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I 1l Editorial 1111 .

Good wishes from the team of “Sciencia” a multidisciplinary
halfyearly peer reviewed research journal is devoted to every part of
Scienced, Arts, Law, Management, and Commerce. It's endeavour of
disseminating researches continues in the presentissue as well.

Many papers included in this volume focus on relevant issues of
today. I wish distinguished research, readers and intellectuals to come up
with their fertile pen to sustain the striving attempts of institutional, societal,
organizational and individual in publish in this journal like previous issues.
Original research papers, review articles, are solicited for year 14, Vol- 20,
Issue-27, January-June, 2026 for early publication.

Our team is pleased to inform that information related to 'Sciencia” and our
other activities are available on our website (www.ssavs.in).

Weinvite such reviews for furtherissues.

Heartiest thanks for your kind co-operation
Withregards!

Prof. (Dr.) Faruque Ali

Editor-in-Chief
SCIENCIA
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- I I I I I Executive Editorial Massage I I I I I -

Itis with great pleasure that I welcome you to this new volume of the
“Sciencia”, A Multidisciplinary halfyearly peer reviewed research journal.
As we navigate the complex challenges of the 21st century, the need for
robust, interdisciplinary research has never been more urgent. This issue
brings together pioneering studies that not only push the boundaries of
theoretical knowledge but also offer actionable insights for industry and
policy.
highlights a critical juncture in scientific inquiry.

The papers selected for this edition explore how innovative
technologies can be harmonized with environmental stewardship to create
resilient systems. Our contributors provide diverse perspectives on
achieving sustainability through rigorous research.

We are committed to fostering a, rigorous, transparent, and prompt
peer-review process, ensuring that impactful research finds its place in the
academic community. We encourage you to delve into these papers, engage
with the ideas, and consider contributing your own original work to our
future issues of year 14, Vol- 20, Issue-27, January-June, 2026 for early
publication.

Many Thanks,
With Warm Regards,

Dr. Aloka Kumari

Executive Editor
Team Sciencia
Botany Department,
Marwari College, T.M.B.U., Bhagalpur
Mob. : 8709145498
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The Nutrition Society of India (NSI) established in 1967 is an association of nutrition
professionals, programmers and policy makers from India and abroad. The society is dedicated to
disseminate the results of the latest research in nutrition - basic and applied aspects; analyse the
current status of nutrition programmes in the country and recommend appropriate strategies to
promote nutrition of the community at large. The NSI, through its annual meetings provides a
forum for young scientists to present their research findings. NSI is the recognized Indian
representative of

* International Union Nutritional Sciences (IUNS), through the adhering body, Indian National
Science Academy (INSA), and

* Federation of Asian Societies of Nutrition
HEADQUARTERS:

The headquarters of the Society is located at the National Institute of Nutrition, (NIN) Hyderabad.
The NSI has 36 zonal chapters in different parts of the country. It has about 6000 Life Members
and 200 ordinary and 500 student members.

Bhagalpur Chapter of NSI was initiated on 15th February, 2011. Since then, it is actively creating
awareness about nutrition, food security among the people. It is striving to have nutrition security
along with food security act. Presently there are 110 Life Members of this chapter spread over in
Bihar, Jharkhand, New Delhi, West Bengal, Karnataka, Maharashtra and Andhra Pradesh etc.

For life membership please contact either NIN, Hyderabad or Safali Sasnsthan, Bhagalpur Camp
Office of Bhagalpur Chapter
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Ex-Officio:

Ref. No. NSI/2011

To

Dr. Faruque Ali

Chapter Convenor, Bhagalpur
Department of Zoology

T.N.B. College, Bhagalpur-812007
BIHAR

Date : 15- February 2011

Sub. : Initiation of new chapter at Bhagalpur - Reg.

Dear Dr. FarugeAli,

It gives me great pleasure to inform you that the Executive Committee of
Nutrition Society of India has approved your proposal to initiate Bhagalpur Chapter
at Department of Home Science, Bhagalpur University, Bhagalpur under your
Convenership. | am herewith requesting you to inform us the address for
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| do hope that under your leadership the Bhagalpur Chapter will do serveal
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Dr. V.Prakash
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Yours faithfully
lo- /‘ L7 SIS~

(Dr. K.Madhavan Nair)
Joint Secretary
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Yodh Singh Namdhari Mahila Mahavidyalaya (YSNM
College), Medininagar, is a constituent unit of Nilamber-
Pitamber University. It was established in 1968. The
college offers quality education in Arts and Science,

with a focus on academic excellence and holistic
development. The Department of Home Science
provides skill-based education in nutrition, health, and
human development, and actively organizes seminars,
workshops, and awareness programmes.

About the Seminar

Aligned with national priorities such as Nutrition
Security, Sustainable Development, and NEP-2020, this
seminar highlights the role of local and indigenous
foods in addressing malnutrition and lifestyle-related
diseases. Jharkhand's rich biodiversity offers significant
potential for promoting sustainable health. It brings
together experts and stakeholders to share insights,
promote indigenous knowledge, and explore
sustainable strategies for improving public health, with
special emphasis on nutrition security, women’s
reproductive health, and sustainable livelihoods. The
seminar also emphasizes how local foods can be utilized
for income generation and entrepreneurship,
encouraging communities—especially women—to
develop small-scale food-hased entérpri;es and value-
added productsforeconomicempowermém.”

Sub Theme

+ Indigenous Knowledge Systems and Tribal o

o Historical and Cultural Evolution of Food Practices

o Nutrition, Health and Community Food Systems

o Millets, Forest Foods and Sustainable Diets

+ Food, Environment and Climate Sustainability

o GenderPerspectivesin Food, Nutrition and Health

o Food CultureinLiterature, Language and Art

o Philosophy, Ethics and Indigenous Food Wisdom

¢ Food Economy, Livelihood and Rural Development

o Public Policy, Food Security and Government Initiatives

o Education, Awareness and Community Nutrition
Programs

o Science, Technology and Innovation in Traditional
Foods

o Statistical and Research Approachesin Food and
Nutrition Studies

o Urbanization, Globalization and Changing Food Habits

o OpenTheme Related tothe Main Seminar Theme

Call for Papers

Guidelines for Abstract Submission:

Abstract may be submitted in Hindi or English.

The abstract should be related to the seminar
theme or sub-themes.

Word limit: 250-300 words.

Abstract mustinclude Title, Author(s)

Name, Affiliation and Email ID.

Provide 3-5 keywords below the abstract.

Font: Times New Roman (English-12) / Kruti Dev010
(Hindi-14), Line spacing 1.5,

Abstract should be submitted in MS Word format
(.doc/.docx).
https://forms.gle/ZYVKMRQSiG8S6HP67

Last Date
Abstract Submission

+ 15.04.2026
Full-Length Paper Submission : 28,04.2026

Y Guidelines for Full-Length Paper

ngth paper may be submitted in Hindi or
h. Only selected abstracts will be eligible for
aper submission. The instructions and

Proceéding charges for full-length paper will be

communicated through email. The paper must be

original and unpublished, The full-length paper

should not exceed 3000 Words.

o Fulllength papers will be published in the
Seminar Proceedings (with ISBN Number).

o An additional charge will be applicable for
full-length paper publication.

o Full-length paper should be submitted to the

o followingemail D:
localfoodseminar@gmail.com

Resource Persons

o Dr. Faruque Ali
Convenor Bhagalpur Chapter N.S..
Former VIC., J.P. University, Chapra,
o Dr.B. Dinesh
Scientist 'GDirector Grade (Former)
ICMR-National Institute of Nutrition (NIN)
o Dr. Jata Shankar Choudhary
Former Divisional Commissioner (Palamu)
o Dr.Ran Vir Singh
Retired Principal Scientist, ICAR-IVRI, lzatnagar Bareilly
o Dr. Anjula Murmu
Asst. Prof,, PG Dept. of English,
S.K.M. University Dumka
o Dr. Ghazala Shahid
Consultant Obstetrician & Gynaecologist MBBS,
MS (Obst & Gynae) Bihar Sharif
o Ms. Aruna Tirkey
Entrepreneur (Founder & Owner, Ajam Emba), Ranchi
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Childhood Obesity : A Growing Problem in Bihar

Shaheda Khanam

Department of Home Science-Food and Nutrition,
TM Bhagalpur University, Bhagalpur, Bihar
Email- drshafiahmad87@gmail.com

Abstract

Childhood obesity is an emerging public health challenge in India, with states like Bihar seeing
a rapid epidemiological shift from undernutrition to rising trends of overweight and obesity
among children and adolescents. Recent surveys show a doubling in obesity prevalence among
school-aged populations of Bihar, with higher rates observed in urban versus rural settings.
Major contributory factors include lifestyle changes, increased screen time, dietary transitions
toward processed and calorie-dense foods, and reduced physical activity. Socio-emotional
complications-ranging from low self-esteem to academic underperformance and metabolic
disturbances-have been documented, with urban children showing higher vulnerability. While
pharmacological therapy is rarely indicated in children, management centers on
multidisciplinary, family-engaged lifestyle interventions, including region-specific dietary
guidelines and increased physical activity. Preventive strategies targeting school and community
settings, nutritious traditional diets, and awareness programs are crucial, given the region's
unique demographic and cultural context. Timely diagnosis and regular monitoring remain
essential, considering the risk of persistence into adulthood. This review, focusing on Bihar,
synthesizes current prevalence, causes, complications, and context-adapted approaches to
managing and preventing childhood obesity.

Keywords: childhood obesity, Bihar, prevalence, non-pharmacological management

Received: 12th Dec.,2025; Revised: 25th Dec,2025; Accepted: 5th Jan., 2026

Childhood Obesity Prevalence of Childhood Obesity

Childhood obesity, marked by excess body fat ~ Recent 'NFHS'5 (2019'202.1) reported that
accumulation, is a global epidemic that has approximately 5-1% of chl'ldren aged 5-19
rapidly emerged in India-even in regions Y¢€ars are 'overwelght, with urban areas
historically associated with undernutrition. Itis ~ showing higher prevalence rates compared
defined using age- and sex-adjusted body mass ~ toruralareas. InBihar, between 2016 and 2021,
index (BMI) cut-offs, usually based on WHO the prevalence of overweight doubled in the
growth standards. Overweight and obesity in ~ 9-9-year age group (from 1.2% to 2.4%), and
childhood have well-documented links toadult ~ Obesity rates among adolescents (10-19 years)
metabolic disorders and numerous health — also doubled (f1jom' '1-1% to %3%)- Urbgn
complications (Singh et al., 2024; Das et.al., 2017; centers record significantly higher obesity
Gupta et.al.,2024; Giri et.al.,2023). rates (up to 6.2%), but rural rates, though
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lower, are steadily rising. Comparable trends
are noted in other Indian cities such as
Sambalpur, where combined overweight and
obesity prevalence approaches 12.3% in
adolescents. This upward trend mirrors
national meta-analysis estimates of overall
childhood obesity prevalence in India at
around 8.4% (Singh et al., 2024; Gupta
et.al.,2024).

Symptoms and Causes: What Causes
Childhood Obesity?

The etiology of childhood obesity is
multifactorial. Major drivers include increased
physical inactivity, especially screen time
(children engaged in <30 minutes of activity/
day had an OR=3.2 for obesity), and high
intake of calorie-dense foods, processed
snacks, and sugary beverages. Urbanization
and economic growth have led to dietary
transitions and reduced outdoor activities.
Additional contributing factors include (Singh
et al., 2024; Das et.al., 2017; Bhatia et.al., 2021;
Misra and Bhatia 2025; Sharma et al., 2025).

* Genetic susceptibility

* Socioeconomic status (greater urban
prevalence)

* Family food environment and parental
obesity

* Limited access to safe play areas in cities

Complications of Childhood Obesity; Socio-
Emotional Consequences

Childhood obesity is associated with a host of
physical and psychological complications,
with specific nuances in the regional setting.
Complications include:

Metabolic syndrome, type 2 diabetes,
hypertension, dyslipidemia, and non-alcoholic
tatty liver disease (Das et.al., 2017; Giri
et.al.,2023; Ramesh et al., 2024).

* Orthopedic problems and early puberty

* Socio-emotional effects: Lower self-esteem,
higher risk of anxiety and depression,
academic challenges, and increased peer
bullying-particularly pronounced in
urbanized pockets with changing societal
attitudes (Das et.al., 2017; Patel et.al., 2024;
Singh et al., 2023).

In India, the dual burden of undernutrition and
increasing obesity further complicates
management and social narratives (Singh et al.,
2024;. Singh and Verma, 2022).

Diagnosis of Childhood Obesity

Diagnosis is based on anthropometric
measures (BMI-for-age using WHO or CDC
charts); a BMI greater than the 85th percentile
for age and sex constitutes overweight, and
above the 95th percentile constitutes obesity.
Physical examination is supplemented with
history-taking for screen time, physical activity,
and dietary intake. Screening for complications
(BP, lipid profile, liver function) is suggested
in obese children (Singh et al., 2024; Das et.al.,
2017; Gupta et.al.,2024;, Ramesh et al., 2024).

Management of Childhood Obesity (Non-
Pharmacological Emphasis)

Optimal management is largely non-
pharmacological, especially in the pediatric
population. Evidence-based guidelines,
including recommendations from Indian
pediatric societies, prioritize:

* Family-based behavioral intervention
(goal-setting, self-monitoring)

I]]] sciEncia /]
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* Structured increase in daily physical
activity (minimum 60 minutes of
moderate-vigorous activity)

Dietary counseling, reduction in processed
food intake, and promotion of traditional,
nutrient-dense foods such as sattu, makhana,
lentils, seasonal fruits, and local millets
common in Bihar (Das et.al., 2017; Ramesh et
al., 2024; Rajesh and Iyer, 2022)

School-based interventions: Incorporating
nutrition education, school meals reform, and
increased physical education (Singh et al., 2024;,
Ramesh et al., 2024).

Pharmacologic therapy is reserved for extreme
cases under strict specialist supervision.
Multidisciplinary involvement-dietitians,
psychologists, educators, and community
workers-is critical for sustainable impact (Das
et.al., 2017; Ramesh et al., 2024).

Prevention of Childhood Obesity

Successful prevention strategies begin early
and are best implemented at the family,
school, and community levels (Singh et al.,
2024; Ramesh et al., 2024).

* Limiting screen/device time, encouraging
outdoor play

* Adoption of locally-available, less-
processed foods

* Regular monitoring of growth parameters
in pediatric check-ups

* Community engagement to promote safe
spaces for play and exercise, and awareness
programs adapted for rural/urban
differences in Bihar

Supporting a Child with Obesity: Family
Approach

Support should be empathetic and non-
stigmatizing, focusing on positive
reinforcement of healthy behaviors (Das et.al.,
2017; Ramesh et al., 2024).

* Family meals, with involvement of children
in meal planning using local produce

* Encouraging participatory activities (e.g.,
walking, cycling, community sports)

* Collaborating with schools to monitor and
support healthy weight gain

* Involving caregivers and grandparents,
who are often primary influencers, to drive
home-based changes

When to See a Healthcare Provider

Children with persistent weight gain, rapid
BMI increases, or comorbidities (e.g.,
hypertension, acanthosis nigricans) should be
referred to a healthcare provider for further
assessment and management. Early
intervention can halt progression and manage
complications, underscoring the need for
regular screening and monitoring in endemic
regions like Bihar (Singh et al., 2024; Das et.al.,
2017).

Conclusion

Childhood obesity in Bihar is a growing public
health concern, mirroring broader national and
international trends. Early determination,
monitoring, and family- and community-based
non-pharmacological interventions are key to
controlling this epidemic. Culturally tailored,
multisectoral strategies are essential for
sustainable impact, demanding urgent action
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from policymakers, educators, healthcare
professionals, and families across the region.
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Abstract

Protein is an essential macronutrient required for growth, tissue repair, immune function,
enzymatic activity, and metabolic regulation. Traditionally, animal-based proteins have been
considered nutritionally superior because of their complete amino acid profile and higher
digestibility (90-99%). However, evidence synthesized in the present paper from studies
published between 2020 and 2025 demonstrates that plant-based proteins are nutritionally
superior to animal proteins when consumed in adequate quantity, diversity, and appropriate
combinations. Plant-based proteins show digestibility values of 75-90%, improving to nearly
90% with processing methods such as soaking, sprouting, fermentation, and cooking. Their
protein quality, measured by PDCAAS, ranges from 0.70 to 1.00, with soy protein achieving a
score of 1.00, equivalent to animal protein. The findings further indicate that higher intake of
plant-based protein is associated with improved cardiometabolic health outcomes, including
lower LDL cholesterol, better blood pressure regulation, improved glycaemic control, and
reduced inflammatory markers. Plant protein sources provide significant dietary fiber (5-15 g
per 100 g food) and contain no cholesterol, whereas animal protein sources contain approximately
60-120 mg cholesterol per 100 g and higher saturated fat levels. Although animal proteins have
higher leucine content (8-11 g/100 g protein) compared to plant proteins (6-8 g/100 g protein),
functional outcomes related to muscle maintenance and metabolic health are comparable when
total protein intake is sufficient. The health benefits, plant-based proteins play a crucial role in
sustainability and nutritional security, requiring fewer natural resources, producing lower
greenhouse gas emissions, and being more affordable and accessible. Overall, the evidence
supports prioritizing plant-based protein while moderating animal protein intake as a
nutritionally adequate, health-promoting, and environmentally sustainable dietary strategy.

Keywords: Plant-based protein; Animal protein; Protein quality; Cardiometabolic health;
Sustainable nutrition
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al., 2019). Traditionally, animal-based proteins
derived from meat, poultry, dairy, eggs, and
tish have been positioned as the gold standard

Introduction

Protein, a fundamental macronutrient, is

indispensable for human growth, cellular
repair, immune competence, enzymatic
processes, and metabolic regulation (Krams et.

in nutrition due to their complete amino acid
profiles and high biological value. These
proteins have naturally high levels of essential
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amino acids, particularly leucine, which is
integral to muscle protein synthesis (Ahmed
et.al., 2023). However, mounting evidence
from recent nutritional science,
epidemiological studies, and public health
research suggests that plant-based proteins can
offer comparable health benefits when
consumed appropriately and may present
additional physiological and environmental
advantages (Kumar et. al., 2022; Langyan et.
al., 2022a).

Global dietary patterns are shifting in response
to rising concerns over chronic disease
prevalence, climate change, and food system
sustainability. In high-income countries and
increasingly in middle-income nations,
cardiovascular disease, obesity, type 2
diabetes, and certain cancers rank among the
leading causes of morbidity and mortality
(Berger et. al., 2015) epidemiological transition
has spurred researchers and policymakers to
re-evaluate protein sources within healthy
diets. A growing body of longitudinal studies
now demonstrates that diets emphasizing
plant-derived proteins such as legumes,
pulses, nuts, seeds, whole grains, and soy
products are associated with reduced
incidence of cardiovascular events, improved
lipid profiles, better glycaemic control, and
favourable body composition outcomes
compared with diets heavily reliant on animal
proteins (Langyan et. al., 2022b).

The relationship between dietary protein
source and health outcomes is multifaceted.
Plant proteins are naturally free from
cholesterol and generally lower in saturated
fats nutrients that, when consumed in excess
from animal sources, have been linked to
increased cardiovascular risk. Furthermore,
plant foods contribute non-protein benefits,
including dietary fiber, antioxidants,
phytochemicals, and micronutrients, which

influence gut microbiota composition,
inflammatory pathways, and metabolic health
(Sharma et al., 2025a). Recent randomized
controlled trials indicate that when total
protein intake and essential amino acid targets
are met, plant protein supports muscle
maintenance and metabolic function
comparably to animal protein across various
age groups and physical activity levels.

Beyond individual health, the environmental
footprint of protein production has become a
central consideration. Life-cycle assessments
reveal that plant protein systems require
markedly fewer resources land, water, and
energy while producing substantially lower
greenhouse gas emissions than conventional
livestock production. These sustainability
advantages are leading international bodies
and national dietary guidelines to recommend
increased consumption of plant-based proteins
as part of integrated strategies for nutrition
security, climate mitigation, and public health.

Given this convergence of evidence, a nuanced
understanding of both plant- and animal-based
proteins is essential. This paper examines the
latest research on protein quality,
bioavailability, health outcomes, disease risk
modulation, dietary patterns, and
sustainability. Recognizing the complex
interplay between nutritional adequacy and
long-term health, we explore how optimizing
plant-based protein intake can contribute to
effective dietary recommendations that

support individual well-being and planetary
health.

Objectives

1. To examine the nutritional composition
and quality of plant-based protein in
comparison to animal-based protein.
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2. To analyse the impact of plant-based and
animal-based protein consumption on
major health outcomes, particularly
cardiovascular and metabolic health.

3. To evaluate recent scientific evidence on
protein bioavailability, digestibility, and
functional benefits from both plant and
animal sources.

4. To highlight the role of plant-based protein
in promoting sustainable, affordable, and
long-term nutritional security.

Methodology

The present study adopts a systematic
narrative review methodology to examine the
importance of plant-based protein in
comparison to animal protein from a
nutritional perspective. Recent and relevant
literature published between 2020 and 2025
was reviewed to ensure the inclusion of the
latest scientific evidence. Secondary data were
collected from peer-reviewed journals,
international health organization reports, and
reputable databases such as PubMed,
ScienceDirect, WHO, FAO, and Nutrition
Reviews. Studies focusing on protein quality,
amino acid composition, bioavailability, health
outcomes, and sustainability were selected.
Comparative analysis was conducted to
evaluate nutritional benefits, health impacts,
and dietary implications of plant- and animal-
based protein sources (Langyan et. al., 2022a).
The findings were synthesized thematically to
draw meaningful conclusions and support
evidence-based recommendations.

Protein Quality and Amino Acid Profile

Protein quality is commonly assessed based
on the presence and proportion of essential
amino acids required for human health.
Animal-based proteins such as meat, eggs,

milk, and fish are traditionally classified as
"complete proteins" because they contain all
essential amino acids in adequate proportions.
In contrast, many individual plant protein
sources are considered "incomplete" as they
may be limited in one or more essential amino
acids, such as lysine or methionine (Sharma et.
al., 2023). However, recent nutritional research
emphasizes that consuming a variety of plant-
based protein sources such as cereals
combined with legumes can easily provide a
complete amino acid profile. Moreover, soy
protein and quinoa are recognized as high-
quality plant proteins comparable to animal
sources in terms of amino acid adequacy.

Digestibility and Bioavailability of Protein

Digestibility and bioavailability are key
indicators of protein utilization in the human
body (Bandyopadhyay et al., 2022). Animal
proteins generally show higher digestibility
scores due to lower fiber content and a
favourable amino acid structure. However,
modern dietary practices such as soaking,
sprouting, fermentation, and cooking
significantly improve the digestibility of plant-
based proteins. Recent studies also indicate
that plant proteins, when consumed in
adequate amounts, effectively support muscle
maintenance, enzyme activity, and metabolic
tunctions. Additionally, plant-based proteins
offer the advantage of being free from
cholesterol and typically lower in saturated fat,
contributing positively to long-term health
outcomes.

Associated Nutritional Components and
Health Value

Beyond protein content alone, the overall
nutritional matrix of protein sources is crucial.
Plant-based protein foods provide additional
health-promoting nutrients such as dietary
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fiber, antioxidants, phytochemicals,
magnesium, potassium, and folate (Bryant,
2022). These components play a significant role
in reducing inflammation, improving gut
health, and preventing non-communicable
diseases. In contrast, animal-based protein
sources, while rich in vitamin B12, iron, and
zinc, may also contain higher levels of

saturated fat and, in some cases, additives when
processed (Sharma et al.,, 2025b). Therefore,
from a holistic nutritional perspective, plant-
based protein sources support not only
adequate protein intake but also improved
overall dietary quality, as demonstrated in
below table: 1.

Table 1: Comparative Nutritional Composition of Plant-Based and Animal-Based
Protein Sources

Nutritional
Plant-Based Protein Animal-Based Protein
Aspect
Amino Acid Complete when combined; some sources
Naturally complete
Profile naturally complete (e.g., soy)
L Moderate to high; improved with .
Digestibility . High
processing methods
Fiber Content High Absent
Saturated Fat Low Moderate to high
Cholesterol Absent Present
Rich in vitamin B12,
Micronutrients Rich in antioxidants, magnesium, folate ) )
iron, zinc
Long-term Health ) Excess intake linked with
Supports heart and metabolic health o
Impact chronic diseases

Source: Compiled from WHO, FAO, and USDA nutritional guidelines

The nutritional composition and quality of
plant-based protein are comparable to animal-
based protein when dietary diversity and
appropriate preparation methods are applied.
The inclusion of plant-based protein not only
fulfils essential protein requirements but also
enhances overall dietary quality, thereby
effectively fulfilling the first objective of the
study (Sharma et al., 2025).

Impact on Cardiovascular Health

Cardiovascular diseases (CVDs) remain one of
the leading causes of global mortality. Recent
epidemiological studies indicate that higher
consumption of plant-based protein is
associated with improved cardiovascular

health markers, including lower levels of low-
density lipoprotein (LDL) cholesterol, reduced
blood pressure, and improved endothelial
function (Berger et. al., 2015). Plant proteins are
naturally free from cholesterol and low in
saturated fats, both of which are strongly linked
to atherosclerosis and heart disease.
Additionally, the presence of dietary fiber,
antioxidants, and phytochemicals in plant
protein sources helps reduce systemic
inflammation and oxidative stress, key
contributors to cardiovascular risk (Manzoor
et. al., 2023).

In contrast, diets high in animal-based protein
especially red and processed meats have been
associated with increased intake of saturated
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fats and sodium, which may elevate blood
pressure and cholesterol levels (Singar et al.,
2024). While lean animal proteins such as fish
and low-fat dairy can support heart health
when consumed in moderation, excessive
reliance on animal protein sources has been
linked with higher incidence of coronary artery
disease in several long-term cohort studies.

Influence on Metabolic Health and Diabetes

Protein source also significantly affects
metabolic health, including obesity and type
2 diabetes mellitus. Plant-based protein
consumption has been consistently associated
with improved insulin sensitivity, better
glycaemic control, and lower body mass index
(BMI). The high fiber content of plant protein
foods slows glucose absorption, reduces post-
prandial blood sugar spikes, and enhances
satiety, thereby aiding weight management
(Bryant, 2022).

Animal-based proteins, particularly those
derived from processed meats, have been
linked to increased insulin resistance and
higher risk of type 2 diabetes. High intake of
animal fat and home iron may promote
oxidative stress and pancreatic ?-cell
dysfunction. However, high-quality animal
proteins consumed as part of a balanced diet

can contribute positively to muscle mass and
metabolic function, especially in older adults,
highlighting the importance of moderation
and dietary balance.

Role in Chronic Disease Prevention and
Longevity

Long-term dietary patterns rich in plant-based
proteins have been associated with reduced
risk of several chronic diseases, including
certain cancers, hypertension, and kidney
disorders. Plant proteins support gut
microbiota diversity, which plays a critical role
in immune regulation and inflammation
control. Moreover, replacing animal protein
with plant protein has been shown to reduce
all-cause mortality in several population-
based studies.

Animal protein intake, while nutritionally
valuable, may increase disease risk when
consumed excessively or in processed forms.
High protein load from animal sources can
place stress on renal function in susceptible
individuals and may contribute to
inflammatory pathways. Therefore, shifting
dietary patterns toward greater inclusion of
plant-based proteins supports both disease
prevention and healthy aging.

Table 2: Comparative Health Impact of Plant-Based and Animal-Based Protein

Health Outcome

Plant-Based Protein

Animal-Based Protein

Cardiovascular

Lowers LDL cholesterol and blood

Excess intake linked with heart

control

Health pressure disease
) . o L Higher risk with processed meat
Diabetes Risk Improves insulin sensitivity )
intake
) Enhances satiety and weight May contribute to obesity if
Body Weight

high in fat

Chronic Disease
Risk risk

Reduces cancer and inflammation

Increased risk with

overconsumption

Gut Health

Promotes beneficial microbiota

Limited impact on gut diversity

Source: https://hsph.harvard.edu/?utm
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The above table 2 clearly demonstrates that
plant-based protein exerts protective effects
against major health conditions, particularly
cardiovascular and metabolic disorders. While
animal-based protein remains an important
nutrient source, prioritizing plant-based
protein intake and moderating animal protein
consumption significantly improves overall
health outcomes, thereby effectively fulfilling
the second objective of the study.

Protein Bioavailability and Amino Acid
Utilization

Protein bioavailability refers to the extent to
which absorbed amino acids are utilized for
metabolic and structural functions in the body.
Animal-based proteins generally demonstrate
higher bioavailability due to their complete
amino acid profile and higher concentrations
of essential amino acids, particularly leucine,
which plays a key role in muscle protein
synthesis. Indicators such as PDCAAS and
DIAAS scores consistently place animal
proteins such as eggs, dairy, and meat at the
upper end of protein quality scales.

However, recent nutritional studies indicate
that plant-based proteins especially soy,
legumes, pulses, and mixed plant diets can
achieve comparable bioavailability when
consumed in sufficient quantity and variety
(Manzoor et. al., 2023). The numeric data
presented in the table below shows that plant-
based proteins achieve PDCAAS values
ranging from 0.70 to 1.00, with soy protein
matching animal protein at a score of 1.00. This
evidence highlights that protein quality is not
solely dependent on origin but on dietary
composition and intake adequacy.

Digestibility and Absorption Efficiency

Digestibility determines how effectively
dietary protein is broken down into absorbable

amino acids. Traditionally, animal proteins
have shown higher digestibility rates (90-99%)
compared to plant proteins due to lower fiber
content and absence of anti-nutritional
compounds (Bandyopadhyay et al., 2022).
However, the digestibility gap between plant
and animal proteins has narrowed significantly
with the application of traditional and modern
processing methods such as soaking,
sprouting, fermentation, and thermal cooking
(Mohammadi et. al., 2022).

As reflected in the numeric comparison, plant-
based proteins demonstrate digestibility levels
ranging from 75-90%, improving to nearly 90%
with proper processing. While animal proteins
retain a slight advantage in nitrogen retention
and DIAAS scores, research suggests that
higher intake levels of plant protein effectively
compensate for lower digestibility without
adverse health effects (Poonia et al., 2022).
Improved digestibility enhances nutrient
absorption, supports positive nitrogen
balance, and makes plant proteins suitable for
diverse age groups, including children and
older adults.

Functional and Physiological Benefits of
Protein Sources

Beyond digestibility and bioavailability,
functional benefits are critical in assessing
protein quality. Animal-based proteins show
high efficiency in muscle maintenance and
repair, particularly in populations with
increased protein needs (Day et. al., 2022).
However, evidence increasingly supports the
tunctional adequacy of plant-based proteins in
maintaining muscle mass, metabolic health,
and immune function when total protein intake
meets recommended levels.

The table 3 further shows that plant proteins
provide additional functional advantages,
including significant fiber content (5-15 g per
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100 g food) and zero cholesterol, which
contribute to improved gut health, reduced
inflammation, and better cardiovascular
outcomes. Plant proteins have also been

associated with lower inflammatory markers
such as C-reactive protein, whereas excessive
intake of animal protein especially processed
varieties may elevate inflammatory responses.

Table 3: Comparison of Bioavailability, Digestibility, and Functional Indicators of Protein

Plant-Based Protein Animal-Based Protein
Parameter
(Average) (Average)
75-90% (up to 90% with
Protein Digestibility (%) ] 90-99%
processing)
PDCAAS Score 0.70 - 1.00 0.90 - 1.00
DIAAS Score 65-90 90 -120
Leucine Content (g/100 g
) 6.0-8.0 8.0-11.0
protein)
Nitrogen Retention (%) 65 -85 80-95
Fiber Content (g/100 g food) 5-15 0
Cholesterol (mg/100 g) 60— 120
Pro-inflammatory if
Inflammatory Impact Anti-inflammatory )
excessive

Source: Compiled from FAO and WHO protein quality evaluation reports

The animal-based proteins demonstrate
slightly superior bioavailability and
digestibility, plant-based proteins provide
functionally equivalent outcomes when
dietary diversity, adequate intake, and
appropriate processing methods are applied.
The added benefits of fiber, anti-inflammatory
properties, and metabolic support underscore
the growing nutritional relevance of plant-
based proteins, thereby effectively fulfilling the
third objective of the study.

Environmental Sustainability of Protein
Sources

* Lower Greenhouse Gas Emissions: Plant-
based protein production generates
significantly fewer greenhouse gas

emissions compared to livestock farming.
Animal  agriculture  contributes
substantially to methane and nitrous oxide
emissions, while plant protein sources such
as pulses and legumes have a much lower
carbon footprint (Ferrari et. al., 2022).

» Efficient Resource Utilization: Plant
proteins require less land, water, and
energy per unit of protein produced. This
efficiency makes them more suitable for
teeding a growing global population
without exhausting natural resources.

* Reduced Environmental Degradation:
Shifting towards plant-based protein
reduces deforestation, soil degradation,
and water pollution caused by intensive
animal farming.
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Overall, environmental sustainability strongly
supports the inclusion of plant-based protein
as a primary dietary protein source for future
food systems.

Economic Affordability and Accessibility of
Plant-Based Protein

Affordability is a key determinant of dietary
adequacy, particularly in low- and middle-
income populations. Plant-based protein
sources such as lentils, chickpeas, beans, peas,
groundnuts, and cereals are generally less
expensive than animal protein sources like
meat, fish, and dairy. They also have longer

shelf lives and require fewer storage resources,
making them economically viable for
households and public nutrition programs.

Plant proteins play a vital role in addressing
protein-energy malnutrition due to their wide
availability and cultural acceptability across
regions. Government-supported food security
schemes and school-based nutrition programs
often rely on plant protein because of its cost-
effectiveness and scalability. The table 4 below
highlights a comparative overview of
sustainability and affordability indicators
between plant-based and animal-based protein
sources.

Table 4: Comparative Indicators of Sustainability and Affordability

Indicator Plant-Based Protein Animal-Based Protein
Cost per kg protein Low to moderate High
Water requirement Low Very high
Land requirement Minimal Extensive
Greenhouse gas emission Low High
Shelf life Long Short to moderate
Accessibility Widely accessible Limited by cost
Suitability for public

High Limited

programs

Source: httpsy//gfi.org/initiatives/climate/environmental-benefits-of-alt-proteins

Contribution to Nutritional Security and
Public Health

Nutritional security goes beyond calorie
sufficiency and includes access to adequate
protein and micronutrients over time. Plant-
based proteins contribute to long-term
nutritional security by providing consistent,
reliable sources of protein along with fiber,
vitamins, minerals, and bioactive compounds.
These nutrients collectively help prevent both
undernutrition and diet-related non-
communicable diseases.

Regular inclusion of plant-based protein
supports healthy digestion, improved gut
microbiota, and better metabolic outcomes,
reducing healthcare burdens. At a population
level, dietary patterns rich in plant protein have
been associated with lower rates of
cardiovascular disease, obesity, and diabetes,
strengthening public health resilience (. Their
integration into daily diets helps ensure
sustainable nutrient availability without
compromising environmental or economic
stability.
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Role in Future Dietary Models and Global
Food Systems

Plant-based protein is increasingly recognized
as a cornerstone of future dietary models
aimed at balancing health, sustainability, and
food security (Anyiam et.al., 2025). Global
nutrition frameworks now advocate for protein
diversification, encouraging a shift from
animal-heavy diets toward plant-forward
eating patterns. Such models emphasize
dietary diversity, resilience to climate shocks,
and reduced dependence on resource-
intensive food systems.

From a long-term perspective, plant-based
protein supports intergenerational food
security by conserving natural resources while
meeting present nutritional needs. Its
adaptability across cultures, cuisines, and
agricultural systems makes it a practical
solution for global nutrition challenges. By
integrating plant-based protein into policy
planning, agriculture, and dietary guidelines,
societies can move toward equitable,
sustainable, and nutritionally secure food
systems.

Results and Discussion

The findings of the present review clearly
demonstrate that plant-based protein holds
substantial nutritional value (Anyiam et.al.,
2025) and offers multiple health, economic, and
environmental advantages when compared
with animal-based protein. The results derived
from recent epidemiological studies, clinical
trials, and nutritional assessments (2020-2025)
indicate that diets with a higher proportion of
plant-derived protein are consistently
associated with improved cardiometabolic
health outcomes (Bandyopadhyay et al., 2022).
Evidence synthesized in this study shows
lower levels of LDL cholesterol, improved

blood pressure control, better glycaemic
regulation, and reduced inflammatory markers
among populations consuming higher
amounts of plant-based protein. These
tindings strongly align with the first and
second objectives, confirming that plant
proteins, when consumed in adequate quantity
and variety, are nutritionally comparable to
animal proteins (Singar et al., 2024)..

From the perspective of protein quality, the
results indicate that although animal-based
proteins demonstrate slightly higher
digestibility and bioavailability scores, high-
quality plant proteins such as soy, legumes,
pulses, and combined cereal-legume diets
effectively meet essential amino acid
requirements. The discussion of PDCAAS and
DIAAS values highlights that protein adequacy
is achievable through plant-based diets with
appropriate dietary planning. Functional
outcomes related to muscle maintenance,
metabolic activity, and immune function were
found to be comparable between plant- and
animal-based proteins when total protein
intake is sufficient (Krams et.al., 2019), thereby
tulfilling the third objective of the study.

Furthermore, the discussion underscores the
broader role of plant-based protein in
promoting sustainable and long-term
nutritional security. The results reveal that
plant protein production requires significantly
tewer natural resources and generates lower
greenhouse gas emissions, while remaining
more affordable and accessible for large
populations. This positions plant-based
protein as a practical solution to address
protein-energy malnutrition, climate change
concerns, and rising healthcare burdens
simultaneously. Overall, the discussion
reinforces that prioritizing plant-based protein
(Singar et al., 2024), while moderating animal
protein intake, represents a nutritionally
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sound, economically  viable, and
environmentally sustainable dietary strategy,
supporting the fourth objective and the central
premise of the study.

Conclusion

The study concludes that plant-based protein
holds significant nutritional, health, economic,
and environmental advantages when
compared with animal-based protein, making
it a vital component of modern dietary
patterns. Evidence from recent studies (2020-
2025) demonstrates that plant-based proteins,
when consumed in sufficient quantity and
appropriate combinations, provide adequate
essential amino acids, satisfactory
digestibility, and functional benefits
comparable to animal proteins. Although
animal-based proteins exhibit slightly higher
bioavailability and leucine content, these
differences have minimal impact on overall
health outcomes when total protein intake and
dietary balance are ensured. Moreover, plant-
based proteins offer additional protective
benefits, including high dietary fiber,
antioxidant and phytochemical content, and
the absence of cholesterol, which collectively
contribute to improved cardiovascular,
metabolic, and gut health. The review further
highlights that greater reliance on plant-based
protein supports sustainability by reducing
environmental burden, conserving natural
resources, and improving affordability and
accessibility, particularly in resource-limited
populations. Overall, prioritizing plant-based
protein while moderating animal protein
intake emerges as a nutritionally sound,
health-promoting, and environmentally
sustainable strategy, reinforcing its importance
in future dietary guidelines and public health
policies.
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Abstract

Bihar is one of the most populous and agriculturally significant states of India and has historically
faced issues such as poverty, malnutrition and gender inequality. However, in recent years
there has been a gradual rise in women's participation in higher education, particularly in science-
related disciplines such as nutrition science. Nutrition science integrates food systems, health
and sustainability and has become increasingly relevant for addressing food security challenges
in rural regions. The integration of nutrition science with mushroom cultivation offers a promising
livelihood opportunity for women in Bihar. Mushrooms are nutrient-rich foods containing high
quality protein, vitamins and bioactive compounds that contribute to improved dietary quality.
At the same time, mushroom cultivation requires relatively low land and investment, making it
suitable for small-scale rural enterprises. Bihar has emerged as one of India's leading mushroom-
producing states, producing around 45,000 metric tonnes in 2024-25 and creating employment
opportunities for thousands of farmers, including women self-help group members. Successful
initiatives by women farmers such as Bina Devi, who has trained more than 70,000 women in
mushroom farming, highlight the potential for women's empowerment through this sector. Thus,
the convergence of nutrition science education and mushroom-based agribusiness can support
food security, women's empowerment and sustainable development goals (SDGs) such as Zero
Hunger and Gender Equality.

Keywords: Populous, surging, sustainable, zero hunger, SDGs, nutraceutical.
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Introduction agricultural sciences (Singh, 2018). Nutrition

Bihar is one of the most densely populated science is an interdisciplinary field that

states of India and its economy largely
depends on agriculture. Despite its
agricultural potential, the state has long
struggled with poverty, malnutrition and
gender inequality. Inrecent years, however, the
participation of women in higher education
has increased significantly, particularly in
fields related to health, nutrition and

examines the relationship between food,
human health and environmental
sustainability. It plays an important role in
addressing issues such as malnutrition,
micronutrient deficiency and public health
improvement (Kumar, 2023). Women
pursuing nutrition science acquire knowledge
about dietetics, food processing, public health
nutrition and community nutrition programs,
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which can contribute to rural development and
food security initiatives. One emerging area
where nutrition science intersects with rural
entrepreneurship is mushroom cultivation.
Mushroom farming is considered a sustainable
agricultural activity because it requires
minimal land, utilizes agricultural waste and
generates high economic returns (Aditya &
Bhatia, 2020). For women in rural areas,
particularly those associated with Self-Help
Groups (SHGs) under programs such as
JEEVIKA, mushroom cultivation offers an
accessible and profitable livelihood option.

This study therefore explores the relationship
between women studying nutrition science in
Bihar and their potential career opportunities
in mushroom cultivation, examining the
nutritional benefits of mushrooms, existing
success stories, and the future prospects of this
growing sector.

Mushroom Cultivation Overview

Bihar is the biggest producer of mushrooms,
with 45,000 MT in 2024-25. The states of Patna,
Nalanda, and Muzaffarpur export mushrooms
to nearby states. Oyster and milky mushrooms
are the most common types since they don't
need much technology and use agricultural
waste. Button mushrooms, on the other hand,
demand more money to grow. (Indian
Masterminds, 2026) State subsidies (50-90%) go
to women first and help 60,000-70,000 farmers.

Mushroom cultivation has emerged as an
important agro-based enterprise in Bihar. The
state currently produces approximately 45,000
metric tonnes of mushrooms annually, making
it one of the leading producers in India (Indian
Masterminds, 2026).

Government initiatives and training programs
have played a major role in promoting

mushroom cultivation among rural women.
Various schemes provide 50-90% subsidies for
infrastructure and training, particularly for
women farmers and self-help groups (Indian
Masterminds, 2026). Institutions such as Krishi
Vigyan Kendras (KVKs) and the JEEVIKA
program offer technical guidance, training and
marketing support to rural entrepreneurs.

Production makes a lot of money: a small shed
can make Rs 4.2 lakh from 2,100 kg a year.
JEEVIKA connects SHGs to training, which can
double or triple their income. Mrs. Patel and
other leaders went from 60 bags to 100 bags
thanks to KVK Nalanda training. (Fresh Plaza,
2025)

Nutritional Value of Mushrooms

Mushrooms are widely recognized as
nutritionally rich foods that provide a wide
range of macro- and micronutrients. They
contain high-quality proteins, dietary fiber,
vitamins and essential minerals that contribute
to improved human health (Kumar, 2023). In
addition to their nutritional benefits,
mushrooms contain several bioactive
compounds, including polysaccharides and
polyphenols. (World Health Organization &
World Bank, 2025). Species such as Agaricus
bisporus (button mushroom) and Pleurotus
sajor-caju (oyster mushroom) are well suited
to the climatic conditions of northern India,
including Bihar. Their low-fat content and high
tiber content also make them beneficial for
digestive health and weight management
(Kumar, 2023).
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Nutrient (per 100g) | Content Health Benefit
Protein 6-30g Muscle growth, satiety
Fiber High Digestion, cholesterol control
Vitamin D2 Variable Bone health
Polyunsaturated fats >75% Heart health
Selenium High Antioxidant Défense

Because of these properties, nutritionists often
recommend mushrooms as part of balanced
diets, particularly in regions where
malnutrition and protein deficiency remain
major public health concerns.

Integration of Nutrition Science and
Mushroom Cultivation

Nutrition science education provides students
with knowledge related to food processing,
dietetics, food microbiology and public health
nutrition. These skills can be directly applied
to the production, processing and promotion

of mushroom-based food products (Aditya &
Bhatia, 2020).

Nutrition Science and Mushroom Cultivation
Come Together

Nutrition classes cover a lot of ground,
including food processing, business, and
public nutrition. Mushroom farming is a good
fit for home-based businesses, so dietitians can
combine cultivating mushrooms with diet
advice. Learning how to make spawn and
control pests is related to food microbiology
abilities.

Case Study Background Achievement
Trained 70,000 women; 100+
Bina Devi Self-taught farmer villages
Pushpa Jha Homemaker Rs 500 start to commercial sales
200+ SHG women; multi  -village
Anita Devi Home Science grad | impact
Value-added products from 60
Mrs. Patel Rural entrepreneur bags
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Challenges Faced by Women

Key barriers: Inadequate knowledge,
fluctuating prices, lack of storage/cooling,
high initial setup for button mushrooms. Rural
women face economic constraints, market
access issues. Nutrition graduates encounter
gender biases, limited funding, despite
subsidies. Climate control and hygiene
demand training.

Despite the promising opportunities, women
involved in mushroom cultivation face several
challenges. One major barrier is the lack of
technical knowledge and training, particularly
in rural areas where access to agricultural
extension services may be limited (Singh, 2018).
Market instability is another significant

challenge. Women entrepreneurs also face

financial constraints and gender-related
barriers (World Bank, 2023).

Future Career Prospects

The Indian mushroom market is projected to
reach USD 1,610.89 million by 2025, with a
compound annual growth rate (CAGR) of
approximately 12.7% (Yahoo Finance, 2026).
This growth creates multiple career
opportunities for women pursuing nutrition
science. Potential career paths include
mushroom farm management, nutraceutical
product development, community nutrition
training and export-oriented processing
enterprises.

Career Path

Skills Needed

Projected Growth

Farm Manager

Cultivation, pest control

High; 60k+ farmers

Nutraceutical Developer

Bioactive analysis

12.7% CAGR

SHG Trainer Community nutrition JEEVIKA expansion
Exporter/Processor Quality compliance 25% export rise
Recommendations Conclusion

Nutrition science curricula should include
modules on mushroom cultivation and food
entrepreneurship. Training programs through
Krishi Vigyan Kendras and JEEVIKA (NDTV,
2025) should be expanded for women
graduates. Government policies should
support cold storage, marketing networks and
processing facilities.

Women pursuing nutrition science in Bihar
have significant potential to contribute to the
mushroom cultivation sector. By combining
scientific knowledge of nutrition with
sustainable agricultural practices, they can
improve food security, generate income and
promote rural development. With appropriate
training, policy support and market linkages,
mushroom cultivation can become an
important pathway for women's economic
empowerment and sustainable agricultural
growth in Bihar.
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Abstract

School-aged children require nutritionally adequate diets to support healthy growth, immunity,
and disease prevention. Adequate intake of macro- and micronutrients is essential for maintaining
physiological functions and promoting proper development of bones, muscles, and organs.
Nutrition during childhood is also crucial for brain development, particularly for cognitive
functions such as memory, learning, and problem-solving. Nutrients such as iron, omega-3 fatty
acids, iodine, and vitamins play significant roles in neurological development and academic
performance. An assessment of nutritional adequacy among school-going children in the
Amarpur block of Banka district reveals a substantial need for improved nutritional interventions
from a socio-economic perspective. Previous research and national datasets indicate that
undernutrition among children in India remains a critical issue, particularly in economically
disadvantaged populations. Data collected from government reports and academic literature
using anthropometric indicators and dietary surveys show that the prevalence of underweight
children varies widely between 6.6% and 83%, while stunting ranges between 13.8% and 75%
across different regions. These findings highlight that child hunger and malnutrition remain
significant public health challenges requiring urgent attention.

Keywords : School students, nutrition, sufficient, socio-economic, Banka District, physical
development.

Received: 2 March,2026; Revised 10 March,2026; Accepted:12 March 2026

cognitive development and reduced
productivity later in life (WHO, 2018).

Introduction

Nutrition plays a fundamental role in the

physical, cognitive, and psychological
development of school children. Adequate
nutrition during childhood ensures proper
growth, strengthens the immune system, and
supports learning abilities and academic
performance (ICMR-NIN, 2020). Poor nutrition
during the early years can lead to long-term
health consequences, including impaired

Malnutrition continues to be a major public
health concern in developing countries,
particularly in India where socio-economic
disparities significantly affect dietary intake
and access to health services. Children
belonging to low-income households are more
vulnerable to undernutrition due to food
insecurity, limited dietary diversity, and
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inadequate health care facilities (UNICEEF,
2019).

Amarpur block in Banka district of Bihar
represents one such region where poverty,
limited infrastructure, and low awareness
about balanced diets contribute to nutritional
deficiencies among children. Bihar consistently
reports higher levels of stunting, wasting, and
underweight children compared to national
averages, highlighting the need for localized
studies to understand the determinants of
child nutrition (NFHS-5, 2019-21). Therefore,
the present study investigates the relationship
between nutritional adequacy and socio-
economic status among school children in
Amarpur by analysing dietary practices,
anthropometric indicators, and socio-economic
determinants.

Objectives

e To evaluate the nutritional condition of
school children in Amarpur.

* To analyze the link between socio-
economic position and getting enough
nutrients.

* Toexamine the effectiveness of government
nutrition programmes for children.

* To suggest policy interventions for
improving child nutrition outcomes.

The significance of the study:

Understanding the nutritional
challenges faced by school children in rural
regions such as Amarpur can help
policymakers design targeted interventions for
improving child health and educational
outcomes. Adequate nutrition is strongly
associated with improved cognitive
development, better school attendance, and

higher academic performance (FAO, 2020).
Furthermore, addressing malnutrition can
contribute to long-term socio-economic
development by enhancing human capital and
reducing intergenerational cycles of poverty
(Ramachandran, 2013).

Review of the Literature

Several studies have highlighted the strong
relationship between socio-economic status
and child nutritional outcomes. The National
Family Health Survey-5 (2019-21) reported that
Bihar has one of the highest levels of child
malnutrition in India, with 42.9% of children
under five being stunted and 22.9% wasted
(NFHS-5, 2019-21). These figures indicate
persistent nutritional deprivation among

children from economically weaker
households.

Gopalan (1993) emphasized that inadequate
nutrition during childhood can negatively
affect educational attainment and future
economic productivity. Poor dietary intake
during early life stages may lead to cognitive
impairment, reduced school performance, and
long-term health complications.

Similarly, Dasgupta et al. (2016) found that
children from low-income rural households in
Bihar often consume diets with limited
diversity, leading to deficiencies in essential
micronutrients such as iron, zinc, and vitamin
A. Although the Mid-Day Meal Scheme
(MDMS) has improved school attendance and
partially addressed hunger among school
children, several studies suggest that the
programme still faces challenges in providing
nutritionally balanced meals (MoWCD, GOI,
2020).

Methodology
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The study adopted a mixed-method research
design involving both quantitative and
qualitative approaches. Anthropometric
measurements including height, weight, and
body mass index (BMI) were collected from 100
school children aged between 6 and 14 years.

Structured interviews were conducted with
children and their parents to collect
information regarding household income,
dietary habits, and parental education.
Primary data were collected from schools and
government offices in Amarpur block.
Secondary data sources included reports from
NFHS-5, Integrated Child Development
Services (ICDS), and relevant academic
literature on child nutrition.

Tools utilised

* WHO Growth Standards for BMI-for-age
and height-for-age.

* The Modified Kuppuswamy Scale is
employed to categorise socio-economic
status (Saleem,2019).

Results and discussion:

The findings indicate a high prevalence
of malnutrition among school children in the
study area. Approximately 48% of children
were underweight, 36% showed signs of
stunting, and 19% were affected by wasting.
These indicators reflect chronic and acute
nutritional deficiencies commonly observed in
economically disadvantaged communities
(WHO, 2018).

Nutritional Status of Children

Condition Number Percentage
Underweight (BMI <18.5) | 48 48%
Stunted Development 36 36%
Wasting 19 19%
Normal ~0 ~0%

Nutritional Status of children

Underweight (BM18.5) Stunted development

mMNumber mPercentage

Wasting MNorma

Coumnl
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Counts reflect direct scaling from percentages;
normal category is minimal due to high

prevalence overlap.

Socio-economic Factors Affecting Nutrition

1. Low-Income Impact Table
Group Undernourished % of
Children Undernourished
Low-Income (<
%5,000/month) 50 62%
Others 30 38%

Socio-economic factors were found to have a
strong influence on nutritional status. Children
belonging to households earning less than
25,000 per month showed a significantly higher

Parents Education

prevalence of undernutrition. Low household
income often limits access to diverse and

nutritious food, resulting in inadequate
nutrient intake (FAO, 2020).

Parent Total Children Malnourished % Malnourished
Education

Illiterate 50 28 55%
Educated 50 11 22%

Parental education also played an important
role in determining children's nutritional
outcomes. Children of illiterate parents were
more likely to suffer from malnutrition
compared to those whose parents had basic
education. Children of illiterate parents were
much more likely to be malnourished (55%)
than children of educated parents (22%).

Government Actions and Shortcomings

Government programmes such as the Mid-Day
Meal Scheme, Integrated Child Development
Services (ICDS), and Poshan Abhiyaan have
contributed to improving child nutrition and
increasing school enrolment. However,
limitations such as irregular food supply, lack
of protein-rich foods, and inadequate
awareness programmes reduce the

I]]] sciEncia /]

A Multidisciplinary Peer Reviewed Refereed Research Journal \ 24



https://www.print-driver.com/?demolabel-en

Vol. -19

Issue-26

July- December 2025 I

ISSN : 2320-8422 I

effectiveness of these interventions in rural
areas (MoWCD, 2020).

Conclusion

The study confirms a strong link between the
socioeconomic position of the family and the
nutritional status of school kids in Amarpur.
Poverty, lack of healthcare, and lack of
knowledge continue to make malnutrition a
problem.

Suggestions:

1.

ii.

1ii.

To make MDMS stronger, meals should
include eggs, legumes, and fortified foods.

Conducting community nutrition

awareness programs to educate parents
about balanced diets and child health.

Providing regular health check-ups and
micronutrient supplementation,

particularly iron and folic acid, for school
children.
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Abstract

Rural women entrepreneurs in Bihar operate across agri processing, handicrafts, retail, and
service micro enterprises, often organized through Self Help Groups (SHGs) and JEEViKA
networks. Their entrepreneurship contributes to poverty reduction, improved nutrition and
education outcomes, and greater household decision making power for women. Evidence from
Bihar shows that SHG based models increase savings, credit access, and enterprise activity,

with stronger outcomes where technical support and market aggregation exist.
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Introduction

Agriculture play's Vital role on India's
economy. India has the largest arable land
resource in the world and with 20 agri-climatic
regions all 15 major climates in the world exist
in India over 58 percent of the rural household
depends on agriculture as their principal
means of livelihood. According to the periodic
labour force survey of 59.7 percent of women
inrural areas are soft employed, 11 percent are
regular wage or salary earners in comparison,
57.4 percent men in rural society are soft
employed 14.2 percent are regular wage and
28.3 percent are casual workers. While the
share of nature of work among men and women
on normal areas are not different. There is a
huge differences in the type of self-
employment between men and women. Most
self-employed women in rural areas work as
helpers in household enterprises (Borrhardt et.
al., 2017). According PLFs survey Bihar had the
highest share of self-employed femal workers

in rural areas. In comparison and Assam were
some stalers with the lowest share of rural
women who were self employed. The
correlation between a state is per capita income
with its share of self-employed women in rural
areas was found to be 0.25 percent (Gandhi,
2018). This means that states that had a higher
share of self-employed women are likely to
have a lower per capital income relatively
while the direction of the association is
expected given the informality and
vulnerability are capital with such jobs in the
rural areas.

The small magnitude of the correlation
coefficient implies that this association is not
strong. The negative association between the
income per capital and self-employed women
can also be noticed in the 30 days average wage
of self-employed men and women in rural
areas.

Rural Challenges
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Unemployment is the major challenged forced
by rural youth and more so by female rural
youth. A large number of rural female youth
lack the skills regaled for job opportunities in
the ener-evolving manufacturing and service
sectors in order to fulfill to aspirations fooled
by rising rural income and increased exposure
to media (Gandhi, 2018). Today's rural female
youth needs better education, jobs, better
lifestyle and economic independence in
addition, for agriculture to continue to remain
the mainstay. It need to midonism itself in order
to attract more or at vast redain rural female
youth. Development efforts have been low on
usage of innovative tech

i.e. the deep tech encomparing artiliat
intelligence machine learning, blockctain etc.
There technologies are the key to transform
agriculture and other rural businesses
technology led intervention had the promise
of not only increasing agriculture productivity
and growth but also reducing poverty.

Self-employed Women in Rural Areas

According to the numbers reported in the PLFS
2021-22 survey. Self employed women in rural
areas earned the lowest wage among men and
women from rural and urban areas on an
average, wages earned by self employed urban
men were 4 times that of self-employed rural
women (Economic Survey, 2021-2022)

those of self-employed men in rural areas was
2.5 times that of self employed women in rural
areas, while self employed women in urban
area earned 1.7 the wages carmel by self-
employed women is rural area (Borrhardt et.
al., 2017). While men reported gross earnings
of approximately Rs. 16,300 in a month in
urban areas, women in rural area reported
gross earning of approximately Rs. 3,900. The
in equating income could be because women.

Especially in rural areas, are expected to be
primary caregiver for children and older house
hold member. Household chores like cooking,
cleaning and fetching water are also usually
the primary responsibility of the women in
rural areas. This is reflected in the number of
house worked in a week by self employment
in rural areas, which in almost 19-21 house less
than urban employed males and 10-12 house
less than self employed rural males self
employed women in urban areas worked on a
couple of house more than those in rural areas,
indication that their rural counterparts they are
also expected to do the larger share of
domestics chores. In addition of the social
conditioning where women are expected to be
the primary care given and do majority of the
household chores, what are some imfectiments
that limit a women's participation and
efficiency as an entrepreneur (Borrhardtet. al.,
2017). There is pediments range from poor
education levels to lack of financial support
to information arrymmetry over the year's the
government has taken active store towards
impoving the literacy rates among women in
rural areas yet there is a gender gets in the
literacy rates of men and women in both urban
and rural areas. Moreover improvement in
literacy rates of women in rural areas has not
translated into a higher share of participation
is labour force.

Financial support for Female Entrepreneur in
Rural Area's

Financial inclusion can help improve the
economics prospects for female entrepreneurs
in rural areas (Economic Survey, 2021-22).
Research suggest that improving access to
banks has a positive impact on the poor and
disadvantaged groups can increase economic
activity and also saving while conventional
banking charels improved access to financial
services in rural areas, lack of a universal,
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government irossued identity card and limited
financial literacy limited financial inclusion of
women (Borrhardt et. al.,, 2017). The
government of India addressed there issue
through a three pronged approach popularly
known as the JAM Trinity - Jan Dhan Yojna,
aadhar card and mobile phone as on date there
are around so none women who opened banks
account under the Jan Dhan Yojna, who also
benefited from the Direct Benefit transfer
scheme of the government during the national
lockdown (Sharma and Vohra, 2020). There not
only helped women, who wanted the privacy
to opiate their finance and saving. There was
especially necessary for women with their our
business as evidence suggerts that after
microloan intonded for women are after used
up for their husband's business. There two
were supplemented by the mobile network
connectivity where in India become a market
known for some of the eheapeat date rate in
the world along with low-cost mobile phone
and customized financial application that
could be used on both feature and smart phone
women could now access bank account and
conduct financial transaction from the safety
of their women and as per their convenience.

Government Support to Women in Rural
Areas

While the Jan Trinity was instrumental in the
proliferation of formal financial services, the
government also supported women in rural
areas with the scheme that encouraged them
to start independent ventures. The

PMEGP scheme in implemented by the kindly
and village industries commission (KVIC) on
the nodal agency at the national level and
district industries centre (DICs) and Banks. The
beneficiary gets the subsidy under the scheme
through her bank in the subsidy from the
KVIC. Women in rural full under the special

category of beneficiaries where they are
expected to contribute only 5 percent of the
project cost and get a subsidy at the rate of 35
percent. The balance amount of the total cost

is given to the beneficiary as a lean from her
bank.

To address the social issues, regarding the
tinancial dependence of the women, especially
those in rural areas, the government launched
the Sukanya Samridhi Account in 2015 which
is a saving scheme to encourage parents to
build a found for the education and marriage
expenses of the clooghtors (MSDE, GOI). The
scheme has the highest tax exemption, comen
with soverlogn guarantee and can be opened
at the nearest post office. This was done
keeping in mind the rich of the postal services
in rural areas another government scheme to
support female entrepreneurs is stand-up-
india, launched in 2016. The scheme offers
loans between of Rs. 10 lakh to Rs. 1 crore to
women for setting in business outside the non-
frame sector (Startup Ecosystem in India). To
strong then financial literacy, the Reserve Bank
of India has also released the National Stratige
for financial education (NSFF- 2020-25) that
acknowledge the need to improve financial
literacy among women information
asymmetry in another weak link in value
chains of women entrepreneurs from rural
areas, Niti Aeyog's women entrepreneurship
platform (WEP) is one such digital initiative
that aims- To reduce the information
asymmetry for women entrepreneurs (Kantar
IMRD, 2019). This online platform was
launched on march 8, 2018 it collaborate with
public and private sector organization and
being information on all women focused
schemes, initiative and programmes in one
portal. This scheme (MSDE, GOI)

were three pillar - iccha sharkit to motivate
inspring women entrepreneurs to start new
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business. Gyan Shakti to provide knowledge
and ecosystem support to faster budding
entrepreneurs and Kurma Shakti to provide
hands on support in setting up and scaling
businesses in a nutshell the platform provides
information on lunching and financial
assistance incubation and acceleration support
entrepreneurship mentorship community
networking and compliance and tax assistance
among other currently the platform is more
popular with urban female entrepreneur than
rural once and is adapting to the needs of rural
entrepreneurs (Sharma and Vohra, 2020), A
smaller sample of their data indicates that
female entrepreneurs from their 3 cities are
mostly engaged in agriculture related
businesses in contract most women
entrepreneurs from Tior I and Tior a cities were
running education sector entrepreses mahila-
e-hoat in another government initiative form
women entrepreneurs and soft, help groups
for show casing their products that are made
or manufactured by them as an online platform
(FICCI and Ernsi & Young, 2012). This is a
unique way to improve the access of rural
entrepreneur to market, increase digital
financial in elusion and empower women.

Conclusion

In addition to the several government initiation
is current above there are many cooreratives,
not for profit and for-profit organization. That
are trying to connect with rural women
entrepreneurs to reduce information,
asymmetry incroare their market reach and
improve their productivity while government
initiation, like Mahila-e-hoat are essential and
important. Its reach is not an expansive as those
of digital online e- commerce companies. The
next should be to start selling their products
directly on channels like Flipkart and Amozen
that have a lot of Traffic.

This not only will support rural women entre
by giving them access to a much large market

but will also strong them the call for Aatma
Nirbhar India scheme that incentivize business
like tax credits or exemption that source their
inputs or products from rural women
entrepreneurs help increase private sector
participation that will in true benefit women
entrepreneurs research also suggest that
women entrepreneurs feel mode confident
conducting business with female business
currently women made up only 22 percent of
bank employees and 12 percent of
microfinance institution employees number
from the PIFS survey indicate clearly that
temale rural-self employed workers are among
the most volnerabh among all entrepreneurs
in Tormo of wages and nature of work.
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Abstract

Co-dependency is a pathological pattern of relating with others that comprises one's self-esteem,
relationships, blurred boundaries, and psychological distress. The present study was conducted
to assess the co-dependency and depressive symptoms among the spouses of Alcohol
Dependence Syndrome (ADS), and to assess the quality of life, perceived stress, self-compassion,
and resilience among the co-dependent spouses of ADS. The findings of the study indicated
that both groups were matched at the baseline. There was a significant difference between the
experimental and control group on co-dependency, depression. quality of life (physical,
psychological and environment domains), perceived stress, self-compassion, and resilience post-
intervention in terms of improvement among the spouses of ADS. From the findings it could be
concluded that Integrative Psychotherapy developed for the present study was effective in
managing codependency, depressive symptom, quality of life, perceived stress, self-compassion,
and resilience among spouses of Alcohol Dependence Syndrome.
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Alcohol dependence syndrome (ADS):

Alcohol dependence syndrome (ADS) is "a
cluster of behavioural, cognitive and
physiological phenomena that develop after
repeated alcohol use. It typically includes a
strong desire to consume alcohol, difficulties
in controlling its use, persisting in its use
despite harmful consequences, a higher
priority given to alcohol use than to other
activities and obligations, increased tolerance
and, sometimes, a physiological withdrawal
state" (World Health Organization, 2018).

According to a WHO survey, nearly 5.1% of
the global burden of diseases is attributable
to alcohol consumption, and it causes nearly

3.3 million deaths every year (Eashwar
et.al.,2020). In the 2022 National Family Survey,
India (NFHS-5) survey, Telangana has 43.4%
alcohol consumption. The relapse rates ranged
from 9.6% to 90% in five studies conducted in
locations of Haryana, Delhi, Punjab, and
Telangana where the community prevalence
of alcohol use disorder is more than 15%
(Sarkar, 2022).

There has been a paradigm shift from an
intervention model to a recovery-oriented
system of care for addiction treatment
(Substance Abuse and Mental Health Services
Administration (SAMSHA, 2010). A study
enumerated the importance of social and
family support, and it helps addicts avoid
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returning to substance use (Cavaiola et.al.,
2015). Similarly, another study explored that
one's quality and nature of social support
predicted abstinence among addicts (Korcha
et al., 2016; Menon & Kandasamy, 2018).
Hence, a lack of family support can damage
recovery, particularly when family members
avoid or withdraw from the person.

Family intervention has become integral to
addiction treatment. Attributes of the family
that enhance addiction recovery are being
honest, supportive of the addiction treatment,
providing emotional support and being there
for them (Menon and Kandasamy, 2018).

On the contrary, studies have also supported
that family disengagement, lack of knowledge
about addiction, and severe family problems
are associated with a greater risk of relapse and
lower chances of abstinence (Brown et al.,
2015). Hence, family-based substance-use
disorder interventions are supported by
empirical evidence and effectively promote
long-term behaviour change, including
recovery (SAMSHA, 2010).

Family Intervention in Addiction Recovery

Family is an integral and functional unit of
society that has gained much attention from
researchers (Sooryamoorthy, 2012). A study
explored the involvement of family
significantly impacted the treatment program
for patients coping with addiction. It also
improved treatment entry, treatment
completion and treatment outcomes. The study
also quoted the advantages of family-focused
practices and found that such practices are
observed to be limited (Ashcroft, 2018).

There have been differences between the
Indian and Western countries in terms of
familial structure and outlook throughout the

ages. Indian society tends to give importance
to familial bonds. Above mentioned
prevalence of addiction in India, many families
also tend to be impacted, as addiction affects
not only the addicted person but the entire
tamily. Sometimes the family members
knowingly or unknowingly tend to nurture,
protect, and support the substance abuser. It
is an attribute of human nature to help others,
but sometimes this behaviour might work as
a double-edged sword. It may make it easier
and simpler for the substance abuser to
continue the downward spiral of continuing
the substance abuse. It is also observed that
no matter how much addicts are messed up,
one of the family members always tends to be
there to rescue and nurture their behaviour
(Salonia et al., 2021). This behaviour of rescuing
tends to enable the addicts to maintain their
drinking behaviour and reduce their
responsibility for taking active steps to help
themselves through treatment.

The study (Javanmard and Garegozlo, 2013)
demonstrates that the family is the most
fundamental site for the human relationship
that offers a primary structure for establishing
supportive relationships. Hiremath and
Jalapure (2015) support this proposition by
associating a supportive family environment
with a better prognosis and a successful
reduction in alcohol consumption and abuse
during treatment. Hence, family interventions
help not only the addicts but also the family
members, children and spouses.

Family Involvement in Addiction Treatment

Despite the negative impact on families,
addiction treatment has historically focused
only on individuals who are dependent on
substances. Csiernik (2002) described family-
focused services as the meglected aspect of
addiction treatment'. Researchers have also
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stated that health professionals view family
members as 'adjuncts', and usually, they are
not perceived as an integral part of addiction
treatment. This creates a significant barrier to
family involvement in addictions.

The involvement of family members in routine
addiction treatment has been documented as
necessary for two fundamental and interrelated
reasons. Firstly, family-focused services can
aid in reducing harm to the family members
who tend to suffer at the same time, the entire
family as a unit. Secondly, the family members'
involvement in addiction treatment also
improves the quality of treatment outcomes for
the patients.

Studies reveal that only 20% (or fewer) of
individuals with substance use disorders seek
treatment (Hasin & Keyes, 2010). Among those
who receive treatment, approximately 50%
drop out of treatment and treatment
completion is one of the factors most closely
associated with positive treatment outcomes.
Although studies have documented robust
evidence when involving families in addiction
treatment, most services target the individual
with the addiction, and there is little evidence
of family-focused approaches in addiction
service provisions (Copello et al., 2006).

It is essential to identify any gaps in service
provisions and barriers to implementing
family-focused practices that have been
identified in the literature. Such services tend
to be an essential guide to help move towards
best practices for families in addiction
treatment. Miller (2003) conducted a study
exploring that there are currently no clearly
identified best practices and scoping reviews
that policymakers and clinical settings can use
for families of the addicts. It is the need of the
hour to develop policies and implement best
practices in addiction treatment with various

tamily-focused interventions. Several issues
become salient when treating a couple or
tamily where the alcoholic is currently
abstinent.

According to McCrady (1990), it is not only
abstinence which should be focused on
treatment but also an increased awareness of
interpersonal issues. It is working on these
issues that can lead to promoting the well-
being of the family and the addict. Such
treatments tend to reduce and decrease family
tensions and the projection of blame. Although
the drinker may abstain, family members tend
not to immediately trust the alcoholic to make
decisions and rekindle new roles and
responsibilities. The spousal relationship is
also compromised, as there can be a lack of
intimacy due to the drinking behaviour of the
addicts. This reaction can be normalized, and
tamily expectations for a quick return to
adaptive levels of functioning should be
tempered.

Studies suggest a therapist can play a
significant role in repairing such relationships
and instilling hope in the family members,
leading to increased familial trust and a
functional and family environment. This
tamilial support can directly or indirectly
improve the sobriety period for alcoholics. A
study attempts to validate clinical impressions
that spouses affected by alcoholism tend to
develop distinct roles where they may act as
enablers or rescuers (Orford et al., 1976).

Hence, it becomes vital to learn about these
distinct roles and behaviours that the spouses
of individuals with Alcohol Dependence tend
to have or acquire in the course of the period
due to their partner's drinking behaviour and
or through intergenerational trauma. These
behaviours are also known as co-dependency.
Let us understand co-dependency in detail.
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Abstract

This article presents an overview of the global solar power landscape, highlighting the top ten
countries by installed solar capacity in 2025 and providing a special focus on India's strides in
solar energy deployment. Analyzing India's leading solar power parks and the states
spearheading the nation's energy transition, the article assesses the strategic measures, policies,
and infrastructural developments that have supported India's rapid solar expansion. The
manuscript addresses the socio-economic and environmental dimensions of solar power
adoption, as well as future challenges and opportunities for sustainable growth.

Keywords : Solar Power, Global Solar Rankings, Solar Parks, Renewable Energy, Installed

Capacity, Sustainable Development, Clean Energy

Received: 5th Jan.,2026;

Revised: 15th Jan.,2026;

Accepted:25th Jan.,2026

Introduction

Global energy systems are undergoing a
paradigm shift, with solar power emerging as
a cornerstone for sustainable electricity
generation. In 2025, nations across continents
have prioritized large-scale solar projects to
decarbonize their electricity grids, incentivize
innovation, and diversify their energy
portfolios. India, recognized as one of the
world's leading solar adopters, has leveraged
abundant sunlight, policy support, and
technological advancements to position itself
as a pivotal participant in the global solar
market. The country's journey is marked by
mega solar parks, ambitious state-level targets,
and a strong commitment to clean energy
(Mishra, 2025; The Indian Express, 2025)

Discussion

The landscape of solar power in 2025 is defined
by unprecedented global growth and
transformative leadership from key nations.
Worldwide installed solar capacity has surged
past 2.2 terawatts, with nearly 600 gigawatts
added in a single year, driven by falling costs,
policy incentives, and technological
innovations. China remains the undisputed
global leader, boasting almost 890 gigawatts,
followed by the United States and India, with
India recognized as both the fastest-growing
solar market and the third-largest in total
installed capacity (Ornate Solar, 2025; Gupta,
2025).

India's rapid ascent showcases a blend of
utility-scale mega parks-such as Bhadla Solar
Park-and expanding rooftop solar initiatives
that reach households, institutions, and
businesses from villages to major cities. This
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expansion has been facilitated by supportive
government policies, domestic manufacturing
incentives, and a strong push for energy
independence and climate resilience. India's
achievement is not just about scale, but also
about inclusivity and innovation, positioning
the nation as a model for dynamic renewable
energy adoption (Gupta, 2025) In short, the
global solar revolution is a mosaic of large-
scale investments, technological
breakthroughs, and localized ingenuity, with

India serving as a beacon for sustainable
growth and the transition to clean energy.

Global Leaders in Solar Power

The year 2025 witnessed significant
advancements in solar installations
worldwide. The top ten countries with the
most installed solar power are presented in
Table 1.

Table 1: Top 10 countries with the most solar power installed

Rank | Country | Installed Solar AGR
(MW 2024) | (2023-2024)

1 China 887930 45.6%
2 uUS 177470 27.5%
3 India 97384 33.7%
4 Japan 91610 2.8%

5 Germany 89943 20.1%
6 Brazil 53113 40.0%
7 Spain 38587 20.9%
8 Australia 38472 15.6%
9 Italy 36013 22.7%
10 South Korea 26645 13.4%

Source: Mishra (2025)

China's phenomenal capacity cements its
position as the global leader, contributing
almost sixty percent of all new renewable
capacity in the Asia-Pacific region. India,
standing third globally, demonstrates
remarkable progress, registering over 97 GW
of installed solar capacity-reflecting an annual
growth rate of 33.7 percent. This scale
underscores the urgency and ambition behind
India's renewable targets, driven by energy
demand, policy mandates to cut emissions,
and the promise of achieving net-zero by 2070
(The Indian Express, 2025).

Major Solar Power Parks in India

India's large-scale solar parks have become
emblems of its clean energy revolution. The

scale and sophistication of these projects have
optimized land use, reduced costs through
economies of scale, and attracted both
international and domestic investment. As of
2025, a list of operational solar parks in India
is displayed in Table 2. These parks symbolize
India's shift towards decentralized, grid-
strengthening, and economically viable
renewable energy.

Mega solar parks have played an essential role
in India's remarkable solar capacity growth by
providing large-scale, centralized hubs for
efficient power generation. These parks-such
as Bhadla, Pavagada, and Kurnool-have
harnessed economies of scale to lower costs,
secure substantial private and public
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investment, and

accelerate

project

management and robust grid integration,

commissioning, making India's energy driving India to its position as one of the

transition more affordable and accessible.

Furthermore, they showcase effective land

State
Rajasthan

Rajasthan
Rajasthan

Karnataka

Andhra
Pradesh
Andhra
Pradesh
Andhra
Pradesh
Andhra
Pradesh
Gujarat

Gujarat
Gujarat

Madhya
Pradesh
Madhya
Pradesh

Madhya
Pradesh
Madhya
Pradesh
Madhya
Pradesh
Madhya
Pradesh
Tamil Nadu

world's top solar power producers

Table 2 : List of major solar parks in India

Name of Solar Park
Bhadla solar park
Nokh solar park
Phalodi-Pokhran  solar
park

Pavagada solar park

Kurnool ultra mega
solar park
NP Kunta solar park

Kadapa ultra mega solar
park
Galiveedu solar park

Ckaranka solar park

Dholera ultra mega solar
park
Radhanesda solar park

Rewa ultra mega solar
park
Neemuch solar park

Agar solar park
Shajapur solar park
Floating solar power
park (Omkareshwar)

Mandsaur solar farm

Kamuthi solar

project

power

District
Jodhpur

Jaisalmer
Jodhpur and
Jaisalmer
Tumkur

Kurnool

Ananthapuramu

YSR Kadapa
YSR Kadapa
Patan
Ahmedabad
Banskantha
Rewa

Neemuch

Agar Malwa
Shajapur
Khandwa

Mandsaur

Ramanathapuram

Installed Capacity
2245 MW (spread over 14000
acres)

925 MW (planned)
750 MW

2050 MW (spread over 13000
acres)

1000 MW (spread across 5932
acres)

978.5 MW (spread across
over 7925 acres)

1000 MW (spread across 5927
acres)

500 MW

730 MW (spread across 5384
acres)

1000 MW (planned; spread
across close to 4942 acres)
700 MW (spread across 3477
acres)

750 MW (spread across 1590
acres)

500 MW (proposed; spread
across approximately 2633
acres)

550 MW (spread across 3706
acres)

450 MW (planned)

600 MW

250 MW (spread across 1000
acres)
648 MW (spread across 2500
acres)

Data compiled from the sources: FreyrEnergy (2024); Fenice Energy (2024a); Fenice
Energy (2024b); TAYPRO (2025); GPCL (2019); Power Technology (2021); The Times
of India (2024)
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Installed Solar Capacity in Top 10 Indian
States

State-wise leadership has been instrumental in
driving India's solar success. Progressive state
policies, land availability, and tailored
incentive programs have helped specific states
achieve outstanding results. Installed solar
capacity of top 10 states in India is presented
in Figure 1.

Rajasthan leads by a significant margin, owing
to its vast desert terrain and favorable solar
irradiance. Gujarat's industrial infrastructure
and progressive solar policies, Maharashtra's
large-scale feeder solarization, and Karnataka's
project diversity showcase India's regional
potential. These states collectively represent
over half of the nation's solar capacity,
furthering India's ambition to exceed 500 GW
of clean energy by 2030 (India Data Map, 2025).

The rapid deployment of solar parks and
networks has created substantial
socioeconomic and environmental positive
impacts. Key outcomes include: (1) Job
Creation: New avenues for skilled and
unskilled labor in project construction,
operation, and maintenance. (2) Rural
Upliftment: Solar parks embrace local
partnerships, land-lease arrangements, and
community benefit models. (3) Environmental
Gains: Reduced dependence on fossil fuels,
mitigation of greenhouse gas emissions, and
improved air quality. (4) Grid Modernization:
Enhanced integration of solar power has
strengthened national and state grids,

improved load balancing, and increased energy
reliability (Shah, 2025).

The global transition toward renewable energy
has placed solar power at the forefront of
sustainable development, reshaping energy
economies and redefining strategies for

decarbonization. Over the past decade,
advances in photovoltaic (PV) technologies,
innovative storage systems, and cost
reductions have made solar power a
mainstream energy source rather than a niche
alternative. Globally, the diversification of
solar technologies is notable. Developments in
bifacial panels, perovskite solar cells, and
tloating solar farms have enhanced efficiency
and land-use flexibility, addressing challenges
of intermittency and spatial constraints.
Nations such as China, the United States, and
members of the European Union have led
large-scale installations, leveraging both
public and private investments. China, in
particular, dominates the manufacturing of
solar modules and has established integrated
value chains that drive affordability. Within
this global context, India has emerged as a
pivotal leader in solar energy deployment,
setting ambitious renewable targets and
achieving remarkable milestones. Guided by
the National Solar Mission and aligned with
the Paris Agreement commitments, India aims
to reach 500 GW of non-fossil fuel capacity by
2030, with solar energy constituting a
significant share. India's solar revolution is
characterized by both centralized and
decentralized initiatives, ranging from utility-
scale solar parks to rooftop installations. The
establishment of mega solar parks-such as
Bhadla Solar Park in Rajasthan, Pavagada
Solar Park in Karnataka, and Rewa Ultra Mega
Solar in Madhya Pradesh-symbolizes the
country's commitment to scale and innovation.
These parks not only optimize land and
resource use but also attract international
investment and catalyze local employment.
India's leadership also stems from its strategic
approach to policy, technology, and financing.
The government's push for domestic
manufacturing under the "Make in India"
initiative, combined with the International
Solar Alliance (ISA)-a coalition of over 120
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countries headquartered in Gurugram-
underscores India's vision of global solar
cooperation. Moreover, integrating solar
power with agrivoltaics, electric mobility, and
green hydrogen production indicates India's
broader systemic approach to sustainability.

Conclusion

India stands at the forefront of the global solar
revolution, having established itself as a
leading nation in both capacity addition and
the operationalization of mega solar parks. The
coordinated efforts of central and state actors,
supportive policies, technological innovation,
and robust funding frameworks have fostered
an environment conducive to rapid expansion.
As India strives towards ambitious renewable
energy targets, its journey provides instructive
lessons for other emerging economies
pursuing decarbonization and sustainable
development. However, challenges persist.
Grid integration, intermittency management,
and recycling of solar panels remain critical
issues worldwide. For India, land acquisition,
transmission infrastructure, and financing
constraints require continued innovation and
policy refinement. Addressing these
challenges through advanced storage
technologies, digitalized grid management,
and circular economy principles will
determine the long-term resilience of solar
ecosystems. The evolving landscape of solar
power demonstrates a collective global
momentum toward a cleaner energy future,
with India standing at the helm of large-scale
implementation and international
collaboration. As technological frontiers
expand and economies align toward net-zero
goals, solar power is poised to remain a
cornerstone of global energy transformation.
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Introduction

To identify and evaluate threats that
undermine the effectiveness of the Scheme in
protecting witnesses in high risk criminal
matters in Bihar, and to propose actionable
mitigations and monitoring metrics.
Manuscript covers legal framework and
institutional arrangements; threat taxonomy;
vulnerability analysis; operational gaps in
Bihar's rollout; prioritized recommendations;
and monitoring indicators. The analysis
assumes the Bihar Scheme follows the national
template's categories and procedural
architecture (WPS, 2018)..

Methodology

* Document review: Primary review of the
Witness Protection Scheme, 2018 (Ministry
of Home Affairs) and Bihar government
notifications and Directorate of Prosecution
circulars referencing the Bihar Scheme
(BDPHD, 2025).

* Comparative synthesis: Cross referencing
national template provisions with
published state-level implementation notes
and secondary summaries to identify
common operational failure modes.

* Threat modelling: Structured identification
of threat vectors (physical, social,
administrative, institutional, technical) and
mapping to likely impacts on prosecution
outcomes and witness safety.

Legal and Institutional Context

Key elements of the Scheme. The national
Scheme defines categories of threat, a
Competent Authority for protection decisions,
a State Witness Protection Fund, and
enumerates protection measures including
police protection, relocation, identity
protection, and change of identity. The Scheme
also prescribes confidentiality safeguards and
monitoring mechanisms.
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Bihar adoption and governance. Bihar has
issued notifications and administrative orders
to operationalize the Scheme, established a
State Witness Protection Fund, and set up
committees and prosecution directorate
guidance to implement the Scheme at district
and state levels. These instruments form the
basis for operational procedures in Bihar
(BWPS, 2020).

Threat taxonomy and impact

* Direct physical attack on witness or escort
- Likelihood: high in organised crime, caste
political, and land dispute cases; Impact:
critical (case collapse, witness death).
Causes include delayed activation of
protection and inadequate armed escort
protocols.

* Intimidation and threats to family or
community - Likelihood: high; Impact:
high (recantation, non cooperation). Causes
include narrow protection scope focused
on the individual and lack of family
support measures.

* Administrative leaks and identity
compromise - Likelihood: medium-high;
Impact: high. Causes include paper based
records, weak access controls, and multiple
handoffs between agencies.

* Compromise during relocation or identity
change - Likelihood: medium; Impact:
high. Causes include inadequate
relocation planning, insufficient inter state
coordination, and local informant
networks.

* Corruption and collusion within
implementing agencies - Likelihood:
medium; Impact: critical. Causes include
political pressure, lack of independent
oversight, and absence of rotation/anti
collusion safeguards.

* Resource shortfalls and logistical
constraints - Likelihood: high; Impact:
medium-high. Causes include
underfunded State Witness Protection

Fund and lack of vetted safe houses
(WPS,2018).

Systemic vulnerabilities in Bihar's

implementation

1. Reactive approval process. The
requirement for formal application and
Competent Authority approval can create
life threatening delays unless emergency
activation is explicitly empowered (Bihar
Notificagtion).

2. Confidentiality and records management
gaps. Paper records and broad access
increase leak risk; identity change
procedures are complex and vulnerable to
procedural errors.

3. Insufficient family and socio economic
support. The Scheme's operational focus on
immediate physical protection often omits
livelihood, housing, and psychosocial
support for witnesses and dependents.

4. Institutional capture risk. Local political
dynamics and weak independent oversight
create opportunities for collusion and
deliberate undermining of protection
measures.

5. Capacity and resource constraints. Shortage
of trained protection officers, safe houses,
and contingency funds undermines timely
and sustained protection (BDPHD, 2025).

Prioritized Mitigations and Operational
Recommendations

Immediate actions (0-3 months): Emergency
activation SOP: Authorize police to provide
immediate protection for a defined short
period (e.g., 72 hours) without Competent
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Authority approval; require retrospective
review. Contingency disbursement rules:
Enable rapid release from the State Witness
Protection Fund for emergency relocation,
medical care, and subsistence. Confidentiality
lockdown: Issue standing orders restricting
access to witness files to named officials;
prohibit printing and require secure transport
of any physical records (BWPS, 2020).

Short term measures (3-12 months):- Family
protection package: Institutionalize protection
for immediate family members, short term
livelihood support, and trauma counselling.
Dedicated trained units: Create small, trained
witness protection units within police and
prosecution with mandatory rotation and
vetting to reduce collusion risk. Safe house
network and relocation protocols: Map and vet
a roster of safe houses (state and inter state),
standardize transport and cover story
protocols, and maintain secure communication
channels.

Medium term reforms (12-24 months):- Secure
digital case management: Deploy a role based,
auditable witness registry with encryption and
tamper evident logs; limit data replication.
Independent oversight board: Constitute a
multi stakeholder oversight body (judicial,
prosecution, civil society) to review denials,
leaks, and systemic failures and to publish
redacted performance metrics. Community
engagement and stigma reduction: Partner
with NGOs and local leaders to build
protective coalitions and reduce social
ostracism of witnesses.

Monitoring, KPIs, and Risk Management

Suggested KPIs. Time from threat report to
first protection action; number of witnesses
granted protection who subsequently testify;
recantation rate among protected witnesses;
incidents of post protection attacks; number of

confidentiality breaches; fund disbursement
turnaround time. Risk controls. Regular audits
of access logs; mandatory rotation and
background checks for protection officers;
whistleblower channels with legal safeguards;

judicial review for contested denials (BWPS,
2020).

Conclusion

The Bihar Witness Protection Scheme, 2018
provides a necessary legal framework aligned
with the national template, but operational
risks-notably delays in activation,
confidentiality lapses, resource shortfalls, and
institutional capture-threaten its effectiveness.
Prioritizing emergency activation protocols,
confidentiality controls, family protection,
dedicated trained units, secure digital records,
and independent oversight will materially
reduce the most severe threats and improve
prosecution outcomes. Immediate
implementation of the recommended
emergency SOPs and contingency funding will
yield the highest short term risk reduction.

References

* Witness Protection Scheme (WPS), 2018;
Ministry of Home Affairs, Government of
India, New Delhi.

e Bihar Directorate of Prosecution and
Home Department (2025) Gazette
Notifications, Bihar.

e Bihar: Witness Protection Scheme, 2018
(2020) (Gazette Summary); Indian
Employees.com

I]]] sciEncia /]

A Multidisciplinary Peer Reviewed Refereed Research Journal \ 43



https://www.print-driver.com/?demolabel-en

WYear-ﬂ Vol.-19 | Issue-26 | July-December 2025 I ISSN : 2320-8422 I

Diabetes Mellitus Type 2 Risk Factors and Vascular
Complications

Chandra Kishor* and S.K.Mishra

Department of Environmental Science, A.P.S.University , Rewa, M.P
Department of Botany, Government Madhav Rao Sadashiv Gowalkar College,
A.P.S.University, Rewa, (M.P)

Abstract

Type 2 Diabetes mellitus (T2DM) is a growing global health problem that substantially increases
the risk of both macrovascular and microvascular disease. To synthesize current evidence on
major risk factors for T2DM and the mechanisms and clinical spectrum of its vascular
complications, and to summarize prevention and management strategies. Multifactorial risk
reduction - targeting glycemia, blood pressure, lipids, lifestyle, and use of cardioprotective
glucose-lowering agents - reduces vascular events and progression of microvascular disease.
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Introduction include peer reviewed reviews and clinical

analyses (Fabris et.al., 2025).
Diabetes mellitus (Type 2) is characterized by

insulin resistance and relative insulin Risk Factors for Type 2 Diabetes Mellitus
deficiency and is associated with chronic (Fabris et.al., 2025).

hyperglycemia and metabolic dysregulation.

The global prevalence of diabetes is increasing ~ * Nonmodifiable Risk Factors

in parallel with aging populations and rising
rates of overweight and obesity, driving a
growing burden of vascular complications.
Effective prevention and management require
understanding both the risk factors that
predispose to T2DM and the pathophysiologic
links between diabetes and vascular injury
(Sah et.al., 2025).

- Age. Incidence rises with advancing age.

- Genetic predisposition and family
history. Multiple genetic loci and familial
clustering increase susceptibility.

- Ethnicity. Certain ethnic groups have
higher baseline risk.

Methods e Modifiable Risk Factors

Narrative synthesis of recent reviews and
primary care analyses on T2DM risk factors
and vascular damage progression; sources

- Overweight and obesity. Central
adiposity is a primary driver of insulin
resistance.
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- Physical inactivity. Low activity worsens
insulin sensitivity and weight gain.

- Unhealthy diet. High-calorie, high-sugar,
and processed-food diets increase risk.

- Smoking and alcohol use. Both contribute
to metabolic and vascular risk.

- Hypertension and dyslipidemia.
Frequently coexist with insulin resistance
and amplify vascular risk.

Pathophysiology Linking Diabetes to
Vascular Complications

Core mechanisms include chronic
hyperglycemia, insulin  resistance,
dyslipidemia, low-grade inflammation,
oxidative stress, and endothelial dysfunction.
These processes accelerate atherosclerosis and
impair microvascular structure and function.
Advanced glycation end products, activation
of protein kinase C pathways, and increased
reactive oxygen species contribute to basement
membrane thickening, capillary occlusion, and
impaired tissue perfusion. These mechanisms
explain the increased incidence of coronary
artery disease, stroke, peripheral arterial
disease, retinopathy, nephropathy, and
neuropathy in people with T2DM.

Vascular Complications (Fabris et.al., 2025).
Macrovascular Complications

Atherosclerotic cardiovascular disease is the
leading cause of morbidity and mortality in
T2DM and includes:

- Coronary artery disease presenting as stable
angina, acute coronary syndromes, or silent
ischemia.

- Ischemic stroke with higher recurrence and
worse outcomes.

- Peripheral arterial disease leading to
claudication, critical limb ischemia, and
increased amputation risk.

Microvascular Complications

- Diabetic retinopathy: progressive retinal
microangiopathy causing vision loss.

- Diabetic nephropathy: albuminuria and
progressive decline in glomerular filtration
leading to chronic kidney disease.

- Diabetic neuropathy: distal symmetric
polyneuropathy and autonomic neuropathy
increasing foot ulcer and cardiovascular risk.

‘ Risk factor H Primary mechanism H Associated vascular complication |
Obesity/central Insulin resistance; CAD; stroke; microvascular disease. (Sah
adiposity inflammation et.al, 2025)
Hvpertension Shear stress; endothelial [|Accelerates nephropathy; CAD; stroke

yp injury (Fabris et.al., 2025)
Dyslipidaemia Atherogenesis (CF(:[;):;?Z Z?d 5 g;lé))heral arterial disease
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Table 1. Comparison Table of Vascular Complications

Complication Type Typical Manifestations Key Preventive Strategies
Macrovascular Coronary | Angina; myocardial | Glycemic control; BP
disease Stroke PAD infarction; ischemic stroke; | control; statin  therapy;
claudication smoking cessation;
antiplatelet therapy when
indicated; SGLT2i/GLP1-RA
for high-risk patients.
Microvascular Retinopathy Visual impairment; retinal | Tight glycemic control; BP
hemorrhages control;  regular  retinal
screening.
Microvascular Nephropathy | Albuminuria; progressive | Glycemic control; RAAS
CKD blockade for albuminuria;
SGLT2 inhibitors to slow
progression
Microvascular Neuropathy Sensory loss; foot ulcers; | Glycemic control; foot care;
autonomic dysfunction neuropathic pain
management.

Clinical Implications Screening and
Management

Screening and Risk Assessment

- Risk estimation should include assessment
of traditional cardiovascular risk factors and
use of validated tools to estimate 10-year
ASCVD risk. Guidelines recommend
integrating diabetes-specific risk into
management decisions.

- Microvascular screening: annual retinal
exams, urine albumin-to-creatinine ratio, and
foot examinations are recommended to detect
early disease (Sah et.al., 2025).

Therapeutic Strategies

- Glycemic control. Individualized HbAlc
targets reduce microvascular complications;
intensive control has more modest effects on
macrovascular events and must be balanced
against hypoglycemia risk.

- Blood pressure control. Lowering BP reduces
both macrovascular and microvascular
outcomes; targets should be individualized.

- Lipid management. Statin therapy for
primary and secondary prevention is a
cornerstone of ASCVD risk reduction (Fabris
et.al., 2025).

- Antiplatelet therapy. Aspirin for secondary
prevention; selective use for primary
prevention after individualized risk
assessment.

- Glucose-lowering agents with cardiovascular
and renal benefits. SGLT2 inhibitors and GLP-
1 receptor agonists reduce major adverse
cardiovascular events and slow kidney disease
progression in high-risk patients and should
be considered when indicated.

- Lifestyle interventions. Weight loss, dietary
modification, and increased physical activity
reduce progression from prediabetes to
diabetes and improve cardiovascular risk
profiles (Sah et.al, 2025).

Prognosis and Public Health Considerations

T2DM substantially shortens life expectancy
primarily through cardiovascular disease.
Population-level prevention targeting obesity,
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physical inactivity, and unhealthy diets is
essential to curb the rising incidence. Health
systems must prioritize integrated care models
that address multifactorial risk reduction,
early detection, and equitable access to
evidence-based therapies (Fabris et.al., 2025).

Conclusion

T2DM is a complex metabolic disorder whose
major clinical burden arises from vascular
complications. Prevention and mitigation
require multidimensional strategies:
addressing modifiable risk factors,
implementing guideline-directed medical
therapy for cardiovascular and renal
protection, and ensuring systematic screening
for microvascular disease. Coordinated public
health and clinical efforts can reduce the
individual and societal impact of diabetes-
related vascular disease.
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Abstract

Floral biology is pivotal in shaping reproductive success in angiosperms through its influence
on pollinator interactions, breeding systems, and nectar dynamics. This mini review synthesizes
findings from selected medicinal and aromatic plants, including Hygrophila auriculata, Salvia
leucantha, Justicia betonica, Ocimum basilicum, Cymbopogon citratus, and Cinnamomum
verum, to evaluate structural and functional floral traits in relation to pollination ecology.
Variations in morphology, nectar secretion, pollen presentation, and stigma receptivity strongly
affect pollinator attraction and efficiency. Quantitative differences in nectar yield and sugar
concentration enhance reproductive outcomes while contributing to apicultural value. Breeding
systems range from self-compatibility to obligate outcrossing, with reproductive limitations
often linked to pollinator availability and floral architecture. Low fruit and seed set in certain
species may result from pollinator scarcity, phenological mismatches, or structural constraints.
Pollinator behavior, particularly honey bees and other insects, mediates gene flow and ecosystem
services. Integrating floral traits, nectar ecology, and pollinator dynamics underscores both
ecological and economic significance.
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Introduction

Angiosperm floral biology underpins
reproductive success by mediating interactions
among floral morphology, nectar rewards,
breeding systems, and pollinator behaviour.
Nearly all animal pollinated plants rely on fine
scale alignment of floral traits with pollinator
assemblages, such that variation in corolla
architecture, pollen presentation, and stigma
receptivity can alter visitation rates, pollen

transfer efficiency, and ultimately fruit and
seed set. Nectar quantity and sugar
concentration are central components of this
functional interface, shaping pollinator
preferences while determining the apicultural
and economic value of flowering resources.
Recent work on nectar secretion in Hygrophila
auriculata and Salvia leucantha, for example,
demonstrates pronounced diurnal dynamics
linked to temperature and humidity, with
substantial honey production potential per
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hectare (Roguz et al., 2025; Sage and van der
Kooi, 2023; Bareke and Addi, 2022; Mitchell et
al., 2009).

Medicinal and aromatic angiosperms of
Acanthaceae and Lamiaceae, including
Hygrophila auriculata, Salvia leucantha,
Justicia betonica, Ocimum basilicum,
Cymbopogon citratus, and Cinnamomum
verum, provide ideal models for integrating
floral biology with pollination ecology
because they are melliferous, insect pollinated,
and display diverse breeding systems from self
compatibility to obligate outcrossing (Kumar,
2025; Rani et al., 2025; Rout and Kumar, 2025;
Kumar et al., 2024; Hathurusinghe et al., 2023;
Filipiak et al., 2022; Layek et al., 2022; Bareke
and Addi, 2022; Prasifka et al., 2018; Bhowmik
and Datta, 2013; Ma?ukanovi?-Joci? et al.,
2007). In basil, for instance, protandry, bee
mediated pollination, and complex foraging
dynamics of Apis species highlight how floral
phenology and pollinator behaviour jointly
structure reproductive output (Kumar, 2025).
Yet low fruit or seed set reported in several
taxa suggests potential pollen limitation
arising from pollinator scarcity, phenological
mismatches, or structural constraints (Lépez-
Olvera et al., 2025; Yuan et al., 2025). This mini
review synthesizes floral traits, nectar ecology,
and breeding systems in selected medicinal
and aromatic plants to elucidate their
pollination mechanisms and associated
ecosystem services, particularly for apiculture
and sustainable agro ecosystems.

Discussion
Ceylon cinnamon, also known as
Cinnamomum verum Blume (syn

Cinnamomum zeylanicum), has drawn
attention because of its special qualities and
health advantages. Therefore, it is essential to
maintain both the yield quantity and quality,

particularly for high-end value-added
products. Commercial cultivation endeavours
and the development of superior varieties
depend on an understanding of flower
behaviour and reproductive biology.
However, limited information exists about
tfloral biology of Cinnamomum verum.
Hathurusinghe et al. (2023) evaluated two
cultivars of Cinnamomum verum for
pollination, floral growth, and seasonal
tlowering. Prior to and following pollination,
information on male and female floral organs,
pollination, and floral biology was gathered
both at macroscopic and microscopic levels.
Cinnamomum verum naturally evolved with
protogynous dichogamy and has morpho-
anatomical, structural, and physiological
adaptations for cross-pollination between the
two cultivars; type A (Sri Gemunu) and type B
(Sri Wijaya) flowers. The female and male
stages of the same tree, however, overlap for
roughly 45 to 60 minutes due to changes in
environmental conditions, which may indicate
close pollination inside the same plant. Even
during self-pollination, some of the pollens
were seen to be hydrated throughout this
occurrence. In the meantime, 4-8% of the
tlowers produced fruit following natural and
hand-to-hand pollination between the male
and female phases of the same tree. Despite
being suited for «cross-pollination,
Cinnamomum verum can also naturally close-
pollinate. The information points to the
complexity of sexual reproduction of
Cinnamomum verum. The development of
superior Cinnamomum verum cultivars
would be aided by carefully managed
breeding efforts with regulated variables like
temperature and humidity (Hathurusinghe et
al., 2023).

Pollinators are essential to the sustainability
of agriculture, biodiversity, and ecosystem
services. A common aromatic grass in tropical
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and subtropical climates, is Cymbopogon
citratus (DC.) Stapf. It is also known as
lemongrass, and is significant both
economically and medicinally. Although
lemongrass is primarily recognized for its
essential oil production and vegetative
propagation, little is known about the role of
insect visits in its reproductive ecology and
associated ecosystem services. Rout and
Kumar (2025) documented and examined the
variety of pollinators that visit Cymbopogon
citratus, emphasising their ecological
significance and taxonomic makeup.
Representatives of the Diptera, Hymenoptera,
and Coleoptera were included in the reported
assemblage, highlighting the role that both wild
and managed insects play in plant-pollinator
networks and conservation approaches. The
hoverflies Helophilus pendulus, Episyrphus
balteatus, and Allograpta obliqua were
regularly seen visiting the inflorescences,
engaging in active hovering and feeding. Their
frequent visits implied a deep attraction in the
floral resources that Cymbopogon citratus had
to provide. Two kinds of honey bees, Apis
cerana and Apis mellifera, both of which are
members of the Apidae family, served as
representatives of the Hymenoptera. These
species collected pollen and nectar from the
blooms as part of their consistent and
deliberate foraging activity. Both natural (Apis
cerana) and managed (Apis mellifera)
pollinators were present, suggesting that
Cymbopogon citratus is a useful feed plant for
a variety of pollination guilds. There was only
one species of Coleoptera, Chrysolina
staphylaea (family Chrysomelidae). Even
though it didn't visit very often, the beetle was
seen feeding on flower components, which
helped with inadvertent pollination. Thus, a
variety of insect pollinators primarily flies and
bees are supported by Cymbopogon citratus
(Rout and Kumar, 2025).

In addition to its significance as a decorative
plant, Justicia betonica L. is used medicinally
to treat a number of human complications.
West Bengal is one of the Indian states where
the plant species population size and
abundance are extremely low. Moreover,
pollination ecology and breeding system of
Justicia betonica are still unknown. To provide
crucial information for the sustainability of
species, some reproductive factors were thus
examined by Layek et al. (2022). Flowering
took place from December through May,
peaking in February and March. In April and
May, flower blooming time was significantly
earlier (5:00 to 8:00 a.m.) than on a cold day
(10:00 a.m. to 12:00 p.m. in December and
January). The time of anther dehiscence
coincided with the flower opening time;
however, the stigma became receptive later.
The plant species is self?compatible but
dependent on pollinators for fruit and seed
sets. Members of different insect groups like
ants, bees, butterflies, flies, moths and wasps
visited the flowers. Among them,
Allorhynchium metallicum and Halictus
acrocephalus were the primary pollinators
(based on the "relative pollinator service"). The
plant species showed a significant pollination
deficit (coefficient of pollination deficit [D] =
0.32) in the open condition. Larvae of the
tflorivorous moth Gatesclarkeana erotias
significantly reduced reproductive success by
eating their floral parts, ovules and immature
seeds. In conclusion, combining the pollination
deficit and the feeding activity of
phytophagous insects (moth larvae) may
reduce the reproductive fitness of Justicia
betonica in the study regions. In summary, the
pollination deficit and the feeding behaviour
of phytophagous insects (moth larvae) may
work together to lower Justicia betonica
reproductive fitness (Layek et al., 2022).
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Bareke and Addi (2022) measured the
dynamics of nectar secretion and the ability of
Hygrophila auriculata and Salvia leucantha to
produce honey. To measure the volume of
accumulated nectar, a group of flowers was
covered with mesh bags the day before nectar
collection. Additionally, measurements of
nectar volume, concentration, temperature,
and humidity were made every three hours.
One-way ANOVA and linear regression were
used to evaluate the gathered data. At varying
times of day, the nectar secretion dynamics of
two species changed significantly (at p <0.05).

For both Hygrophila auriculata and Salvia
leucantha, the nectar volume that became
available during the two subsequent
measurements (three-hour intervals) ranged
from 1.5 to 2.5 ?1/flower and 4.1 to 5.5 ?1/
tlower, respectively. Both species showed a
favourable correlation between temperature
and nectar content. But for Hygrophila
auriculata, the temperature had a negative
correlation with nectar volume, while for Salvia
leucantha, the temperature was nearly at
equilibrium (Bareke and Addi, 2022).

Table 1: Floral Biology, Pollinator Interactions, and Nectar Dynamics in
Selected Angiosperms

Plant Species Breeding Key Pollinators Abiotic Reproductive Ecosystem
System / Floral Influences Success / Yield Service
Biology Implications
Cinnamomum Protogynous Not specified in Temperature 4-8% fruit set Complex
verum dichogamy; detail; adaptations | & humidity under natural & | reproductive
(Hathurusinghe | overlap of male | favor cross- regulate hand pollination | biology;
et al., 2023) & female pollination pollination potential for
phases (45-60 success cultivar
min); capable improvement
of cross- and via controlled
close- breeding
pollination
Cymbopogon Primarily Hoverflies Not Supports Feed plant for
citratus (Rout & | vegetative (Helophilus, emphasized diverse wild &
Kumar, 2025) propagation; Episyrphus, pollinator guilds | managed
insect visits Allograpta); pollinators;
enhance honey bees (4pis strengthens
reproductive cerana, Apis pollinator
ecology mellifera); beetle networks
(Chrysolina
staphylaea)
Justicia Self-compatible | Allorhynchium Flowering Pollination Vulnerable
betonica (Layek | but pollinator- | metallicum, time varies deficit (D = species with
et al., 2022) dependent; Halictus with 0.32); florivory | reduced
flowering acrocephalus; temperature by moth larvae | reproductive
December—May | other insects (ants, | (earlier in reduces seed set | fitness due to
bees, butterflies, warmer pollination
flies, moths, months) deficit +
wasps) herbivory
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Hygrophila | Nectar secretion | Not specified Temperature: Nectar volume: | Demonstrates
auriculata & | dynamics vary (focus on nectar | negative 1.5-2.5u abiotic
Salvia by time of day traits) correlation with (Hygrophila), regulation of
leucantha nectar volume 4.1-5.5ul nectar traits;
(Bareke & (Hygrophila), (Salvia); Honey | high honey
Addi, 2022) equilibrium in potential: 29.88 | production

Salvia; Humidity: | kg potential
negative (Hygrophila),

correlation with 60.2 kg (Salvia)
concentration,

positive with

volume

(Hygrophila)

Ocimum Entomophilous; | Dominant: Apis | Temperature & OP > BP > PE; | Bees critical

basilicum diverse mellifera, Apis sunshine (+); PE caused for productivity

(Kumar, pollinator dorsata, Apis wind & humidity | 300% seed yield | &

2025) community (17 cerana; solitary | (-) reduction & sustainability;
species, 5 bees, hoverflies, 61% highlights role
orders) non-bee germination of managed

hymenopterans drop pollinators

In both species, humidity had a negative
correlation with nectar concentration, while in
Hygrophila auriculata, it had a positive
correlation with nectar volume. Nonetheless,
for Salvia leucantha, the correlations between
humidity and nectar volume were nearly at
balance. Depending on the size of the plants,
the species' mean honey production potentials
were calculated to be 29.88 kg for Hygrophila
auriculata and 60.2 kg for Salvia leucantha
(based on the average quantity of nectar sugar
produced by the plants) (Bareke and Addi,
2022).

Kumar (2025) sought to: (i) investigate the
diversity of insect pollinators on Ocimum
basilicum flora; (ii) estimate the relative
abundance, foraging rate, and speed of honey
bees on Ocimum basilicum and their
correlation with meteorological parameters;
and (iii) investigate the impact of pollinators
on seed yield and quality. The study identified
17 insect species that visited Ocimum
basilicum verticillasters, representing 13
genera, 11 families, and 5 insect orders:
Diptera, Hemiptera, Lepidoptera, Coleoptera,
and Hymenoptera. The most prevalent order

was the Hymenoptera, with important
pollinators being identified as Apis mellifera,
Apis dorsata, Apis cerana, Ceratina sp., and
Megachile sp. The species with the highest
relative abundance was Apis mellifera. There
was ecological balance and diversity in the
pollinator community, as indicated by the
Shannon-Wiener Diversity Index (H? = 2.75).
Emphasising the ecological richness of the
Ocimum basilicum agroecosystem were the
presence of solitary bees, hovertflies
(Episyrphus sp.), and non-bee hymenopterans
such Campsomeriella annulata. The foraging
speed and rate of Apis mellifera, Apis dorsata,
and Apis cerana were measured. Apis dorsata
toraged more slowly than Apis cerana, which
had the greatest mean foraging rate. Apis
mellifera was the next. Apis mellifera, however,
had the fastest foraging speed. Temperature
and sunlight were found to have a positive
correlation with bee abundance, relative
abundance, and foraging rate, while wind
speed and relative humidity had a negative
correlation, suggesting that pollinator activity
was strongly influenced by abiotic factors. The
crucial role that bee pollination plays in
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increasing productivity was demonstrated by
pollination experiments employing three
treatments: Open Pollination (OP), Bee
Pollination (Apis mellifera) (BP), and
Pollinator Exclusion (PE). The OP plots
outperformed the BP plots in terms of seed
yield, pod number, test weight, and
germination rate. Bee activity, particularly by
Apis mellifera, was strongly linked to
successful fertilisation and seed development,
as evidenced by the stark 300% decrease in
seed output and 61% decrease in germination
that occurred in PE plots. The pollinator
community supported by Ocimum basilicum
was incredibly diversified and numerous, with
Apis mellifera being the most dependable and
effective pollinator. These results highlighted
the relevance of regulated pollinators in
improving agricultural productivity and
sustainability in the face of changing climate
conditions and advanced knowledge of
pollination dynamics in medicinal plants
(Kumar, 2025).

Integrative Insights

This mini review highlights how floral biology,
nectar dynamics, and breeding systems jointly
govern reproductive success and pollination
efficiency in selected medicinal and aromatic
angiosperms. A summary of reviewed
literature is displayed in Table 1. Some insights
gained from the review is presented below.

1. Breeding systems: Range from self-
compatible but pollinator-dependent
(Justicia) to protogynous dichogamy
(Cinnamomum).

2. Pollinator diversity: Bees dominate, but
flies, beetles, and wasps also contribute
significantly.

3. Abiotic regulation: Temperature,
humidity, and sunshine strongly influence
nectar secretion and pollinator activity.

4. Ecosystem services: Pollinators enhance
seed yield, germination, and honey
production potential.

5. Challenges: Pollination deficits and
tlorivory reduce reproductive success in
vulnerable species.

Floral morphology and anatomical
adaptations regulate nectar secretion patterns,
which determine pollinator attraction.
Pollinator behaviour and foraging efficiency
interact with the plant's breeding system and
pollen dynamics to influence effective
pollination. Successful pollen transfer
ultimately determines reproductive outcomes
such as fruit and seed set. These reproductive
processes contribute not only to plant fitness
but also to ecosystem services including honey
production and biodiversity conservation
(Figure 1).

NECTAR DYNAMICS FLORAL BIOLOGY & POLLINATION

ECOSYSTEM SERVICES

\  BREEDING &
SYSTEMS

Figure 1: Integrative Framework of Floral
Traits, Nectar Ecology, and Pollinator
Interactions (representative figure)
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Conclusions

This mini review highlights how floral biology,
nectar dynamics, and breeding systems jointly
govern reproductive success and pollination
efficiency in selected medicinal and aromatic
angiosperms. Structural traits, temporal
patterns of nectar secretion, and quantitative
variation in nectar sugars strongly modulate
pollinator attraction, behavior, and pollen
transfer, thereby influencing fruit and seed set
as well as apicultural value. Evidence of
pollen and pollinator limitation in several taxa
underscores the vulnerability of these species
to declines in pollinator abundance,
phenological shifts, and habitat disturbance.
At the same time, the studied species provide
critical ecosystem services by supporting
diverse pollinator assemblages and
contributing to honey production and
landscape-level biodiversity. Integrating floral
trait biology with pollinator ecology in these
plants can inform conservation strategies,
optimize their use in agro ecological designs
and apiculture, and guide future research on
climate sensitive plant-pollinator interactions
in medicinal and aromatic crops.

References

* Bareke, T., & Addi, A. (2022). Quantifying
nectar secretion potential of Hygrophila
auriculata (Schum.), Heine (Acanthaceae),
and Salvia leucantha Cav.(Lamiaceae) for

honey production. Advances in
Agriculture, 2022(1), 8301903.

* Bhowmik, S., & Datta, B. K. (2013). Pollen
production in relation to ecological class
of some hydrophytes and marsh plants.

American Journal of Plant Sciences, 4(2),
324-332.

* Filipiak, M., Walczy?ska, A., Denisow, B,
Petanidou, T., & Zi¢?kowska, E. (2022).

Phenology and production of pollen,
nectar, and sugar in 1612 plant species from

various environments. Ecology, 103(7),
e3705.

* Hathurusinghe, B. M., Pushpakumara, D.

G., & Bandaranayake, P. C. (2023).
Macroscopic and microscopic study on
floral biology and pollination of

Cinnamomum verum Blume (Sri Lankan).
Plos one, 18(2), e0271938.

* Kumar, A. (2025). Foraging behaviour of

italian honey bee (Apis mellifera) on Tulsi.
https:/ /krishikosh.egranth.ac.in/assets/
p d4 f j s / w e b /
viewer.html?file=https%3A %2F %2F
krishikosh.egranth.ac.in%2F
server %2Fapi%2Fcore %2Fbitstreams %2
F3c979b74-0£f5-42be-99bc-
b136a786b949 % 2Fcontent

* Kumar, A, Singh, S., Pandey, A., Singh, B.

K., Pandey, R., Mishra, M. K., ... & Singh,
A. K. (2024). Foraging attributes of insect
pollinators on tulsi (Ocimum basilicum).
Uttar Pradesh Journal of Zoology, 45(12),
75-81.

* Layek, U., Midday, M., Bisui, S., Kundu,

A., & Karmakar, P. (2022). Floral biology,
breeding system and pollination ecology
of Justicia betonica L.(Acanthaceae): an
assessment of its low reproductive success
in West Bengal, India. Plant Species

Biology, 37(4), 278-293.

* Lo6pez-Olvera, M., Galindo-Flores, G.,

Lopez-Escamilla, A. L., & Lara, C. (2025).
Reproductive constraints and severe
pollinator limitation in the mexican
endemic orchid Govenia capitata:
implications for conservation. Plants

(Basel, Switzerland), 14(21), 3377.

I]]] sciEncia /]

A Multidisciplinary Peer Reviewed Refereed Research Journal \ 54



https://www.print-driver.com/?demolabel-en

I]]] sciEncia /]

Vol. -19

Issue-26

July- December 2025 I

ISSN : 2320-8422 I

Ma?ukanovi?-Joci?, M. P., Ran?i?, D. V., &
Stevanovi?, Z. D. (2007). Floral nectaries of
basil (Ocimum basilicum): morphology,
anatomy and possible mode of secretion.
South African Journal of Botany, 73(4), 636-
641.

Mitchell, R. J., Irwin, R. E., Flanagan, R. ],
& Karron, J. D. (2009). Ecology and

evolution of plant-pollinator interactions.
Annals of botany, 103(9), 1355-1363.

Prasifka, J. R., Mallinger, R. E., Portlas, Z.
M., Hulke, B. S, Fugate, K. K., Paradis, T.,
... & Carter, C.]. (2018). Using nectar-related
traits to enhance crop-pollinator

interactions. Frontiers in plant science, 9,
812.

Rani, P., Thakur, R. K., Thakur, M., Bakshi,
D., Saini, S., & Rahimi, M. (2025). Floral
visitor assemblages in medicinal
Lamiaceae and nectar sugar dynamics of
Ocimum sanctum in the North Western
Himalayan region. Scientific reports, 15(1),
41706.

Roguz, K., Pstroko?ski, P., Ryniewicz, J.,
Chmur, M., Bajguz, A., & Sapir, Y. (2025).
Environment or pollinators? factors
shaping breeding system and spatial
variation in nectar properties and
pollination system in a desert species
Fritillaria persica L. (Liliaceae). Ecology
and evolution, 15(4), e71265.

Rout, S., & Kumar, S. (2025). Chapter 7:
Buzzing allies of lemongrass: pollinators
supporting ecosystem services and plant
conservation. In: Animal-Plant Interaction,

Vol.VI, 60-67.

Sage, R. F., & van der Kooi, C. J. (2023).
Preface to the focus issue on pollination
and floral regulation. Annals of Botany,
132(6), i-iv.

Yuan, B., Deng, Z.-H., Zhang, N.-N.,
Huang, Z.-C.,Su, X.-L., Lu, Y.-Y., Zong, Z..-
Y., Yuan, D.-Y., Fan, X.-M., & Hu, F.-L.
(2025). Pollination deficit: a key limitation
of fruit set in northward-expanded
Camellia orchards. Agriculture, 15(16),
1717.

A Multidisciplinary Peer Reviewed Refereed Research Journal \ 55



https://www.print-driver.com/?demolabel-en

Vol. -19 Issue-26

Assessment of Molluscs Population in Wetlands of
Champaran District, North Bihar

July- December 2025 I

ISSN : 2320-8422 I

Madan Banik* and R.N.Yadav
Department of Life Science, M.G.University, Bhopal, M.P.

Abstract

Wetlands of Champaran in north Bihar are biologically rich ecosystems that support diverse
aquatic fauna and provide important ecosystem services to local communities. Recent regional
studies highlight the ecological significance of Champaran wetlands and their role in supporting
aquatic biodiversity. Objective of our manuscriptis to assess species composition, abundance,
spatial distribution, and habitat associations of molluscs (Gastropoda and Bivalvia) across
representative wetlands in Champaran, and to evaluate environmental drivers and conservation
implications.
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Introduction

Wetlands are highly productive for the natural
growth and propagation of Mollusca fauna.
The productivity of a wetland depends mainly
on the morphometric features and soil and
water quality. However the productivity of
mollusks also depends on the availability of
food upon which they depend. Generally the
in Macro invertebrates of swamps belonged to
Annelida, Gastropoda and Coleptera. In fact
the shallow standing water with macrophyte
provides a variety of niches for several insect
larvae adopted for boring into stems and
leaves of plants and substrate for benthos.
Floating and submerged macrophytes second
to support larger invertebrate fauna than
emergent vegetation.

The fluctuation in the density of macro
invertebrate populations depends upon
various factors, stages of life-cycle of

particular group, water depths and vegetation
conditions that control directly the physic-
chemical conditions of water and different
relationship existing between biotic
components in the form of interspecific and
intraspecific competition and prey predator
interactions and animal plant relationship
(Dhivaharan, 2021).

Depending upon the degree of association of
Macro invertebrate with aquatic macrophytes
(Plate 1) they can easily be differentiated into
two groups (a). The fauna closely associated
with submerged macrophyte parts of
vegetation the annelids Chironomids, Odonata
and ephemeroptera and (b). Other
compratatively less associated or generally free
moving types (Gastropoda, Nemiptera and
Coleoptera).

These associations depends upon different
relationship & existing between biology of
both plants and animals. At first while I visited
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the study area we observed that a band of boys
are hanging bags on their shoulders and
collecting Pila and Bivalves for their lively
hood rather depending on wetland resources.
The broken material of molluscan population
is being sold for commercial use and flash and
meat is sold in the market as a meat material.
Considerable works have been done in the
field of molluscan productivty of wetland
(Dudani et al 1998; Singh and Munshi, 1992;
Tonapi 1971) but no work has been done on
the productivity of molluscs in relation to
water quality of this wetland.

Material And Methods

For estimation of molluscan productivity, the
area under study was investigated. Water
samples were analysed by following the
methods of APHA (1995). Molluscs were
collected with the help of Ekmens dredge and
identified by following the method of
Subbarao and Mitra (1989). Surveys were
conducted seasonally at multiple wetland sites
selected to represent lakes, marshes, and slow-
flowing water bodies. Sampling combined
timed-searches, quadrat sampling for benthic
assemblages, and hand-collection along
littoral zones (Yadava, 1988). Water quality
parameters (temperature, pH, dissolved
oxygen, conductivity, turbidity) and habitat
variables (substrate type, macrophyte cover,
anthropogenic disturbance) were recorded at
each site. Specimens were identified to the
lowest practicable taxonomic level using
standard keys and museum comparisons;
relative abundance and diversity indices
(Shannon, Simpson, Pielou) were calculated.
Field methods followed protocols used in
regional wetland assessments.

Results And Discussion

The water of die wetland is transparent with
rich macrophysics infestation. The Physic
chemical properties are already given in text.
Altogether 16 species of mollusks were
recorded from the study area. They were Bella
my a bengalensis, pila globosa, Digoniostome
pulchella Lymnaea, acuminata, Indoplanorbis
exustiis Gyraulus euphraticus recorded higher
during winter season and lowest during
Monsoon season. Out of 16 Species of molluscs
collected from the study area only four species
of parreysia favidens, R favidens Var. Pinax,
marcensy and Lamellidens corrianus attach
much commercial importance for shell

fisheries of this area. Therefore, it is quite
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Fig. 1.(a) Grazed leaves of Nelumbo nucifera
(b)Abundance of molluscs in wetland water.
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Fig. 2. Vegetation of Mollusca in Wetland of Champaran District near North Bihar (1. Bellamy a bengalensis; 2. Bellamya
bengalensis f. typical; 3. Bellamya dissimilis; 4. Pila globosa; 5. Tbiara scabra; 6. Thiara tuberculata; 7. Thiara lineate; 8. Brotia

cosata;9. Lymnaca accuminata; 10. Indoplanorbis exustus;11. Lamellidens marginolis; 12. Lamellidens corrianus; 13. Parreysia
fain dens; 14. Parreysia favidens var. pinax; 15. Parreysia favidens var. marcens; 16. Corbicida striatella
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The observation reveals that this wetland has
potentiality for production of mollusks. The
muddy bottom with high organic matter
content deposition on the lake bottom is highly
favorable for the establishment of Mollusca
community in this ecosystem. The water
quality of Mollusca fauna, the higher level of
conductivity, calcium nitrate and phosphate
favor their production and growth as also
observed by Dudani et al.(1988). Mollusca
production showed inverse relationship with
calcium nitrate and phosphate content as the
level of these nutrient lower in winter while
production of molluscs were higher during
these season. On the contrary during summer
the level of nutrients in water gradually
increased and molluscs population decreased.
Dhivaharan (2021) have also reported inverse
relationship between molluscs and calcium
content of water. During winter molluscan
population increases so they utilize the
nutrients of water while during summer the
Mollusca population decreases due to their
decomposition owing to low water level
process the nutrients is again released to the
water (Subba Rao, 1989). However, during
monsoon the lowest Mollusca population
recorded may be due to heavy rain fall which
disturb the ecosystem and establishes a new
ecological niches, for their growth. During
monsoon the young stage of Mollusca species
were found in abundance as during this
season they breed. The dense macrophytic
vegetation in this wetland is most suitable for
the growth of Mollusca macro invertebrates as
they provide food, shelter and differential
niches for their propagation and growth.

Conclusion and Implications

Molluscs in Champaran wetlands reflect
habitat quality and are sensitive indicators of
ecological change. Conservation priorities
include protecting macrophyte-rich littoral

zones, reducing siltation and pollution inputs,
and integrating mollusc monitoring into
wetland management and fisheries planning.
Baseline data from this assessment can guide
targeted restoration and community-based
conservation to sustain wetland biodiversity
and livelihoods.
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Abstract

Safflower (Carthamus tinctorius L.) is a widely cultivated Asteraceae species with well
documented uses for its seeds and florets in food, dye, and traditional medicine. Recent interest
has turned to less studied tissues such as pollen as potential reservoirs of bioactive compounds.
Aim of this manuscript combining safflower phytochemistry and medicinal uses with a detailed,
reproducible experimental plan for phytochemical analysis of safflower pollen grains. Our
approach is Systematic review of phytochemistry and ethnomedicine, followed by a proposed
experimental workflow including sample collection, extraction, qualitative and quantitative

assays, chromatographic and spectrometric profiling, and bioactivity screening.

Keywords : Carthamus tinctorius, Asteraceae, Pollen grains, Phytochemical Analysis
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Introduction

Safflower is wused traditionally for
cardiovascular, = gynecological, anti
inflammatory, and circulatory disorders.
Modern phytochemical and pharmacological
studies have identified flavonoids, phenolics,
fatty acids, and other secondary metabolites
in various safflower tissues, which underpin
many reported activities (Bai et.al., 2025). There
is a Knowledge gap regarding Pollen grains
are metabolically active microstructures that
often concentrate pigments, volatiles, and
defensive metabolites. Despite extensive work
on seeds and florets, pollen phytochemistry
and its medicinal potential remain
undercharacterized (Lamichhane et al., 2022).
Therefore, objective of this manuscript is to
Review known phytochemicals and medicinal
uses of C. tinctorius and Provide a validated
experimental protocol for extraction and

analysis of pollen phytochemicals.with
Recommend bioassays to link chemical
profiles to medicinal activities.

Materials and Methods

Sample collection and preparation: Collect
pollen from healthy, field grown C. tinctorius
plants at peak anthesis. Pool pollen from
multiple plants to reduce individual variation.
Air dry under shade to constant weight, store
at ?20?C in airtight vials with desiccant (Barhate
et.al., 2025). Extraction strategy: Sequential
solvent extraction: Use solvents of increasing
polarity: hexane (nonpolar lipids), ethyl acetate
(medium polarity), methanol (polar
phenolics/flavonoids), and water (polar
polysaccharides). Standardized ratio: 1 g
pollen : 20 mL solvent, sonication 30 min,
centrifuge, repeat twice, combine extracts,
evaporate under reduced pressure.Total
protein and carbohydrate: Bradford assay and
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phenol-sulfuric acid method respectively.
Phytochemical classes likely to be detected are
Flavonoids (quercetin and kaempferol
derivatives), phenolic acids, terpenoids, small
amounts of lipids and proteins, and volatile
aldehydes and aromatics. These classes have
been reported in safflower tissues and are
plausible in pollen (Wu et al., 2021).

Result and Discussion

Safflower preparations are traditionally used
to promote blood circulation and treat

ischemic conditions. Modern studies report
anticoagulant and cardioprotective effects
linked to flavonoids and other phenolics.
Ethnomedical applications include treatment
of pain and inflammation. Phytochemicals
such as flavonoids and terpenoids are
plausible active constituents. Traditional use
for menstrual irregularities and to promote
uterine blood flow is reported in multiple
systems of traditional medicine.

Phytochemical analysis table - Carthamus tinctorius (safflower) pollen and related tissues

Phytochemical |Representative Extraction |Analytical Reported
class compounds solvent(s) methods bioactivities
dQuf.:rCf.tm . Methanol; HPLC-DAD; ||Antioxidant;
Flavonoids erivatives, Ethanol,; LC-MS/MS; anti-inflammatory;
Kaempferol . .
L . Ethyl acetate |[TLC cardioprotective
derivatives; Rutin
Caffeic acid; Gallic ) Folin—Ciocalteu T
Phenolic acids |jacid; Chlorogenic h\){l}zttzlginol, (TPC); HPLC; izsgzlcilﬁm’ radical
acid LC-MS ging
Terpenoids / lg/lono‘Ferpenes;. Hexane; gg-gls)’ Antimicrobial;
Sesquiterpenes esquiterpenes; Ethyl acetate B aroma/pollinator cues
Sterols LC-MS
Fatty acids / Linoleic acid; Oleic Hexane; GC-MS (FAME||Nutritional value;
. . . .o . |[Soxhlet .
Lipids acid; Palmitic acid . analysis) membrane/stress roles
extraction
Benzaldehyde; Headspace Pollinator attraction;
Volatile Yee |ISPME; GC-MS Aot @ :
. Hexanal; Terpenoid antimicrobial
aromatics . Hexane (HS-SPME) .
volatiles extracts properties

Characterizing pollen phytochemistry fills a
botanical and pharmacognostic gap and may
reveal tissue specific metabolites with unique
bioactivities (Bai et.al., 2025. Use orthogonal
analytical platforms (HPLC DAD, LC MS/MS,
GC MS, NMR) to ensure comprehensive
coverage. Standardize collection time and
plant phenology to reduce variability.
Prioritize safety profiling and dose response

studies before any human use claims
(Fristiohady et.al., 2023; Jadarat et.al., 2024).
Consider pollen allergenicity in risk
assessments. Comparative studies across
cultivars, environmental conditions, and
developmental stages; in vivo efficacy and
toxicity studies for promising extracts or
isolated compounds.
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Conclusion

Safflower pollen grains are a promising but
understudied source of phytochemicals. A
rigorous, multi platform analytical approach
combined with targeted bioassays can reveal
compounds that support traditional medicinal
uses of safflower and identify novel bioactive
leads. The proposed experimental workflow
provides a reproducible path to characterize
pollen chemistry and evaluate medicinal
potential.
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Abstract

Indian maternal nutrition is a complicated socio-cultural issue that affects women's health, rights,
and socioeconomic standing, especially Scheduled Castes. Adequate maternal nutrition is
essential for mother and baby health and development. However, socio-cultural norms, economic
adversity, and poor healthcare access strongly influence marginalized mothers' diets. Maternal
nutrition is linked to SDGs, Zero Hunger, Good Health, Well-being and Gender Equality.
Scheduled Caste women in rural Bhagalpur, Bihar, confront food taboos, limited decision-making
power, gender discrimination, poverty, and nutritional ignorance during pregnancy and lactation.
These factors prevent them from fully benefiting from government assistance programs including
PMMVY, JSY, and Integrated Child Development Services (ICDS) Anganwadi facilities. This
study analyses how socio-cultural values affect maternal nutritional behaviour and how
Scheduled Caste women might help achieve health, nutrition, and gender equality SDGs. To
reduce maternal malnutrition in marginalised groups, the study emphasizes community
awareness, women's empowerment, and policy execution. Studies show that enhancing
education, health services, and socio-cultural transformation can boost maternal nutrition and
sustainable development.

Keywords : Social-cultural values, Scheduled Caste, Sustainable Development Goals, Bhagalpur,
maternal nutrition.
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Introduction disadvantaged populations, including

. ) Scheduled Castes and Scheduled Tribes.
Maternal nutrition has a big effect on maternal

health, pregnancy outcomes, and child  ggciocultural conventions, practices, and
development. Adequate nutrition during  gender roles have a big effect on how women
pregnancy and lactation not only promotes  eatand how they take care of their health. These
healthy fetal development but also reducesthe  cyltural behaviours often affect how food is
risk of maternal illness and mortality (Blacket  ghared in families, how women make decisions
al.,, 2013). Maternal malnutrition is a significant  3pout what to eat, and how easy it is to get
public health concern in developing countries  medical care (Kumar & Gupta, 2019). Pregnant
such as India, particularly among socially  women in rural areas often can't eat certain
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foods because of traditional beliefs, which
could mean they don't get enough nutrients.

Through a number of social programs and
policies, India has worked hard to make
mothers healthier. The Pradhan Mantri Matru
Vandana Yojana (PMMVY), Janani Suraksha
Yojana (JSY), and Integrated Child
Development Services (ICDS) are all programs
that aim to improve the health and nutrition
of mothers. Even with these efforts, there are
still differences in maternal health outcomes
among marginalised communities.

Women from Scheduled Castes often face
several problems, such as being poor, not
being able to get to healthcare facilities, being
discriminated against in society, and not
having many chances to go to school. These
social and cultural factors lead to poor mother
nutrition and bad pregnancy outcomes.

The United Nations' Sustainable Development
Goals (SDGs) provide a global framework for
addressing issues related to gender equality,
nutrition, and health. SDG aims to eliminate
hunger and improve nutrition, SDG focuses on
ensuring healthy lifestyles and promoting
well-being, while SDG emphasises gender
equality and women's empowerment (United
Nations, 2015). To reach these global
development goals, we need to improve the
nutrition of mothers who are on the margins.

Sociocultural norms and financial constraints
significantly impact maternal feeding habits
among Scheduled Caste women in Bihar's
Bhagalpur district. So, to make policies and
initiatives that work, you need to know about
these sociocultural elements.

Review of Literature

Many researches have shown the relationship
between maternal nutrition and socio-cultural

practices in underdeveloped countries. Smith
and Haddad (2015) contend that maternal
nutritional status directly affects child growth,
cognitive development, and long-term health
outcomes.

Black et al. (2013) said that roughly 20% of all
cases of low birth weight and stunted growth
in infants around the world are caused by
mothers who don't eat enough. Not getting
enough nutrients when pregnant can lead to
complications including anemia, giving birth
too soon, and poor growth in the womb.

In India, socio-cultural attitudes often prevent
pregnant women from eating some nutritious
foods, such as eggs, fish, and green vegetables,
since they believe that pregnancy is hard (Patel
etal., 2016). These kinds of dietary restrictions
might make it challenging to receive enough
vitamins, iron, and protein, which are all vital
nutrients.

Rao et al. (2018) conducted a study
demonstrating that women from lower socio-
economic backgrounds are more vulnerable to
maternal malnutrition due to limited access to
healthcare services and inadequate awareness
of nutritional requirements.

Studies in Bihar indicate that women, in
contrast to Scheduled Castes, typically
possessed lower levels of education and
diminished autonomy in making decisions
regarding their households. This affects their
ability to get medical attention and eat healthy
toods while pregnant (Kumar & Gupta, 2019).

Government programs like ICDS and JSY have
improved institutional deliveries and maternal
healthcare services, however not all social
classes have profited equally from these
programs (NFHS-5, 2021).
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So, cultural and social barriers are still a key
reason why maternal health and nutrition are
terrible in regions that are already poor.

Objectives of the Study
* The main objectives of this research are:

* To examine the socio-cultural factors
influencing maternal nutrition among
Scheduled Caste women in Bhagalpur
district.

* To analyze the level of awareness and
utilization of government maternal
nutrition programs.

* To study the role of women's participation
in improving maternal health and
nutrition.

* To explore the relationship between
maternal nutrition and the achievement of
Sustainable Development Goals.

Research Methodology

This study utilises a descriptive research
approach to investigate the socio-cultural
variables of maternal nutrition among
Scheduled Caste women. The research was
carried out in the rural regions of Bhagalpur
district, Bihar, where a considerable portion of
the population is comprised of Scheduled
Caste people. Using purposive sampling, 120
Scheduled Caste women who were pregnant
or had just given birth were chosen as a sample.
We gathered both primary and secondary data.
Structured interviews, questionnaires, and
observations were used to get primary data.
We got secondary data from government
papers, NFHS (2021) data, research journals,
and WHO publications.

We used descriptive statistics like frequency
distribution and percentages to look at the data
we collected. Qualitative analysis was
employed to comprehend the socio-cultural
influences on maternal nutrition.

Socio-Cultural Factors Affecting Maternal
Nutrition

Socio-cultural traditions strongly influence the
dietary patterns of women in rural
communities. In many households, pregnant
women eat last after other family members,
which often results in inadequate food intake.
Food taboos are common during pregnancy.
Certain foods such as papaya, banana, and
eggs are sometimes avoided due to cultural
beliefs that they may harm the fetus. These
misconceptions reduce the intake of important
nutrients. Gender inequality is another
significant factor affecting maternal nutrition.

Government Programs Supporting Maternal
Nutrition

Several government initiatives aim to improve
maternal nutrition in India.

Integrated Child Development Services (ICDS),
Janani Suraksha Yojana (JSY), Pradhan Mantri
Matru Vandana Yojana (PMMVY).

Despite these programs, awareness among
Scheduled Caste women remains limited.

Maternal Nutrition and Sustainable

Development Goals

Maternal nutrition is directly linked with
several Sustainable Development Goals.

SDG 2: Zero Hunger: Ensuring adequate
maternal nutrition helps reduce malnutrition
and improves food security.
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SDG 3: Good Health and Well-being: Improved = Results & Data analysis:
maternal nutrition reduces maternal mortality
and promotes healthier pregnancies. No. of respondents (N) =120

SDG 5: Gender Equality: Empowering women
through education and decision-making
opportunities enhances their ability to
maintain proper nutrition.

Table 1: Dietary Practices During Pregnancy

IDietary Practice [Yes |[No |Percentage (%) |
‘Consumption of green vegetables regularly H54 H66 ||45.0 ‘
Consumption of milk daily 39 81 32.5
Consumption of eggs 36 84 30.0
|Taking iron & folic acid tablets 72 |48 |60.0 |
|[Eating three or more meals daily 58 62 |48.3 |

The table reveals that nutritious food intakeis  suggesting moderate utilization of
relatively low among respondents. Only 32.5%  government health services. Cultural food
consumed milk daily and 30% consumed eggs,  restrictions may explain the limited intake of
indicating protein deficiency risks. However,  protein-rich foods.

60% reported taking iron and folic acid tablets,

Table 2: Food Taboos During Pregnancy

Restricted Food Item|Frequency |[Percentage (%)|I
Papaya 74 l61.7 \
IBanana |52 143.3 |
[Eges 46 38.3 |
[Fish 41 34.2 \
|N0 restrictions || 18 || 15.0 |

A large proportion of women avoided certain  restricted foods. Such food taboos can reduce

foods due to traditional beliefs. Papaya (61.7%)  nutrient intake during pregnancy and
and banana (43.3%) were the most commonly  contribute to maternal malnutrition.

Table 3: Awareness of Government Maternal Health Programs

|Government Scheme ||Aware||Not Award|Percentage Aware (%j
ICDS (Anganwadi services)||83 |37 169.2 |
Vanani Suraksha Yojana |71 [49 59.2 |
IPMMVY 48 |72 140.0 \
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Awareness was highest for ICDS services PMMVY (40%) was relatively low, suggesting
(69.2%), likely because Anganwadi centresare  gaps in information dissemination among
locally available. However, awareness of  Scheduled Caste women.

Table 4: Participation in Maternal Health Services

Service Utilization Frequency|[Percentage (%o)
Regular antenatal check -ups||67 55.8

(Occasional check -ups 133 127.5 |
INo check-ups 120 l16.7 |

Table 5: Relationship Between Education and Maternal Nutrition Awareness

‘Education Level HHigh AwarenessHLow Awarenesﬁ‘Tota]‘

‘Illiterate H9 H33 ”42 ‘

|Primary 15 21 |36 |

Secondary 17 11 28

Higher Secondary+||11 3 14

Total 52 68 120 |
Chi-Square Test Since 14.82 > 7.81, the relationship between

education and maternal nutrition awareness is

?2 calculated = 14.82 statistically significant.

df=3
Critical value (0.05 level) = 7.81

Table 6 : Perceived Barriers to Adequate Maternal Nutrition

‘Barrier HFrequencyHPercentage (%)|I
[Poverty 64 53.3 |
[Lack of awareness 52 143.3 |
Food taboos 47 39.2
Limited decision -making power|38 31.7
ILack of healthcare access 29 24.2 |

The most significant barrier was poverty  Overall Findings of the Study
(53.3%), followed by lack of awareness (43.3%)
and food taboos (39.2%). These findings * Maternal nutritionamongScheduled Caste

highlight that maternal nutrition problems are women is influenced by education,
not only medical but also social and cultural cultural beliefs, and economic status
issues. (WHO, 2020).
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* Food taboos and poverty significantly
reduce nutrient intake.

* Government schemes like ICDS and JSY are
moderately utilized, but awareness of
PMMVY remains low.

* Education significantly improves maternal
nutrition awareness, as shown by the chi-
square analysis.

These findings support the argument that
empowering women through education and
community awareness programs is essential
for improving maternal nutrition and
achieving SDGs.

8. Discussion

The findings of this study highlight that socio-
cultural traditions significantly influence
maternal nutrition among Scheduled Caste
women in Bhagalpur district. Limited
education, poverty, and gender discrimination
further exacerbate the problem. Although
government programs are designed to address
maternal health issues, their effectiveness
depends on community participation and
awareness. Promoting nutrition education,
strengthening healthcare infrastructure, and
encouraging women's empowerment are
essential steps toward improving maternal
nutrition.

9. Conclusion

Nutrition is crucial to maternal and newborn
health. Scheduled Caste women in Bhagalpur
district still struggle to embrace healthy
nutritional practices due to socio-cultural
views, economic restraints, and lack of
information. Multi-dimensional maternal
nutrition improvement requires education,
healthcare, social empowerment, and
government welfare program execution.

Scheduled Caste women's participation in
community development can help achieve
health, nutrition, and gender equality
Sustainable Development Goals.
Policymakers, health professionals, and
community organisations must work together
to improve healthcare access, decrease socio-
cultural barriers, and raise awareness.
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T UfeETis ded & fob ST et |t ST
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HERT Wl & | HIS[aT Aot dad # 4T 98 9
T TE IRt Brar & | aad ga9ed dhas
SISITaTal T AT Y TET & | T8 984, STHedid,
HaE V¥ T A U T & | T qeT Hl e
AT AR AT T & | FoTeehr B2 it 2t & |
dih TG aaT AR G & @ JHa--ahid
ATfecTh, faTereh, TThHT, Tah, ATHTh Sl
TS T XTHITT | FhID SEAeT Id bl gar o
FF T & | 30 9 § Fedl o SMEA & AT Bl
T fohaT TAT HEIT F ST A T | TTH dharel
TMIE TMER, TE ATHAR Je@- i € | qRA
TG TRAT H TeDMTT Pl wehY G F410 &8 & |

e qREpR faoar smef 89 @1 gEae densfiar
AT TET T BT 8 | Aehd=T Hl STTHAT AT, &
H/E B! o ST e gfHep W TR gaTa @
fopu 2 | UYL, & ded IR @ifee, SReid 291,
T HRE, AT FRaTd oie @l o @, ATooT
I HIIST & SATIR T T GHY e Siel | @ 74T |
Zg fauRRd 2T SR SR & SR § |qaT 9
Tl TEAT T W & 3h IR R W oA o
e 37T | HAST AT ST Tl AT &6 IS
RET fohar T | U IETT B T THEAT h
& q9Td 21

TR SR Tegare: 39 99 R egarg Jf+ame
Y W STAT-AH & | IAYH AU 37 HT FHATSAl
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FHE AT & O T8l TZATS H 9 &Il & | 3Th
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forre Sufefa = fafewr oma &t /g § e fear
o7 | T I STCRT & fob STAAT A= TAIhed, T e
AR FaeT & g fofedt 4 vrRd fagie @
AR Tefeh THF T AUAT i | A9k aRaw
FA B qfel SR T B H Beradr (I) B
SO &7 | TR0 1@ o 6T & SR had fael
# 27000 (FATSH BAR) GREHT i BT &1 74T o |
T 9 shifcgd Ao @l o HaL I T AN
fear o1 up 9% fadle & IWA SHH A
erH{RUET HR T {107 &7 | SRl ‘AT U SATiel
FEaR Heprer St 3¢ & 9 9t § ©ur | Sl
& AN H AJYH & Uid T BT 9T BI-HE I
W BAT T | AW ToAR B8 HIBAT 7 Tehala
fSferare &1 9RT fear 5 Sréie U oo 9o {48
T ST &Y | W IR A1 AR A e ufeq
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T &1 99 S8 Siarell | wel-aes d 9ers
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HERASs T ATST H & S A ST T 37 frfara
TS AT ERT IATRT B H B & | TS
i SfpT g Fsit a1 AT TS 79 U9 |
o & fores el bt 9T FArE T & STtk
ST T STTSTGT H e ST i ThIRT A6l AT dehal
| 39 I # AT F&AT & o e FANT & U 99
[ T GTfHeh BRON 9 99E el & | IT-HT (1905)
& e 3 I o FeT-haT AR & AR
< Tordr a7 | 07 TSR 1875 BT d< ATGRA &I FIH
IR AT TAT S UBall SR 7 S0 afrehr o
SR THIIH BAT| 1896 b HiUd Sfferds™ H
TEed MR o g3 A7 & 99 & Bl &l M
fopaT o7 | T 7 T 503 ATAIH B § 9
Wd & o GEHl Bl B JoF a B3 &l
AR SR | EaAar O &6 {9t
TeTal WX T8 T Shifaenl e & STieT 9Td i effd
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U0 T, Fqaifers fRer e, Y<=™R &1

UfTETiéeh HATh! Bl T Hegd BT & | B
AT STI-ITT T F I7 BT TaT B @ & g
SQr4feRT T o § & @1 S ARy | AT §
gd fofew Smae & Raars @EE qor el 99arq
HIE™ & i G99 T STUTE ol T8 H QTHiR
1 & | | P I ANFESR 30 T 1949 &
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! gl 9 | g & bRl 3 TS STieied
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TATI &, el & T bl JaeEiel & STIay
T T W H o ERl 9 S92 A AR
TUIEAT 1 & T8 X REAT STaT STl & | ARl
eI & UTQIshH ¥ g ST Pl BT, BBl
AT TSI ANH QT AqET ST qepfar
TGS & § & (b Ig P D &
IR SATEH-IS TFIIATE Hell HISTe &b A&
I & HieT & T 2 |

TR W T Hehed: 37T ST Fehel BT SATS
T 2 YTcIeTa F3TaT-Eameed | @ &, Wal-[ohaml W)
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55% i, BUIYOT § TR SMTaTel bl ST f&e |
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qEAT AT, IS+ STTEETT § HHT JAT ATTch
qRAT H STEEANT Dl DR Sr6l Ui Hl 9¢d & |
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5. HIUE HI BoQY AT 1987
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7. TSl FeTT - YT THR 2024-25
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