordifolia tacing
extinction risks. Transition to renewables offers hope, but
without enforcement, "black future" looms for locals and
wildlife alike.
Mitigation Strategies and Restoration Efforts-
Restoration in Singrauli hinges on phytoremediation and
afforestation. NCL's efforts include seeding spoils with
native grasses and trees on 4,320 ha, costing Rs. 32.96
crores, yielding 60% survival rates for species like Aca-
cia catechu. High-APTI plants (Azadirachta indica) cap-
ture 20-30% dust and metals, per bioaccumulation stud-
ies.Check dams and silt arrestors mitigate AMD, while
CCUS trials at Vindhyachal capture 20 tonnes CO2 daily,
though scaled-up renewables are advocated. Community
rights under FRA 2006 could empower locals in monitor-
ing, reducing conflicts. Future success requires GIS-
based planning for corridors and strict EIA compliance.
Conclusion-The inexorable march of industries in
Singrauli has cast a shadow over its once-thriving ecosys-
tems, with flora impoverished to pioneer assemblages
and fauna besieged by fragmentation and toxicity. Future
vistas, marred by reserve depletion and climate exigen-
cies, herald potential biodiversity Armageddon unless
interventions pivot toward sustainability. Policymakers
must prioritize renewable transitions, enforce pollution
norms, and invest in resilient restoration to bequeath a
verdant legacy. Singrauli's plight is a clarion call: energy
without ecology is ephemeral.
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