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From The Principal's Desk

It gives me immense pleasure and deep satisfaction to announce the publication of
the 12th volume of our multi disciplinary research journal, RAINBOW. This new
issue highlights contemporary themes, innovative perspectives, and the emerging
concerns of today’s researchers.

In today's academic environment, researchers consistently work to
integrate recent advances from various disciplines into a unified, meaningful
framework. As an inherently dynamic and evolving process, research relies on
sustained effort to produce meaningful results. At RAINBOW, we have always
prioritised encouraging research culture and providing a credible platform for
publishing high-quality, scholarly work. The journal continues to serve as an
important medium for discussing relevant issues, exchanging fresh ideas, and
disseminating the latest advancements in fundamental research.l am delighted that
this volume of RAINBOW has successfully upheld this tradition and has
showcased the commendable contributions of researchers across various
disciplines. Such contributions significantly enrich academic understanding and
contribute to the betterment of society.

I extend my heartfelt congratulations to the editors and the entire editorial

board for their dedicated efforts in bringing out this excellent edition.

Dr. A. I. Mudgal
Officiating Principal
VMV Comm., JMT Arts & JJP Science College
Wardhaman Nagar, Nagpur




Editorial

The Rainbow Peer-Reviewed Multidisciplinary Research Journal strives
to present innovative approaches that promote transformative progress across a
wide range of disciplines. It addresses numerous complex social and scientific
challenges that traditional methods often struggle to resolve. Our central goal is to
offer practical and research-based recommendations to policymakers, supporting
the implementation of meaningful scientific reforms within society.

The journal is guided by a distinguished editorial board consisting of
experienced scholars and experts from diverse academic and research
backgrounds. It provides an important platform for discussing critical issues,
exchanging new perspectives, and sharing the latest developments in
fundamental research, industrial advancement, and regulatory practices. The
journal welcomes contributions in multiple languages, including English, Hindji,
Marathi, and Gujarati. Its interdisciplinary focus spanning social sciences,
humanities, commerce, and management reflects its truly diverse and inclusive
scope.

Rainbow Journal aims to serve as an engaging and valuable resource for

researchers and scholars, functioning as a reliable reference for years to come. We
aspire for the journal to become a leading platform where researchers can present
their work and engage in meaningful dialogue on future innovations that
contribute to the well-being of the global community.
On the occasion of publishing our 12th volume, I extend my sincere gratitude on
behalf of the Editorial Board to all contributors, advisory board members, the
publication team, technical staff, and fellow board members for their
commitment and efforts in producing this volume while upholding high standards
of research quality. It is our hope that this tradition will continue to grow and
thrive through the dedication of emerging researchers.

Dr. Malhar Kolhatkar
Editor
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Leadership in the Era of Artificial Intelligence:
Challenges & Opportunities.

Prof. (Dr.) Shikha Agrawal
Principal
Graduate School of Business, Indore

Abstract

The rise of artificial intelligence (Al) has reshaped organizational ecosystems,
compelling leaders to redefine traditional leadership practices. As Al-driven
transformation accelerates, leaders face complex challenges, including technological
disruption, workforce anxiety, ethical dilemmas, and widening trust gaps. This research
investigates the evolving leadership requirements in Al-enabled environments and
explores strategic pathways for cultivating effective and responsible leadership. A
systematic literature review was conducted using purposive sampling of peer-reviewed
studies published between 2019 and 2025 across Scopus, ScienceDirect, and Research
Gate databases, focusing on digital leadership, ethical implications of Al, organizational
change, and human-machine collaboration. Content analysis revealed three key
thematic insights. First, leaders encounter barriers such as insufficient Al literacy,
algorithmic bias, and psychological resistance that impede successful technological
adoption. Second, Al presents substantial opportunities to enhance decision-making
accuracy, strengthen predictive capabilities, and enable more inclusive human-Al
partnerships. Third, sustainable transformation requires leaders to integrate ethical
frameworks, cultivate digital competencies, and establish a forward-looking vision that
balances efficiency with human well-being. The study highlights that effective
leadership in the Al era extends beyond technical expertise; it demands adaptability,
ethical responsibility, transparent communication, and emotional intelligence to manage
concerns related to job displacement and trust in automated decisions. The findings
underscore the need for leadership development models that merge digital fluency with
moral and sustainability principles, ensuring resilient and human-centered
transformations. This research contributes to current leadership discourse by offering
strategic insights that support organizations in navigating Al adoption while promoting
long-term inclusive growth.

Introduction

The rapid evolution of artificial intelligence (Al) is redefining the foundations of
leadership and reshaping how organizations function in an increasingly digital economy.
While Al promises unprecedented efficiency, insight generation, and decision accuracy,
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its integration also challenges leaders to balance technological capability with the
human values that remain essential for organizational well-being. As with earlier
technological disruptions such as virtual collaboration tools and digital communication,
Al continues to reshape leadership behaviour and expectations. Advanced algorithms
now process vast volumes of data in real time, enabling predictive analytics, strategic
forecasting, and automated administrative support that allows leaders more space for
innovation and creativity. Al-powered decision systems also offer the potential to reduce
systematic human bias and enhance crisis responsiveness through real-time simulations
and scenario planning. Yet, these benefits raise critical questions regarding when leaders
should rely on Al and when they must apply human judgement, ethical reasoning, and
emotional intelligence.

Leadership theories have evolved over time—from trait and behavioral
approaches to transactional and transformational models—but the context in which
leadership occurs has fundamentally shifted (Northouse, 2021; Yukl, 2013).
Contemporary leaders now manage complex socio-technical systems where intelligent
technologies actively participate in decision-making (Avolio, Sosik, & Kahai, 2020; Li
et al., 2022). This transition introduces a dual responsibility: harnessing computational
power to drive organizational performance while safeguarding trust, legitimacy, and
human dignity (Zhao & Huang, 2023). Leadership is therefore both a strategic and moral
undertaking, requiring alignment between technological innovation and human welfare
(Schoemaker, Heaton, & Teece, 2018; George etal., 2022).

The modern business landscape is shaped by volatility, uncertainty, complexity,
and ambiguity (VUCA), amplified by Al-driven transformation. While Al enhances
strategic clarity, it also introduces risks such as algorithmic bias, reduced transparency,
and unintended feedback loops. For emerging economies such as Indonesia, adoption is
further complicated by institutional and cultural constraints that necessitate adaptive
leadership models. Recent surveys indicate that Al has become the top digital
investment priority for nearly three-quarters of organizations, with 90% of leaders
applying Al to strengthen operational resilience and nearly half integrating Al into core
organizational strategies as of late 2024. This widespread adoption signals a paradigm
shift in which leadership requires not only managing people, but also guiding intelligent
systems responsibly and ethically

To respond to this gap, the present research aims to provide an integrative
analysis of leadership in the age of artificial intelligence by conducting a systematic
literature review of scholarly publications. Through a structured synthesis of
contemporary research, this paper demonstrates that successful leadership in the Al era
demands more than technical proficiency; it requires ethical intelligence, emotional
awareness, and strategic foresight to balance machine capabilities with essential human-
centric values. The findings contribute to the ongoing academic discourse by
highlighting the imperative for leadership development models that integrate digital
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fluency with moral responsibility, fostering organizations capable of innovative yet
socially responsible transformation.

Review of literature
Traditional Leadership Theories and the Digital Shift

Over recent decades, leadership scholarship has produced a range of theoretical
frameworks emphasizing diverse leader qualities and behavioral competencies.
Transformational leadership (Bass, 1985) focuses on articulating vision, inspiring
change, and motivating followers to surpass expectations, while servant leadership
(Greenleaf, 1977) prioritizes humility, empathy, and service to follower needs.
Authentic leadership (Avolio & Gardner, 2005) underscores transparency, ethical
conduct, and leader authenticity. Additional influential models include transactional
leadership, which is based on contingent rewards and corrective mechanisms, and
situational leadership (Hersey & Blanchard), which advocates adapting leadership style
to follower readiness. These theories have been widely recognized for their ability to
enhance engagement, trust, and innovation in conventional organizational
environments, particularly where human-centered interaction forms the basis of
leadership practice.

However, the rise of artificial intelligence exposes significant constraints within
traditional paradigms. Classical theories generally presuppose leadership as an
interpersonal, human-to-human process and therefore provide limited guidance on how
leaders should collaborate with intelligent machines, integrate data-driven algorithms
into decision-making, or navigate hybrid human—Al work systems. While
transformational leadership remains relevant in driving digital innovation, it does not
explicitly address the technical literacy required to understand Al capabilities and risks.
Similarly, servant and authentic leadership emphasize ethics and trust, yet lack
frameworks for responding to novel dilemmas such as algorithmic bias, data privacy,
and machine accountability.

Artificial Intelligence in Leadership

Artificial intelligence is reshaping leadership practice through three principal
dimensions: cognitive augmentation, operational automation, and strategic foresight
(Raisch & Krakowski, 2021). Cognitive augmentation refers to the enhanced analytical
capacity Al provides, enabling leaders to process diverse data inputs, conduct scenario
modelling, and detect anomalies that may otherwise go unnoticed (Wilson & Daugherty,
2018). Operational automation supports leaders by reducing routine and administrative
workload, thereby allocating greater time to creative and high-level strategic initiatives
(Brynjolfsson & McAfee, 2017). Strategic foresight leverages predictive analytics and
Al-driven simulations to anticipate emergent risks such as market volatility, talent
shortages, and supply chain disruptions, improving organizational agility and
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preparedness (George, Howard-Grenville, Joshi, & Tihanyi, 2022). While these
capabilities significantly expand leadership capacity, effective integration requires a
critical and ethical orientation. For example, Al-based hiring tools may unintentionally
reinforce historical patterns of inequality if trained on biased datasets (Raghavan,
Barocas, Kleinberg, & Levy, 2020), demonstrating the necessity for leaders to couple
technological proficiency with ethical judgement (Benaich & Hogarth, 2023).

Ethical Leadership in the Age of Algorithms

The integration of artificial intelligence into organizational decision-making
introduces complex ethical dilemmas that contemporary leaders must navigate with
vigilance. A central concern is algorithmic bias and fairness, wherein Al systems trained
on historically skewed datasets may unintentionally reinforce discriminatory patterns.
The well-known case of Amazon's experimental Al-based recruitment tool, which
systematically disadvantaged female applicants by penalizing gender-associated
indicators, illustrates the ethical challenges posed by machine-learning systems trained
on biased historical data. The decision by Amazon's leadership to discontinue the tool
demonstrated the critical role of leaders in intervening when algorithmic outputs
undermine equity and justice. Ethical leadership in the Al era therefore requires rigorous
mechanisms for bias auditing, the inclusion of diverse perspectives in model
development, and transparent governance frameworks that prioritize human rights
alongside efficiency. Organizations are increasingly institutionalizing practices such as
routine Al bias audits and appointing dedicated ethics and compliance professionals to
oversee responsible Al development, reaffirming that fairness and accountability are
foundational leadership responsibilities rather than optional considerations.

Beyond questions of bias, ethical and sustainable leadership demands broader
commitments to long-term societal welfare. As scholars argue, ethics and sustainability
in the Al era extend beyond regulatory compliance to encompass proactive prevention of
social harms and equitable distribution of technological benefits (Stahl, Timmermans, &
Mittelstadt, 2021). This includes addressing environmental consequences associated
with energy-intensive Al computation (Strubell, Ganesh, & McCallum, 2019;
Henderson et al., 2020) and ensuring that Al-driven innovation does not deepen
socioeconomic inequalities (Birhane, 2021; Benjamin, 2019). Leaders must critically
evaluate who gains from Al deployments and who may be marginalized, employing
inclusive assessment strategies and investing in digital access and workforce upskilling
(UNESCO,2023; Dignum, 2019).

Research Methodology

This study employs a Systematic Literature Review (SLR) covering publications
from 2019 to 2025, sourced from academic databases including Scopus, ScienceDirect,
and ResearchGate, along with institutional reports from the OECD, McKinsey &
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Company, the World Economic Forum (WEF), and IBM. The inclusion criteria focused
on studies addressing leadership in the Al era, encompassing empirical research or
theoretical analyses on leadership challenges, opportunities, and strategic
transformation, and available in full text in English or Indonesian. Using keywords such
as “Al leadership,” “digital transformation,” and “ethical leadership,” the review
process followed three stages: initial search, screening of duplicates and irrelevant
studies, and full-text eligibility assessment. A final set of relevant studies was selected
and analyzed using content analysis, which categorized insights into three themes.
Methodological triangulation between academic and institutional sources enhanced the
validity and reliability of results, enabling a comprehensive understanding of leadership
transformation in the Al-driven environment.

Discussion

The evolving discourse on leadership in the age of artificial intelligence
highlights a major paradigm shift wherein leadership extends beyond traditional human-
centric models to incorporate human—Al collaboration and algorithmic decision
systems. While classical leadership traits such as vision, empathy, integrity, and ethical
judgment remain foundational, the context within which they operate has transformed
significantly. Rather than solely managing leader—follower dynamics, modern leaders
must navigate leader—follower—algorithm relationships, developing the capability to
interpret, supervise, and intervene in algorithmic outputs just as they would guide human
teams. This shift positions leaders as system architects responsible for cultivating
environments where humans and intelligent technologies coexist productively, and as
cultural stewards committed to ethical governance. Key competencies that define Al-era
leadership include responsible Al stewardship, digital agility, continuous learning,
cross-functional collaboration, and the ability to communicate technical decisions to
diverse stakeholders. Leaders increasingly require the capacity to interpret data-driven
insights while maintaining a human-centric strategic perspective, bridging emotional
intelligence with technological literacy.

Despite the opportunities Al presents, the transition to these new leadership
models entails considerable challenges. Cultural resistance and fear surrounding
automation and job displacement remain significant barriers, necessitating empathetic
change management and proactive capability-building initiatives. Furthermore, Al
introduces complex ethical dilemmas, including privacy, surveillance boundaries, and
fairness in algorithmic decisions, which require leaders to establish new frameworks
where precedents do not yet exist. Skills gaps at the executive level may also hinder
adoption, prompting the need for structured leadership development, specialized
advisory roles such as Chief Al Officers, and investments in ongoing education.
Ultimately, the effectiveness of leadership in the Al era lies in balancing technological
competence with social responsibility—ensuring AI enhances organizational
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performance while preserving human dignity, trust, and equity.

Leadership in the Al era holds profound implications not only for organizational

performance but also for broader societal outcomes. The choices leaders make regarding
the implementation and governance of Al systems influence employment structures,
stakeholder trust, customer experience, and public perceptions of technological
legitimacy. Leaders who foreground ethical considerations and fairness contribute to
shaping responsible industry norms and may actively influence regulatory and policy
frameworks through participation in multi-stakeholder initiatives and cross-sector
collaborations on Al governance. Conversely, irresponsible or poorly informed Al
deployment can result in public backlash, loss of legitimacy, regulatory intervention,
and reputational or social harm. The rising emphasis on what can be termed civic-minded
technology leadership reflects a growing recognition that Al-enabled decisions function
as force multipliers, amplifying both benefits and risks. Accordingly, contemporary
leaders are increasingly expected to collaborate with policymakers, ethicists, and civil
society stakeholders to ensure safe, inclusive, and responsible technological progress.
In sum, leadership paradigms are undergoing a fundamental transformation as
organizations navigate the complexities of artificial intelligence. Leadership is shifting
from managing stable and predictable systems to navigating uncertain technological
frontiers, requiring leaders to harmonize intuition with data, efficiency with ethics, and
human capabilities with machine intelligence. Sustaining relevance in this new context
demands strategic transformation that includes developing Al literacy to critically
understand algorithms and identify risks such as bias (Kandasamy, 2024), embedding
ethical principles to safeguard trust and legitimacy (World Economic Forum, 2025), and
articulating a long-term digital vision that balances technological advancement with
human values. Thus, leadership transformation in the Al era is not merely a matter of
adopting advanced tools, but a redefinition of leadership itself—toward more ethical,
inclusive, and sustainable models capable of guiding organizations and societies into an
Al-integrated future (McKinsey, 2024).

Conclusion

The integration of Artificial Intelligence into modern organizational systems
calls for a fundamental shift in how leadership is understood and practiced. Rather than
functioning only as a set of advanced technologies, Al represents a transformational
force that reshapes leadership roles, required competencies, and decision-making
processes. Traditional leadership attributes—such as clarity of vision, ethical judgment,
empathy, and adaptive capacity—remain essential, yet they must now operate alongside
new digital capabilities, including responsible Al governance, effective human—Al
partnership management, continuous learning mindsets, and strategic use of data.
Leadership in the Al era must therefore be viewed as a continuous developmental
journey that evolves with technological change. Evidence from literature and practice
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emphasizes that Al amplifies human strengths and weaknesses alike, making it crucial
for leaders to pair technical awareness with ethical foresight, cross-cultural
understanding, and thoughtful organizational design.

To realize Al's benefits responsibly, organizations should begin with well-
supervised pilot initiatives, invest strongly in learning and skill-development programs,
and put in place clear accountability structures for transparent and ethical Al use.
Leaders must also expand performance criteria beyond financial outcomes to
incorporate environmental, social, and psychological well-being, embedding
sustainability and human dignity within strategic frameworks. Future research is needed
to analyze long-term effects of Al-focused leadership strategies, compare outcomes
across diverse cultural contexts, and evaluate practical governance tools such as Al
impact assessments and model documentation protocols. Generating such evidence will
enable the transformation of theoretical guidance into actionable frameworks that
leaders can confidently apply in real organizational environments.
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Abstract:

A "cashless campus" is a digital payment ecosystem in which students,
employees, and vendors use apps, cards, or biometrics for transactions such as fees,
canteen meals, and stationery. This replaces physical money for efficiency, security, and
transparency, simplifying operations and providing parents with spending insights. For
automatic fee collection, salary payments, and real-time spending tracking, solutions
include smart cards, internet portals, mobile apps (like eShiksa), and bank interfaces.
UPI has revolutionized the Indian payments market and marked a dramatic departure
from the long-standing practice of utilizing cash. For a complicated, diversified, and
cash-heavy country like India, where people are accustomed to the security, secrecy, and
confidence of cash, this is revolutionary. UPI has the ability to further expand financial
inclusion with sustained government support, improved awareness campaigns, and
technology developments. Over the past ten years, India's digital payments market has
grown significantly, setting the standard for digital adoption worldwide.

Keywords: UPI, Cashless Campus, Digital India

Introduction

The transition of educational institutions (EIs) to a 'Cashless Campus' model,
driven by the Digital India mission and integrated within the vision of the National
Education Policy (NEP) 2020, is a significant step toward digital literacy and operational
efficiency. The Unified Payments Interface (UPI) is the ideal core technology for this
transformation due to its instantaneous, interoperable, and zero/low-cost nature.

The following outlines a framework and potential case studies for a research
paper on developing a fully cashless campus model using UPI.

Research Framework for UPI-Enabled Cashless Campus
The proposed research will focus on the development and evaluation of a comprehensive
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model for Els transitioning to a fully cashless environment, aligning with the national
policy push for financial digital inclusion.

Objectives

To analyze the synergy between UPI adoption and the NEP's emphasis on technology-
driven education and governance.

To develop a multi-dimensional framework for a cashless campus model, incorporating
all major transactional touchpoints.

To evaluate the operational, financial, and user adoption benefits and challenges of the
UPI-centric model.

To present case studies of early-adopter Els to validate the proposed framework.

Proposed Framework Components

The framework integrates UPI across the three main pillars of campus finance: Pillar
Transactional Touchpoints UPI Integration Method Expected Benefits

I. Academic & Administrative (High Value) Fees (Tuition, Examination, Hostel), Fines
(Library), Security Deposits. UPI integration via Payment Gateway (web/mobile app)
on the EI's Enterprise Resource Planning (ERP) or fee management system. Using UPI
'Collect Request' or 'Mandate' for scheduled payments. 24/7 payment acceptance,
Reduced administrative cost, Instant reconciliation with student ledger, Enhanced
transparency.

IT. Retail & Services (Low Value, High Frequency) Canteen/Cafeterias,
Bookshops/Stationery Stores, Tuck Shops, Vending Machines. Static QR codes (for
small merchants) and Dynamic QR codes (integrated with POS systems) for instant,
contactless payments. UPI Lite for sub-1200 small-value transactions. Faster service
time, Elimination of cash handling/pilferage, Hygienic/Contactless, Full transaction
audit trail.

III. Welfare & Utility (Peer-to-Peer & Internal) Hostel Laundry/Services,
Club/Association Dues, P2P Transfers (Student to Student/Mess). Direct P2P UPI
transfers between individuals (e.g., student to student for shared expenses) and UPI ID
display for internal service providers. Increased convenience for students and staff,
financial inclusion for small service providers (e.g., local dhobis, small vendors).

Case Studies and Implementation Challenges
To validate the framework, the research would draw on case studies from different types
of educational institutions (e.g., large central university, private engineering college,
government school).
A. Hypothetical Case Study Example:
National Institute of Technology (NIT) Model Area Pre-UPI System UPI-
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Enabled Cashless Implementation Outcome Student Fees Demand Drafts, Bank
Challans, RTGS/NEFT. High bank transaction costs, 48-hour reconciliation.
Integrated UPI Gateway: Student ERP generates a dynamic QR code for the
exact fee amount. 95% fee payments shifted to UPI; reconciliation time reduced
to <1 hour. Campus Canteen 100% Cash. Long queues, change management
issues. UPI QR Codes at all counters and tables. BHIM-POS terminals for higher
value orders. Queue time reduced by 40%. Vendors reported zero cash
differences at day-end. Bookshop/Library Fines Cash only. Cumbersome
record-keeping for fines. Dedicated UPI IDs/QR Codes for the Bookshop and
Library Fine Counter. 100% digitalization of fine collection, simplifying audit
and reducing manual errors.

B. Implementation Challenges and Mitigation:
Challenge Impact on Adoption Mitigation Strategy
Digital Literacy Resistance to change among non-tech-savvy staff and older
vendors. Mandatory training programs for all staff and associated vendors,
focusing on UPI app use, security, and transaction confirmation.
Infrastructure Poor/intermittent Wi-Fi or mobile data connectivity in certain
campus areas. Deployment of UPI Lite (for offline small payments) and
dedicated, secure campus Wi-Fi hotspots at payment zones.
Security/Fraud Student/vendor apprehension about phishing or UPI fraud.
Regular security awareness campaigns (posters, workshops) on UPI PIN, VPA
secrecy, and avoiding fake QR codes.
Merchant Cost Small vendors' concern over UPI settlement charges (though
currently zero-MDR for P2M up to [12,000). Assure vendors of zero Merchant
Discount Rate (MDR) for low-value UPI P2M transactions and provide initial
setup support.

Conclusion: UPI and the NEP Mandate

The implementation of a UPI-centric Cashless Campus model directly supports the NEP
2020 by promoting digital education and governance, making financial transactions
faster, safer, and more accountable. It serves as a vital micro-level component of the
national Digital India mission, providing a real-world, early exposure to digital finance
for students, thus preparing them for a digitized economy. The successful framework,
validated by case studies, provides a replicable blueprint for Els nationwide.

Would you like me to focus on a specific aspect of the framework, such as the detailed
technical implementation or the policy alignment with NEP, for further research?

Bibliography
e Mastering UPI: A Comprehensive Guide for Fintech and Banking Project

12



RAINBOW-2026 ISSN 2394-6903

Managers
e George, Shaji, et al. "An Overview of India's Unified Payments Interface (UPI):
Benefits, Challenges and Opportunities." Partners Universal International
Research Journal, vol. 2, no. 1,2023, pp. 16-23.
https://www.pwc.in/assets/pdfs/indian-payment_handbook-2024.pdf
[ ]
https://web-assets.bcg.com/73/e5/e11f0db54dal8a31a7cb55clbef2/upi-the-
global-benchmark-for-digital-payments.pdf

kkkkkkkkkk

13


https://www.pwc.in/assets/pdfs/indian-payment_handbook-2024.pdf
https://web-assets.bcg.com/73/e5/e11f0db54da18a31a7cb55c1bef2/upi-the-global-benchmark-for-digital-payments.pdf
https://web-assets.bcg.com/73/e5/e11f0db54da18a31a7cb55c1bef2/upi-the-global-benchmark-for-digital-payments.pdf

RAINBOW-2026 ISSN 2394-6903

Market-Oriented Analysis of Digital Payments and
Consumer Behaviour in India

Dr. Anil Ramchandra Gore
VMV commerce JMT arts and JJP science college

Wardhman nagar nagpur 8

INTRODUCTION

India has seen an immense shift in the way its people conduct financial
transactions during the past ten years. Technological developments, government
programs, rising smartphone adoption, and shifting customer expectations have all
contributed to the evolution of digital payments. Platforms like Paytm, Google Pay,
PhonePe, BharatPe, and others have brought about a rapid digital shift in the Indian
banking sector. Millions of people now use the Unified Payments Interface (UPI),
Aadhaar-enabled Payment Systems (AePS), and QR-based payments on a regular basis.
Despite the ecosystem's seeming stability, not everyone has considered their transition
from a cash-dominant to a digital-first economy to be smooth. Variations in user
experiences, digital literacy, trust levels, and sociocultural elements all have a big impact
on how consumers behave.

The necessity to examine consumer choices from a market-oriented perspective
is expanding as a result of growing platform competition and the increased integration of
digital payments into conventional commerce. Even though digital payments are being
adopted quickly in India, a sizable portion of the populace either does not use them at all
or uses them sporadically. Because of a lack of trust, a bad customer experience, or a low
perceived value, some customers are hesitant to utilize digital payment platforms, while
others use them frequently and with confidence. The problem is profoundly behavioral
and psychological in addition to being infrastructure-related.

REVIEW OF LITERATURE

The literature review places this study in the larger framework of market analysis
and scholarly research on digital payments and consumer behavior. It focuses on trends
and patterns that are realistically important to the Indian market by blending academic
viewpoints with industrial insights. Models such as the Unified Theory of Acceptance
and Use of Technology (UTAUT) and the Technology Acceptance Model (TAM) have
frequently been used to describe consumer behavior with regard to digital payments.
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These theories emphasize the significance of perceived utility, social impact, and ease of
use. However, market research indicates that, particularly in the Indian context,
emotional reassurance, captivating user experiences, and faith in platform security all
play equally important roles. First-time adoption can be strongly encouraged by rewards
and incentives like loyalty points, discounts, and cashback offers. However, consistent
use is contingent upon service dependability and the slow development of habitual
behavior. Customer loyalty is frequently higher for platforms that can strike a balance
between rewards and reliable performance.

Adoption patterns are also influenced by sociocultural factors. Payment
preferences are influenced by variables like age, gender, and local customs. Even though
programs like Digital India seek to raise digital literacy, adoption rates are still impacted
by differences between urban and rural areas.

In the Indian digital payment ecosystem, there is still a vacuum in the integration
of psychological motivators with realistic commercial tactics, notwithstanding the body
of current study. By offering an analysis that links theory to actual market dynamics, this
study aims to close that gap.

MEATHODOLOGY

In order to create a thorough understanding of consumer behavior and platform
level strategy in India's digital payments market, this secondary research phase
incorporates a variety of sources, from peer-reviewed studies to platform-specific
market dashboards. It makes it possible to identify psychological causes, behavioral
gaps, and under addressed user segments, all of which can assist in drive the primary
research's design and direction. The design blends academic depth with practical
applicability in accordance with the market-oriented nature of the research,
guaranteeing that findings are pertinent to both industry experts and scholars.

To capture the market's existing realities and spot new behavioral trends, the
study uses an exploratory and descriptive design. The focus is on a qualitative method
that uses secondary research to offer a wide-ranging and complex viewpoint. This
approach makes it possible to incorporate various points of view from reliable media
sources, industry analyses, government statistics, and existing scholarly literature. All of
the data used in this study came from secondary sources. Scholarly publications provide
empirical data and theoretical underpinnings on consumer psychology, digital behavior,
and fintech acceptance. Market performance data, competitive landscapes, and trend
forecasts are provided by industry publications from reputable enterprises like Statista,
KPMG, and McKinsey. Reliable policy, adoption, and infrastructure statistics can be
found in government publications from organizations like as the Reserve Bank of India
(RBI), National Payments Corporation of India (NPCI), and Digital India programs.
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Opinion pieces, trade journals, and media articles provide information on consumer
mood, user experience trends, and promotional tactics. Sampling is the process of
choosing reliable and pertinent sources rather than specific respondents because the
study employs secondary data. Reliability, recentness (ideally within the previous five
years to guarantee the timeliness of insights), and relevancy to the Indian market have all
been taken into consideration while evaluating sources.

All things considered, this secondary research methodology offers a strong basis
for examining consumer behavior and digital payment trends, connecting theoretical
knowledge with practical market conditions and opening the door for enlightening
debate in the subsequent sections.

Data Analysis and Findings
Growth in Digital Payment Adoption

India has seen rapid growth in digital payments due to smartphones, affordable
internet, and initiatives like UPI and Digital India. NPCI reports that UPI transactions
crossed several billion per month in 2024. Adoption is strongest among younger
consumers, urban professionals, and small businesses, with rural uptake rising via
mobile-friendly options.

Role of Trust

Perceived security and institutional reliability are critical for adoption.
Government-backed platforms like BHIM and private players with strong fraud
prevention earn higher consumer trust. However, cyber fraud and data privacy concerns
persist, especially for older and less digitally literate users.

Ease of Use

User-friendly apps with simple navigation, minimal transaction steps, and
loyalty features see higher engagement. Consumers prefer services integrated into daily
routines like shopping, bill payments, and food delivery.

Promotional Incentives

Cashbacks, rewards, and gamification by players such as Paytm and PhonePe
have driven initial adoption. Long-term engagement, however, depends on trust and
consistent service rather than ongoing incentives.

Demographic and Socio-Cultural Factors
Urban millennials are early adopters, influenced by global trends. Rural users
prioritise reliability, local language support, and simple interfaces. Gender gaps are
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smaller in cities but remain in rural areas due to differences in digital literacy.

Market Competition

India's digital payment market is highly competitive, with fintech startups,
global tech companies, and traditional banks vying through innovation and partnerships.
Integration with e-commerce and service platforms strengthens market ecosystems.

The market is shifting from novelty-driven adoption to sustained use based on
trust, service quality, and integration into everyday life. Security concerns remain but are
being addressed through better fraud prevention and supportive policies.

Analysis

Connecting Literature to Trends The increase in UPI and app-based payments is
consistent with earlier studies that predicted emerging markets would adopt mobile
technology first. According to theories such as the Unified Theory of Acceptance and
Use of Technology (UTAUT) and the Technology Acceptance Model (TAM), trust is
still a critical component.

Behavioural Drivers

Ease of use and seamless integration into daily life drive repeat usage more than
incentives. This suggests a maturity shift in consumer behaviour, where digital payments
become habitual rather than promotional.

Market Implications

Players must balance innovation with reliability. Overreliance on incentives
risks short-term adoption without loyalty. Integrations with services—such as
embedded payments in delivery apps—enhance stickiness.

Policy and Regulatory Context

Government-backed infrastructure like UPI has created a level playing field.
Future regulation should focus on cyber fraud prevention, user data protection, and
equitable access in rural areas.

Socio-Cultural Considerations

The rural-urban divide and gender gap call for targeted awareness and training.
Local language interfaces and community outreach can reduce adoption barriers.
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Visual Data Snapshot

Year UPI Transactions (in App-Based Wallet Usage Rural Penetration
billions) (%) (%)

201955 38 12

202012.2 45 18

202122.3 53 24

2022 38.5 61 32

202360.0 69 41

Table: Ilustrative Trends in Digital Payment Adoption

Findings show a shift from novelty-driven adoption to embedded financial
habits. For sustained market growth, trust, user experience, and targeted inclusivity will
be key drivers.

Conclusion and Feedback
Summary of Findings

The study reveals that digital payment adoption in India has shifted from being a
novelty to a necessity, with UPI playing a pivotal role in this transformation.
Convenience and trust emerge as stronger drivers of consumer behaviour than
incentives, indicating a maturing market. Rural adoption is progressing but continues to
trail behind urban uptake, and government regulation has been instrumental in ensuring
healthy competition and fostering innovation.

Academic Contributions

From an academic standpoint, this research extends the Technology Acceptance
Model and UTAUT frameworks by adding socio-cultural and policy dimensions. It also
bridges the gap between theoretical studies and market-oriented analyses of consumer
behaviour in digital finance.
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Practical Recommendations

For businesses, it is essential to focus on user-friendly, multilingual interfaces,
integrate payment options into lifestyle and service platforms, and transition marketing
strategies from incentive-driven to value-based offerings. For policymakers, priorities
should include strengthening cyber fraud prevention, promoting digital literacy in rural
regions, and creating inclusive payment policies that address gender and accessibility
disparities.

Limitations of the Study

This study's reliance on secondary data restricts its ability to capture nuanced
behavioural patterns in real time. Additionally, rapid changes in market dynamics and
regulatory environments may affect the ongoing relevance of these findings.

Future Research Directions

Future work could involve comparative studies across emerging markets to
understand broader trends, longitudinal research to track behavioural changes following
policy shifts, and ethnographic studies focusing on rural and underbanked communities.

CLOSING REMARKS

The research affirms that digital payments in India have evolved into a core
component of the country's economic infrastructure. Ensuring future growth will depend
on balancing innovation with inclusivity, reliability, and trust, making the sector both
competitive and accessible for all segments of the population.
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Abstract

Al plays a crucial role in revolutionizing the e-commerce industry. It offers numerous
benefits and enhances various aspects of online commerce. Al can save time, remove
simple assignments from the to-do list, and make employees more productive and
valuable. Al makes it possible to improve the customer experience for businesses. The
main advantage of Al automation is the ability to scale up the business while keeping
costs low. Artificial intelligence has become a cornerstone of innovation in the retail and
eCommerce sectors, revolutionizing operations and customer experiences alike.

Keywords: Artificial Intelligence, e-commerce

Introduction

Artificial Intelligence is a computer science subfield devoted to the development of
machines that behave and function similarly to humans. Included in these processes are
learning, planning, and problem-solving. The primary objective of artificial intelligence
is to create expert systems - frameworks that demonstrate behaviors, and learning,
illustrate, clarify, and advise clients. The second objective is to apply human intelligence
to machines by creating frameworks that can understand, think, learn, and behave.
Artificial intelligence is one of the many technologies used successfully in many
industries today. It is attracting more and more attention every day with the successful
projects in recent years. Al concept has recently begun to be accepted as the technology
of the future at the global and national levels, and is nowadays considered as the driving
force of computer engineering and technology. The goal of Al is to imitate human
intelligence through computers, in that sense, by allowing computers to learn. It is also
one of the key technologies that are ready to transform education. Traditional education

seems to be fixed in terms of time, place, and prescribed and learning process is
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continuous, especially at younger students.

Role of Artificial Intelligence in E-commerce

Al plays a crucial role in revolutionizing the e-commerce industry. It offers numerous
benefits and enhances various aspects of online commerce. Here are some key roles of Al
in e-commerce:

1. Personalization: Al algorithms analyze customer data, including browsing history,
purchase behaviour, and preferences, to provide personalized product recommendations
and tailored shopping experiences. This helps businesses increase customer engagement
and conversion rates.

2. Customer Service: Al-powered chatbots and virtual assistants enable businesses to
provide 24/7 customer support. These Al assistants can answer customer queries, assist
with product selection, and handle basic transactions, improving customer satisfaction
and reducing response times.

3. Fraud Detection: Al algorithms can detect patterns and anomalies in real-time, helping
to identify and prevent fraudulent activities such as payment fraud and account hacking.
This enhances security and builds trust among customers.

4. Inventory Management: Al algorithms can analyze historical sales data, market
trends, and other factors to optimize inventory levels, ensuring that products are
available when and where they are needed. This reduces stockouts and overstocking,
leading to cost savings and improved customer satisfaction.

5. Supply Chain Optimization: Al can optimize the supply chain by analyzing data from
various sources, including suppliers, warehouses, and transportation systems. This helps
businesses streamline operations, reduce costs, and improve delivery efficiency.
Benefits of Al in the E-Commerce Industry

The advent of Artificial Intelligence (AI) and Machine Learning (ML) has changed the
face of online shopping for good by making it more personalized search and responsive
than ever before. Aimed at improving customer experience, By 2027, 80% of retail
CEOs want their companies to use Al-powered intelligent automation. Here's a list of
benefits that an intelligent e-commerce platform provides:

1. Personalized Marketing With Artificial intelligence, e-commerce businesses can
create personalized marketing strategies based on the needs and wants of their customer.

They can collect data from social media, shopping history, and browsing habits to
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understand better what customers need and want. The Al will use this information to
make predictions about customer behaviour. It will also make Al-based
recommendations about how much they're willing to pay for a product or service.

2. Improve Customer Retention Whether it's a local shop or a multinational corporation,
nearly every business relies on customer retention to keep its business running. This is
especially true in the e-commerce industry, which has created enormous opportunities
for growth and development around the globe. However, despite how important it is to
retain customers, many businesses still struggle with this part of the process. And if
they're not working already, they will be soon enough because some significant changes
are coming that will impact companies in the online marketplace. The rise of artificial
intelligence and chatbots can change things dramatically for businesses that haven't
perfected customer retention strategies yet.

3. Seamless Automation E-commerce companies are now using artificial intelligence to
improve their business. Many of them are opting for Al automation, which is quickly
replacing humans in many industries. Al vendors have created services that help e-
commerce companies automate their operations to focus on growth and sales
optimization. The main advantage of Al automation is the ability to scale up the business
while keeping costs low.

4. Efficient Sales Process Artificial intelligence is helping e-commerce companies to
improve their sales. It 's also used to find the right market for a product, recommend
products that are likely to have high demand, and forecast how many copies of each
product need to be produced. In addition, Al can understand customer behaviour by
analysing search history and browsing patterns. This allows companies to provide
better-targeted marketing strategies and offers as well as Al-based recommendations.
The result is that customers can be directed towards items that best match their interests
and needs based on who they are as people rather than what they buy.

Al helps businesses reduce operational costs. The goal of Al is to give remarkable
experience from a mountain of unorganized information. This affects the cost of
developing a business. Al can save time, remove simple assignments from the to-do list,
and make employees more productive and valuable. Therefore, applying artificial
intelligence automation in the company will save time, cut down on human error (which

costs money), and enhance the customer experience.
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Al makes it possible to improve the customer experience for businesses. For many
companies, consistent customer interaction fuels profit. Therefore, they have to pay high
salaries to their staff members who provide assistance 24 hours a day. Since Al is getting
smarter every year, chatbots can do more and more of the work that these people used to
do. They can communicate with customers and deal with complex problems while
putting less of a burden on IT resources to manage and maintain the contact center,
resulting in an enhanced customer experience.

Conclusion

Artificial intelligence in E-commerce is playing a leading role in driving innovative
solutions and customer experiences. Some the leading areas of artificial intelligence in e-
commerce is in personalized shopping, product recommendations, inventory
management, chatbots, efficient utilization of big data, supply chain management. In the
field of education, Al has started showing its influences and working as a helping tool for
both the students and teachers and supporting the learning process. Technology helps
businesses provide services that are more efficient, more reasonably priced, and of
higher quality. The growth of "information and communication technologies," which
has a big impact on how the corporate environment changes. Artificial intelligence has
become a cornerstone of innovation in the retail and eCommerce sectors,

revolutionizing operations and customer experiences alike.
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fetm, 3com, snffes wneran, famn aifedifaswefi=h mfad, fefea yomefien s, smfdq o
e uifer = fafey Sehr = TmmE gt e sfemrdie fFofafsraa, s @t 7€y are @i
SHeATHWR 1 AT o hevar= ot oy Id, =M SaAmdie a9 et aemd
U Stta for @l ST o Sde STl ST Yehid adq Ssfied fomt @iel foferer g9
TR

T ST Feguta it 9 srgferdasdt softa sved sraar. gudaas me g€ A
SfieTeliet Ush gervd TS 1A ot fafay wEud Sk 2. S8 Sd YA hed M giddadt
e fAmior gid foha STrs=an $afid STHeiea STetehlell TXeTvTT=h STofid &id, ey Sfted fomn
UqeTes SAHIT 3T T WHfdeh rierda= WaHT ITd gid. e Hidt gl e gufera sfiad
SHTUATETS! A& T - SUaE g sl oA WieTehTel I SeoT=al gE Sfe T TRl shefl ST,

UfcrETieeh ST TTedl, GUR 9T 89TR auTge Sfeei-ad HEhdid o a1 Hehod-a
3T 3NMEead Idl. T TE dTed AT adasit sk e wigsanfersfeht fidt o srgferaa wrem
Tfyeh et gia S aiome, gridrda W o= ST qafem e e e Hiashle
TG HAThS SHET ol dTedl. HUTST JohdM, ITETd, TR Gd RIS JTHE
St Sfta formt @i fofamer yme 2rehdra.

T STRGHAT TR SvArEet ot shu=reRgd fafae sehraan Sfted fom AierT Suered e
foeon Sar. Sfeq fa=rmel 7 9 mEie ST 9 SEauaH e JHSd gdedHat
iferetemenT=n fomn @iders Tehrrere gfvsn fmior grar. an geneame sfem foam widmmiie
T 3531 Wi TR TG L T SEAT Tiad 9Tt 3R, STTST=AT HIBTd o forHT
Bl Shaes I fcheh ST AT T8 A Siiad 9 Saeh T STaeidicl Tsh Jord TRl T8
3T 3Teled! 318,

3fed-

e feremean =efia utforef @id} fHofemer aftomy s ereehT= 31w .
3.9, I, ol 9 I A1 FHTSieh-3Tieh Teshian Siaq o aiferst Beier grom=n
TR forers T shivl.
2.7l & TTHOT ARTTAet ITgehT=A Sita T @RE AT qeiTedeh ST vl
feeh-
8 .Sfte feram wiferefemes ST wesaehrefi 3nfie atdg @ gefardadean g8 Sfam foun &1 vk
[EEEIGH
2., SHEE, fell 9 Ic9e A1 FIeehidaR Ste fom aiferelt Tidl fofamel deiia v sewsd
.
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e formm @i fotermer gftony o= gewi=n 31599 F&A1. d 9 Wioile THT0 3Tad.

=i

%) 79, form 9 e

e form @i fofamer aftom seom=n s e - 3nfefes gehme 99, fom 9 sream
T TG TNHEA AL 8 Tl AT Iehied shedT SITATd. q8™ SI<h=] SIad™ o ATEed
ool feran €1 o wRequr=h TS Stfavara neEreh fieht sTed. e 99, foi 9 e
T GehHHER Sfed o @) fofamel devia vt 3esd dl, 7 A1 JE T Had
fordreror ame.
R) fefsrest oan graan

fefSteat T aTecn aTage Sha foamm Tt wfshaa TtemTee see Smerel fogd T,
e fau wrRfeRTa Toe IUfeId TEvaTl STavaehdl Sl el 3/ 3iiHced a fefiea
ek HiHgR o utferd @i, Siftrm swon a8 fomn qearen o giferdt ferdiforseres mifedt gast
3T B 32 A1 Fefoect Tamged @el Ufsham Goid, TReEih o dedd! sad SHUTRI 3tet! 315
3) SreferTel s ST

Sfte fomT 81 ool S=d 9 eI SHTet 3TTieh |1eH TV HT@dl STdl. Sabieal
AT SIH! GreehTet= frHT AT et 311ereh [aav]eh SHvad qaR STHaTd. J1 geehrl
o & fom SR fafay drelerrel saaue™ e faehfia shean SiTard, Ser=r Sied
foran @ FvTaITeR TeRrTeHes 9 EelehTetia aRumm gral.
¥) 3Tfeieh et

TR ATeTT &1 Sfta formt @i fofamer 9Rums STy s 31eid R g2 g, fafay
Sfie e TSt @, 3, TR 3 ATt T8 9 3Tk Hiiad! Uesd T UTeshid
for widiene TerTenh gfben faesfara giar. e famr iemT=h mfedt samefioor semfita s 9
Teshmed four faweress e fofor o amges Sfe fom wid fofara @enfie are &a
T AT S STEekd 4.
4 ) STEdt o TTeoT ATt ST 31T
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Sffer ferm @il FHUrTeR a3 Frefio JrTTdier |rTe o STiies aRiedi= S THTe Tedl.
T S8l VT TTEehT=AT THSH, 309d &L, SITEehdl 9 3UcTed Hauie e JHcaged ot
HIAThgd T d Ty forT e faehféa shean STaTa. 3791 ASir= Hifed! THTEI0 S
UTEehIRId TTR =0l & T STHASTSd SITEehdl [HT0T ShT01 ATe Sita fomt @il fofr araen

THTOTA ST STHCAT Sd ST SIT RN,

wrfee wHter -
TEqd MY Sfia foram @i fofmar ity o= aeshi=n e SHuarandt
I HTTET= Ho STTETaT HvaTd STt fafay eneenr=an S1wIdrqd 319 TI8 Eld i Siad
T @) ot g1 wehT SeehTe JTEeiEd TEA 1 TR - 3T, SdUhia AT HETeTe
TTHISAT ThTAd TWTETT a1 grdl. Aquina Joseh JT=aT THiherH fegITdiel ST TTaehia
3oo, gUlerdaet WS s wiasgepef= anfeie e 7 Sfam fam @i fofamen meweg
IR shtdTd, 7 fegd Ad.
Tan Hui Seen (02 %) <A1 G Sita fodT GIGHTI gqer J3thes T,
TBIE FeATT AT e et UTgehia sheledl SWATHTT 9, Ica= ST 3Tk SATTEehdT @
Se T oifere Q&S vaw gesh FAHE TE o 3R, q9d Tl ks (A
R0%¢) ATAT STRATER WA FEHTd S form=a AFTufier HTHTfeh 9 Siehiaeh 9o, TfH
Dr. B. Nayima Am U Lunawat Akhila (‘g’ﬁ J0Y) WMT@W%W
IeATeAT T, T, foamargan Sfer San qures A1 SehtE UTehiel JEdiet 9T 99T
TS TIT I, I T AATETET Tehtrd =i hidT, 99, 3cqd, 3T H1eRdT, dd-TcHeh Ush
Frfor e Sar=h Tt 7 Sfeq fomn @i fFotemer draem 9 SR Tes EeT fogm
Id. TEGA HIEA 2 A1 G SR FETd ST WEl 9 T ArgehteAn sted T @i
frolmed Wi 3Eear URRad id. q8= fefea qan, <eewrella s TiemT Tfor amffes
T AT Yo Feehi= Siiaq fomT TS FHURITeR aredt WTe STeaTea! AT ST
TYE.
T, Sa fomt @i frof € ueh ad seervmil fshet ST et g - 3
&, qIAeh STt ST ATgehT= - A= TehiAd SWTa 3THal. A1 NG JH fsepy fom
HUT, YIUThd MM Wiesardiel Esness JT 31feeh UTgsh—ohigd foamdm AT 9 90l @R
HUTHTS] IUYh 38 Iehdld.

fosepe -
T SRATE Sita T @idl foferer fafay amfses-anfie @ st gehm=n
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AT JWT ST TR, foRiva: a9, foi 9 redm 1 aeshiar Sfer foaut @id adame
gTOT & HTRIeh TR Widfeiferd gid 3TEear= A STATErd e e Ad. T8 b= Haad g
SeoaT=t et &1 o TRequI=a TSeR 9 T o @it Foramer fotres ffient seed, 7
ThEdsh A1 SRTERT quiid gd. fsfiea dTammm=n aewn amge Sftaq fomr @id wfsha
AT FLEATCHS Feal Tgd 3Tel 3TMad. Teiied 9 fefoed wiewhigR fomm diferet @i,
Fiferer won 3 Uiforel} STy oW SeTged UTeehia foHT TREehs et dTgedTs AT IR
Y AT 3. Arae fefreet dan qeaet g1 Sfied famm @idt fofamet yume resumn ueh gt
pPrecrRICATIEERIGH

T 3TEE fega Id st e ferm &1 <refehrefia s o wRequmT=n g s wuH
T AL HUATH TG ST T Ad. ATed Icqd o T TRl AL HehRIcH Ha9
I ITET AT FRNGATAA Tradeh 8 &ld. e defa=n &R Sita fomt @id fHofamex
¢ IR HTq ST TEqd ARATERT T8 Mol 372, Tomn Asiiadt T 3 qief wfedt
IS STECATE TTEhIE1 HT @GR ThRIH GO fohidd glal. e i 3 foam
T ITE hedTd i forT e foear goar=ht srerrar 3tfersh e =1 fshutaed gl
&ld

TH SrEd F AT RIS ATgshieA e fomT @ adame) dequii wieh e Adl.
T - 3Tk TRICH, Icua TR, SITTeehdT 9 TaT JUCTEdd el Hehiges Tt =T Srad a
IO WIS TEas gRer 9 fomt AT foshfad ST STavEehdl SHe A1 SR
R &, TV, A G 7 s drear Iara & Sied fam @il fof a
TR 375 A1 [T - 3Tk Teeh, qifeh i, e d1ear 9 Whmifelsh Teeh A<
TIYH THTERETC! el A1 frsehsi=n IunT fomt o=, €ivTehd o GeNeeh AT UTeeh—ahigd fomT
&It ferenfird sheuamandt qer it fem e wmga forear wnervamaTdt uriesie 3% vrehal.

?)aﬁ IFC.(2020). COVID-19 and the Insurance Industry: Why a Gender-Sensitive Response
Matters. India Brand Equity Foundation.

2) IRDA. (2020). Ref No LRDAI/HLT/REG/CIR/054/03/2020.
3) Suijithra. K.V (Sep-19) EPRA International Journal of Multidisciplinary Research (IJMR)
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‘TR Rregrdiet IR Bietfree f1. simia Uil TearaR ST HOn-a0
HIUAT UHTTE IR STeen 98e - U SV

Gt gesviiee Hym

. ot 37for SR v e, AT, HERTY

. ff. 3nfT SRR $.vd e, AT, R

ET@T(Abstract)
I hiAThegd fof. 3Tt USGRI deaTa ShiH SHTOT=IT HSUr<aT HTHTHeh TEIcfeR el TR
& T ST 3R T SWATE B, FHINSTh NG TEUS AT Teshial STWITH 814, a1
TR TSATET STWITH THS GO ST q9Te WTelt, I foehrd Jredt 3ueh 3tal. 9
TN Y3 TH ITH Bid 8 T T 997 Tg [ STt TTsIett 3T 3% Iehd ST = FHTITel
T TIE BIgT A1 FETE ATH I, T THE SMYH HUATErd! gidT aee oI gHe
TR0 SHTTETST Bl TS S Shed ITehedT AT at TR IUTIFISHT 3T ShdT JUTR FgUH
T v I U AIgauaTEne! TRid IUYw Std. TINUAT § U oedld HuTETd!
“IrTqR RegaTdial a5 Hictfheed o1, 3TdTd Uit TeaTa HH HIOM -1 TSUAT HHTRH
STTH 0 G T 3T,

T FRITE %0 d 40 HIU Ta&m Jargd! 9 FeomgR mifdt sufad sHoamd et
THT T A TEuTe S eI ST TS qEiel Il I TeuTd feeft SiTd Are.
Key word —WCL, TR, TR R, TR el wiesihes.

J&TeT (Introduction)
qRamed foegd 3t i shiesan g1 Y@ Td FeUd STaiell STl STl ¢uidiel SaRies faegd
St Frffdfme €l d o T8 FMTEH Tl. eI AT &1 ek T9edd e el @ 3=
ICAMTHE el BIal. ST AlE SCAMTHE dig fodesvamdrd! ¢Eiel 9T gidl. SleseITel aTa &l
HTE - TG ISATHE e HgcaT=l 3l HlcaT &1 31 Tl Ieh Hed @iTe JeATarg e
T afieh 9 7 e T U IRl 3R,

HIBIATAT HEATAT T ATCAT Hled T A Teeel ST, WA TANTHeh ShAARIA hicddl
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TS U= sTedid ga-1 T 3718, Sl faufid TR 3TgA hiesuTdict e Wey
AT ST AT SMURE ¥ TN faunTered! 3Tad SITdiel STTYTEse 81 9™ 9 Faiay St
hIcEHT T T |1 Gu HHI THNG WRAT 3772, fogtfi g1 g -1 ShHTehT= Haiw hicsdT
1A A= I ol Iearmme gt 9 e a1 yRame fafie fosof aragara. STt 3tete
T IS ThR TTEe 9 fue (Fasigdi=e) 7 e goi=l 3G J= SUART HREM JH70d 8ia
Bl

I WO YAt fafay Tsamed smed. Siear @ofied M Hum 316
FHHAT T, I USIGHT TeaTeR ShTH HLOTRT AR 7 ATed. A ST HIHTT 9 AHTT BT
91Ed. St R FRifid e TRt deaTat s ST - hHeT-31 SAfaiih USgRT dearel
ST HOT-AT HIAT HILTHIGA Ui shefl SATd. g TSIGRT dearel S o HITTR St Tsigrt
qedT (SHATE) TETIHR HTH HIAT. AT HITTAT HIc3HT HIGUATEATS AT AT ST ST
1A hefi-heft STTETd e TrevaT=h STeRIdT 1. ST HSUE! Sfdid &1 ¢@ie gid fehd &I
farfarer g dig g o

AT TR WTUHE ST AT BT FREAVITETS! ST TISaTet hrel Tacagut
HAC A AT AR S B HEG L4 TH Fm 2]uy favy weem 3tmed. @
HECIATAT [IfIe HAHTHR BT TS 9 HIZaTe! aldal hvard el 3Tad. a1
TG TR egaTdiel Hhiesan WIied e Hhicthies o1, T Te T HIOTAT BT
TREVTHTS! IMEAH AT feetea STETHR STTeTsSTa hivaTd d.

I HIAfhes & TR FNegardie s M= USHTAT I A5-Fiaen <d sAamd
ST AR, T o Se7f0Teh SHTLAT hMHTE dT8 o WIVHE A HIOM-IT YSTTR ST
Hafia T Fida shvard aTef 3R, gHeHT foml, HMTER 9 UEHER dadeEiel Sl 3R,
ST AR Hiee fheg GRI 3t fShIomsmIo AT Sfiegadicl @H HMTWe HesSEH! hild
1T,

S Hies [thes feies fe TRATATE ¢y HER HUATHeh! Th T Ul It ST
fonfive (sseg.di.ue.) =t ush Su@mn 3R, wiat sfean ferfice (& 3ma.ue) fg semdier gafa
HISAT hicaHT IcaTGeh HU=ATIeh! Teh ST I hu < LA T8 3.9, ¢ ATegar ¢y 1 3T 3R,
T AT T TR CETA § R\l T ST it ST Tl WRATET ¢ 2o Thicda qia el
ST,
it gt ferftee=ht Suman staerel aweH Hieg fheg fordfiee sman wrfe™ Frmqueie fredia
AT AT IRETHE 318, I AT ShicTehldl Y TR, A% Hies fheg GR HERIFME ¢ @roft
3R, ATdent AR fregard <Efte fafim Sienmft siesan @oft wr 3R,

I hiehics forfies (ssey..ue) sara A fegame fafay feer ez @mft smed.
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ST, FT, JTEET @11, fHgdaret @, WoREs! i T @IUT, SWE 3N I ik T @,
10T ShIcSET WTUT, UTSTHT ehlosHT WU 3T AT ffire WIoft 31T8d. I hics@l WIvHE

3fe¥ (Objective)

9. % hlcsithogd fot. mefiet weptrea s REfid=r STTfT STaTevTTe ST vl

R, O hlcethogd fot weftet weptrea AwTiores STfor 3TTiies aRferdie st .

3. & Siceithegd fol. Hefiet TSR dearet ST ST HSRIETS! STHUT=T HRIeH
T STHATSITEOT heT ST ATl ST 0.

¥. I Hiceitheed fol. nefiet TS= ey g Fai forehTa ST STET2H U0,

G, e Hicelthegd fot. wefial IeaTet Tafaesn Som=n anfiss 9 @mmrferes e
IS THTET Tafere STdTd il el STET L0l

Hrfeca witer (Literature Review)

HIVTE HINGHIAT Hegifeieh F TN MR UATEES! el et TNEAT= 31d
e 3TAl. TEUHD o hIAthes fol. TE T HI0M -7 TUEd! SHIRIG 9 WRATd 314
TN TR ST 3712, AT SN S GTefiel Hecar= 1918 a1 geneareh i ams.
1.Health issues of Coal Mine Workers in Pakistan 2015 : Salahuddin Din Azad.
Pakistan.

T FATEG A Hicitbee . T HH HOM-IT AT FEA AR = T5hesvl

1.Impact of coal mining : a Revies of Methods and Parameters Used in India : Sujata
upgupta, India.

T AT 37 TG 3Tt shi ATTATHR HSUHAT HisGeT SuaTd STTelT 318 fega 3.

1.Impact of Coal Mine on environment, Author Shrivas Goswami, West Bengal, India.

T 31T 3 fGEA 31et &6, Mining environment is hazardous for worker's health. It can
affect the mental health.

1.An Approach for Understanding and Promoting Coal Mine Safety by Explloring Coall
Mine Risk Network. 2017. Author :- Zhipeng Zhou, and ping liu, China.

Coal Mine provides essential energy for supporting high speed development of Chines
economy and society.

1.Mine workers : Working and Living Conditions 2001. Author :- Ahmad salim

RIRCGESIIGE] 31’@%?5 AT 1, The paper discusses in detail the plight of the mineworkers
and the working conditions in the mines in Pakistan.

T Hd 3ATETET Thid o= ohtdr 3™ femd ot 9% Shidfthee {1, 37atia s sHon-a1
TIUETS! T SeehTeh SHTSuETd TTel de o= FRaidehs ool daed T1a1 SuarTd 37Tet.
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gy ueedt (Research Methodology)

:— HIVICATE! HTHTRS o ST HINEAT Tegd o gi¥eH BR HecaT=n 3T8dl. q1 G-
B fraafas aRumTeRerad 3T frsshyi=an Sgedd YR <al. T STTHHE Juiicds o
ferveToTTenes wegd) aTHRuATa 3TTet 3R

2 EMYATET YR (Type of Research)

1 MY e iy ueediEn 9 uneHs 39 el JehieAT HifgdiET aTa hell 3R,
STV AT JTTAT.

237918 &7 (Study Area)

NSt AR feg FHagvara S1rer 3R, Tt TR fegmes 3750 —31 ST 2 HicsH
ETOft ST AT STTIATH 3 HTH B0 -7 T[T 31T HT0 T 3T

3.9 WHﬁH’S’(SampIeSizeand Selection)

TINEATEATS! %0 d 40 AU FHag 0T 3Teft 31T, ATHE ATerTesa WIvieiel TSTgRT dTar
ST HTOT T T A AT STAT TR

¥ .32 Hehed Uead (Data collection method)

rerfires Tt : - 9 gerad

AR eqor vt : - vered @il S defiel FSu=an T SH Saed

o fersers gre (Tools of Analysis)

7 Torvete e qeiel ST U el

TIRgehIa AL - THaR. T

TYIATCH L - TR TS, IR 91C .

<=1 (Discussions)

T A=A sahyi=a SHUTRa d@ie == sheard 314 fegqg Ad @i, TR Segrda
HIcATtheg WTUTHEN HTH HIOM-IAT TTHT USHTR Tfca0aT Ted STefl. SATYed = dTTiefeh 9
ATTRfeh TSI Ui ShvaTd Hed STl a8 <A RISUIa e HEquT aTe BIaT [Gg 3T,

9. AR feaTdie 9% Hicfthes Aefie TSGR TeaTek S HOTM-A1 AU SRITAEd
JATTOT SATATEITI A SEed STeTeTl 378 318 fega 3.

R AT feaTdiel 954 Sicfthes fol. TE T HTOT-AT AU ShIvTeT fSREM™ETS! 3TTaveh
TRIC ShIUATA Ad TR, 318 fog et 3R

3. AT feRTdie oA hidfthes fol. Wel USTGRT AeaTar ShiH ShivT T FUHT HLehRehgd Hiehil
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ST eI fervaTa A 31Tg 318 few 3R,

% : - (Conclusions)

T G 378 T TSl o AT HeRTe el oA Shicifthes fof. JTard @IUTdet shH Shiom—3T
9. TR foreereh e,

ShIeHT @TUft HEA THTT HTOT T T[T D18 Fereereh THEITE q18 gaTel T

2. U} SIS ST ShTH U0l

3.9 It 9aF 7 AiTeATged I T Jehi @ Huad for=m qeieh fofar ot 3e7. gamEm,
fRregor.

e’y gt (Reference)

2 R ferfermees JTfT TTeg-R STiet AT=AT R 3% AT IS T8, WA HLhR o, Tehem
ILYMIeh, 2R3R.

.37 .91, 3eAfies smEd! = farmen sEard, fomer: s favm, wa
TTHR, LYY,

3. HERTY TR el HEes — ek JTEATe. §]6¢-1R, LR6R -0, 8RL0-( Y,

¥ ST TE SR - ]2 - 2R d Te.

43T, T, 3. - SSHIMA s ARSI fegr.

§.378. RIS e - e forwareh TR 9 ey,

. TATRTY 1. TH. - ST dhaR 3 stean - Tgeta smmah, gars, fee fopamey, T, 2331

¢ S uE e, - dive faegfidh 3t Taeet Seeie.
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Mustard Oils — Unraveling Myths, Savoring Mindful Bites

Dr Roopali Bhargava
Assistant Professor, Department of Home Economics

Vasantrao Naik Government Institute of Arts and Social Sciences, Nagpur

Abstract:

Mustard oil is a quintessential element of Indian cooking, revered not only for its
distinct flavor but also for its deep cultural and health significance. This oil, derived from
mustard seeds, has historical roots in Indian traditions dating back thousands of years,
where it has been used in cooking, religious rituals, and healing practices. Its production
involves traditional methods like cold pressing that preserve its nutritional qualities,
while northern regions such as Punjab, Haryana, Uttar Pradesh and West Bengal
showecase its culinary versatility in diverse dishes, from fish curries, rich greens and not
to forget pickles. Beyond cooking, mustard oil is celebrated for its health benefits,
particularly its rich content of omega-3 fatty acids which promote cardiovascular health
and offer anti-inflammatory properties. Despite controversies surrounding its safety due
to erucic acid content, extensive cultural practices in India affirm its safety when used in
moderation. Additionally, various myths surrounding mustard oil have been debunked
through evidence suggesting it is not harmful to heart health and does not increase cancer
risks. Personal anecdotes further illustrate its cherished role in Indian households,
wherein the oil connects generations through culinary traditions, symbolizing not just
nourishment but a source of cultural identity. As Indian cuisine gains global recognition,
mustard oil stands as a testament to the rich culinary heritage and health practices
intertwined in the fabric of Indian culinary culture.

Keywords: Mustard Oil, Heart health, Cooking, Myths, Omega 3 Fatty Acids

Introduction

Seldom does any Indian household or kitchen functions without the usage of
mustard oil in their daily chores. It is a significance spreads across various cultures,
traditions, symbolizing purification and health benefits. In Vaishnavism, it's used in
traditional and cultural rituals and therapeutic presentations. Ayurveda appreciates it for
healing ailments and skin diseases. In Rasashastra, it aids both culinary and curative
resolutions. Furthermore, its symbolic value seems in Theravada teachings,
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exemplifying the notion of mortality. Broadly mustard oil's adaptability makes it's
significance felt in spiritual, therapeutic, and gastronomic contexts, highlighting its
cultural importance.

A pungent aroma, robust flavor, makes it a bedrock of Indian cuisine, deeply
rooted in the culinary folklore of North and East, India. Since time immemorial, a
golden-yellow oil, derived from mustard seeds, has been more than just a cooking
medium, it's a confluence of cultural legacy, a health-enriching ingredient, and a
versatile constituent in a variety of dishes. This research article explores the multifaceted
significance of mustard oil in Indian cooking, diving into its historical roots, production
processes, culinary usages, health benefits, cultural relevance, and the controversies
surrounding it. Through detailed analysis, understanding and personal reflections, we
will comprehend the role of mustard oil as an essential part of India's gastronomic
identity.

A Historical Perspective.

Mustard oil's history in India dates back centuries, mentioned in texts like the
Atharva Veda and Charaka Sambhita, dating back to 3000 BCE during the Indus Valley
Civilization. Beyond cooking, it's used in weddings for purification, lit in lamps during
festivals like Diwali, and applied in winter massages, reflecting its cultural integration
Mustard oil's journey in India dates back centuries, with its use documented in ancient
texts and ingrained in the practices of rural and urban kitchens alike. Originating from
the mustard plant (*Brassica juncea*), which thrives in India's fertile plains, the oil has
been a staple in regions where mustard cultivation is prevalent, such as Punjab, Haryana,
Uttar Pradesh, West Bengal, and Rajasthan. In Bengal, mustard oil is synonymous with
traditional cooking, while in Punjab, it complements hearty dishes tied to the agricultural
lifestyle. Historically, mustard oil was extracted using traditional methods like bullock-
driven *ghanas™® (oil mills), a practice that preserved its raw, unrefined essence. This
historical connection underscores its enduring presence in Indian households, where it is
valued not only for its flavour, but also for its role in sustaining culinary traditions passed
down through generations.

The Production Process.

The production of mustard oil is a craft that balances tradition with modern
techniques, influencing its quality, flavor, and nutritional profile. The oil is extracted
from mustard seeds through two primary methods: cold pressing and expeller pressing.
(a) Cold Pressing : This method involves crushing mustard seeds at low temperatures,
typically using wooden or stone presses. By avoiding heat, cold pressing retains the oil's
natural nutrients, pungent flavor, and sharp aroma. The result is a high-quality, unrefined
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oil thatis prized in Indian kitchens for its authenticity.

(b) Expeller Pressing : A more common commercial method, expeller pressing uses
mechanical pressure to extract oil, often generating slight heat. While this process may
slightly alter the oil's pungency, it increases yield, making it cost-effective for large-
scale production.

In India, mustard oil is predominantly consumed in its unrefined form, unlike many
Western oils that undergo heavy processing. This raw state preserves its golden hue and
intense flavor, attributed to compounds like glucosinolates and allyl isothiocyanate.
These elements not only define its taste but also contribute to its perceived health
benefits, making the production process a critical factor in its culinary and cultural value.

Culinary Uses: A Flavourful Staple

Mustard oil's versatility in Indian cooking is unmatched, owing to its high smoke point
and distinctive taste. It serves as a cooking medium, flavor enhancer, and preservative,
playing a starring role in diverse regional dishes.

(a)Bengali Cuisine : In West Bengal, mustard oil is the heart and soul of any seafood
preparations like *machher jhol* (fish curry) and *shorshe ilish* (hilsa fish in mustard
sauce). The oil's sharpness cuts through the richness of fish, creating a harmonious
balance of flavors. It is also used in vegetable stir-fries and lentil dishes, adding depth to
simple ingredients.

(b)Punjabi Cuisine : In Punjab, mustard oil is essential for *sarson ka saag*, a dish of
simmered mustard greens paired with *makki di roti* (cornmeal flatbread). The oil's
nutty undertones amplify the earthy taste of the greens, making it a winter favorite.
(c)Pickling : Across India, mustard oil is a go-to for pickling mangoes, limes, and mixed
vegetables. Its antimicrobial properties help preserve the contents, while its flavor
infuses the pickles with a spicy and tanginess.

(d)Tempering and Finishing : Mustard oil is often heated with spices like cumin or
nigella seeds to release their aromas, a technique known as *tadka*. It is also drizzled
raw over salads or steamed dishes as a finishing touch, showcasing its bold character.

The oil's ability to withstand high temperatures makes it ideal for deep-frying snacks like
*pakoras™ and *pappads®, ensuring a crisp texture without compromising flavor. From
everyday meals to festive feasts, mustard oil's culinary applications reflect the diversity
andrichness of Indian cuisine.

Health Benefits: Nutrition Meets Tradition. Beyond its culinary power, mustard oil is
celebrated for its health benefits, rooted in both traditional wisdom and modern science.
It is rich in monounsaturated (MUFA) and polyunsaturated fats (PUFA) , particularly
omega-3 and omega-6 fatty acids, which are known to promote cardiovascular health by
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reducing LDL (bad cholesterol) and boosting HDL (good cholesterol). These healthy
fats also support skin and hair health, a reason why mustard oil is a staple in Ayurvedic
beauty treatments and still used widely in beauty and cosmetic industry.

Omega-3 Fatty Acids: Mustard Oil Stands Out for Mindful Eating

Mustard oil outshines in terms of omega-3 fatty acid content, which is profoundly rich
sources of alpha-linolenic acid (ALA), an essential omega-3 fatty acid that prevents,
control and upkeep the health of heart and brain and act as anti-inflammatory. Mustard
oil is a significant source of ALA, an essential omega-3, particularly valuable for
vegetarian and vegan diets. While it offers health benefits, the body's conversion of ALA
to EPA and DHA is limited. The oil contains allyl isothiocyanate, a compound
responsible for its pungent aroma, which exhibits anti-inflammatory properties. This
makes mustard oil a popular remedy for joint pain and muscle stiffness, often used in
massages. Its antimicrobial and anti-fungal qualities further enhance its appeal,
particularly in pickling and as a natural preservative. Some studies suggest that mustard
oil's antioxidants, derived from its unrefined nature, may protect against oxidative stress,
though more research is needed to confirm these effects.

However, moderation is key. The oil's strong flavour and high erucic acid content can
cause digestive discomfort if over-consumed. In Indian cuisine, where it is used
judiciously alongside a balanced diet, mustard oil is regarded as a wholesome addition,
blending nutrition with flavour.

Cultural Significance: Beyond the Kitchen

Mustard oil transcends its culinary role, holding a revered place in Indian culture and
traditions. In Bengal, it is a ritualistic element in weddings, applied to the bride and
groom as a symbol of purification and prosperity. During festivals like Durga Puja or
Diwali, mustard oil lamps are lit to signify light and positivity, a practice rooted in
ancient customs.

In rural India, mustard oil is a mainstay in traditional medicine. It is massaged onto the
skin to treat ailments like rashes or infections, thanks to its warming and antimicrobial
properties. During winter, it is used for body massages to improve circulation and
combat the cold. These practices highlight mustard oil's versatility and the trust placed in
its multifaceted benefits, reinforcing its cultural importance.

Controversy and Safety: A Balanced View

Mustard oil's global reputation is not without contention, primarily due to its erucic acid
content. In high doses, erucic acid has been linked to heart issues in animal studies,
prompting countries like the United States and Canada to ban its use for consumption,
relegating it to external applications like hair oil. This contrasts sharply with India,

39



RAINBOW-2026 ISSN 2394-6903

where mustard oil has been safely consumed for generations without widespread
adverse effects.

The Indian government regulates mustard oil production, ensuring it adheres to safety
standards, such as blending it with other oils to reduce erucic acid levels in some cases.
Additionally, modern agricultural advancements have introduced low-erucic-acid
mustard varieties, addressing health concerns while preserving flavor. Many Indians
argue that the traditional diet— rich in spices, vegetables, and grains—offsets any
potential risks, a perspective supported by the oil's long history of use. This controversy
underscores the need for a balanced view, weighing scientific caution against cultural
context.

Debunking Myths of Mustard Oil

Several myths against mustard oil suggest it's unsafe, particularly regarding heart health,
cholesterol, and cancer risks. Let's explore these misconceptions and provide clarity.
Below, we address each myth with evidence:

1. Myth: Mustard Oil is Bad for the Heart. Reality: The concern stems from
erucic acid, present in high amounts (up to 44-46%), linked to heart issues in animal
studies showing lipidosis. However, human studies, such as a 2014 review in
"Nutrition," conclude no significant risk at typical consumption levels. The
European Food Safety Authority (EFSA) notes potential risks at high intakes, but
Indian dietary patterns, with moderate use, show no widespread heart issues.
Evidence: A systematic review found that while high doses in rats caused
myocardial lesions, human epidemiological data, especially from mustard oil-
consuming regions, do not correlate with increased heart disease.

2. Myth: Mustard Oil Increases Bad Cholesterol Reality: This is false. Mustard
oil's fatty acid profile includes 2-4% palmitic acid and 1-2% stearic acid (saturated
fats), with the majority being monounsaturated (oleic acid, 10-14%) and
polyunsaturated fats (linoleic acid, 15-20%; alpha-linolenic acid, 7-10%). Studies
show it can lower LDL cholesterol and increase HDL cholesterol, supporting heart
health. Evidence: Research indicates its omega-3 and omega-6 content aids in
reducing cardiovascular risk factors, debunking the myth.

3. Myth: Mustard Oil is High in Saturated Fats Reality: This is incorrect. As
noted, saturated fats constitute only 3-6% of its composition, far lower than oils like
coconut oil. Its health profile is more aligned with olive oil in terms of unsaturated
fats, making this a clear myth.

4. Myth: Mustard Oil Can Cause Cancer Reality: There is no direct evidence
linking mustard oil to cancer. Instead, isothiocyanates, present in mustard oil, have
been studied for potential anti-cancer effects, such as inducing apoptosis in cancer
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cells. This myth likely arises from confusion with other oils or general health fears.
Evidence: Studies on Brassica-derived compounds suggest protective effects
against cancer, contradicting this myth.

5. Myth: Mustard Qil is Poisonous or Toxic Reality: While high doses of erucic
acid can be toxic, normal culinary use, does not pose a risk. The myth likely stems
from regulatory bans in some countries, but in India, it's consumed without
widespread toxicity reports. The WHO and EFSA set limits on erucic acid intake,
but typical consumption levels are below these thresholds. Evidence: Studies show
that at dietary levels, mustard oil is safe, with no significant toxicological findings in
humans.

6. Myth: Mustard Qil Should Only be Used Externally Reality: This myth arises
from regulatory decisions in countries like the US, where it's labeled “for external
use only” due to insufficient data on erucic acid safety, not proven toxicity. In India,
it's a cooking staple, and many consume it without issues, suggesting safety in
moderation. Evidence: The FDA's stance is precautionary, based on animal studies,
but human consumption data from India shows no widespread adverse effects.

7. Myth: Mustard Oil Causes Digestive Issues for Everyone Reality: Some
individuals may experience gastrointestinal discomfort, possibly due to erucic acid,
but this is not universal. Many consume it without issues, and moderation, along
with individual tolerance, mitigates risks. Evidence: Studies on dietary erucic acid
suggest occasional discomfort in sensitive individuals, but it's not a general effect.

Comparative Analysis: Regional Perspectives

To illustrate how myths vary by region, consider the following table comparing
perceptions and usage. This table highlights how myths are often region-specific,
influenced by regulatory environments and cultural practices.

‘ Region Common Myths Reality in Region Cultural Use
|
India Bad for heart due to Widely consumed, no | Cooking, weddings,
erucic acid health issues cultural, festival lamps
United States Poisonous only for Regulatory Limited, mainly for
external use restrictions, not hair and body oil
banned
Europe Increases cancerrisk | No evidence, Minimal usage,
precautionary limits | external applications
Canada Toxic at any level Safe in moderation, as | Restricted, external
per studies use only

While debunking myths, it's important to acknowledge potential risks. High erucic acid
intake, especially for vulnerable groups like children and pregnant women, may pose
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risks, with EFSA recommending limits. The safe intake level is debated, but typical
Indian consumption patterns suggest moderation is key. Adulteration is a concern, but
not specific to mustard oil, and can be mitigated by choosing pure, certified products.
Personal Reflections: A Taste of Tradition

Mustard oil's significance is vividly illustrated through personal experiences. Growing
up, every Indian household has watched grandmother prepare pickles with mustard oil,
kitchen enveloped in its sharp, earthy scent. She believed it was the key to their
longevity, proudly serving jars of mango pickle years after they were made. The oil's
flavor was a nostalgic thread connecting us to our roots. She insisted that no other oil
could replicate its magic, a sentiment echoed by many who cherish mustard oil's
irreplaceable taste. These stories reflect how mustard oil binds individuals to their
heritage, making it more than just an ingredient—it's a memory, a tradition, a way of
healthy life.

Conclusion: An apex culinary component of every kitchen

Mustard oil's importance in Indian cooking is earnest and multifarious. It is production
conserve centuries-old craft, its culinary uses enrich a different variety of serving, and
health benefits align with both tradition and science. Culturally, it weaves through rituals
and remedies, a personified version of India's holistic approach to food and life.
Controversies aside, its safety and value are upheld by the mass. With Indian cuisine
gaining global traction, mustard oil is stepping into the limelight, encouraging fusion
recipes like mustard oil-dressed salads or marinades. With a flamboyant flavor and rich
legacy, thus an unique ambassador of India's culinary heritage, ensuring its relevance for
generations to come. Mindful cooking with mustard oil ensures a healthy lifestyle but the
real key is in moderation usage, under the lore of the yore backdrop.
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1.Abstract:

In the tradition of Marathi musical theatre, the play “Sangeet Saubhadra”
is recognized as an immortal and timeless work of art. Based on the triangle of
Saubhadra—Arjuna—Krishna from the Mahabharata, this play has established a
significant place in the aesthetics and expressive power of Marathi musical drama.
Presenting a balance of devotion, love, loyalty, dharma, war strategy, politics, and
cultural values, this play is not merely a source of entertainment but a prime example of a
distinguished artistic tradition that influences societal consciousness. The present study
offers an in-depth analysis of “Sangeet Saubhadra”, examining its storyline, character
features, acting traditions, musical structure, stagecraft, socio-cultural context, and its

relevance in the modern era.

The development of the main characters in this play is closely
intertwined with the core of the narrative. The delicate emotional world of Saubhadra,
Arjuna's valorous and ideal warrior persona, Krishna's political subtlety and diplomatic
acumen, as well as the conflict-laden situations involving Duryodhana and Shakuni—all
these elements contribute to the dynamism of the play. The raga-based and emotive style
of music lends greater vitality and impactful expression to the characters' inner
emotions. The songs in the play, their composition, rhythm and tempo arrangements, and
style of singing have all made a significant contribution to the creation and richness of

the musical theatre tradition.

2.Introduction :
In the history of Marathi theatre, musical dramas occupy an extremely

significant and illustrious chapter. Among them, the play “Sangeet Saubhadra”

44



RAINBOW-2026 ISSN 2394-6903

continues to hold a special place in the classical Marathi theatre tradition as a unique and
long-lasting work of art. Emerging from the Mahabharata-era context that combines
devotion, love, sacrifice, loyalty, duty, and war strategy, this play gained immense
popularity, artistic excellence, and the boundless affection of audiences during the
golden age of Marathi musical theatre. Through this play, the tradition of kirtan-
centered, emotion-focused, and raga-based singing in Marathi theatre was further
strengthened.

“Sangeet Saubhadra” is not merely a play but a pioneering artistic
creation. It gave new direction to musical dramas and, through innovative composition,
presented an excellent coordination of character development, acting style, musical
arrangement, and dialogue skills. The delicate emotional world of Saubhadra, Arjuna's
heroism, Krishna's subtle politics, and the conspiracies of Duryodhana and Shakuni lend
dramatic intensity to the storyline. The raga-based musical compositions enhance the
portrayal of emotional highs and lows in the play with greater impact.

Through the study of this play, one can trace the socio-cultural evolution
of Marathi theatre. The influence of family structures, interpersonal relationships, the
roles of men and women, wartime circumstances, and political maneuvering is clearly
reflected in the dialogues and songs of the characters. The aesthetic features of the play,
the reception of rasa, the role of music, stagecraft, and acting conventions have had a
decisive impact on the overall tradition of Marathi theatre.

This play serves as a beautiful example of how a balanced fusion of
music and drama can be achieved. Singing, instrumental accompaniment, acting, dance,
structured dialogues, poetic language enriched with meter and figures of speech, and
glimpses of culture all converge to confer timelessness on this work. Due to its classical,
semi-classical, and emotive song compositions, Sangeet Saubhadra continues to be
highly significant for scholars, researchers, and performers alike.

Compared to contemporary theatre, the tradition, popularity, and
stability of this play are particularly striking. Even with modern adaptations, new
directorial styles, costumes, and lighting arrangements, the play has been continuously
performed. Consequently, today's generations are introduced to this masterpiece in a
renewed light. A scholarly, historical, and cultural examination of Sangeet Saubhadra's

narrative structure, character psychology, artistic depth, and dramatic construction is
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thus essential.

Against this backdrop, the present study undertakes a thorough and
critical analysis of “Sangeet Saubhadra”, focusing on its creation process, storyline,
character traits, musical structure, stagecraft traditions, socially meaningful messages,
relevance in modern theatre, and its impact on the Marathi theatrical tradition. This study
is not merely a literary or dramatic subject but underscores the play's place as an
important link in the cultural heritage of Marathi society.

2.1 Choice of subject :

The play “Sangeet Saubhadra” holds an extremely important place in the
history of Marathi theatre, exemplifying a refined tradition and marking a decisive
turning point in the development of musical drama. Studying this play is considered
essential for understanding the journey of Marathi theatre, its evolving trends, and the
subtle relationships between audiences and performers. In selecting this subject, careful
consideration was given to the currents of Marathi musical theatre tradition, the
changing cultural tastes in society, and the remarkable blend of classical music and folk
art.

Sangeet Saubhadra is not merely a work of art but represents a strong
artistic vision bestowed upon the emerging Marathi theatre. Its dialogue structure, poetic
quality, musical compositions, rhythm, tempo, tala, emotional expression, and the
balance in dramatic form make it highly attractive for research. The play exemplifies
rasa, emotion, figures of speech, and the harmonious integration of theatrical elements.
Therefore, its selection is also particularly appropriate as a bridge between traditional
culture and modern theatrical experimentation.

This play popularized musical drama, gaining acceptance from a wide
audience. Consequently, it becomes essential to study the contribution of Sangeet
Saubhadra to the evolution of Marathi theatre in a scholarly manner. Furthermore, the
play's narrative reflects Indian social life, male—female relationships, family structure,
and cultural values, providing ample scope for a comprehensive study from social,
cultural, artistic, and historical perspectives.

While selecting the topic, aspects such as comparisons with
contemporary plays, musical background, public reception of the storyline, and its

impact on the stage were also considered to ensure a balanced and in-depth study. The
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deeper and more multifaceted the subject, the more effective the scope of research; this
principle guided the choice of Sangeet Saubhadra.

Additionally, the cultural legacy generated by the play's popularity, the
new traditions of musical performance and acting it established, and the need to reassess
its relevance in the present era make the subject even more worthy of study. Its song
compositions, raga-based structures, musicological aspects, emotional expression,
stagecraft, and descriptive style provide a unique opportunity for academic research. For
all these reasons, Sangeet Saubhadra is recognized as an extremely suitable, meaningful,
and research-worthy subject, which is why it was chosen for detailed study.

3.Objectives of Study :

1.To study the creation, background, and literary features of the play Sangeet
Saubhadra.

2.To analyze the plot, character development, and emotional presentation in the
play.

3.To conduct a detailed examination of the musical styles, ragas, rhythm-tempo
(tala-laya), and singing techniques used in the play.

4.To analyze the cultural, artistic, and social impact of Sangeet Saubhadra on
Marathi theatre.

5.To reassess the play's position, contributions, and distinctive features within the
tradition of musical drama.

4. Assumptions :

1. The creation and literary structure of the play Sangeet Saubhadra is
considered an important milestone in the tradition of Marathi musical theatre.

2. The plot, character development, and emotional presentation in the play
are capable of creating a powerful theatrical experience for the audience.

3. The ragas, rhythm-tempo (tala-laya), and singing used in the play make it
musically distinctive.

4, Sangeet Saubhadra has had a significant cultural and artistic impact on
the Marathi stage.

5. In the tradition of musical drama, the position and contribution of

Sangeet Saubhadra can be regarded as more important and influential compared to other
plays.
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5. Research Methodology:

o Information Collection

= Field Study

= Analytical Methods

o Statistical Information

o Conclusions and Recommendations

6. Subject Analysis :

The play Sangeet Saubhadra is regarded as an extremely important and
popular work in the tradition of Marathi musical theatre. Its storyline, music, dialogue
structure, character traits, and style of presentation together have created a distinct
cultural tradition on the Marathi stage. While choosing Sangeet Saubhadra as a subject
of study, it is essential to carefully consider its literary, artistic, and musical aspects.
Through the study of this play, one can trace the mature tradition of Marathi musical
theatre, the changing tastes of audiences, the role of performers, and the socio-cultural
significance of musical drama.

Although the plot of Sangeet Saubhadra is based on a well-known
episode from the Mahabharata, the playwright's presentation of dramatic intensity,
subtle depiction of emotions, and the complex relationships between characters elevate
the play to a literary height. Characters such as Saubhadra, Kripacharya, Draupadi, and
Abhimanyu come alive on stage. Through their dialogues, emotional expressions, and
dramatic situations, the audience experiences the story with vivid intensity.

The most distinctive feature of this play is its music. The compositions,
based on various ragas, the melodic arrangements, rhythmic patterns, and the integration
of singing with the theatrical form enable Sangeet Saubhadra to captivate the audience
emotionally. Music clarifies the emotional world of the characters, heightens the impact
of dramatic situations, and reflects the musical traditions of that era within the narrative.

A study of the play's stage design, backdrop, costumes, directorial
methods, and presentation of dialogues provides deeper insight into the nature of theatre
at the time, the contribution of performers, and the various currents in the development
of theatrical tradition. Sangeet Saubhadra is not merely a play but an important cultural
document within the Marathi artistic world.

While studying this play, it is essential to consider its historical
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background, the socio-cultural conditions of the era, the style of playwriting, and the
evolution of music. The enduring impact and popularity of Sangeet Saubhadra over
several decades testify to its quality and artistic excellence.

6.1 Background of the Play:

The play Sangeet Saubhadra is based on an important sub-narrative from
the ancient Mahabharata period. The love story of Krishna's sister, Saubhadra, and
Krishna's nephew, Abhimanyu, has been popular in folk tales for generations. While
presenting this mythological element through the medium of musical drama, the
playwright beautifully depicted the political, social, and familial relationships of that
era.

Historically, musical dramas emerged in the 19th century. During this
period, plays based on mythological stories were widely popular among the general
public. The confluence of music and drama made the stories more impactful and
emotionally engaging. Sangeet Saubhadra originated within this tradition and received
immense acclaim during the golden age of musical theatre around 1880-90. Its
significance was further enhanced by performances by the legendary actor Bal
Gandharva.

The playwright presented the narrative with emotional depth and
balance, avoiding excessive melodrama. The plot goes beyond a simple love story to
explore the duties of princes, familial relationships, social values, and the nuanced
emotional bonds between men and women. This background establishes Sangeet
Saubhadra as a timeless masterpiece on the Marathi stage.

6.2 Synopsis of the Play:

The story of the play revolves around the love affair between Abhimanyu
and Saubhadra. Saubhadra, Krishna's sister, is beautiful, intelligent, and gentle in nature,
while Abhimanyu is a brave, courageous, and virtuous warrior. Love blossoms between
them at their first meeting and gradually grows stronger over time. However,
Saubhadra's brother, Balarama, takes a strict stance regarding her marriage, desiring that
she be married to Duryodhana. On the other hand, Krishna, understanding the situation,
acknowledges Saubhadra's feelings and her love for Abhimanyu.

The narrative highlights the contrasting perspectives of Balarama and

Krishna. Krishna is wise, calm, prudent, and farsighted, whereas Balarama upholds a
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traditional and duty-bound approach. In one dramatic episode, Saubhadra and
Abhimanyu elope to get married. Krishna supports them, while Balarama becomes
angry. Eventually, family harmony is restored, and the play concludes with the triumph
oflove and familial unity.

Although the plot is simple, the depiction of the characters' emotions, the
intensity of the dialogues, and the soulful musical expressions enrich the story, making it
emotionally resonant, theatrically engaging, and melodiously vibrant.

6.3 Character Analysis:

1. Abhimanyu: Abhimanyu is the central hero of the play, embodying a
harmonious blend of bravery, courtesy, love, and sense of duty. His affection for
Saubhadra is gentle, while his understanding of family respect and his responsibilities as
aprince is mature. His speech is soft yet firm.

2. Saubhadra: Saubhadra is a gentle, beautiful, sensitive, and intelligent
heroine. Her personality balances feminine grace with inner strength. She shows
courage for love and is prepared to face social constraints. Her songs and dialogues form
the emotional core of the play.

3. Krishna: Krishna is the most influential and wise character in the play.
He is understanding, calm, sharp-witted, and loving toward all. Krishna maintains a
balance between love, relationships, society, and tradition, providing proper guidance to
Abhimanyu and Saubhadra's love.

4. Balarama: Balarama is traditional, strict, and emotionally intense. His
affection for Saubhadra and his desire to ensure her stability in a proper household are
reflected in his dialogues. However, his rigidity creates conflict in the narrative.

The presence of these characters ensures that the play's storyline remains
dynamic and emotionally engaging.

6.4 Musical Features:

The greatest distinguishing feature of Sangeet Saubhadra is its music.
Most of the songs in the play are based on classical ragas, beautifully blending emotion,
rhythm, tala, and expression. The singers—actors' rendition, rhythmic precision, and
raga-based composition draw the audience deeply into the emotional world of the
narrative. The songs are set in ragas such as Yaman, Kafi, Bhup, Kalyan, Tilak Kamod,

Bhairavi, and Bihag.
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Each song is composed to reflect the emotional state of the character,
making the scenes more vivid and impactful. For example, songs expressing love are set
to slow tempo, while those conveying conflict or intensity are set to fast tempo. The
accompaniment by tabla, harmonium, pakhawaj, and violin adds further distinctiveness
to the presentation. The songs performed by Bal Gandharva have become immortal in
the history of Marathi musical theatre. This music allows the audience not only to
understand the story but also to form an emotional connection with it.

6.5 Dramatic Structure Features:

The play's structure is coherent, straightforward, and full of theatricality.
The plot is organized into three acts, with each act providing the story a unique pace and
emotional depth. The flow of the play remains uninterrupted due to the precise
arrangement of dialogues, scene composition, stage design, and music. The language of
the dialogues is literary yet simple, fluent, and emotionally engaging. The placement of
songs is so natural that no artificiality is felt, with each song heightening the intensity of
itsrespective scene.

The depiction of conflicts and climaxes is effective according to
theatrical conventions. The dramaturgy achieves a fine balance between the
Krishna—Balarama conflict, the love between Abhimanyu and Saubhadra, and the
tensions in family relationships. Timely entrances and exits of characters, the
theatricality of scenes, and the emotional power of dialogues are key elements of the
play's structural beauty.

6.6 Portrayal of Social and Cultural Values:

Sangeet Saubhadra effectively reflects the social values and cultural
traditions of its era. The nature of male—female relationships, family ties, traditions, and
the conflicts between love, duty, and freedom are portrayed convincingly. Balarama's
character symbolizes traditional values, while Krishna represents a modern, balanced,
and rational perspective. The play gives special importance to the emotional world of
women.

Saubhadra struggles for love while maintaining her self-respect and
honoring family relationships, indicating a culturally progressive perspective on gender
equality. The play vividly depicts elder—younger family relationships, marital

institutions, princely duties, boundaries of expressing love, and societal expectations.

51



RAINBOW-2026 ISSN 2394-6903

Awareness of Indian cultural values, the binding nature of relationships, and the sanctity
oflove form the central cultural essence of the play.
7. Conclusion:

The social and cultural significance of Sangeet Saubhadra is particularly
noteworthy. The play clearly reflects the position of women in theatrical tradition, the
institution of marriage, interpersonal relationships, duty, and morality. Additionally, the
political and social structures of society are vividly conveyed through the characters'
dialogues and situation-driven scenes. The play not only provided entertainment to the
audience but also encouraged them to reconsider the values related to family, society,
and duty.

This study also analyzed stagecraft, directorial style, costumes, lighting
design, acting methods, and musical presentation. Through various performances across
different periods, the play has maintained its relevance and reached new generations of
audiences. The analysis makes it evident that Sangeet Saubhadra stands as a shining
symbol of Marathi musical theatre, achieving a unique confluence of literature, music,
acting, and culture.

Overall, Sangeet Saubhadra epitomizes the confluence of Marathi
literature, drama, and music. This study explored the artistic essence of the play and
presented a comprehensive review of its historical, cultural, musical, and theatrical
features. Thus, the play is not merely a literary work but a living testament to the

immortal cultural heritage of Marathi tradition.
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Abstract
The enormous value of biodiversity due to their genetic, commercial, medical, aesthetic,
ecological and optional importance emphasizes the need to conserve the biodiversity.
Non-Governmental Organizations (NGOs) play a vital role in this effort, working at the
grassroots level and engaging local communities. Through these partnerships, NGOs
raise public awareness about pressing contemporary issues such as climate-change
adaptation, global warming, wildlife conservation, sustainable agriculture and pollution
control, thereby helping to safeguard biodiversity and secure a sustainable future. This
paper attempts to study the active participation of Non-Governmental Organization
(NGO) namely Garung Thuk which literally means Ouwur Village in conserving
Biodiversity. This NGO which is based in Shergaon village of West Kameng district,
Arunachal Pradesh has worked tirelessly in conserving the environment setting a
remarkable example in both regional and national level. The paper entails information
related to various initiatives, programs, plans of the NGO conserving the biodiversity of
the village. The details are compiled by undertaking an extensive review of the literature,
scientific papers, reports, articles and with the open ended interview with the local
people and the members of the NGO.
Keywords: Biodiversity, Conservation, Non Governmental Organization, Garung
Thuk, Shergaon, Arunachal Pradesh.
INTRODUCTION

Environmental degradation has emerged as one of the most pressing challenges facing
India in the 21" century. With the country experiencing rapid industrialization, urban
expansion, deforestation, air and water pollution, and the far-reaching impacts of climate
change, the environmental toll has been immense (Aditya et.al. 2025).These issues pose
a significant threat to public health, agriculture, and natural ecosystems, making
environmental conservation a crucial priority (Mensah, 2019). NGOs (Non
Governmental Organizations) are frequently defined as non-profit, voluntary, state-
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independent organizations working for common welfare (Bruntrup-Seidemann, 2011)
or as voluntary entities gathering people with similar interests to promote those interests
in public spaces (Spangenberg, 2014). Non-Governmental Organisations (NGOs) play a
vital role in this effort, working at the grassroots level and engaging local communities.
NGOs act as intermediaries, facilitating grassroots-level action, policy adcocacy, and
environmental awareness campaigns. NGOs also play a key role in environmental
education, organizing awareness campaigns, workshops and training programs to
promote sustainable practices among individuals, industries and communities (Vardhan
et. al. 2025).The increasing importance and role of NGOs in different sectors especially
in environment protection makes it necessary to have knowledge of the grassroot level
organizations and their activities in environment protection and biodiversity
conservation (Bhattacharjee, 2013).The present paper thus attempts to study the active
participation of Non-Governmental Organization (NGO) of Shergaon village namely
'Garung Thuk' which literally means 'Our Village'in conserving Biodiversity setting a
remarkable example in regional and national level.

STUDYAREA

Shergaon village located at West Kameng district of Arunachal Pradesh is
inhibited by Sherdukpen community. The village lies at the distance of 65 km from
the district head quarter, Bomdila. It lies between latitudes 2707'01.4" "N and
longitudes 9215°59.89"'E with an elevation range of 2000-2500 m above sea level.
The village is well known for forestry, agricultural and horticultural resources.
Shergaon is also known as “Apple bowl of Arunachal Pradesh”.

>

<
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\ crana
¥
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Pic: Map showing location of the study area.

AIMS & OBJECTIVES:
1. To document various activities undertaken by the Garung Thuk (NGO) to
conserve the Biodiversity.
2. To analyze the key challenges faced by the NGO in executing its
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conservation efforts.

3. To suggest appropriate measures for enhancing the growth and
effectiveness of the NGO in the study area.

METHODOLOGY

The study is based on anthropological and ethnographical tools such as interviews,
life histories, direct observations and open-ended participatory discussions with local
informants.

RESULT & DISCUSSION

GARUNG THUK NGO- An Overview: Bearing registration no. SR/ITA/5603,
Garung Thuk is a not for profit organization established on 4" December 2014 by a group
of like-minded young individuals committed to promoting social welfare and
environmental sustainability of Shergaon, West Kameng District, Arunachal Pradesh.
The organization is named 'Garung Thuk' which means 'Our village'. Members of the
NGO committed themselves to work relentlessly for every aspect of rural development
concerning their village. To achieve this goal effectively, the organization was divided
into five major departments: Education, Heritage Culture and Tradition (HCT),
Biodiversity Conservation, Health and Ecotourism. Each department focuses on specific
developmental activities within its respective domain, ensuring balanced and holistic
growth of the community.
Logo of the NGO:

I. Activities undertaken by the NGO to conserve the Biodiversity: Following are the
details of various activities undertaken by the NGO to conserve and promote the
biodiversity of their village to a significant extent:

I.a) Plantation Drive:

Garung Thuk, a community-based NGO in Shergaon, has been actively engaged
in biodiversity conservation and ecological restoration through extensive plantation
initiatives. The organization has conducted more than fifteen plantation drives in
collaboration with government agencies, academic institutions, youth organizations,
and local community groups. These initiatives have included the plantation of critically
endangered species such as Gymnocladus assamicus at key community sites, mass
roadside plantations during Van Mahotsav celebrations, and thematic conservation
activities such as the rejuvenation of the Zengbu Lok Sacred Grove through the planting
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of approximately 108 oak (Quercus spp.) saplings. Additional drives have focused on the
plantation of peach saplings in educational institutions, the large-scale planting of
Cryptomeria japonica and Acer pectinatum along highways and community premises,
and the distribution of Taxus baccata saplings to promote medicinal species
conservation. Several plantation programmes have been integrated with wider
environmental activities, including waste collection and awareness campaigns during
World Environment Day. Through these community-driven afforestation efforts,
Garung Thuk has significantly enhanced habitat restoration, strengthened local
participation in environmental stewardship, and promoted long-term ecological
sustainability in Shergaon and adjoining regions.

Pic: Plantation program with various groups within the village.

I.b) Training Programmes on Biodiversity Conservation:

Garung Thuk NGO has been actively engaged in fostering environmental education,
community capacity building, and biodiversity conservation in Shergaon and the
surrounding regions. The organization has conducted numerous capacity-building
workshops and collaborative training programmes addressing ecological and
community-based conservation practices. Key initiatives include training programmes
for local farmers on the safe and scientific use of pesticides and insecticides, and
workshops on traditional forest conservation methods practiced by the Sherdukpen
community. The NGO has also served as a resource organization during World Wildlife
Week celebrations and has facilitated trainings for Biodiversity Management
Committees (BMC) under the State Biodiversity Board, including sessions on the
preparation of the People's Biodiversity Register. Garung Thuk has organized forest
management and nature-based training programmes in collaboration with national
institutions such as the Indian Institute of Forest Management and NERIST, Nirjuli,
ArunachalPradesh. NGO has conducted workshops on birding and nature guiding,
small-cat conservation, and biodiversity awareness for youth and local community
members of the village. The organization has also undertaken (Information, Education
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and Communication) IEC-cum-awareness programmes on plastic pollution, and
conducted specialized workshops on cold-water trout hatchery, breeding, culture, and
health management in partnership with research institutions and government agencies.
In addition, Garung Thuk has conducted nature education initiatives including naturalist
training courses, teacher and community training, and residential nature camps for
school children from fringe villages of Eaglenest Wildlife Sanctuary, Singchung,
Arunachal Pradesh. Through these programmes, Garung Thuk has strengthened
community-based conservation, enhanced local ecological knowledge, and promoted
sustainable eco-tourism and biodiversity documentation in the region.

Pic: Training on Birding and Naturalist for the youths of West Kameng District, A.P

I.c) Exposure tour conducted for the people of the village:

Garung Thuk NGO has also facilitated exposure tours aimed at enhancing
learning, exchange of best practices, and building conservation leadership among
community members from Shergaon and adjoining villages. These initiatives enabled
youths and local representatives to visit significant conservation sites, including the
Centre for Bear Rehabilitation and Conservation in Pakke Tiger Reserve, Arunachal
Pradesh and the Kaziranga National Park, Assam fostering awareness of wildlife
management and community-based conservation. The organization has represented the
Sherdukpen tribe and promoted indigenous cultural identity at regional platforms such
as the BASCON Festival in Basar, Arunachal Pradesh. Garung Thuk has actively
participated in state-level biodiversity planning and conservation policy dialogues,
including workshops organized by the State Biodiversity Board, WWF, and Global Tiger
Forum, focusing on biodiversity strategy and small wild cat conservation. The NGO has
also engaged in national and international forums such as the G-20 International
Conference, contributing insights on rural eco-tourism and community-driven
conservation.

As arecognized voice in sustainable tourism, Garung Thuk has served as a guest
speaker at the India Responsible Tourism Awards, presenting the success story of
community-based responsible rural tourism led through the Seinthuk model. Through
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these exposure tours and representation platforms, the organization has strengthened
community knowledge, built conservation networks, and enhanced the visibility of
indigenous stewardship in biodiversity conservation.

Pic: Exposure visit for the villagers at Kaziranga National Park, Assam and exhibition
during Responsible Tourism Meet at Guwahati, Assam.

I.d) Exposure tours for visitors from outside the village:

Garung Thuk NGO has actively organized multiple exposure tours designed to
facilitate experiential learning, cross-community knowledge exchange, and
collaborative conservation initiatives for the visitors from outside the village. The
organization hosted students from the Department of Forestry, NERIST, Papumpare
district of Arunachal Pradesh for an exposure programme in Shergaon and Eaglenest
Wildlife Sanctuary, emphasizing biodiversity conservation and field-based ecological
understanding. It also conducted an intensive four-day exposure visit supported by the
Community-Led Landscape Management Project (CLLMP), bringing beneficiaries and
staff from districts of Meghalaya to study community-led landscape management and
sustainable development models in Shergaon. Further, Garung Thuk hosted an exposure
programme for members of the Tale Eco-Development Committee and Protection
Squad from Ziro Valley of Arunachal Pradesh enabling knowledge sharing among
frontline forest personnel and community groups from key protected areas. Another
exposure initiative was organized in collaboration with the Meghalaya Institute of
Governance, providing participants from 'the whistling village' of Kongthong,
Meghalaya an opportunity to learn about community-based conservation, cultural
preservation, and rural development practices adopted in Shergaon. Additionally, the
NGO facilitated a three-day exposure programme for women representatives from
Bagang Welfare Society, Seppa, Arunachal Pradesh focusing on sustainable rural living,
livelihood diversification, and women-led development processes. Through these
initiatives, Garung Thuk has strengthened inter-state cooperation, supported grassroots
learning, empowered community stakeholders, and enhanced replicable models of
community-driven conservation and sustainable rural development.
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Pic: Exposure visit for Kongthong village of Meghalaya at Shergaon

I.e) Conservation of aquatic resources and biodiversity:

Garung Thuk has undertaken notable initiatives in aquatic biodiversity conservation and
sustainable fisheries management in Shergaon. The organization adopted the
Choskhorong-Kho River for long-term conservation and released fish fingerlings to
restore native populations, particularly focusing on the indigenous Schizothorax
species. As part of this initiative, community engagement activities were conducted,
including cultural programmes promoting traditional fishing systems and community
interaction with village elders to revive indigenous knowledge. The NGO has also
collaborated with the Department of Fisheries to celebrate World Fisheries Day and
organize awareness sessions for local farmers from surrounding villages, emphasizing
sustainable fishery practices and livelihood enhancement. The conservation success of
the Choskhorong-Kho River received wider recognition when it was acknowledged as
one of the best water-conserved areas at the International Water Conclave. The project
gained further support from state Chief Minister Shri. Pema Khandu, reinforcing its
significance as a model for community-led aquatic resource conservation.

P -
CM PEMA KHANDU RELEASED 7000
NOS OF FISH( schozothorax Species)
AT CHOSKORONG-KHO SHERGAOO'E

Pic: Ranching of fingerlings by Hon'ble C.M Shri. Pema Khandu and the villagers at
river Chhoskhorong Kho.
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I.f) Nature Camp organized for the students: Garung Thuk has been actively involved in
fostering environmental education and youth engagement through residential Nature
Camps organized in collaboration with Eaglenest Wildlife Sanctuary and the Shergaon
Forest Division. These camps have benefited students from multiple schools across
Kalaktang, Shergaon, Singchung, Jigaon, Rupa, and other nearby areas, providing
immersive learning experiences to enhance ecological literacy. Conducted with support
from various conservation organizations, the programmes incorporated nature-based
activity modules, including interactive workshops, field visits, bird watching,
biodiversity documentation, and expert-led sessions by scientists, researchers, nature
educators, and wildlife conservationists. The camps aimed to cultivate practical skills in
ecological observation, strengthen awareness of regional biodiversity, and promote
sustainable environmental practices. Participation and contributions from local leaders
and dignitaries underscored the significance of these initiatives in shaping
environmentally responsible youth and reinforcing community participation in
conservation efforts.

Pic: Residential Nature camp for the school going children in the year 2024 and 2025.

I.g) Butterfly Month Observed to Promote Biodiversity Conservation:

Garung Thuk has actively promoted insect biodiversity education by organizing
thematic conservation events such as National Moth Week and Big Butterfly Month in
collaboration with Nature Mates, a biodiversity-focused NGO based in Kolkata. These
programmes engaged school students from Shergaon and neighboring areas through
moth screening sessions, butterfly identification workshops, along-river butterfly trails,
and creative activities such as T-shirt and stone painting linked to conservation themes.
Through these initiatives, students documented numerous butterfly species across
multiple field sites, including Gochon Hiin and Maasighat at Shergaon contributing to
local biodiversity records while gaining hands-on experience in entomological
observation. Participation from more than one hundred students representing multiple
educational institutions reinforced environmental awareness, encouraged scientific
curiosity, and strengthened youth involvement in community-based conservation.
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Pic: Observation of Big Butterfly Month with the young minds.

I.h) Programmes organized to create environmental awareness among young
minds:

Garung Thuk has consistently promoted environmental awareness among school
children through creative, educational, and conservation-oriented youth engagement
programmes. The organization has hosted competitions and learning activities such as
essay writing on wildlife conservation themes, art-based environmental education
sessions, and drawing competitions focused on species conservation, including small
wild cats. It has also facilitated nature-inspired workshops using methods such as stone
painting, leaf art, and storytelling to encourage ecological sensitivity and creativity.
Additionally, the NGO established a youth-based conservation club called 'Shergaon
Eco Saviour' to nurture young nature enthusiasts and foster long-term stewardship.
Observance of global conservation events such as World Elephant Day further
strengthened student participation and understanding of wildlife protection. Together,
these initiatives have significantly enhanced ecological literacy among young learners in
Shergaon and empowered them to take active roles in biodiversity conservation.

Pic: Nature Art classes for the different schools of the village.
I.i) Conservation and promotion through visual documentation:
Garung Thuk has actively contributed to conservation awareness by promoting visual
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documentation as a tool for environmental education and community engagement. The
organization has collaborated with professional production teams to produce
promotional films and documentaries that highlight the ecological richness of Shergaon
and community-led conservation efforts. These initiatives include promotional films on
regional cultural-ecological events such as the Rhododendron Festival, music-based
conservation advocacy through the production of a thematic “Forest Song,” and
documentary storytelling centered on the successful adoption and restoration of the
Chhoskhorong-Kho River, which received regional recognition at an international
platform. Additionally, the NGO supported the visual documentation of student-focused
nature camps to showcase experiential learning in biodiversity-rich landscapes.
Through these films and media initiatives, Garung Thuk has strengthened public
outreach, enhanced conservation messaging, and amplified local success stories to wider
audiences.

Celodrating Na

NATURE EDUCATION CA

Pic: Film produced by the NGO to raise awareness about the social & environmental

L.j) Other conservation efforts:

The organization has undertaken various initiatives to strengthen wildlife protection,
environmental hygiene, and community participation in conservation. It installed
wildlife anti-poaching signboards within the village landscape and extended support by
providing additional boards to neighboring communities, thereby raising awareness on
the importance of safeguarding local biodiversity. A village-wide cleanliness initiative,
titled 'Swacch Shergaon Abhiyaan’, was launched with active involvement from
community members and daily wage workers, promoting responsible waste
management and environmental stewardship. Additionally, the organization
collaborated with the Shergaon Village Council and the local administration to install
multiple dustbins across the settlement, aiming to enhance waste disposal systems and
cultivate sustainable cleanliness practices.

Awards:

Through the dedicated efforts of the NGO and the active participation of the local
community in Biodiversity conservation, the NGO and the village have been
honored with the following awards at both state and national levels:
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i)

ii) Best Biodiversity Management Committee Award: GarungThuk (NGO)
received National Award for Best Biodiversity Management Committee in
the year 2021 by the National Biodiversity Authority at Chennai on the
occasion of World Biological Diversity Day.

P

INDIA
DIVERSITY

N

&fﬂﬂnﬁu; X

Picture: (Second from right) Chairman of Shergaon Biodiversity Management
Committee, Shri. Pem Norbu Thungon during the Award Ceremony.

i) Best Rural Tourism Village Award: Owing to the persistent efforts of the NGO

towards biodiversity conservation, the village has been able to successfully
preserve its rich natural heritage and ecosystem. These conservation
initiatives have paved the way for the growth of ecotourism in the area. With
the steady increase in tourist inflow, ecotourism has flourished, contributing
to the village's socio-economic development. In recognition of these
achievements, the village was conferred with the Best Rural Village Tourism
Award.
Shergaon village achieved the proud distinction of being awarded the State
Award for 'Best Rural Tourism Village' by Arunachal Government and
National Award of '‘Best Tourism Village' in Silver Category by the Central
Government, Ministry of Tourism, Government of India, , on the occasion of
World Tourism Day on 27" September 2023.
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Picture: Members of the Shergaon Village Council and Garung Thuk
receiving the award from Hon'ble Chief Minister of Arunachal Pradesh, Shri
Pema Khandu.
II. Challenges faced by the Organization:
1. Lack of Fund: NGOs often rely on grants, donations, and personal contributions to
sustain their activities. Financial constraints limit their ability to expand projects,
invest in research, and support long-term sustainability initiatives. Dependence on
such funding also poses risks, as financial support can be unpredictable and
inconsistent.
2. Lack of Resources: The NGO frequently struggle with the shortage of essential
resources, including:
Lack of skilled professionals such as researchers, legal experts, and
environmental scientists.
Inadequate infrastructure for fieldwork, monitoring, and community
engagement.
Limited access to technology for data collection and environmental
assessments.
Without adequate resources, NGOs face difficulties in scaling their efforts and
maintaining long-term environmental programs.
3. Poor public awareness and community resistance to conservation efforts: While the
NGO work to promote awareness of environmental issues, they often face resistance
from local communities. Many individuals may not immediately recognize the long-
term benefits of conservation and may view environmental regulations as barriers to
their livelihoods Examples include:
Afforestation initiatives sometimes face opposition from forest-reliant tribal
communities who perceive them as threats to their traditional means of living.
Fishermen and hunters may oppose restrictions on water use, fishing bans, or
hunting regulations despite long-term ecological benefits.
General public non-compliance with waste management rules makes it
challenging to implement sustainable practices effectively.
4. Difficulties in Promoting Behavioural Shift: Many environmental issues require
personal lifestyle changes such as reducing plastic use, segregating waste, conserving
water, adopting renewable energy, and participating in afforestation drives. However,
resistance to change, lack of awareness, and minimal incentives make it difficult for
NGO to encourage sustainable habits among communities.
II1. Suggestions:
1. Minimize Political Interference: The NGO should strive to remain
autonomous and ensure that political influences do not affect their day-to-day
functioning or decision-making processes.
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2. Adopt Modern Technology: Utilization of digital tools such as websites,
social media, and online fundraising platforms can help improve outreach,
communication, and transparency.

3. Encourage Local Innovation: Developing innovative, locally relevant solutions
helps engage communities more effectively. NGO should focus on capacity
building, training local people, and enabling community institutions to plan,
implement, and evaluate developmental projects using locally available
resources.

4. Strengthen Collaboration and Policy Stability: Establishing consistent
government policies, simplifying partnership procedures, and fostering mutual
respect between NGO and government agencies can enhance efficiency and
trust.

5. Enhance Support and Infrastructure: Governments, private organizations, and
individuals should provide NGOs with financial assistance, technical
equipment, and a supportive work environment to strengthen their operations.

6. Ensure Beneficiary Participation: Involving community members in planning,
implementing, and evaluating projects ensures better ownership, sustainability,
and accountability of development initiatives.

7. Paying NGO staff a salary via government funding: This would help ensure
regular remuneration, which can improve motivation and retention of skilled
staff (researchers, field workers etc). It can also make NGO work more
sustainable (less dependence purely on voluntary effort). Lead to better
accountability and standardization of work, if tied to monitoring. It could
recognize the value of social-work efforts and treat NGO staff more like paid
professionals, which may help in recruiting talent. Government commitment to
salaries could help reduce the vulnerability that comes from NGOs relying only
on uncertain grants or donations.

CONCLUSION

Through the collective efforts of the NGO and the active participation of the local
community, significant progress has been made in conserving biodiversity and
promoting sustainable development in the village. The initiatives undertaken for
biodiversity conservation have not only enhanced environmental awareness but also
strengthened community responsibility towards nature. The recognition received by the
organization at both state and national levels stands as a testament to their dedication,
inspiring continued commitment to preserve and nurture the rich natural heritage for
future generations.

Despite the numerous challenges faced by the NGO, it has successfully
earned recognition at both the state and national levels for its unwavering
dedication and impactful contributions towards biodiversity conservation and
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rural development.
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Abstract

India's democratic system over the years has been dominated by a dominant-
party system, in which one party enjoys extended electoral dominance. It has led to
weakening of the opposition big times which has led to concerns over democratic
accountability of the government. This paper analyzes the crisis of opposition parties in
India, highlighting some of the main challenges like organizational weakness,
ideological fragmentation, leadership crises, and electoral defeats. It also looks into
opposition strategies for regaining vitality, such as coalition politics, grassroots
mobilization, issue politics, reforms of institutions, and meaningful digital participation.
Based on political theory, empirical evidence, and case study analysis, the research
presents feasible solutions for revival of the opposition in India's changing democracy.

Key Words: Opposition, Government, Political parties, Democracy.

Introduction

India's democracy has historically been characterized by a competitive multi-
party system. Sparing some instances like of Janata Government formed in 1977 or
National Democratic Alliance (NDA) government formed in 1999 or United
Progressive Alliance (UPA) formed in 2004, Indian democracy has seen majority
government. From Indian National Congress (INC) after post-independence to Bhartiya
Janata Party (BJP), in recent times, government have been formed by majority party. In
recent years, though, India has witnessed a shift towards a dominant-party system,
especially under the Bhartiya Janata Party (BJP), which has held political power since
2014. The decline of opposition parties has led to a reduced ability to oppose government
policies, hold the ruling party accountable, and offer viable alternatives.

The Indian political scene has been dominated by a single party on many
occasions, a situation that poses great challenges to opposition parties in their quest for
survival and relevance. The crisis of opposition parties in India is complex, including
electoral losses, organizational inefficiencies, leadership crises, and strategic blunders.
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There are several reasons for this crisis of opposition so opposition has to work in an
overall manner to increase their vote support and make place in the life of the voters and
gain their confidence so that opposition once again comes in the government. This paper
discusses these challenges while suggesting strategies for opposition survival and
revival. The analysis is framed around historical analysis, contemporary political
dynamics, and comparative studies of opposition strategies in other dominant-party
democracies.

The Crisis of Opposition Parties in India
1. Electoral Decline and Structural Challenges

The weakening of opposition parties in India can be seen in election results. The
2014 and 2019 general elections were a turning point, with the BJP winning a majority
and cutting the opposition to record-low levels in Parliament. The Congress Party, which
was the dominant party in Indian politics, has been unable to bounce back from these
reverses. The African National Congress (ANC) of South Africa, for instance, has also
struggled with keeping itself accountable and averting authoritarianism within a
dominant-party environment. The success of democratic consolidation depends on
ensuring that the government remains accountable to its citizens, with sufficient debate
and activism within society to check any authoritarian tendencies.'

Number of Seat

Source: Election Commission of India T

Source:ElectionCommissionofIndia

Above table highlights the decline of Indian National Congress, from forming
government in 1990s to sitting in opposition in recent times. Similarly, table showcases
the growth of BJP in recent times. INC which won 404 seats in 1984 general election thus
forming the government, won just 44 seats in 2014 election and as a result sat in the
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opposition. On the other hand BJP which got only two seats in the 1984 election formed
the government with clear majority in 2014 election. Table shows, both the political
parties have faced the crisis of India's dominant party system.

Anumber of structural reasons are responsible for this crisis:

Electoral System and Party Fragmentation: India's democratic system runs on
first-past-the-post (FPTP) electoral system which gives undue advantage to powerful
parties and weaker parties and individuals have very less chance to win the elections.
Financial Disparities: BJP being the world's largest political party’ gives them the
advantage in the elections and has increased the gap in resources between the ruling
party and the opposition.

State-Level Weaknesses: Most opposition parties still have their stronghold at
the regional level which restricts their capacity to challenge the BJP at the national level.
The growth of state and regional parties has upset the monopoly of the Congress party in
the central government, giving rise to a more federalist nature of the Indian polity.’

2. Leadership and Ideological Challenges

One of the key reasons for the decline of the opposition is the crisis of leadership
and ideological unity. Regional parties, though dominant in their individual states, have
not been able to present a cohesive national alternative.

Opposition party ideological alignment has also remained inconsistent. The
emergence of populism and Hindu nationalism in India also poses new challenges to
opposition parties. Thorsten Wojczewski writes about how populist right-wing leaders
and parties present themselves as representatives of the people against corrupt elites,
exploiting this opposition in foreign policy." The failure to have an evident ideological
counterpart undermines opposition legitimacy.

3. Institutional and Media Challenges

Institutional and media roles only add to the challenges faced by opposition:
Institutional Constraints: The Enforcement Directorate (ED), Central Bureau of
Investigation (CBI), and Income Tax Department have been accused of going after
opposition leaders, compromising their legitimacy and economic strength.
Media Bias: A large section of mainstream media has been accused of bias in support of
the ruling party, restricting the ability of the opposition to influence narratives.
Social Media Supremacy: The BJP's online campaign tactics have surpassed the
opposition, using WhatsApp, Twitter, and Facebook to rally support and dominate
political debate. One of the main reasons for BJPs 2014 general election majority win
was given to wise use of social media by BJP.

Opposition Survival and Revival Strategies
In spite of these challenges, opposition parties can implement strategic strategies
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to regain political traction.
1. Coalition-Building and Electoral Alliances

With opposition party fragmentation, opposition unity is key to reversing the
ruling party's predominance. The examples of the United Progressive Alliance (UPA) in
the 2000s and the failed 1977 Janata Party experiment are cases in point.
The core strategies are:
Pre-Electoral Coalitions: Opposition parties must try to form strong coalition alliance
before elections so that votes do not get split between the opposition parties.
Common Minimum Program (CMP): A well-articulated agenda can assist opposition
coalitions to sidestep ideological contradictions and policy differences.

2. Reinforcing Grassroots Mobilization

Opposition parties need to revive their relationship with voters at the grassroots
level. Analyzing past successes and failures can provide valuable lessons for opposition
parties. The Aam Aadmi Party's (AAP) success in Delhi, for example, demonstrates the
potential of a new party to defy the status quo by concentrating on issues of governance
and corruption.’ Evidence from Stuti Khemani's research indicates that Indian voters are
more closely watching government performance at the local than at the national level.
This means that opposition parties are able to get traction by targeting local issues and
making local governments accountable.’
Strategies for successful grassroots mobilization are:
Strengthening Party Cadres: Investing in grassroots workers to create long-term support
networks. Political parties must encourage their local workers to work for the common
people and strengthen the party locally.
Issue-Based Mobilization: Focusing on local issues such as unemployment, inflation,
and farmer distress instead of abstract ideological wars will help the opposition to
diversify their reach and strengthen their position at local level.

3. Embracing Digital and Social Media Strategies

Opposition political parties have to compete with the incumbent party on the
digital terrain. Social media can be effective in countering mainstream media
stereotypes and mobilizing young voters. Opposition parties can use social media and
other online platforms to connect with voters, rally support, and challenge the ruling
party's narrative.’ International experiences like the application of digital outreach by
opposition parties in Turkey and Brazil provide lessons.
Alternative Media Platforms: Developing independent online news websites to share
counter-narratives.
Influencer and Youth Engagement: Partnering with digital influencers to widen reach
among younger audiences.
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4. Institutional and Legal Reforms

The opposition parties need to campaign for electoral and institutional reforms to
achieve a level playing field:
Electoral Bond Transparency: Campaigning for reforms capping corporate funding of
political parties.
Independent Election Commission and Judiciary: Enhancing the independence of
democratic institutions to avoid political partisanship.

5. Leadership and Ideological Clarity

There is a need for a clear leadership approach to revive opposition. Experience
can be taken from the past leaders such as Jayaprakash Narayan (1970s) and Atal Bihari
Vajpayee (1990s), who were able to bring together disparate political groups. BJP itself
from getting just two seats in 1984 general elections worked hard to attain full majority
in two back to back general elections.’
Improvement steps in leadership and ideology:
Decentralized Leadership: Decentralization in leadership structures from traditional
single-family leadership styles. Decentralization can, however, also be politically
captured, with politicians directing benefits to targeted voters in return for political
support.”
Clear Ideological Positioning: Providing a clear alternative to the BJP's narrative of
Hindutva on issues of constitutional values, economic justice, and social harmony.

Conclusion

Indian opposition parties have to face with many challenges in a system of a
dominant party. But through the use of proactive organizational, ideological, and
electoral strategies, they can increase their chances of survival and being relevant. They
need to be responsive to changing socio-political realities, learn from their past
experiences, and address local concerns, actively participate to solve the problems of
local people, in order to effectively challenge the dominant party and be part of a healthy
democratic environment. The capacity of opposition parties to present a clear vision,
rally support, and keep the government in check is critical to ensuring that India's
democracy is strong and responsive to the needs of'its people.
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Abstract

The gut-brain axis (GBA) is a sophisticated, two-way communication network
connecting the gastrointestinal (GI) tract and the central nervous system (CNS) via
complex neural, endocrine, immune, and metabolic pathways. Recent studies emphasise
the significant influence of the gut microbiome, a diverse group of microorganisms, on
emotional, cognitive, and neurological well-being. This article examines how particular
dietary patterns and focused nutritional interventions can adjust the gut microbiota to
alleviate symptoms of mental health issues like anxiety and depression. Key tactics
include boosting microbial diversity, reducing inflammation, and encouraging the
production of neuroactive compounds such as short-chain fatty acids (SCFAs) and
neurotransmitters. The review compiles current research on probiotics, prebiotics,
omega-3 fatty acids, and antioxidant-rich diets, highlighting the potential of nutritional
methods as non-invasive, accessible, and complementary strategies in mental
healthcare.

Introduction

The global burden of mental health disorders, including anxiety and depression, has
increased significantly in recent years. While conventional treatments such as
psychotherapy and pharmacotherapy remain foundational, they often have limitations or
are associated with side effects, driving research into novel, complementary therapeutic
strategies. A growing body of research has established the gut-brain axis as a critical
framework in psychiatric research, suggesting that gut microbiota alterations
(dysbiosis) are not merely correlates but possibly mediators of disease processes. This
bidirectional communication network integrates microbiology, immunology,
neuroendocrinology, and neuroscience.

The gut microbiota, with a genetic material approximately 150 times greater than the
human genome, is a key player in this dialogue, influencing everything from nutrient
absorption to mood regulation and neuroplasticity. Diet is the single most significant
environmental factor influencing the composition and function of the gut microbiota.
The field of nutritional psychiatry explores the use of food and supplements to influence
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this axis, offering a holistic perspective on mental wellness. This article aims to
consolidate current knowledge regarding the mechanisms by which diet and nutrition
influence this axis and to evaluate the efficacy of targeted nutritional interventions for
mental health management.

The gut-brain axis facilitates constant dialogue between the gut and the brain.
Disturbances in this homeostasis (dysbiosis) can lead to pathological malfunctions,
including neurological and functional gastrointestinal disorders. The communication
relies on several intricate pathways:

Neural Pathways: The vagus nerve is a major, direct physical communication
channel, acting as the primary connection between the brain and the proximal
intestinal tract. Microbial activity in the gut can send signals via this nerve to the
central nervous system (CNS), influencing mood and behaviour.

Endocrine Pathways: The hypothalamic-pituitary-adrenal (HPA) axis, the
body's central stress response system, is modulated by signals originating from the gut.
Chronic stress can, in turn, disrupt gut barrier function and microbial balance, creating
acycle of dysfunction.

Immune Pathways: The gut microbiota plays a crucial role in immune system
development and modulation. Dysbiosis can trigger a low-grade, systemic
inflammatory state that affects the permeability of the blood-brain barrier and can
induce neuroinflammation, contributing to mood disorders.

Metabolic Pathways: Gut bacteria produce various metabolites from the
digestion of dietary components.

Short-chain fatty acids (SCFAs) such as butyrate, propionate, and acetate,
produced from the fermentation of fibre, can influence brain function and
neurotransmitter production. Butyrate, in particular, has anti-inflammatory effects and
supports gut barrier function.

Neurotransmitters: Gut bacteria produce neuroactive compounds such as
serotonin, gamma-aminobutyric acid (GABA), and dopamine, which can act locally
on the enteric nervous system or signal the brain.

Tryptophan Derivatives: The gut microbiome influences the metabolism of
tryptophan, a precursor to serotonin, thereby impacting mood regulation.

The Role of Nutrition in Shaping the Gut Microbiome
Diet is the most influential environmental factor in determining the composition and
function of the gut microbiota.
Harmful Diets: Diets high in processed foods, refined sugars, and saturated fats
(typical Western diets) can promote gut dysbiosis and a low-grade inflammatory state,
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potentially exacerbating mental health symptoms. Such diets often lack the fibre
necessary to support beneficial bacteria.

Beneficial Diets: Diets rich in fibre, fruits, vegetables, and fermented foods
supporta diverse and healthy microbiome.

The Mediterranean diet, known for its emphasis on whole foods, lean proteins,
healthy fats, and high fibre content, has been consistently associated with lower risks
of depression and improved cognitive function in epidemiological studies.

Nutritional Interventions for Mental Health
Several evidence-based nutritional strategies show promise as adjunctive therapies in
mental health management.

Probiotics and Prebiotics:

Probiotics are live beneficial microorganisms, such as Lactobacillus and
Bifidobacterium species. Certain strains, known as “psychobiotics,” may help
alleviate anxiety and depression symptoms by producing mood-regulating
neurotransmitters or modulating the immune system.

Prebiotics are non-digestible dietary fibres (e.g., inulin, fructooligosaccharides)
found in foods such as bananas, onions and garlic. They selectively promote the
growth of beneficial gut bacteria.

Symbiotics, the combination of probiotics and prebiotics, can have
strengthening effects on both the immune and digestive systems. This offers a new
treatment alternative for mental health issues such as depression and anxiety.

Omega-3 Fatty Acids: These essential polyunsaturated fats (EPA and DHA),
found in fatty fish, flaxseeds and walnuts, are crucial for brain health and possess
potent anti-inflammatory properties. They help reduce the neuroinflammation
implicated in mood disorders and support neuronal signalling.

Antioxidants: Dietary antioxidants found abundantly in fruits, vegetables, nuts
and whole grains help reduce oxidative stress and neuroinflammation, protecting
neuronal health. Diets with a high Composite Dietary Antioxidant Index (CDAI) have
been linked to reduced stress and depressive symptoms.

Dietary Fibre: Fermentable fibres found in legumes, lentils and certain fruits
and vegetables nourish beneficial gut bacteria. These bacteria produce beneficial
short-chain fatty acids (SCFAs) that support gut barrier function and influence brain
processes.

Adequate water and hydration are fundamental to maintaining a healthy gut and
supporting optimal mental well-being, with the connection mediated through the
intricate gut-brain axis. Proper hydration is essential for digestion, nutrient absorption,
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waste elimination, a balanced gut microbiome, and overall cognitive and emotional
stability.

Role of Water and Hydration in Gut Health
Water is the primary component of all bodily fluids, and a well-hydrated gut provides the
optimal environment for various physiological processes.

Digestion and Nutrient Absorption: Water is crucial for producing saliva,
digestive enzymes, and stomach acid, all necessary for breaking down food
efficiently. It helps dissolve water-soluble vitamins and minerals, facilitating their
absorption through the intestinal lining into the bloodstream.

Motility and Constipation Prevention: Water acts as a natural lubricant,
ensuring the smooth passage of waste through the intestines. When the body is
dehydrated, the colon draws water from stool, making it dry, hard, and difficult to
pass, acommon cause of constipation.

Gut Microbiome Support: Proper hydration helps maintain the delicate
balance and diversity of the gut microbiota. It provides the fluid environment
necessary for beneficial bacteria to thrive and perform their functions eftectively.

Maintaining the Gut Barrier and Immunity:Adequate fluid intake helps
preserve the integrity of the gut lining (mucosal barrier), which acts as a protective
shield against harmful pathogens and toxins. This process is supported by immune
cells in the gut, which rely on proper hydration to function optimally.

Detoxification and Inflammation Reduction: The gut plays a key role in the
body's detoxification processes. Hydration aids the efficient removal of waste
products and toxins, supporting the liver and kidneys and helping to reduce the
risk of chronic inflammation in the gut.

Role of Water and Hydration in Mental Health
The brain, which is approximately 75% water, is highly sensitive to changes in fluid
balance.

Cognitive Function: Even mild dehydration can impair cognitive functions,
including concentration, memory, alertness, and decision-making, often
manifesting as "brain fog" or fatigue.

Mood Regulation: Dehydration is directly linked to mood disturbances, such as
irritability, anxiety, and low mood. Studies suggest that individuals who drink less
water may have a higher risk of depression and anxiety symptoms.

Stress Management: Adequate hydration helps regulate cortisol, the body's
primary stress hormone. When well-hydrated, the body is better equipped to
manage and mitigate stress responses.
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Neurotransmitter Function: Hydration is vital for the optimal production and
balance of neurotransmitters like serotonin and dopamine, which play crucial
roles in mood stabilization and overall well-being.

Sleep Quality: Dehydration can interfere with sleep quality, leading to
discomfort and restless nights. Good hydration habits can contribute to more
restorative sleep, which is essential for emotional resilience and mental health.

The Gut-Brain-Hydration Connection

The link between gut health and mental health is amplified by hydration status. The gut
and brain communicate constantly via the gut-brain axis, sharing information about fluid
levels and overall well-being.

The gut contains specialized neurons that sense the salt concentration
(osmolarity) of fluids consumed and send signals to the brain's thirst center, even
before the water is absorbed into the bloodstream.

Dehydration disrupts this communication, impairing the production of
neuroactive microbial metabolites (e.g., SCFAs) in the gut and slowing down
mood-related signals between the gut and brain.

Maintaining proper electrolyte balance is crucial for effective gut-brain
signaling and ensures that water is absorbed efficiently.

By prioritizing adequate hydration, individuals can support robust digestive function
and enhance their mental clarity, emotional balance, and resilience.

5. Clinical Implications and Future Directions

While the evidence supporting nutritional interventions for mental health is promising,
several challenges remain. Methodological heterogeneity, limited causal evidence and
inconsistent biomarker validation restrict clinical translation. Individual variability in
microbiome composition means that a “one-size-fits-all” approach may not be effective,
necessitating personalised nutritional recommendations.

Future research should focus on larger, more rigorous and long-term human clinical
trials to establish causal links and assess the long-term efficacy of gut-targeted therapies.
Furthermore, ethical and regulatory considerations regarding microbiota-based
interventions, such as faecal microbiota transplants (FMT), require careful
consideration. Although FMT has shown promising results in animal models and initial
human studies, it is essential to evaluate its long-term effects.

Integrating nutritional psychiatry into standard clinical practice alongside traditional
treatments could offer a more holistic and effective approach to mental healthcare.

Conclusion:
The evidence strongly supports a significant link between nutritional behaviours and
mental health via the gut-brain axis. Modulating the gut microbiome through specific
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dietary changes and targeted interventions such as probiotics, prebiotics, omega-3s,
antioxidants and whole-food diets represents a potent, non-pharmacological strategy to
improve mental well-being and resilience. This approach opens new avenues for
therapeutic interventions and preventative care in mental health management,
advocating for a paradigm shift in how mental illness is conceptualised and treated.

References

Patil, et al. "The Gut-Brain Axis and Mental Health: How Diet Shapes Our
Cognitive and Emotional Well-being." Cureus, vol. 17,n0.7,2025.

Patil, et al. "The Gut-Brain Axis and Mental Health: How Diet Shapes Our
Cognitive and Emotional Well-being." PMC, 2025.

Zhu, et al. "Gut Microbiome—Brain Alliance: A Landscape View into Mental and
Gastrointestinal Health." ACS Chemical Neuroscience, vol. 14, no. 10, 2023, pp.
1761-1772.

Ventura, et al. "The Gut-Brain Axis: Implications for Mental Health." Open
Access Journals,2025.

Mars, et al. "The gut-brain axis in depression, anxiety, and schizophrenia: a
scoping review of mechanisms, biomarkers, and therapeutic implications."
Military Experimental Medicine,vol.7,no.1,2025,p. 11.

Li, et al. "Gut-Brain Axis: Role of Microbiome, Metabolomics, Hormones, and
Biological Sex." Current Neuropharmacology, vol.22,no. §,2024.

Butler, et al. "The microbiota—gut—brain axis: pathways to better brain health."
Molecular Psychiatry,2021.

Chew, et al. "Gut-Brain Axis in Mood Disorders: A Narrative Review of
Mechanisms and Modulation by Nutritional Interventions." Biomedicines, vol.
13,n0.8,2025,p. 1831.

Mohajeri, et al. "Understanding the Gut—Brain Axis and Its Therapeutic
Implications." Nutrients,vol. 15,n0.21,2023,p.4631.

Winter, et al. "The Microbiota—Gut—Brain Axis in Depression." Current Opinion
in Psychiatry,vol.35,n0.4,2022, pp. 249-255.

Osadchiy, et al. "Microbiota-Gut-Brain Axis in Psychiatry: Focus on Depressive
Disorders." Current Psychiatry Reports,vol.26,n0.7,2024, pp. 783-792.

Shukla, et al. "Innovative concepts in diet therapies in disorders of gut—brain
interaction." Journal of Gastroenterology and Hepatology,2025.

Bauer, et al. "Gut microbiota, nutrition, and mental health." Frontiers in
Nutrition, vol. 11,2024,

Al-kuraishy, et al. "Nutraceuticals for Gut-Brain Axis Health: A Novel

95



RAINBOW-2026 ISSN 2394-6903

Approach to Manage Mental Health Conditions." Biomedicines, vol. 12, no. 4,
2024,p.734.

Saeedi, et al. "Gut over Mind: Exploring the Powerful Gut-Brain Axisy."
International Journal of Molecular Sciences,vol.26,n0.5,2025, p.2380.

Clapp, et al. "Gut microbiota's effect on mental health: The gut-brain axis."
Clinics and Practice, vol. 7,n0.4,2017,p. 987.

Rao, et al. "The Gut-Brain Axis: Influence of Microbiota on Mood and Mental
Health." Current Opinion in Psychiatry, vol. 32,no.2,2019, pp. 133-138.

Lachance, et al. "Nutritional Modulation of the Gut-Brain Axis: A
Comprehensive Review of Dietary Interventions for Anxiety and Depression."
Molecules, vol. 29,no0. 10,2024, p. 549.

Morais, et al. "Diet and the microbiota—gut—brain-axis: a primer for clinical
nutrition." Nutrition Research Reviews, vol. 36, no. 1,2023, pp. 2-15.

Cryan, et al. "Diet and the Microbiota—Gut—Brain Axis: Sowing the Seeds of
Good Mental Health." Biological Psychiatry, vol. 90, no. 4,2021, pp. 209-211.

Farzi, et al. "Gut-brain axis and neuropsychiatric health: recent advances."
Scientific Reports, vol. 15,n0. 1,2025, p. 2529.

Song, et al. "Brain-gut axis and psychiatric disorders: a bibliometric analysis
from 1993 t02022." BMC Psychiatry, vol. 22, no. 1,2022, p. 770.

Rogers, et al. "The Gut-Brain Axis: Literature Overview and Psychiatric
Applications." Innovations in Clinical Neuroscience, vol. 18, nos. 10-12, 2021,
pp- 20-25.

Wang, et al. "The role of probiotics and prebiotics in modulating of the gut-brain
axis." Digestive Diseases and Sciences, vol. 68,no. 11,2023, pp. 3123-3135.

Al-kuraishy, et al. "Gut microbiota, nutrition, and mental health." Frontiers in
Nutrition, vol. 11,2024.

Patil, et al. "Gut—Brain Axis in Obesity: How Dietary Patterns Influence
Microbiota and Mental Health." Current Nutrition Reports, 2025.

Jacka, F. et al. "Association between Western and Traditional Diets and Changes
in Depressive Symptoms." American Journal of Psychiatry, vol. 173, no. 3,2017,
pp. 248-256. (Referenced in search snippets)

Li, Y. etal. "Dietary fiber and gut microbiota in health and disease." International
Journal of Molecular Sciences, vol. 18,n0. 6,2017, p. 1314. (Referenced in search
snippets)

96



RAINBOW-2026 ISSN 2394-6903

“wredta snfefe fawm it Ao F AL Y T U Agifen A

1. 9g1 I e
ot wh off arforsw, S T S et 3RS At fame meifoee aduE R
TR,

= -
arTfefes i o e forehra ot i AT 3T USHIR o 37aERl o1 forear e 21 o9 w1k | FRex
gfg o foTu IcaTeesh TSR e 1 Tl e & 3eea 1 31fia 37 2| = el 4,
forepTa 3 TSR <6 1 32991 o o9 <hls TON &1 8| T o 91, <1 Ush H1Y Ield 8| 3=
forepra & TR & gfg Bt 31 BTeieh, TaTel o1 33T & foh fohd U 7 3T 37X TSPTR g8em &
FrefuTfe, aTermfet 3R TSHarsti o fore wecaqul @ 2| St& U= Tensti i snfda o, o«
ot 3o TR 1 AR 3! TT1 o1 TG (3T faehmar) TR TR =t et o STaR ®
fopar STra | fereft <91 ot 3TTfies Tfg q@ ST =R T AT ST 8, e 3Heh T4} IS 35W 3R
AT T T HRITT &1 | USHTR ek 1 T TEH HdT 7, FTEehT Iu=mT 31 § 3T 3T geiid
FEGIT ! IHTE T FH b T foham Simar 2 ISR A shadt 371Teieh foshm o fofe wgeaqi 2,
wfowh SHehT THTS < H FHETTTeh 37T Toiifdes fdr 317 wrifa ox off 721 2| T 31 s
TEcd ! BN BiAY™ 1 it g1 €1 718 @ ifer fesres fagial # a1 T g fs T fomiw v 4,
ifer 1 =g gifrd s o for Frder am s,
31) ATTRERT, TE§T ST AT Bl AU &9 T JTSH{TehT o TATH H1EHT hT STTHT E |
) TG % U T Wi 3R e 38 aig @ faafia feram sme fob 3 ot sl Jepem 1
g |
%) 3Tk YUTTet < T & URUTHEEEY o 3R 3T o HILHT ol T ThdM & g
Teh5uT A B 30 S § WEd gT WA hR A 3ATfeh forehta shl srgTa ¢ o @1e o &9 1 foiieH
Eakceipifl
Torepm 3T IcTe 1 Stftrenam Gy €91 deh 9@ & foTu Srelertferes JoT o ®9 1§ ffafaa
Jeva Truffia fope o & aifem

TP Ug i Sk 31T ST SR Tl ITH ST |

ot TSHTR STH TT, 3T 37 Hf i STHEHAT i STH |

AT, = 3T I o 19T YT TR FHTSTATE] THS o) SATIHT ST

anfdfen forepmar: W, 3Tk gHifoa
ST ferehre =t ufshan & Ge=mTceh Titad-i o1 foredr § 31 foran e g1 se geu o

97



RAINBOW-2026 ISSN 2394-6903

forpfera ST &1 @ Q00 AT HT AN WS 376 T | IS o {Iepfda <M &
3TTfeh forehTel o e Teh |THTI SETad ol STTE idl & | IR H, el Scd1e | iy i fewmn
T B, STeieh I o1 &6 8 sadr 8| Udeiies &9 & 98 Uishan Shiw! o §99 deh =oid! 2|
BT, 3Tad: IeT % feed § firrae % Tne Jarait o1 e sgar 21 36 TR e W 37l
ferenrar st wifshan w1 i 3TerT - 3Ter =T gru faf=ad forem ST @ - i o6 T o1 Ik =,
I o T T HEE =01 3T W31 o T Il Jfw =0T | FiaTeTeh IRadd o fafie
TN ohT THI 3T TH TRad1 bl 3TaTY, BTeifeh, forfirst e3m § 37— 3TerT &l 8| 319 = W,
I A S0 | S QN H el IcATG 1 4o % T&ea feam on amm= U 9 7 o6 iy wohet i)
IcATE T 4% § T ANTEH Sl &, IENT 4% T 30% 3 TS &F I 9o % ANTEH dl & | ITedd
T, U 31 g fermivdr g 2 fop fafir 831 3 o # faeier Scaer o faier & o
THT 8 | 3T R 9, TSR H Y ohT T ST 4% &, ST R 2% & 33% o e AL Farafi
HTE3% W %% S 2| 39 HIY H WA H1 IS TIHTCHS TRIT bt Tl o T T TR
T 39 Y& o TS o 9 H HS B¢ % ST & | A H i, FLaHTeHeh TRad - FHiY o ST
% feTu 3TN 3eii o sieed Hean & o foru ferfdrs e o1 uret feham | ferehrar 3 srieamena Trifires =wor
H o1 IATE | HaTl o o a1 a1 few S/ 8-e ygid o 3o srefemfert &1 78
Hem TR oreR R feam 2 op gam forepma 31ra <1 g g1 TR % &6t fdd & e § seatme
T G g1 3T G O TSR o1 feed Scated | & faedl o 9191 seordl @1 2| Sqa™ |,
ICATC H I o1 TG0 ¢ 71 2 3 1Y o1 Tt ou 21 7 2, USHTR 1 foeem oft i & 3
TR TR Harati & Hfireht o TR0 3 T1Y §Eet T 2

TN o S1E: TSR o § FHETT

AT o F1G AT TS 1 T TG A& < H USSR o &1 8 2360 ah
TR TSR o foehet S13 fgra w Frert @, foreh Srgam faem & & Usrr g g | 89em
TqoTd 2 foh 3R TR 3Tfieh forepre g1firet ot oY, ot TSR ki & 3199 3179 &g Sl & |
38 TgETE g31 foh @ 1 & sreferae s Wi g, U su Mfd A T ag Wi I gy L H i
FH AT HI HRITA H G Bl 1| 36k STATS 3Tk STHI3TI oh HRUT i [orehtd [ T
Tehfteh! ST o |1 ATCTHet Tal W& Hehl, STTT TR bl foriy TSR HRIHH & HH US|
o Frerferfaa wqe &

HERTY TSR T AT (212 /9R),

T % Feel I (3]00),

T ITHIOT TUSHIR HTRIshH 2] o (THTH o eel 3T HIRIHH i TE),

TrTeToT S U TR AT 2%¢ 3,

FETEL TSI AT §R¢R /R 0 I I o1 forai U hrefshm 2218 Afe 7H 2R¢3 &

98



RAINBOW-2026 ISSN 2394-6903
R03% -3, Teh VT H J&¢ USHTR TRGY™ i fE@TT df TSR <k ATHet § WRA 1 fefd it 8¢ a
ECNEI

I H SUSTTHT o &L AR ¢ (el 8 3T SUSHIRT o 1Y -31e 35! o off &1 81 W1 2,
SAfeR TSR skt gfig S 31 o wifh ot gfg o T el § 981 81 2R63-63 F 23¢3
ATH TSR 0.8%¥% bl & H @I, LR06L-6¢ & ATH 2.0¢%, 23¢3 ¥ 2’%3-RY & M
2.¥3%, 9]%3.%% H 9]]%-00 o G 2.32%, $]3%-00 & 00¥-oY4 &% CNM 3.04% 37
R00%-04 T 02% -4 % G 0.08% 3T 2033-3¥ hadl 0.08% T ! gL Y FT| TG JHAT
Teeaqut @ fo wredt &t o s refior &1 et ot 3tfereh oSt & QT & W8l g BT =iey) Jfe
B 03%-3Y T o7 TSR 1 fergeryor &b, 1 fafia Saa /aaawft sd=iat shi gt | oy
&t § 3Afereh TR feeh Aifieh (TeY 7R Afgemd) & | wmefior &5 6 & a1 d 379 w9 < & H
HTd 8 IT IATHETh HTTeh o T H T hid & I 37 o7 TSR 1 i FHafird &id 3qeres T&l
21 ol &=t 1 fafid S /aaavit sl o) G i sttt 4 JAfues 8 3 Fafia
AT AT 3T TSR ITel AT 3T 31T RIS U 8| 3Tk fohra 3Tt TR o
foroeTyor & war =etar @ foh Ardsite &=, S agHy 3R wfte Jafy % SR aga wwTet o,
3TTfeh ol 37 TSTR §H  §a4 T ¢ I 950 %S el ¢ Tohl | ST 1§ gg g8 i
I 3.4 WcTTd shi S5 A X SATIR =I5k o1 98 Tsh fordH doil 371 wel Ffird &9 & 37t et
21 78 fersrear widia srefeaen & gedl § ot et S W 31 98 wH < A © fob aredeiies &
areft oft v feurfar | 21 URa H SR sk o S7feTet T W YNTE hY TIY 7| &l deh USHTI 6
TATe 7, AT GUT o1 IS 5 S # 3775k TSR oI/ 7, Afeh TR 1 gfg 3o+ o=
T g8 & T Taehe wioss § oof o ot <1 @ | <ffer SHee 9fg o % a @ @ R, e
RS wi feuf s TR B @ 2

TSATR Y et 3T e

BT &1 H 3ATTh glg 1 ST W g’ HHT ST & FRiffeh USTTR hl IucTsddl 9ga
atferehs 31 28 o WrHfa st =fee fom w ara TR 1 e g B =nfee) AR i
i 1 =il BTt BT 1 I T =T T8, 50 5 7 ¢4 fuferm an sag stfs =
Tk gfg 1 STafa i o foTw Ieareeh TSR 6 STaER FeT AT 3T G s & H TSR
1 TUTET H GUT AT ATk SEal ScdTeehd] oh HTEH H ITEd(areh HSigl! ¢ | TSI Fo o fo1g

ST BT ST GHUTAT

Tehr4 IS AU i THEG AT 3R 3= T o fTe gwTeft shew 3o
STYEATRA STk 27 T &3 TR 3Tereh S T a ST &t 5 sl gfg bl IRA LT
TUTERATYET TSFTR FSH o |1 STeawel i forehre U H dsfl

99



RAINBOW-2026 ISSN 2394-6903
&1 § STRITHY T o W1 HISET ¥ SR bl o fopa, fores ardiifires 9 & wiehd
Td TUEHTT oW BT Bl feamed, 31 % G Tga T Ik el 3T gt o1 afee
feraror frferfiga 2

FHR 571 1 o hISTel UG ol TR hLAT 51 h IcaTgehdl H LR o foTw Hifers 7|
BT & gAR IgE 3 shive faem o for fafie swrishy & fobu &1 gt siftest & S=retr
TfeT 37T &THT 21 ETAT(eh, 36k shigrel o1 ferehrer fawem digs @ off 31rar 21 shiga ufreror s7em!
AT %] qEA I H Fgd AR HIferd AT ferel TR T AR A HRISA I 7=
Tt e i fireft 21

BIATh Teh 3T a1d I8 ® T o0 91 § ¢ JA9rehal 379 qaafaai st ol § Jgd
forfega &1 gTeTifen, U 9gd ST TATA &, SHived i SYfd 3 AT < off" 90 1| JH-I4
ST Fd! @ 3R [faaamgul 21t 2, g4 fofirs et aret nT e | areda |, g4 e
1 o1 H 3Tfeh eI oh STTETaehdl 7, Sidell oh! goi1 H 3Tfeeh THfsshal W i | gar
Toreqn wrorreft 31eft off 3 TS @ frues d warm T 2| T@ 9 fob whet T W oft, ety
TRTEI0T 3 3191 JTfeRTS ST @ eI B 1 o 6t Sl # 3T St Ug= i 3T A AYfd
1o I ! YT HUH b foIT TT1ET0T Y hid o forw e s fope S =nfew | =gt e foh
3T g TSN TN H, S T ST & ¥4 1 gAR 3¢d 1 T9E 7, TS fIeeivehi &1 A1 2
Top &0 3= TuTaT aTet USTeR] % Heel | TGSl <hl SHHT < TTHHT oL Hehdl & | ST Tl 3T fafere
T T HTEhN hl BHR H T o hivel WER I FIEaR i 3T 38 S8 S o 38 Hgeaqul i
TR ST ¢ AT1ET | EH <hISTel shi HITT o T JTY(d 1 THATT hieh 7T 3T S shi TSR THdT |
YT T T STTTIRAT 8 | AT i I Fhg G I A HEAT I T TG TSR h S8
T R o ToTq wgcaul 8| S8 o Taet &1 Hehd T 11 bl &, STefeere o 9l &1 H U
JTFEL H T o |1y fiRree 377 2 | I8 e HEHi ° S7ufed 7|

3niies gfg ot @ faat stferes grft, aRomdt ISR 3o & s1feres 81T o wiskam &
Hord firerar 2 fop Hehet e 3cuTe § ¢ wfaerd = arfies gfg o & @y, fifaa ad 2033 #, afg
5H S 3.4 T 99 H G H FEal 7, Al SIS & £.03% dh R STwit| o # gig & aum
TN o q8d .R % I g & A1, T 98 030 H i3 sl &1 =rft| fafvm wafea
&A1 o Y foveiouT %! WM §U, 89 UTd & foh $]]%-2000 & R09¥-30%Y% 3N 033-3% &
= TR H gfg g3 | 2% - %4 T shadl 2.3 Tierd &l QL H 15 g3 | I8 571 91 ! 914 G H HA 2
S9! T 2 fob 378 3T 8 femmd # fob T § ¢ wfoera a0t 3ftea gfg s ufa ad 2.y
fcreTd <t 2 Wik g o |12, 39 foig Teh Tg = H R030 T I THI TN I8 g SUSHTH &l
B BTeife, ) wfierd =6t gfg ot 3t o o1 | gfg ot =y gronsti 6 dgd, 2030 qh HIS
SUSHTIY &1 BT | FHT o RS 3TR U STTR 5 A | < R0 & % Jid a9 i g o I
AT Sgd qThel a1 ¢.4 TTeTd i Fig ! G 1 HAT & foh SSHTRI Sl @eH & H R030
T 1 T TN g AT @1 feerared & 76 2023 H & Wiwwd 1 3{16d gig o s |1y, HiY

100



RAINBOW-2026 ISSN 2394-6903

ol TSR T Yo Faerd fewm off| ¢ fawra i 9fg ot aTieet STl g9R 96 1 a1 121 o | §57
FYIRRRTUT 1 SETET S o TIGTd 1 UTe Tohall STHT SITTET | J&T 98 & i1 JOTTe! ! ScaTeehdl 311K
T&ITT ! FGT o AT TSR T | BTeATTh, el Ho aut § g1t shi 18 forehra 7if st AT TEH
% foru, g0 9 Tee3tt W fereiy e g =nfew A 8

37) S=Ia TR 91 o Tt 1 ST, T & e @ § U 3T fodr o6 3R

) TSThIT FEXaT ot Tsha o |1 37T | USHIR o Yol Te, T S99 ST U, I8 M ¢ i el
2 fop St & warte gfg % form wwen o1 wmmem 7 & wehan| 7% 97 @ e W awd e
T § shefier e fean s =tey

&t ferfre fiferr

ST G o foTw A ver geasr & fosr ferlt & srgeror & fafed 21 & feror fifert
1 IET AT T &A1 o fIehrd H Sl 1 8| I8 Toh U @i o i fepar ST = st wemes
IYAT § gEret hY ST <o 81 gn fafie &t # Hfy, @ seehn it ag-wle g a
e ot kel 21 TS S &t §, =3 e @ Tomr & gfig 7 nft wfess ity o ff <At <t
I H R G| T&T USHTR < /AT o S T[UIE1’ U €1 Shigdl fohal SATdT 8| 9T §, &5 I8
TEATAT AMMEY foh S8 -S18 HIY & F dl &, 38 USTIR o TTEL A hddl HH M =1T dceh
THNICHS B ATEY AT(h BT & H AT e 51 LM 3R 13Tl § IeTGeh TSR |
Tt | i ifen & wed ®, o7g -l ST = 3T 3= USHTR disial & o fomiy e
JTeRiYa foRam 21 Tt <ot |, oS BiC % 1Y TE-fCacd # &1 37 It 3R Ja1sT o e
fmes foru fafyre wmess srfirfemma ) smavashar Bt 2, ofg 3w 37 vl &6t 3 Furet 3
gfereaeff 21 Tehd & STal T JUTH qee 8| Iid H, SR -HIR TEnfifrat & A 1 3
TTfcfarferlt sl SHT T ST e B | SATeh SEehiv 9% BT S118T fob 3k STl RIS < U&d
T 37 aTef) STem ol g foha ST, S foR, 3TEtvr % foTu, ST o Wrae | Skl | Ga H, eI
Teh UET HTR S O BT =TfE fad e sehTeat g0 FTerdigdss @ S Aanait 1 Seared
Tehd &, TSR <! WA S Jfcehet €9 8 §6 T J9Te STeTd 7, 37 gL fehdl ST Ay

fosd

fspd W, 31T3T &0 ToTR URiged 31 3ford TorTR Wi 3 wac &1 T8 § SR |
fereprar wifshan 3 Wl Srefearareen it a1 § HEedqul 9Rad- @ & | 39 fod=mT % 3UR T I8
7w 2 foh TadadT % aTg YE g% 3T gfg 7 sreferawen § snfdie guwi % @] gH % a1 i
ThEl| 378 WA ol = o STG GEY Hod dSft § ¢ JTell <1 WHT ST & 3R 37 aTel a9t | Teh
TETHITR o 9 H I hi ST ITEL 3| Hehet B 3cUTE 37 Wl ek 311 | gfg &1 W& 2, e
USTTR Fehel BT IcA1G 1 F1g o AU H 781 9¢ (&1 ¢ | Torlire 313 wgi o o= 311 H i 918
1 2| 38MeTU, <1 H STk 3Ttk I Hehaul ¢ &1 3, S AT [orehrH oh f78 Teh AN & | 3T

101



RAINBOW-2026 ISSN 2394-6903

THEI oh S ST I HH H o TATH FohT ST i STTETIhT & | FTeloh, USHR § SEaATd Sca1e o
FeoTTd | Hi® W 1 81 R033 37 H USHTR i gfg g ¥ firree 318 3t 2023 # @ afyg
TS| TR 38 2 wIfeh i Ifg @ § Wl & ey o <@ i =nfeu | ot off, Tomr <t 9fg ot om
wIfth <l gfg T Fie T TS B | TSHTR o6 315 w1 S o fore ferehra ol 7ifer o1 wga ot 81 &8
TSR o 3 %L 1 ITH i o FoTQ 7T 3T 3T9fd T vl & hias shi STTavdehal 8| g T ¢
faferm @ arferes <t &1 31Tl TSR & STeER Y AT Teh hiaa A arft| foepra gt d
ISt 3T 3TN e 3R wfirent & s arereyt T & @y, g faa  f 5 | g
T S Hehd 2 |

e

9. FSH AR, (R0%3), 'IHE d=awia AeHT (R023-2030) 78 fegh.

. YW, g (Ro0Y), UG § TS fem 2030, U8-23%, “WRd fae 2030 W gt
T aftrfa st Rare, e s, =6 fegh

Ministry of Finance: 'Economic Survey (2013-14)', New Delhi.

ISHT ST, (R0R0)

'S wEa (033 -23 ), 7 fegh

Sundaram, K. (2001), 'Employment-Unemployment Situation in Nineties: Some Results
from NSS 55" Round Survey', Economic & Political Weekly, March 17.

MmO X aw

*kkkkkkkkk

102



RAINBOW-2026 ISSN 2394-6903

WRATAA UEhH T5dD

ot foreTa STgRTEST e
=& LA S war 9 3.9 fomm
. TETferTerd FefuH TR AR
IR
TIRA <1 1 3TTTe! e eTawen B STl Sral. WRA QuITie SaesdTd §¢
T2 Ik & STTSTE! TTHIUT WRTTd TEdTd. = & SadT g1 it 3 Sdief Jefid s Jeee 37
MTATET TEHhRI Te3des & Tt gaTd HewaT= d AId! Te3aes 378, Hahil dBacd i
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JTTAT. AR TEhR T T STehl. TEHR TS3aeIal AT OS], MRA T
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&) STTIehg A Qe Heehi T ohtuT vl

W?&'@:

2. WRAT TS TEeh Il HEATSAT Jeh I 7T vl

2. YRAT I TEeh ! TdaasI=aT UM ShIOl STSATE0,

3. YNNI Tgehil Te3aed 1=l HUALdER HTd SHIUITETS! U g,

31‘@'&?‘1@??[:

eneATETS fagerer fas wgdt & guiTereh 312, 31 STemamhiiar gz argyftEn 3u
SHUITA SATAT 3T, FIHTET TR BT Jeh1¥Td Fifacarar 3nemid 3118, amed fovamsft gefea ad
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Abstract

This paper offers a comprehensive psychoanalytical exploration of the
psychological thriller Breathe: Into the Shadows (2020), featuring Abhishek Bachchan
in the role of Dr. Avinash Sabharwal. The series revolves around a seemingly devoted
father whose desperate search for his kidnapped daughter gradually reveals his struggle
with Dissociative Identity Disorder (DID).

Drawing upon Freudian structural theory, psychoanalytic concepts of repression
and trauma, and Jungian archetypal analysis, this study examines how the narrative
situates dissociation within a deeper framework of unresolved childhood conflicts and
unconscious desires. Particular attention is given to the symbolic construction of the
alter ego “J,” the mythological reference to Ravan, and the psychological implications of
violence, guilt, morality, and identity fragmentation.

Through the lens of classical and post-Freudian psychoanalysis, the series
emerges as a compelling case study of the unconscious mind's role in shaping behaviour,
moral conflict, and internal chaos.

Keywords
Psychoanalysis; Dissociative Identity Disorder; Repression; Trauma; Freudian Theory;
Jungian Shadow; Identity Fragmentation; Indian Psychological Thriller

Introduction

In recent years, psychological thrillers on digital platforms have gained
prominence for their ability to portray mental illness with increasing complexity and
nuance. Breathe: Into the Shadows, an Amazon Prime original directed by Mayank
Sharma, stands out for its layered depiction of trauma and fractured identity. While the
narrative initially presents itself as a crime thriller centred on a child's abduction, it
gradually transforms into an introspective exploration of the protagonist's fragmented
psyche. The revelation that the antagonist “J” is not an external criminal but the
dissociated alter ego of Avinash Sabharwal reframes the entire plot as a psychological
descent into the unconscious.
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The fusion of thriller conventions with psychoanalytical depth makes the series
particularly suitable for scholarly analysis. Sigmund Freud's concepts of the
unconscious, repression, and the structural model of the psyche intersect meaningfully
with the series' exploration of trauma, morality, and violence. In addition, Carl Jung's
notion of the shadow self enriches the symbolic representation of Ravan—the ten-
headed demon invoked in the series as a metaphor for inner multiplicity and
psychological fragmentation. This paper analyses how these psychoanalytical ideas are
embedded in the narrative structure, character development, and symbolism, positioning
Breathe: Into the Shadows as a contemporary dramatization of classical psychological
theories.

Psychoanalysis and the Structural Model of the Psyche

Freud's structural model of the psyche—comprising the id, ego, and
superego—provides a productive framework for analysing Avinash Sabharwal's divided
identity. The id represents instinctual drives governed by aggression, desire, and the
pleasure principle; the ego functions as the rational mediator with reality; and the
superego embodies internalised moral standards, guilt, and ideals.

In the series, Avinash largely represents the ego. As a psychiatrist, he is composed,
logical, and socially functional, aligning with Freud's conception of the ego as the
rational, reality-oriented aspect of the psyche. His professional persona reflects control,
empathy, and moral responsibility.

In contrast, the alter ego “J” operates as the embodiment of the id. J expresses
unrestrained aggression, suppressed rage, and violent impulses that Avinash has
repressed for years. Acting beyond moral and legal constraints, J fulfils instinctual
desires without guilt or hesitation. The dominance of the id over the ego is dramatized
through J's calculated murders, which Avinash's conscious self experiences as deeply
distressing and morally unacceptable. The superego manifests through Avinash's
overwhelming guilt, anxiety, and fear of exposure. Each re-emergence of awareness
brings intense psychological punishment in the form of shame, dread, and internal
conflict. Freud explicitly argued that an excessively harsh or punitive superego can lead
to neurosis, as the ego becomes crushed under relentless moral condemnation.
Avinash's psychological breakdowns and self-alienation vividly illustrate this
mechanism, reinforcing the Freudian understanding of internal conflict and mental
disorder.

Dissociative Identity Disorder and Repression

Central to the narrative is Avinash's experience of Dissociative Identity Disorder (DID),
a condition psychoanalysis understands as an extreme defensive response to trauma.
Dissociation arises when the psyche encounters experiences too overwhelming to be
consciously processed, particularly during childhood. Avinash's dissociation originates
in early emotional neglect and abuse. Freud maintained that traumatic experiences
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threatening psychic stability are repressed into the unconscious; however, repression is
never absolute. Repressed material inevitably returns through symptoms, dreams, or
pathological formations. In Avinash's case, the return of the repressed takes the form of a
fully developed alter identity. “J” functions as the psychic repository for emotions
Avinash cannot tolerate—rage, fear, helplessness, and vengeance. Post-Freudian
theorists such as Kalsched argue that dissociation serves as a survival strategy, allowing
the child to preserve a coherent sense of self by splitting off unbearable affect. J thus
emerges as both protector and persecutor: violent, yetdriven by a

distorted sense of justice and control. The series avoids sensationalizing DID and instead
presents it as a tragic consequence of unresolved trauma. Avinash's confusion, suffering,
and moral conflict align closely with psychoanalytic understandings of dissociation as a
deeply painful and disorganizing condition.

The Symbolism of Ravan and the Shadow Self

A striking symbolic element in the series is the invocation of Ravan from the
Ramayana. J frames his actions through the metaphor of Ravan's ten heads, each
representing a human flaw. This symbolism operates on both cultural and psychological
levels. From a Jungian perspective, Ravan embodies the shadow archetype—the
rejected, unconscious aspects of the self. Jung argued that failure to integrate the shadow
leads to destructive projections and moral distortions. J represents Avinash's shadow: the
accumulated rage, aggression, and resentment denied by his socially acceptable persona.
The multiplicity of Ravan's heads mirrors Avinash's fragmented psyche, reinforcing the
theme of internal division. J's moral justification of murder as the eradication of societal
“sins” 1llustrates projection, a defense mechanism whereby unacceptable internal
impulses are attributed to others. Violence thus becomes morally rationalized, allowing
the psyche to evade guilt while acting out forbidden desires.

Childhood Trauma and the Formation of the Psyche

Freud emphasized that early childhood experiences play a decisive role in
shaping adult personality. Avinash's traumatic upbringing disrupted the normal
integration of emotional experience, leading to insecurity, suppressed anger, and
dissociation. From a developmental psychoanalytic perspective, unresolved trauma
interferes with identity formation and moral development. J can be understood as the
embodiment of the wounded inner child—expressing rage and helplessness that Avinash
was never allowed to articulate. In line with Kalsched's concept of the “self-care
system,” J functions as an internal protector that ultimately becomes destructive.

Resolution, Self-Realization, and Catharsis
The climax of the series emphasizes psychological insight rather than resolution.
As Avinash begins to confront J, the boundary between ego and alter destabilizes. Freud
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viewed therapeutic healing as the process of making the unconscious conscious,
allowing repressed material to be integrated rather than split off.

Avinash's acknowledgment of J marks a movement towards catharsis; however,
the series realistically resists presenting this as a cure. DID requires prolonged
therapeutic work, and healing remains uncertain. The unresolved ending underscores the
chronic nature of trauma and the non-linear process of psychological integration.

Conclusion

Breathe: Into the Shadows transcends the conventions of the crime thriller by offering a
profound exploration of trauma, identity, and the unconscious mind. Through Avinash
Sabharwal, the series demonstrates how unresolved childhood experiences can fracture
the psyche and distort morality. Freudian and post-Freudian psychoanalysis illuminate
the internal struggle between instinct, guilt, and survival, while Jungian theory enriches
the symbolic dimension of the narrative. The portrayal of dissociation and repression
transforms the series into a valuable psychoanalytical case study, reminding viewers that
the most enduring conflicts are often those waged within the mind.
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Abstract

Women's emancipation in India has been shaped by multiple ideological
currents, social practices, and historical processes. Among these, Mahatma Gandhi's
perspective occupies a unique position, as it challenged entrenched patriarchal norms
while remaining rooted in indigenous moral and cultural frameworks. This research
paper examines Gandhi's vision of women's emancipation not through comparison with
individual reformers, but through a thematic and conceptual analysis of his ideas vis-a-
vis patriarchal social structures, traditional gender roles, and modern notions of equality.
The paper explores how Gandhi redefined women's roles by emphasizing moral
strength, non-violence, economic self-reliance, and active participation in public life. It
also critically evaluates the limitations and contradictions within Gandhian thought,
particularly his emphasis on complementarity rather than absolute sameness between
the sexes. The study argues that despite these limitations, Gandhi's approach represented
a transformative challenge to patriarchy and continues to offer valuable insights for
contemporary debates on gender justice and social reform.

Keywords: Mahatma Gandhi, women's emancipation, patriarchy, gender roles, non-
violence, social reform, India

Introduction

The status of women has long served as a crucial indicator of social progress and
moral development in societies across the world. In India, women's lives have
historically been shaped by rigid patriarchal norms that governed family structures,
social customs, economic participation, and public visibility. Practices such as child
marriage, dowry, enforced widowhood, purdah, and the denial of education limited
women's autonomy and reinforced their subordinate position within society. While
colonial modernity and early social reform movements initiated debates on women's
rights, these efforts often remained confined to elite circles and failed to transform the
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everyday realities of women, particularly those from rural and marginalized
backgrounds.

Mahatma Gandhi approached the question of women's emancipation as part of a
larger project of moral and social reconstruction. For Gandhi, political freedom from
colonial rule was inseparable from the liberation of women from social oppression. He
viewed patriarchy not merely as a legal or institutional problem but as a moral disorder
rooted in attitudes, values, and social conditioning. By linking women's emancipation to
ethical reform, self-discipline, and collective responsibility, Gandhi articulated a vision
that differed significantly from dominant Western models of feminism and colonial
notions of progress.

This paper seeks to reimagine women's emancipation in India through a
Gandhian lens. Rather than comparing Gandhi with other reformers, the study
undertakes a thematic analysis of his ideas in relation to patriarchal structures,
traditional gender roles, and modern ideals of equality. It examines how Gandhi both
challenged and negotiated tradition, how he envisioned women's roles in family and
society, and how his thought continues to resonate in contemporary discussions on
gender justice.

Patriarchy and the Social Position of Women in India

Patriarchy in India has historically functioned as a comprehensive system of
social organization that regulated women's lives from birth to death. Gender hierarchies
were sustained through customs, religious interpretations, economic dependency, and
social sanctions. Women were primarily valued in relation to their roles as daughters,
wives, and mothers, with little recognition of their individuality or agency. Education for
women was considered unnecessary or even dangerous, as it was believed to threaten
social stability and family honor.

Economic participation by women, though widespread in agriculture, crafts, and
informal labor, remained largely invisible and undervalued. Social norms often equated
respectability with women's withdrawal from productive work and public spaces. Such
conditions reinforced women's dependence on male authority and limited their
opportunities for self-expression and decision-making.

Gandhi recognized that patriarchy was sustained not only by men but also by
social conditioning that shaped women's self-perception. He argued that true
emancipation required a transformation of social attitudes and inner values rather than
mere external reforms. His critique of patriarchy was therefore moral as well as social,
aimed at dismantling the psychological foundations of gender inequality.
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Gandhi's Moral Critique of Patriarchal Customs

Gandhi's engagement with women's issues was marked by his uncompromising
opposition to social customs that degraded women's dignity. While he held deep respect
for Indian traditions, he consistently distinguished between cultural continuity and
moral stagnation. Practices such as child marriage, dowry, purdah, and the devadasi
system came under severe criticism in his writings and speeches.

Child marriage, according to Gandhi, was both a physical and moral evil that
deprived girls of health, education, and emotional maturity. He condemned dowry as a
dehumanizing practice that reduced women to commodities and corrupted the
institution of marriage. The purdah system, in his view, symbolized fear and mistrust
rather than virtue, as it restricted women's freedom and weakened social relations
between men and women.

Gandhi's opposition to prostitution and the devadasi system reflected his deep
concern for the exploitation of vulnerable women. He viewed these practices as
collective social failures rather than individual moral lapses and emphasized
rehabilitation, dignity, and social responsibility. Through these critiques, Gandhi
directly confronted patriarchal norms that justified control over women's bodies and
lives.

Reconstructing Gender Roles: Tradition and Transformation

One of the most distinctive aspects of Gandhian thought on women lies in his
approach to gender roles. Gandhi rejected the notion that women were inherently
inferior or weak. On the contrary, he argued that women possessed immense moral
strength, patience, and resilience—qualities essential for social transformation.
However, he did not advocate a complete erasure of gender differences. Instead, he
emphasized complementarity, viewing men and women as partners with distinct but
equally valuable roles.

This perspective allowed Gandhi to challenge traditional gender hierarchies
while remaining within a culturally resonant framework. He sought to expand women's
roles beyond domestic confinement by encouraging participation in education, social
reform, and political movements. At the same time, he valued roles such as motherhood
and caregiving, interpreting them as sources of moral power rather than symbols of
subordination.

Critics have argued that this emphasis on complementarity risks reinforcing
traditional expectations and limiting women's choices. Nevertheless, in the historical
context of early twentieth-century India, Gandhi's reinterpretation of gender roles
represented a significant departure from prevailing norms and enabled broader
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acceptance of women's public participation.

Women, Non-Violence, and Moral Power

Gandhi's philosophy of non-violence (ahimsa) provided a powerful framework
for women's emancipation. He believed that women were particularly suited to the
practice of non-violence due to their capacity for endurance, compassion, and self-
sacrifice. These qualities, often dismissed as signs of weakness, were redefined by
Gandhi as sources of strength and moral authority.

Through satyagraha, Gandhi invited women to participate actively in struggles
against injustice without abandoning their ethical principles. Women's involvement in
movements such as the Salt Satyagraha demonstrated their ability to confront oppression
with courage and discipline. By placing women at the forefront of non-violent
resistance, Gandhi challenged patriarchal assumptions about political leadership and
power.

This emphasis on moral power rather than physical force offered an alternative
model of empowerment that resonated deeply with women from diverse social
backgrounds. It also redefined political participation as a space where ethical
commitment and social responsibility were as important as formal authority.

Economic Self-Reliance and the Dignity of Labour

Economic dependence has been one of the most enduring pillars of women's
subordination. Gandhi addressed this issue by advocating economic self-reliance
through simple, productive work. The spinning wheel and the khadi movement became
symbols of dignity, self-respect, and resistance to both colonial exploitation and internal
social hierarchies.

Gandhi encouraged women, particularly from poor and rural backgrounds, to
engage in spinning and weaving as a means of earning income and asserting economic
agency. He also challenged elite notions of status that associated respectability with
idleness, urging educated and upper-class women to reconnect with productive labour.
In this way, Gandhi linked women's economic empowerment with national self-reliance
and social solidarity.

While spinning alone could not address the structural inequalities of the
economy, Gandhi's emphasis on productive work helped redefine women's relationship
with labour and contributed to a broader recognition of their economic contributions.

Education and Consciousness-Raising
For Gandhi, education was central to women's emancipation, not merely as a
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means of acquiring skills but as a process of moral and social awakening. He emphasized
character formation, self-reliance, and social responsibility, arguing that educated
women would become agents of change within families and communities.

Gandhi believed that education should empower women to question injustice,
resist oppressive customs, and participate actively in public life. Although his vision of
education was often shaped by traditional values, it marked a decisive break from
attitudes that denied women access to learning altogether. Education, in his framework,
was both a personal and collective tool for transformation.

Limitations and Critical Reflections

Despite its progressive elements, Gandhian thought on women is not without
limitations. His idealization of sacrifice, motherhood, and self-restraint has been
criticized for placing disproportionate moral burdens on women. His reluctance to
endorse absolute equality in all professions and roles reflects the influence of traditional
assumptions about gender differences.

From a contemporary perspective, these aspects of Gandhi's thought may appear
restrictive. However, they must be evaluated within the historical and cultural context in
which he operated. Gandhi sought to initiate change without alienating society, and his
emphasis on moral reform was intended to create sustainable transformation rather than
abrupt disruption.

Contemporary Relevance of Gandhian Thought

In present-day India, women continue to face challenges such as gender-based
violence, economic inequality, and social discrimination despite constitutional
guarantees of equality. Gandhi's emphasis on moral responsibility, social attitudes, and
collective action remains relevant in addressing these issues. His insistence that
women's emancipation must involve inner transformation as well as structural reform
offers valuable insights for contemporary gender discourse.
By integrating ethics with activism, Gandhi's approach encourages a holistic
understanding of empowerment that goes beyond legal rights to encompass dignity, self-
respect, and social harmony.

Conclusion

Reimagining women's emancipation through a Gandhian perspective reveals a
complex and nuanced vision that sought to challenge patriarchy while remaining
grounded in moral and cultural values. Gandhi redefined women's roles by emphasesing
moral strength, non-violence, economic self-reliance, and active participation in social
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and political life. Although his thought contains tensions and limitations, it represented a
transformative intervention in a deeply patriarchal society.

Gandhi's legacy lies not in offering a rigid blueprint for women's emancipation
but in providing an ethical framework that continues to inspire reflection and action. His
vision invites ongoing dialogue between tradition and change, morality and rights, and
individual dignity and collective responsibility in the pursuit of gender justice.
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Abstract

Vikram Seth is widely recognised as one of the most influential diasporic writers
in contemporary literature. This study examines the recurring diasporic themes that
permeate his major works. It identifies the presence of the Chinese diaspora in From
Heaven Lake, the British diaspora in Mappings, the American diaspora in The Golden
Gate, and the Indian diaspora in A Suitable Boy.

To maintain a focused scope, the analysis concentrates on The Golden Gate and
A Suitable Boy, two of Seth's most celebrated novels. The study argues that Seth
employs literature as a medium to articulate the political, cultural, and emotional
currents of a nation, and these dimensions are vividly reflected in the selected texts.

Keywords: Diaspora, globalisation, nostalgia, immigrant, displacement.

Introduction

The phenomenon of globalisation has significantly shaped the modern
understanding of the term diaspora. As global mobility increased, individuals began
relocating across national borders for employment, education, marriage, and other
opportunities. This movement led to the formation of diverse diasporic communities.
The term diaspora, derived from the Greek word meaning “scattering of seeds,” was
initially associated with exiles and refugees but has since expanded to include
immigrants and expatriates (Phulia & Verma 1).

Ashcroft, Griffiths, and Tiffin describe diaspora as the “voluntary or forced
migration of peoples from their ancestral lands into new regions” (Phulia & Verma 31).
While globalisation facilitated cultural exchange and community formation, it also
coincided with wars, natural disasters, racism, and political upheavals, prompting large-
scale migrations. For many Indians, the allure of Western modernity and the promise of
economic opportunity encouraged movement across the globe.

Diasporic individuals—whether NRIs (Non-Resident Indians) or PIOs (Persons
of Indian Origin)—often maintain strong emotional, cultural, and spiritual ties to their
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homeland. Their writings frequently express nostalgia, alienation, cultural conflict,
identity crises, and the longing for roots. These themes form the foundation of diasporic
literature (Pradhan & Shukla 54). Diasporic writing also introduces Indian culture to
global audiences, contributing to multiculturalism and cross-cultural understanding.

Historical events such as the India—Pakistan Partition and contemporary crises like the
Russia—Ukraine war illustrate how conflict compels people to migrate for safety. While
migration fosters cultural diversity, it also generates emotional dislocation and
challenges of assimilation.

Indian diasporic writers—including A.K. Ramanujan, Bharati Mukherjee,
Meena Alexander, Rohinton Mistry, V.S. Naipaul, Salman Rushdie, Anita Desai, Manju
Kapur, and Vikram Seth—have explored themes of inequality, discrimination, cultural
conflict, and identity. Their works portray the struggles of immigrants navigating
unfamiliar societies, linguistic barriers, and generational divides.

Diaspora in Indian Writing
Diasporic literature often reflects tensions between native and adopted cultures.
Works such as Igbal Ramoowalla's The Death of a Passport, Bharati Mukherjee's
Jasmine, Chitra Divakaruni's The Mistress of Spices, Jhumpa Lahiri's The Namesake,
Meera Syal's Anita and Me, Amitav Ghosh's The Shadow Lines, Anita Desai's Fasting,
Feasting, and Manju Kapur's The Immigrant depict the emotional, cultural, and social
challenges faced by immigrants.
These narratives highlight issues such as:
undocumented immigrant struggles
racial discrimination
generational conflict
cultural assimilation
gendered violence
identity fragmentation
As Bhattacharyya notes, the search for identity becomes central when
individuals cross cultural boundaries (19).

Vikram Seth as a Diasporic Writer

Like many diasporic authors, Vikram Seth addresses themes of racism,
marginalisation, cultural conflict, displacement, and gendered experiences. His novels
The Golden Gate and A Suitable Boy illustrate that culture is dynamic and constantly
evolving. Although born into a Bengali Hindu family in Calcutta, Seth's writings reflect a
deep respect for multiple religions and cultures.

Seth's extensive travels exposed him to diverse cultural landscapes, which he
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skilfully incorporates into his works. Meenakshi Mukherjee describes Seth as “a citizen
of the world,” whose writing transcends national boundaries (Prasad 183). Seth
acknowledges that race, religion, caste, and travel are integral to diasporic experience.
His travelogue From Heaven Lake offers insights into the Chinese diaspora and cultural
identity.

Diasporic Elements in The Golden Gate

Published in 1986 and set in San Francisco, The Golden Gate is a verse novel
inspired by Pushkin's Eugene Onegin. Through characters such as John Brown, Liz
Dorati, Phil Weiss, and Janet, Seth explores themes of love, loneliness, friendship,
sexuality, and cultural adaptation.

America's multicultural landscape—shaped by waves of migration—forms the
backdrop of the novel. Bhattacharyya notes that immigrants must learn the customs of
their new land, a process Seth himself experienced upon moving to the United States
(24). Seth contrasts American and Indian cultural values, particularly regarding
marriage. While Indian marriage is portrayed as a union of families and traditions, John
Brown views marriage as an escape from loneliness.

Seth respects American culture yet remains emotionally rooted in Indian
traditions. His portrayal reflects both admiration and critique, revealing the dual
consciousness typical of diasporic identity.

Diasporic Elements in A Suitable Boy

Published in 1993, A Suitable Boy is one of Seth's most celebrated works.
Spanning 1,349 pages, the novel offers a panoramic view of post-independence India. It
explores themes of marriage, family, caste, religion, and cultural continuity.

Although set in 1952, the novel resonates with contemporary social realities.
Seth's diasporic sensibility emerges through his nuanced portrayal of
relationships—father—son, mother—daughter, husband-wife—and through his
depiction of cultural rituals and spiritual values. Characters such as Savita Mehra, Pran
Kapoor, Arun Mehra, and Meenakshi Chatterji embody the complexities of Indian
familial structures.

Seth emphasises that Indian culture is deeply spiritual, rooted in devotion,
sacrifice, and emotional bonds (Pradhan & Shukla 59). His diasporic perspective allows
him to view Indian culture with both intimacy and critical distance.

Conclusion

This study highlights the diasporic dimensions in Vikram Seth's The Golden
Gate and A Suitable Boy. Seth's works reflect themes of alienation, cultural conflict,
nostalgia, and identity—hallmarks of diasporic literature. His characters embody the
emotional and cultural tensions of living between worlds. Seth's portrayal of marriage

121



RAINBOW-2026 ISSN 2394-6903

and family underscores their significance as stabilising institutions within Indian
society. Through his writing, Seth emerges as a diasporic author whose works bridge
cultures and articulate the complexities of global identity.
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T HeS, T TRl Sfaesd sTvae faea: e s &l STEHeTR 9
Ul- U IREUd Wad |91 SHRUATET S hell. 8 W hdes dfeh! Tegal, @ df @RI
TSIET=AT 9 Trehetet UTehel BId. U Jaol STshHY, JeAamuITgidial STaid | ST Fad
FCAURI TSTeh i 81 AT WTord T T qUf 819, 1ehed TRl alial AT ST Teh HawdT=l
o qe ATl a1 WU Wehid feha el Ugd fr = anfor Tl e 3wl e
T T foam qe Rrarsht werse WSy HeheuaT M1 3T, SRS Tss HeheT
= fo 7 92 foTfiad Ta&dTa 3ueTed FHet g @A St ST HurTqd o STeaut fegd Iam.
IENS g W Je figdl wisy’  ToEardt BR3USR 3ol wMfieh Jeummer fmmr
STV Y hedl, T TEHT Eled Hdel AT Tod < Fx1 fehavamandt s &
TGS ATTEA TS SIS AT BTG FTefl giet 3T Tgorar d. famsft agrret=an sreruvft
RIS Tered UFErd T8et aie! o AT TSTeh iy AT fTaTshiaT SveT STeTSRIST=aT Seid
T et FreTsht HERe ket Y, WS 7 e aeaRi=l et o8l SHde
ITfSSTER ST AT JTTEATeR 3Y TEd. SRS ITfcied AaHTemal SEnTdie  37=IT,
geudt Ty ST STauT AT TIaTSt HERrST T ST g s IumvaTan fgh sifis
3T ST, IETSIRIST=AT 37 T s € GeheudT Aaifed &= Tegdt ot haes aa1 &l
HUAT eg T TS AT Sgare! sfist B3 JUI gieft. Tmfeh rehrean feamrdt aretactet
TS g ue ey ST SIEEE S S €9 SsarE Sl 3ie stEer
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STTofid SRS STYETT e STet. 3T JhR ETSTe 7§ TRIsITe Teel HedTIeh Faet
e Stell. TaUST hod-a1 I &1 ETSRIS=al Je¥id, 07 geoiedl WHTd ST TS
SITTTET Eiell BT ITed TS &l HehoudT frarsht Hgrrir=h 3raeht ol fo=n d=rfiss 3 &1
SRSt formuef g Sireeien 318 & Ffirduo o Iga.

9. STRTSHTS! 3TTOT FTetTss : Forasit werrsTen seahriaefier yftrent

forarsht wert § R sfaemndieT U HEM, g8 THeiel ellchehed Uil TSI Favd
HFEd AT, e SAEH 8 Shaed TIhAT deg T fad =, gufamr smfor yenfadesrda
3T ISTE0T BId.HTH § e SH b Hasl Tgetel T8d. AT, T TEhR {18707 qHiesid =
TTST I1eT 3TET. TSt HERIsT=a SieaTd S TEhR TeauaTsl S <= Jrar TSTHTdT f5siTes AT
M. TSR T Tl RIS WTEe! T <@l ST, TETS ST {3TeTst HERISTHT Tsteh 19
g ersentigE g8 foeft X foan fsmeet e weTa o, 3TfoT SerrsaT=h WieHT Stae! 1 grarT
T Y[tk FRIaTS HERTS Ueh 3T1Ee] TS F8U[d I8at.

NEERERIEERICIEEEF

YRSRIS Wi 3 FaUe Iaehidiadl Tshel, Joe! T g8l 3T8eiel TER aid.
e, Smfeersmel ST gae a1 TmHe JETdTET i TehRuTT=N Wiet {9t YTH hefl gl
q IEVETET HiST AW REn "R e, e et qgRse 74|
TSI Hehe AT &acl!. Wehd Tx=al J1feH TEuATIeT 39 Tas Tsd 38T, & o
T ST RIaTSt HgRSeA HHd SHA. g0 ST STEuTE YS! SRRy et
HENISIhe g T T JITEAT el 319a fGeT. 3¢ sher=a aTadiqal @SS
9T HE 3al. fhgd UEd, Wi And a9, IEET dmehe i@, qee yEt
gEdifiia folg 8v- 7 o Rt serRe RS YT SeETd el
YRS Rams 7R w@Ees sHac. & et mere serfaams fof gom
gTEHT ST SHcaTer fH4TE U Aqcd act. FEIS! HigaT= A1d SRTI g SO ot waare! =
ers Famh Terer dshil SemrEt 3Teid 3T Stell. A1 A_lsqd e e farsh
Tegeht Ty’ I AR, U1 ATEE auiatel af JgHa T Esh Tgr stgerd
JTVTEAT. |Vl T vaid g faateqon Jgua SierRenara et wgrrsn ot ufee. &1 3¢
HA TGSl TGS 59 SITel. T Siet ; =1 HeMTe! wetd aid—- T} shran’ | it shra
TEUIS!, “STAT ST ST i, 3TTHeT hHid hHY Bi-ef, HHid HH deard, Tyul w9
L. A1 T VRIS fevmesa e fieren.
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R ST TSISTT3s A= Y fHeht: -

TerTar fSrres =1 st weree deehir= Tl Reqehr g, eI S
TRrerrsit weTOST= THTeR wnfies, Afer ST wrTioIe TR Trgde. fSSiTe: shaes HTAT Aegcal, T
1 et mETete ufges 1% gie g femes- THmr, nenwa, qaft snfor da e sher
I FraTS HERST=A 7 96, e ST = ST e WieHl ESaet. TH, SO,
T T3] Sk =<1 T TSl Agreand! omerRht 3tedn. el W=y o shac
T ey, T GH JTIOT ol T&T0T ShUOTHT ST B, =1 T31amsil AgRIs=a1 511 8 T Joie
Teamen wat= T foot. S -TH, grieees= SREvT ST 7= faeg 39 Tev-3 Yod et
SR 18T SUTA AT T, YHCISSTET AT TG ST 379, SIS STfor Fites 2= w3 JvTd
RIS T F7iTes AT=ht sifireht amTedt 3reett, ot ot TehHenT qieh Bidl. eSS st
HERSHT TRISATE1 T graaelt X fsiest @& wmier e qeame stfsm foet. st
TSR ST ST TEhR—3T rT=al ST fraTsit Wi dai-1 SAfthred geel. U
ToraTSft HERTS Sheres ek qUIshHY AT A Tl ST =TSR 3TOT e fortat TSt 3tet. 3 =
T TS E Shales T A U, Ueh ST TSTeAaeT S

¥, SRS f3TaTst! eI TsTeh UTTeR, STTceT THTE: -

2) T STTERHAT CUT: — TS ol snfeetomst o geet Tl Jee =agr
HOM AN TG B, TEAT TATEGATT H8 IrTTel, FHomsht weft T et g weft gord
TRrersft TS TSTehroT e v aa g 3.

?) TUSY GehoUa=il TRITHN: - YETSIRISTH] E&d: Tds Usd 38 HUATET I shedl 2idl.
A ofcam™ el ATE, T WA gl shed RaTs FERSA 7 38 et I8 g shou
ST €W HRAFT, Rrarst Aereil €1y = qiféan, spmerr=t smor 3mfor
T T3 I T wree.

3) ANl g TR T ;- WG TSIHRY & haed qadiiet Feg, T RheAdiatal
YN B, rarsht gereel 2= a srfierergaelt g a8, Jerft Arem, at A oedt
fyorteres 3mema. sEEft O Terd TTes Torifaes STeT= Stant & STeTSfRrsT= 19 8.

%) TG -9 ST U : - VRIS fafae aames s s TR Jfie,
SIRETARY, HEgel 9 TTohi] ST A= 31T hell. AT TeRST= Hswde U™ W3,
G) T f3Teh TSTehTUTTET SITUftel : - ST USTehTTd LTk Shl, Mifetsh 3rg=fl afor
ATRUTEHT AT TEwel JESASTHT 3T&eh Bid. Rrars TgieiE Tergdie dide Jeu, fhg

145



RAINBOW-2026 ISSN 2394-6903

&)  GaHEd Afdehdal 9HAA - RS STH RaErst FerET Ry T 6t o
fepavaTdl Sheares e Ter, AR =T, AT EAT STV i) SR 3Tavash 318!, FuEd
TTerTSit TR TSTeh T SR AT 3Tt

foeep: -

AT 3 T BId HY, e TR SferETe gl e TSiE ANEH 3T
Ted o GUITH ToredT Bid. Jeel HedTd Haifed e, ol wersit wofi feetelt Torhta g8,
AT o, et v o e ke o et mersTen Stemten 3 foan
S

TS et e & Snfeeseidiel Sy, W T ST I 3for Tt
TEHRAT TR Tore faeme sifusm ooy fash gereme aifw, g g
ST HHAT ST .

TRV TETS! RIS TS 7 Shaes WIshHTS e, T IS TSI Uaetedl d=Tiesh
TTRITER 3 Tfgerel GLGBul U Bid, 314 fAf2rauo reurar Iga.

e U -

2) FYTHE TSI 3T — HHHE &,

R) ool sEr-Rarstt Herr= @, Hafed e

3) Qe STeTERd - Tt UgiS Ush TR Used JehTeH.

%) TR TR -TREeh foIol GeIgE - Sauc! TaT UfT8H Sehre AT,
W) T el T TiTes SeraTe - Sehre e FOie srehe.

&)  SgAY TR -t ST e hies, - 3Re AT gurs.

) e, grd - FSeres: Frarsf e arar, fgan ufstss g,

*kkkkkkkkkk
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cirdla A&t ol 0 ol Y A4 Rs A Uldend Z2dl SRR ?

Si. e1192I Agslod efude(]
wi{le2e2 Uiguz

-

,00 2 El 5™ dusy
’l U™ sldoy, dPIYR

dl 2y dl siHed
Yoy

YR Vidl 21l IlasiA :

QA vzl Slacld 25 HI2 2uR 9, 51015 d ¢l Uel Yl U¥es edl. Yaa
AL WHAHL URL, HRALL 2492211 82181 24l Al dl, dH 9l d U] [l
dasiil viot or ARl edl. [Bil2a [Agid 2o AUl £, 14l 244 1041 u<lHl, [y
vilgldl ueudl, oz [8elii [y aidl aily sliauaml 20d 9, ordl vgalldzdld,
IBcld, dulol, Sdld wid 2HA AR, A1 i oiHidl ARI&S [Gar wHdg 9.
Al Hl, 2L AzAHL [As[Ad 208dat 6d, v 530 5[4 i A5l HoAHL d 44D, 21 AHA
Uz9l (Al 54 Al SIHR25 Ulss2 (GDP) Hi @9l 30% 5101 2AIUAl Edll.

ie9agl, 194l Aeldl videl 14l Ul Yal, viu s34 VR2ARoAL AAASIOHL, HIRAs,
GDP (44l 54 GDPll 2U% Yl ¢d. 2l WAASIAHL WGL Ul Ll Geuled UR Slesi
SRAML 2UR, 6d, AURGIE YRU[UuAIA 58 2iEdaAil Geuled Gl Alsddl v vl
U2, [AR2R] vid orHedl oral vied YRUMUA 222 AUl U9, YRIUHL, Vi 534 ul=H
YRAUHL PAPIS1SRQL UR Ll Slesd 5291, 920 52, 4 4] kAl Gaieddi, (B2 ausiu
QURAAL [z, [a2UIRIS15201 54 512915 A2 YRIUHL AHeL Sztel UHA DB Sost
U 50104 541, el ABUBL AHAL A8 dAH] IR AUR] 5L Rl [ GDP Hi ul=iHl galidl
2l 24157 Yell addl 26l «9.

GlIRd¥i sRARId]

uddl, MIRAHL 52 5[4 U2 ¢dl 51RQL S GUR AAL sul Yorol, ARAL AddA Youcd g8 wR
Slesd od. [Bla amd e2ud, oiRadul 2ugfds a0 uoudl [ala wast iRl
[AszuaaHl 2414l ¢dl. GuR srguedl Yovor, AlKs 2A8dA ds) Ll Geulesd GEIRLL UR S(vsd
53 cdRel, MRAAL GDP 9241 9. MIRAHL (G291 us121 HId U2 URIA 52 ayddld, e 5,
e Ul 1€ 309 UL, A2ABL A Horol SIUEIHL F2512 sl AdAAL U], HIddl A UR Yl
A1y, AL U], 244 [AfA4 Al 28Ul ugl, Hiddl AL U UL 52 Ayddls
Aseaed el eq; HERIZ RUsH, 1¢UE HI Smugl 524 @&R“l SRAML UL usl 1eey
Hi, US5IR AAIAL U UL URIE 52 q%ucu-i 9o 5 67 Segt w512 BLelle ¢, Addl oy dld, 5
Viel s USRI G121 AL otell URIH 52 AL 2L €L, o7 S asdl 254, mra’l 254,

Al vlEl Uz 25, A sle0s2 25, HIdeAl DlARR e AALIL AUASIRL UR Segldd AL 52
QIR AL 52 SUEIRAIHL R 5154 5291 HI2 AHel AoilBid [uHl 244 UG ¢dl, 214 d
aud, avll uREalail Gl g s 215 52dl 4y uRlg 52 visoilon«dl oqdaisiid Geasd
52l Gl 2489l 2URAY ddl gdl. WUl wdd AL duUR 24 AlBlsad avll
Yol AHAl 5291 UL Sl GRIL AUR 2SIV St el sl UL UHE Ulcliedl
24167 Gsldl el
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HIA Bid AAlAlAl AL YAl 241 UR1A 52 GURiA, Azl 2alimizl Hiadl Geuled vid 2A1u1d
YR 25 53 Sdll, o/« AUrad ISALB vid 52284 2i52 A5 DUOAHANL DU 69, 67 St U1
Ul edl. 21 Ae2d DISAISD GURIA, iS5 Used PISALSD D152 YL Sl &7 €12e, Ul[HUH
51U, dHLg, [H42UR2 4912 674l vlIY USRAL HIA UR QIEAML 2A1Adl ¢dl. 2, HIRAHL 8Ll
Y218 52 Al AUR 2 URSRL A W 21 4€la2 s2a1ML ALl uHRUAAL UM<l 53] 2@l
Gl del U0 Oll9AL HI2, Sest U512 MRAAL GLURQIHL YURL SUL i Aced DisAIS R
Ul QAL AHIH URIE s ULl dlal 244 245 Al dld 25U vis2, 2099 AlMdl
SIAEL AL, 67 4 67 Als), 2099 Ul LHAHL VAL,

GST SIRIEI 209 of| Y Icl:

QRAML [A[A4 AcUHL URIE 52921 SRAEIRAAL UL 82181 241 €lal 9dl, HIRAHL URla
53l AU UR UlA50 1R Ul A dl, vH % dsdl 200l srami »udl e,d,'l 52 q%umm
AUIRL UL ¢cll. GST SIUELAL VA5 VURAUA DL S d sedld 52 q%wd-ﬂ 254 ANAR 2AIU B,
of »12¢ Geules «dl. olloa 2ogiMl 5E12 dl, o7 AslHL URIE 52 Aydld UR] «dl, o4 %
QRAxAL G Yd AL Asedl, AHeA ARAxdl 2ldRS 58 GST aydlaHial audz »iuami
UG 69, d 6 UHA, d VAL Asedl LA DieA1d 5289 67 UIZ UEL 53 R&dL 9 i o/H<Al GST
Bl 2Asedledl AL AR 9. 22/0¢ /202U YUl GST Hi 53+l 2401 €2 AL UHIEL &l
0% 3% U% 12% 1¢% 2¢% - 22/0¢ /202U 4l GST 2.0 «ll 207211 US| GST Ul 53l
20l 22 ¢ Ul DU USRALD: 0% 3% U% 1<% ¥O% - 0fell 12% Vel 1L % «ll 2404 1%
HiUHI[AR 2l

Al2Aedl A1Z UHA HRAHL GST UASHL U2A[A 2219 892 20 Al SUSHL

2017-18 | 2018-19 | 2019-20 | 2020-21 2021-22 | 2022-23 | 2024-25 | Apr-25to
Sept-25

7.41 11.77 12.22 11.37 14.83 18.08 20.18 12.10

GST 2doi¥i €121S1 gl siARs2 254 SASUaioll 4438

AR 202 UHL 2AAsARIAL AYdld ¢.1% Adld 10.4¢ A 30 a9 a1, of
U302 L0 YHL €. AVt 5218 2a[UdL edl. 2L 254 2A01HL 82151 i GST 2.0 A19) Y+l
1R 89, 21 ald oQlldl 9 % eRlR 52 AYAlA«l €2 UL UM 89, IR 2a[UIHI 52 aydld 98
89, o7<lledl 29l 1522 GDP Al 89, UcAAl 53l UERHL UQL 24 Al 2UR 69,

Ausla ad 202 y-2u Hi2 Apeul 21a59R1dAl Ayl 23,34,¥29 dlr 5208 Ul
adl, o7 Agusla ad 2023-2%<1 1¢,£0,165 dlul 5218 2a[Uaiedl aydiadl avumgilui
1¢.30% atld 1¢,£0,1¢ Al 521$ a0l 45 ¢dl, o7 dAwusla ad 2022-23 W2
1€,€ 3,5 ¢ £ 2a[Quldl ayaiasdl azvnmellui 19,22 % adld 285 ¢dl. adl o7 <d, diusla
¥ 2022-23 HI2 9Ydld RSl ad 202922 €l 1¥,12,¥22 dlul 520$ 2[Rl
AHEIHL 19.9¢ % A4l 9, i dAusl A 2024-22 «l aydld drusly 4 2020-
24 HI2 €,%9,19€ dlvl 521$ 2Uuidl ayaiadl 2uimeldl ¥e.12% a4l 9. U8R &Rl
Adl AAAHL 5ol 24061 EHL L2IEL SRAML DURL 1AL 9, 241561 21 ¢5l5dd AUUAd 52 9 5
SRAIR 53+l E3HL U2161 S2AML VA9 9, AR 53dl AYAIAHL AUIRL SAAIHL UL 8, 67 A Horol
GDP < YHIRAIHL HEE 52 69,
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GST 2A6IHL Y2151 UL $1u352 254 $ASUeed] 2143

AR 202UHL 2U195AR1A]L aydld ¢.1% adld 10.¢¢ dul 5208 Uul 4 s, o7
2R 202 WL €. ¢ AV 5316 2a[Uul edl. 211 250 240141 92191 e GST 2.0 A1) 1l
1R 69, 21 Al oAQIldl 95 cRUR 52 Ay dld«dl €2 VUL AL 9, AR 2 [UIML 52 AyAld Al
89, o7<l1dl 22l B15£2 GDP 4 89, UAUA 52l AECTHL WL 2L AUA YR D).

GST2.0 «l MUdld 248 A U UM AL51 UR AR el Q22

Azl 2 2Ai5L ARALL 242d2As, vot o7 dalofl Rt 20y 521 el 9, USI d UHAL €14l 21
Y[® w1l ¢dl %, GST Ul 52l €2 U21SAUML AL Slald] 2Ad de2d 5SS 254 loje
S2AHL Ul glaiel, MiRAUL ualdl €2 [AuBid s2AMl 24198 id 33% ViS5 «dloje
530 21 GST HI HETH 52 24 % YA 52 AgladHl U% 82151 Adledl IS AHIL disl
HAgl. ud, 2L Y ulaga Allord 8l €9, sid GST «l eetiadl goudl a4l &l 9. ddl o
Ad, ¢4 10% <Al AHIUARACA GST &3, (561500 2¢% dlald ¢ %yl 2l 9 d,) 14
$oUALL €2 UR Al 5155 12 e S Al d @l 28] 89 5 Adl d oddid ©9. 04 %, 52 AYAIdHL
QURL 8 2@l 89, UBRA UAUH 52 e WRIA 52 AYdld«dl $1Mel GUR orgudd qddl 52
YAl Fup A 9. 52 AYdldel AL 256121 uel 249 APl B % QUL AL 9 2Ad d
Horol Geule UL A8, 89, UZd, ARl 2A2Ad=t UR dsdl U51R1c4s 24412 i2d] uctagiol 4l

ARALL AL AAHL AL YHUIRL 519101 UR 2 350 AL 67 9, 62AI1R P UR PA5ER 21U
wledl 2up 44l. Al AL, MIRAML, Hidledl 2ARAHT UL AUIRL YLD, 67l WRRIH MIRAN]
Uil QUL AL YL 9. GST Ul 82191 224l 21U Ml 2423 10741 4ld] €5121cHs
22 guldl 6] 9. MRAUL GAwlesl, v s3ld pUSIHIcUSA dstdl Gulesl, GST €Ml
82151l AL Adl HI2 UsMs on821dldl Heedl UAM[Ad wWlegRid dauddidl uuI 531 281
89, QRAlM AL [A51UH] USRIHSALA UAS0 24242 52l SIRQUHIA, 25 YA gL
QLEAIHL 194 2R5 69,

i W] DIG APl 9 5 sdlR 53l £ VAL UL 9, AR AAAAHL HIA VA AAIALAL
QUL A8 €9, o7l URQUH U251Z] [A0AZIHL HI2L UHIGIHL 52 Al &l 9. AIYARH, HIRd
ARSI ARSI Al 202U-28 HiZel ddl AlUS]Y 67241, UASARIAL E2H1 82161 524l
oAdUa 531 9. sl ad 202U-2¢ 2d d ul ulbduil, HUF, ulbduiidl 24218l
(sl Aoy [Aa1n) 21l ABdotidl oga, WSl HA d dlakd el s 4 €, dHedl Braiml
w1591l 4l [Rgle2 aydia 12 Hovor s

Income (Rs) Rate | Income (Rs) Rate | Income (Rs) Rate
Up to 4,00,000 0% | 8,00,001 to 12,00,000 10% |16,00,001 to 24,00,000 | 20%
4,00,001 to 8,00,000 | 5% |12,00,001 to 16,00,000 | 15% |& 24,00,001 onwards 30%
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GURlsAl SRELAIAID 20, 12,000,000 Al 24198 Yelldl 52 Ysadidl orze: «l, o4 udl 2ulsq
WA Yl ™, (21 wUas, wiiddisd« o1 2195, a1 o7dl 5185 21195 4 €ld, 51015 2udl
24145, 24195920 SIELAL s8R 11U ofl2A%] Yorod s2edl v €2l WA 9.

GURlsa A2 wRdl, 21 wuR A 9 5 Alsantl, v sdd ordedl Wi Yél ais, el vuas
YAl AL, U[HOL 2195 o7l vl 24198 [2l, dHe s1AEL U9 SIRELS AR ddelcds <d
w91 52 Y5a9l U 9. Adl o7 <ld, YoURER sl Ba2uHl, duedl 52 suld«dl 254 viis]
290, e of Ulsa2il W WoUR [l UAs 89 A AL 1ale 25 YsaAdledl /203
ULl VA, 2 A5l SlaML dREdL i oA 94, 6 2AVIR USIYUHL AUR]L 529 21
W3lE AlsAHl A8zl 524

orH 674, VRl Ulsd A4, A AY 54 2allds quRIAH] Q4RI 29, o7 DIUR MRAsl GDP <
HHURAML HEE 534 2AUH, YAzl &R1 MIRA U2 a8dl 2Reedl 21242 2iddA W2 olg ulaga
R 529 A€l 1Al vlge R1ad <l dscul MIRA o AL Holdu 520 26y 9. liszior 202U
uldl GST Ayl Al 2AissL Hi 4RL D Adloy I 152 254 UAS <Al AL HL UL YURI
glud] 2edl 9 ugL eoy YA [AlMA o | Al 2Aisslbdl Ad ueil a9 9 d oad e,
ol @RA «ll [fs2 @l dl 2uEs 2esrdl 5] 521 as19.

AUIHIR:

https://incometaxindia.gov.in/Pages/Direct-Taxes-Data.aspx

https://www.wikipedia.org/
https://taxguru.in/fincome-tax/income-tax-rates-ay-2025-26-2026-27 .html#google_vignette

EE o S
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1Y [ols MU ollcll ESaildiYdd] offisI

— sl. ¥ vddeY d=ll, ol1P1Y

RAIRIRA 2 Il 251412 (Nanotechnology) 2[5 [Aglla vt Sorez] AaAHL 215 Hecayul

wiaz[EaMas vl dly (A5l 26l 9. 1-100 il el ugidiMl oddl Haal [Qfe
Qlilas, s w4 o7fas apaadid »uar (@Al asiul adld diad uslail
(A2l 204l 9. 211 AuiHl 248 QAlAH] dldl 2sdidiood] st ddl Risidl,

-~

GuAIRLL 24 A[Qred] BRIl dLls id 2[5 HEdls STAHL 2L 6.
HUR AUGE] ¢ cllell 254llell), <liell UL, «lledl Gl51, 6Rct A1, U5 Al

. uRyu:

AL 52als E1SIAHL AU[As UAUANL 219 il URHIYL 212 UELAlAL [AARL i dedugl
WAy SR ysal il 9. 2ugfdas dsulds dadldddl &aul <didl 2sdidio
(Nanotechnology) #15 silasi<]l »14 Mgﬁm% (interdisciplinary) vl aZls G&3l »udl .
Al 25eldiondl Hod AAR Ugldidl 1 4l 100 AdileR seel 2R AU, UL Vi
GuAldL U BUUIRA 8, spdl ugiidl Qlllas, U015 vid 57[45 2LQIUHML bl $81R
A4l HAL 89, Bl HIUES UR $Ale2H 1AL (quantum effects) i Gi=il duiZ]-4l-ulkHigl
wiqulA (high surface-to-volume ratio)«l $1281 AU1HAL UURIALA, AQIUHIE] 24e40) At €09 €9,
cAlell 25ellelell GUUIRL 2Alo7 51 H2RUG A, SH2], Blasa, ciuizsidion, AR,
Sasilasa, Glod vid yuiarel [Asid oya [Alaa 2giaq fxMl s <dd g 9. «isdl
AMAL 074 5 «ledl 59U (nanoparticles), «ldl 2464, «dldl AR 2id <ldl si¥UllB2udl
[a51:42l] «Aclled UL aA el i G2 51481 25l s otedl €9,

wY[As AgaAH] Aldl 25eldiovd Hecd v 534 21 Rlaaz] Riz2H, Seuz g, A
25ldiow, S21laR, Glod UA 2id YulaRRlu UgHQL (AR 6791 SAsliHL 2UBYEL 2uiy .,
Al Heedl dalast 4 s1dam, 291 viAi0 214 yaiaHHA] Ghdl [Asudl 9 . adl, <idl
25ldion 2UY[As Uil 215 HEcAYRl BUURAM oidl 21 89 2t Al Asuls
WaI[AHL Al 51 21 (LS HIAAIHL 219 69,

2. alloll 22 UEITall 2RI

Alddl 2 (1-100 &) UEIdidl ARIUHIHL Hi2l Ui (bulk materials) $3Al HAKA, Vi
Alulnl 38R0 649l HOL 89, Bl 3511 Huucd sle [M3[Asa 2130, quil-4dl-uRy
BIUIAHL AEURL, Vi URHIYL 2R UALCHS ClEAIAA SIRQL U0 9. URQUH, il g1l
Vi, Allas, 2R, [A8d 214 67[A5 21l £ald 9, 67 A 2HY[ds UlbAH] 2icid
Guaiell oteld 9.
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.1 ¢illas ﬂl?lial‘-lT (Physical Properties)

Aldl UEIEML 52 d2dl o AUl 2ii[2sa, [Milasa id ada opanl oledi 8. Gelel
Az, Aldel dldl SQUHL 15U WIdHIA 2514 (Surface Plasmon Resonance) 644l HOL £,
o<l 51281 Al 2Ael ALElAL «lell $QU (AR 220 ald 8. Gurid, «idl AHAAL 5Beql,
Hor o)l v dalsdl uLuRIRLA, AL 5341 AY €IS U5 €.

.2 WARIMRIS ﬂQIEIHT (Chemical Properties)
G2 ULl &g 51231 «Aledl UEIED A8 A1 UBUAL (reactivity) £2id €. 241 2104

AAledl 521[A22UH1 ViU HeA UR1A 69, sdl 24191 UHIRIHL UEld Ay 2iRsRs Ulalul alq
U . Al 22 ULl DUEAIAA, [R50 DAl AN AHAML WEL AU AU U1 6.

R.3 ﬁﬂd Vial UGS@ (ois ﬂl?_li.l’-lT (Electrical and Electronic Properties )

lddl 58 UR SAsZiededl AdaUl sale2H Seglddes DU 0AAL HOL 89, of<ll URQUH (A8
QUESAL, 6l AU VA 2167 21UULS (M [AHHL 32512 21 9. GEleR QL dLl, slold dldl 24ou
Vi e Sl G2 [A9A dlssdl 21 2ydotd Sasildas QaHl cald 9, o «ldl
SAsSils 21 A2 Ssellizoul GuuiRll 9.

.Y ﬂﬂé]ﬂ ﬂl?,IiJHT (Magnetic Properties)

Al 2R Aot§l YL1AHl YURURIMARAH (superparamagnetism) o7l [A[212 21221 0441 HOL
£9. AL 2RI Wi 520 HIksa SH[6r91, 1 [K[AAZ] 244 321 22107 2A[VESAAHT HE Ayl 8.
_UMASs ﬂGIﬂHT (Biological Properties)

“Aledl uglEl 29 sl 2118 uAALE] Bl 53095 69, 51RELY dMs, 5€ CUUIHIASY AL ST UHLA
Gl 9. 2L SRYL Aull @1 Blaal, iz vid 22y vilcsr[aulo gninl [Qala

AU Y19 9. dH 9, «ledl ugidiedl 2i5URE] A4 olidgZ]ld YRls 529 pUARS
€.

3. RARIRIRAIRSIHI allall EselldIYeil BUAI2I
el 254lAinl 2ALY[AS URIARHL AU, AN i A[SAA] 2214 ATl
YRaAldA 521 9. «iedl 22 UglEldl 2 2RIAHIA 51RQL AR Ul a8 sidam,

Qs i WUARQIHAL o1l 9. v s<ld Bloasa s[Mel, widilas 32, Sd2idilds
5[022] i vidi(a2sa 5022 sval AzuL <l 254ldi«l s GUIRL 6AAL HOL &,

3.4. allddl 321fAR4A (Nanocatalysis)

Al 591 2ARA 2@z Gl wuidl-dl-uRHIL viquldd SRELUURPIA S21dz2u-dl

ARVUHRIHL QAR 2RSS S 9. Hld, 2 Uld, USALSS il 591 (74 5 Au, Ag, Pt,
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Tios, ZnO) ([Ala8 wls3aq, Resad 24 sioilas ulauzix ulakua ala aara we
GuaioiHl A 9. il S2aRiu Ald 3RzZlAl Riegidid oL diduisd 2 6.

3.2. 2llet 32211 GuRila)

Aledl 25ell2 UUiaRQIHAL 2UR1L121 HI2 Hecaysl Lt otedl 9. dldl S21[A2ud] Heed]
Blig] Glod, 9L glasl i UL olid-HUiss2 Ad WAl asd oid . >l 2B
S U218 24 251G (4511 (sustainable development) 4L HEE HUL £9.

3.3. alliall 2A42Alof iA e

RRAUARIAZAHL [A[A8 U512 <Aledl 1AL 074 5 <Al 8L, el s1FUllRe, sAleeH SI2 Vied
Aledl 2oud, [P deaugl s2aMl 214 9. Ald-ovd Uestla, si-tfafucaqd, sisgiada
v, HISsIAHEUA o7l Ues[all 121 58, BUSIR 2Ad AUIZ] 2RIEHT UR AlssU [AUaQL 254
ofel €.

3.%. Adifdlzsd 3MENHi oliail selidly

AAledl 251E129 ALAURA Aledl AR Al ARUIARUR 2Acid AAeAgld 244 Alss [AmgL w2
GUAUIRIHL AAIM 69, Al g4 AAd UR VA, A1, B[S 2ulorl id cllHIds e+l glY
HI2 U8 9. DAL 25l YalaRyL (4218191 214 HRsA SlaRilR2suHL Hecayel €.

3.U. gAsIsMZ] AAal Gl AUl

AAledl AMAlAl Gualdl Sas2ls HR2RU, 2pd ded, o123 214 Yubulaedul s2aHl 214
69, ellell AR ALY 252 UEUL AY §1U5RS el 89, el 511 GloAd UAS i 2UIARYL
SHAL A 8.

¥. BdRIBRI 2id Yuldsiiadi allell 2seildldd ojfisi

AAldl 25l o751l (Biomedical Science) 2 2@4ldsii< (Biological Sciences)«ll
ol dolld e dRARCAL wetlanlinl silasitl uRadd qif 9. «didl 2z dimald s¢
2asiNl, UZld vid GABl oYl GLUIMIASYEUAL 58 dIE UWIHQIlMIL glael, «iedl
25l 121 AU U8 Y AlssU e [ABEIA Bl asi ol 9.

¥.q. 821 [5[A4?] (31224 (Targeted Drug Delivery)

el 25lal® BUARA 2 R[aaZ] Rizenui [Quisiz, dil@nRs il seu, =difas (&g
Aledl UE 5 24 SeglefHdel GUAIRL & 8. 2HL Ukl &1L £l Alss A21AA 1ML YL
USAEL Us1 B, 67l 51261 aledl DIUSIRSAL D 9 D ULDS HFF52UHL Y2181 &AM S, v
530l B2z dR1lM1 219126 21 RG] 2Acda Hecayl Aioia uel .

¥.2. 304R [ciElol Al A1RUIR

“Aledl 25Ul il GUUiRL <42l 242UG+lL (€L (early detection) VA BIARSIRS UIRAIR W2
Ald 9. AUES «dledl 5WI, 52U 2 i 225 Aledl UU2seudAl Guallol 2yuz SH[6raL,
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LS (3352 21 g1l WS A 9. dldl 2UURA siciada 214 sigisiudMs gl

-~

YRURPLA, URARAL QAL Y ALs52 i DAL A5UIASIRS 69,
¥.3. GlIRfIAcRAR al SIRAAIR2SA

Alell 25ldl® BUALIRA AUACAR 21dd AAeALlA 21 25Ul [l WIS GUUIRHL QA 9.
Al 64s, YR i iU GURUELBYSA AHAIPAIHL ULIS <, DlrRIHRY Dl 6/« ElNIA JU

NN

A4 UR Al o4 69, A1 25lelo UlSe2-2llg-52 SlAlR254M1 Hecayel ey[Hs1 ¢ord €,
¥.%. [22y Alo¥(c12u[R31 Vial Reyotled AlS[Ria

Alell 5156120 Vi Aledl sIFULB2UAL GuieL 5304 2AUEERMA 224 244 25191661 AUIR 521

.y
-~

U9 69, o7 514 9leq i Yo/ (RramsalzEiste)d Uiauied 2UU 9. i 25didi aug
211, €185l e AHS AL YaldHIQHL Guaiail €.

¥.U. ¥ollfIsRA Aol HASYHR IRl dlY

AAlell 2541el g1l G RisAl401, @ R[Aa3] 2id 24 g1l 9y 21425R5 o1l 9. «isdl
alesl (Aza-eaM(Ri) oreu AHALA it iR YR(EA LA UEIALSAML HEE 53 89, o o
12Ul A12AUR HIS d] UMl GleHl 52 9.

¥.5. GlIRIRAs2] Adl 2iSASIdIY

SYARUSIML Aledl 25l GUUIRL $cl QWA el AHALAL A 21242 (AsaalKsasal)
v Elelsiedla U, Hedisa 539 icdd Uas 9. adl, didl oiliasg] 2igfqs A«
HEAYRL AI2L o1l 21241 €9,

U. Gl 14l yAldRRI 23 el 2selidlYeil GUilo]

AdHld AHAHL A8l Glodedl HIdL 2id uulaR©L UMl AlEs 2R 2GR UsRU 9. i1
WRREAHL Aldl 2514l Glod Geulgd, UAS i UAFREL U811 HIS D15 DIASIRS i
251G G4 aly Gkl 2udl 8. «ldl 2aR Ml [l dilas-ls 2 a4l Glod
sid&HAL AUIRAL 24 UEMQL [l He Yl ¢4[Hs1 Glovd €9,

u.q. adleflsefla Glesiai BUji21 (Renewable Energy)

AAlell 25l GUAIRL UIAIR A, F42AA AU i YA Glod [z234H1 uius <la A 6.
Alel 2258 AMAL 71 5 2152 [AUH SIS (Tios), SAle2H SI2d 2Ad URIAYSI52 il
AM2AL AAR AcHAl USIA ANQL AHAL AURAHL HEE 52 69, o7l WRRUH Glod 2euldRQL
s14#HAL (energy conversion efficiency ) Hl «llAUIZL AEURL A €9,

U.2. Gl 21218 MR (Energy Storage Systems)
Alell A1MALAL GuatidL [AlUH-2114 6122], YuEURI2H 24 G117 22120741 SRAML U4

8. «ledl 23 Sas2ls AMAL a8 AWE] Aagn 244 Ul A7 21U Y[AsL 20U 9, o7l
51281 61221l @HAL, 2144 24 AL[B72L AL YEURL AL 9.
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U. 3. Y Ad al e1ggivel Gl

Alddl $2ldzeu, v s34 @y sid (s 2usRa «idl sel, 221 dednl ulalua
SIABHAL AEUAL HIS GUUIRIHL A1 89, AL S5lal® 29249 21 Y{ARQHAL Glod 2lid aLly
S1E5107 < Glodel [Asiad 9401 204 9.

u.¥. yafgrer ugNel ferRisel

AAledl 25ldion 2ALAIRA AHALAL GuuiLL s, ULl 2id HIZL UENQL e218Al HIS U1 6, «ledl
Biglolea 24 il (e IR Uldil, 321 21001 21, s10ilds UgUsId 21225125 <d 2
SRAHL UEH 69, «lell Hroherd UGl 9es5201 UBAUHL GAU SAAHAL UELA 52 69,

u.u sigiseifalRie sirl valarel 2422el
Tio+ 2 QlEE il 59U gi2is2i(@z2 da<ls Gualiaml asf il 21 sl L UgUSIL

[4€124 (degradation) H12 GUUIR(l 69, 2iusIoAl Slor<lul A1 «dledl AHAL SIlAs125 2UQ1IA
[ veiail uRalda 531 a3 .

U.S. siolal SIRAISAIES (o121 A sAIgHe Aoy
cAlddl 25ldl gIR1L CO+ $WIR, AAS PAd 20U1dAR0L HI2 ddl eklazil [saaami 2udl 261

£9. el Wiz AUHAL 21 Hod-21090[A5 3R] (MOFs) Slolel SIS AN WIS Bicdd
225125 AUGLA U5 2841 69,

5. iMeel USSIR Adl eifAvuf] [En14]
Al 25ldlon 2Ug[ds et [Qao Azl aR19dl €ldl 9al, dedl 2Aus GuuiolL HI2

el Aallas, dsls] 214 Alas ussizl eoy oL 2ARAQUL S, AL ussRid UHLELA sal [l
Al 25l YR [B1A, 251G Bt s VLIPS A1 s <l

5.4. allail 211421 ofl 37] 241242 Vil cliRAAsE]
Alell AHAAL “Aledl 55 5181 ABil @asitl 2d Glawyds Bur 52 93 9, ol
Atz 52 2490 Rian Gledl = 69, dlotl auviedl 244, Ml 2d2 4suld i yaiaRQIMl

Y¥AY (bioaccumulation) 674l HEIZAL €6 YRl UHIYIML UH Askll «dl. elfawui
22lwssidons 2l5aRiZ] Hizisida [Asuiaaidl 24 asdl 9.

§.2. [c12i5id idl YotRidddll2 2iAve

Aledl A, 52, 2SR Vi AUZL AQIHT AlssA LA [QUBd 529 215 W2l ussiR 9.

dolli2dl 2R Uz weklazlid 2205 2R 2Ba-24u 524l Y&a Aot A 9. @famu

w5Aoid, 9L WAL i Ald 28N Yest Al UL a8y 219018 o723 9.

5.3. didll 21al0f]l RURI A6l [A4RfludI

QI «lell UMAL A1 U1 AP, DUEALAA DAL RALAAAL AHAL 5269, o7+l 5181
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AHedl sRAAHAL 82 59, 241 AHUIA €2 5341 HI2 “UIZ] Hellée (surface functionalization) 2tel
2e[o1aiobad 2lseasael [As1 U MR sl 1A 9.

€.%. L9011 21U Ve 5L 92U IUA

el AMALAL Geuled, Guuiol 21 (51 2 [Muld uuiaz9l WR Adl 212 2130 Yd, Qi
Guaot qdl. «ldl saRldl YrAa (A1 214 Rumlsao Wi zup welellsivlidl »19d .
Q[amu] Qids-U1usd 2iHUHe2 (LCA) 2AARA AU HEAYW] 264,

s.u. eifavyofl (£ (Future Directions)

PRI AHUHL dledl 25lledioedl [A5124 «Al2Al o041 @y B as a 9:

= 2HIE el WAL o7 YulaRQL IR Ulazie il gk

- dldl-oul Heesd 204U1RA 521 Rl (personalized medicine )

— 28] wid Helld Al 2018 As(Ad Aldl 22144

—  H2dold vl Yld Al 251D

= <l 25ldl 2Aa1RA 29269 Glod Gl

VAL AHIM [E2AHL AU G121 ALl 251819 HQUHL HIAD SR 21 2516
9. [«ivs:

AL R2Y UUR gIR1L2UR A1 89 5 dledl 254112 24185 A5 HAUAHL 215 1id HEAYRL
v YRAdASIEL 8l Als [Aslad 45 9. il 22 ugididl 21 dllas, v, [@d
wiel 6745 2L18H1A 51201 U1, AR, @A, Glod vid yuiazel s/al [Afay
AL el WAl As otedl 9. v 5214 <l S2UAlRi, 2112¢ g1 R[Qagl, Glod 2iue
il UENL (o191l ovdll wi[wsaed Rl Uestlastiddl Halgoil €2 s2AMl Hecayel
}[Hsl @ordl 69, dal ©9dl, «ledl 254ldiom-l Alus 24 YR [Ed Gualal W2 didiziBufZl,
oAdIAEZ], YUlAREU 21242, 2id AP 202 25d-21U o741 USRI, G5d AR 9. vl
USRI 3 5291 HI2 ol [Anus Aalad, Ald il 25idiz, 2id Hovold [uuesicl wavil
[Asz1941ed] oreR 8.

URUH] AHAHL 24U il 2m2Al, Al 2UARA Aledl 22lae, 2id 251G Glod Gl o7l «dl
[EaAl «dledl 25eledine gy 21515 el UHIYA2] o1l UM, il 254l Q[aH]
Asilles waild, HiAd 2RI 2id UUAR9L 28090 HIZ 215 You 2UARAM dzls Hecayel
&4 [Hs1 *orall.,
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¢.RieolyR:

4. 4l yd @F«m i Vi3, 67, 2119+, Introduction to Nanotechnology,
Qual, 24Rs1, 2003,

2. 2. 91 v, vl Al viidie 214 214, 5312, Nanochemistry: A
Chemical Approach to Nanomaterials, ofloy %{lciﬁ'l, AU A2 i
5MHe2l, w5, 200¢,

3. 24, L gfaud 24 &l vizes, Adldll <l 5911 3L, ARIAHT i Gulal,
Chemical Reviews, Wi$ 10, 15 1, Y8 2¢3-3¥¢, 2007.

Y. Bl %%5'13?['1, There's Plenty of Room at the Bottom, Engineering
and Science, uig L3, wl$ U, Y8 22-3¢, 1¢&0.

U, o] Y, 2l wid 2R, Y. %ﬁ%l&l, Nanomaterials: Synthesis,
Properties and Applications, IOP u.[o\q&'m, ?:l).%. , 1¢cces.
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[Asi2Mld elRd¥Mi Aicitdidd] A1211 2 dA ial A1flcdol] sid] A1vAl il GAEI AIRABI

UL Sl [euig Heuss) 9sa
“AAILIol

¢ {21 6 fSdlell RAcie o1l ; A A1l 24250 MlAlCiol S.

[Al5ad MRA - 215 2l s6UdL 9 o7 BHIsY HIA 2A1[Es 5 2sldiwsd Qlesedl 290 ], U4,
Hiddlu Y, zotdidl il Vi VAACAAL PUUR Gl 215 AUl 22 8. w4l
MRAAL 24WHl 4 wid AlElcd ovdl HiAa sl YoM suzlguburu [as1 uuoral
RIAL 9, SREL S B UHIor<l <las £[Bsil, vuedilcis Adedl vid UddlcHs Adddsd]
52l o 9. ARl dxslast visy YAl @ 4w Ay olad aly «dl, ua vis
BAAUIAlAL PRA HIAL 8 il 6l HIGIRL HIzL visolload oasidl <], ugL o g2oll, ol
[A2uR801211, 6L 2L DA 6 U5IRUAL A2AH UL .

BUY[AAs UHUAL BALALA 422 YGL ARAell DAL A A7 Al HIAADAAH] 2A[ACUeRL &L 8. UL,
UHISY GIEAIL 89, HEUL GIEAIY 8, i U1l Al SEUAL UQL AL 9L YR 9. Bl &I i
Ggastl uHuEl UIR A 9 URURL A UY[ASALAL AAHHL 15 Adl UMY oreH 19
A1Elcadl, uHIddlAl, wid UeBiRAA-L

yuld eiRdla dduddl Al -

Wil 5109 FRAAL A 894, SA DA A0SR UR 2UARA &L D, 2] A U512 Q1A 9,
Bl UL g5 Uead «dl, ugl 1ls Ut azly. wqzuladl dadq Gulauel »l aad vis ulda
Ul HiddHl 21l 9, el UH 52AL UQL Sl id AUHA A8 HETA HOld, ¢, 2w 22l
sedl 4 Huucd AlAdlA F2691 YR 2AUIRA HIAAML 2419 89, Ul MRAHL |2 5201 5
Aulsr<dl Ulactegdl HidaHl 2Udl 9. @ 212d doitd Usdd, i ult 21 dolad @dd
Udls.

U, 2L URURIML UHAIAR s 3311 2l 9. 2dledl S4[Rs1, addl 2a1dzudl uuor, »id
Yuel orAlAgIZ] 2AHL VL ALY UL B, GEAIA UIRL 14 5 VLol 1 YL 5241 Sl
SEAld UHIGL 2A[CRIH olgdaled] 622 9. 210UG 2ild uRAR«AL 281 21 225121 UlAlAl2
A5 sdaml 2119l edl; 2H167 d Hiz BsRAl 2did A€, ULd, dHId Uil 9.

A1g[o1s URAd a1 al aiddl MLIail —

A, 6l ERSIAIHL HIRAAL QAZR1 HIzL Houedl 2icil Yell Huiled «dl el [@8m1, iR,
[R[6rea £ [ vid Alwas dizglas Azt Hiadlu dotdldl e ogdl il 9.

- BARAYLSAL VURIH A He Al 2uUL 9,

- URURIRIA 52004 53l AHor 2L A8 SIHAL ol 9.

= i UHA AASIRS U AA U8 AU A 5291 USHIRRU 67202 GR{l U5 69,

Unaplidl gls, vliaoadly deidl 4 Hilers 24dlsiedl £Bul yaudid [QuRrsld
Y AsAlAl A2 €18, 04 69, U, ULl 21 UGLE & 9| VAL GIEAL DAIUGL HEIA LEALES 2L
8% uRad« us] ddl Yl or«H 97
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A1l cuadl A1: 2dciatel] 2Acif@iddl 2qell -

3d, Acd1o£] Yell 21l Al el 1A aqudl dl ula-uedl da<ls. uiq ed uEla <l [QzdR
QUAAlHS, HIA[RAs D1 2411 [HS URRURAL 22 Uil 21l 9. 2 1] UElAL ML HI2 18]
Bl2d widl 25 o7 U8 A’ Al ud, iy el vilzAaca Ad. 2 URAAAAL 51291 21 9
§ doltd MR ¢4 UodoL S govell «dl, ud, Ade Ydsel (il uzdl [qenar 8. Holdl
¢d Uiy 52AR «Adl, WL UAZALHS USUIL HIQIA DU AL ARLIAMUL AAH] HIzL UH 5 i«
ARZ] glUdl <8l d b 9 uedlol, HdRes 24l51R, i 215 29 UEld o7 Al 225
RalaHl uevtqey(a 241l 23,

(AlsAud el1Rd Vial APRIM] €:1—

2030 YUl MRRA Vi AL uHIey Ay Geled &) 9 oF (U811, 25-idiow, Hidlds vURix
Ve AU[5A1A 2ALAAHL AR ol 21 [AlRA MIRA Al WRNEUHL @20 His AiHlors
wzal Adl, wgL zslanl adldlyd 2azeu dly svig o/1l dHiddl, Aeglaal vid Alaedl
25l 2 Al diR@L R84,

d21 64 g5 DAl 212 Ad] €l DAl @plleRl o, iElcad, 24U AW AL
LRI 2419101 6755l ULl VUL o1l [AKA, UG 2id Visoilonsdl Uudling
Qlleld ulalaor. 1 d [ABud ®RA < £24 21 Wi Qilas w4 lesdl aa a6l 52, uiq,
Hiddlu Hoitidl 2g1aTiidl igsl Wl Gl 52 9. 51291 5 67 UHISY Uldldl ACIEUHL UHIAAL
vl derlollatdl Hearoudl [Aswd 9, d oy w2 [Abua séa.

A1g[o1s URdda1, Ssoilcily) ial 21y
1. GlEdId] AMI[¥S €2 val AN

294 Ul MIRA 2491 405 UR Gl 8 sedl ULURL 24 2A14[A5AL ARl AAIE Udd 1] 28l
8. (D591, 225231, AL« dsl 2id AlAs dusial Yaidial Rl 9y 2UAHAR 214
A3 [ otetdl €lal 9. adiui Glzil Riagnul 244 2402t AsrRUReAL SREL Ydldl a4
Al 25 o7 dAdd dzly <], w9l 25 ARl dZly oAl @il 9. s[Ru, MicHulda
Ve ul5a21d, [Asid wafsdl 20udl agi dist [Qaied Hig 52 69 219l Uididl {2 A1
2azey dlgdl $289 9. vl URAd-E] aadl seudini g2ovel 4y uiedll vid daled 2ald
Hoy o), oeld, 04 9.

2. 28RS, idR2Id1 Ad URUIRe HIUES

28215291 Hizt dlsiel Allas AL 8l cgdd, d dHdl Aoidldl HIYES UL g1l €,
AHA [A2ARAL Y5 s2olid] p1al, ASUHL YBaUR WRAR 244 2isd [qa1 (single living)
ovell Aetlil UM oteddl 04U 9. AL oyEl oyEl Uz, oAl wid UL disl w18 Al
He2r-5122 i S22 -3lovad dAML AURL 649l HOL 8. U5 URARAL UAd EWWALL
HICIA BlHRAL, EU[MAI, URRUR HAIE 21 WRUSAAL 48 201l o1d 9, 512915 ¢4 Al o
UlAldl 2ol Yoo [Agiasal 9. 21 adl uRRalaui idla win g2ollu sraioeikl 46l 26,
U2q, ol lsatl 422l Udgdlcns Qileil otedl oau ©.
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3. [5[¥ed yoi: Haruell dga [Qiio1 el

25l dinnl Rl @2 224l Gl Yl 2usll 8. viidalsa ARHIAua wiseu, 32 v
vl Al[Aua HlRUL g1 A9 URAY 6r91d W& 9. Shaadi.com, TrulyMadly oyefl 12 AHoy
Tinder 67l 1121 &2l Yaldl Uidlddl HedLHAL 2Q1ATL, HEUL 2 23 U2 2AalRd WER
el UAE 52 69, Rlovad uRay zoidid 2ze wu-i SRV REETERS 1{2@ 12 18 JRUHY,
ALY AR Vi UUIZIER Aottlled, oduH w9l Gle] 52 9. R[6r24 Aale 929 Hiddlu e
Bl UHUA HTA AY, Gl UMM 9, 51301 5 424244 [AQH] Udd oASIAAL €lal 9l s
dlsl vigrdl Bisal 249 9.

¥. M1l RS AR, dRIId Vidl Acitlloll &slsd

w5 €ls, sRUz<AL g01a, 2ual 214 syl oigdldl adldl 422 Hidlds 20R194 215 Sl
U otell 28] 9. WHO A4 [A[A8 240014 Horor MR, sval [A5udl 22iMl 2030 Yl ki
Bl ARUACAAA {12 51251 AU, HEA, 51291 o1, ALY, [Rldl 2id Rl 51291
B 2uldoil 923 dalE 221 04U 9, i 21elcdedl HOU LSl URRUR UHOYYL <4610l UgAl Aol
8. QlRAsAl AL HIAlAS 2112124 <l o7l Ulorlzil g121 012)[A, 51621 id UYL 2R
USIU GUALY S3AAAlAl Udeed Ul 89, 67 5301 el 4A Hottlld UL U5l ab 9. [Alsua
ARAAL sEUAIHL HIARLS 2AR1%4A UAMSAL 2AUAL 24157 219 Aiedlcd U/l #Hdl 914
89, el Ut Hizt Allas <la 4el, uig, fuadicns <lad WL YR (B vq@adl siu.

U. AHleidl, [ci216)(ISI Adl aidl SRAR
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Abstract:

Knoevenagel condensation is an important carbon—carbon bond-forming
reaction widely used in the synthesis of biologically active compounds. In the present
work, an efficient, green, and solvent-free protocol for the Knoevenagel condensation of
2,4-thiazolidinedione with aromatic aldehydes has been developed using yttrium oxide
(Y,0;) nanoparticles as a heterogeneous nanocatalyst. The synthesized products were
characterized by physical, chemical, and spectroscopic techniques, including FTIR
analysis, and were found to exist predominantly in the Z-configuration as confirmed by
IH NMR spectral data. The catalyst could be easily recovered by simple filtration and
reused for several cycles with only a slight decrease in activity. This methodology offers
several advantages such as mild reaction conditions, short reaction time, high product
yields, operational simplicity, and environmental friendliness, making it a valuable
alternative to conventional catalytic systems for the synthesis of 5-arylidene-2,4-
thiazolidinedione derivatives.

N /,\7 @ Fast & Efficient
+ ——
’ Green Chemistry
2,4-Thiazolidinedione Benzaldehyde 5-Arylidene—2,4-
@ Recyclable Catalyst

Thiazolidinedione
@ High Yield

Yttrium Oxide NPs

@ Solvent-Free

ﬂ Microwave Zmerable f'l Catalyst
Irradiation N.,m Products Reusabllity

1. Introduction:
Knoevenagel condensation is one of the classical organic reactions of immense
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importance for the formation of carbon—carbon (C—C) bonds [1]. A wide range of
valuable compounds has been synthesized using this condensation reaction [2]. It has
been extensively employed for the synthesis of substituted alkenes, a,p-unsaturated
nitriles, esters, acids, pharmaceuticals, dyes, and polymers [3—4]. The condensation of
2,4-thiazolidinediones with aldehydes has attracted considerable attention. The
resulting 5-arylidene-2,4-thiazolidinediones are important structural motifs in
medicinal chemistry and are known to exhibit significant biological activities such as
hypoglycemic, anti-inflammatory, aldose reductase inhibitory, tyrosine phosphatase
inhibitory, antihypertensive, and anticancer properties [5]. Knoevenagel condensation
between 2,4-thiazolidinediones and aldehydes represents a key synthetic step in the
preparation of clinically used antidiabetic agents such as rosiglitazone, englitazone, and
netoglitazone [6—7]. Owing to the pharmacological importance of 5-arylidene-2,4-
thiazolidinediones, there is a growing interest in developing green, rapid, and cost-
effective protocols for their synthesis [8].

Conventionally, Knoevenagel condensation is catalyzed by amines or buffer
systems containing an amine and an acid [9]. Although these methods provide access to
the desired products, they often suffer from harsh reaction conditions, use of toxic and
volatile solvents, and corrosive or toxic bases. Therefore, there is an urgent need for
environmentally benign and efficient catalytic systems for the synthesis of 5-arylidene-
2,4-thiazolidinediones.

Nanocatalysis has emerged as a green alternative in organic synthesis and has
been successfully applied for the synthesis of a wide variety of organic compounds.
Enzymes such as aldolases, transketolases, and hydroxynitrile lyases are known to
catalyze C—C bond-forming reactions [10—11]. However, limited reports are available
on enzyme-catalyzed Knoevenagel condensation. Isolated lipases have been reported to
catalyze this reaction [13—14], but the use of purified enzymes suffers from drawbacks
such as high cost, narrow substrate specificity, and reduced efficiency under non-natural
conditions.

The geometry of 5-arylidene-2,4-thiazolidinediones may exist as E or Z isomers.
These isomers can be distinguished by their "I H NMR spectral characteristics. The
benzylidene proton resonates below 7.42 & ppm for the E isomer and above 7.90 6 ppm
for the Z isomer [15]. Based on the “1H NMR spectral data, it was confirmed that all
synthesized products exist exclusively in the Z-configuration.

O
)k S (o]
. NH N \f
/ NH
0 0
(Z)-5-benzylidenethiazolidine- (F)-5-bensylidencthiazolidine-2.4-

2. 4-dione dione
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To evaluate the catalytic efficiency of yttria or yttrium oxide (Y,0;) nanoparticles, the
reaction between benzaldehyde and 2,4-thiazolidinedione was carried out in the absence
of catalyst as a control experiment. No product formation was observed, indicating that
Y,0; nanoparticles are essential for catalyzing the reaction.
2. Materials and Methods

All chemicals were procured from commercial suppliers and used without
further purification. Yttrium oxide nanoparticles were used directly as received. Thin-
layer chromatography (TLC) was performed using silica gel-coated plates, and the
progress of the reaction was monitored using suitable solvent systems. Melting points
were determined using a standard melting point apparatus and are uncorrected. FTIR
spectra were recorded using the KBr pellet method.
General Procedure
A mixture of 2,4-thiazolidinedione (1.17 g, 0.01 mol), benzaldehyde (1.1 mL, 0.01 mol),
and Y,0; nanoparticles (10 mol%) was taken in a conical flask and thoroughly mixed.
The reaction mixture was irradiated under microwave conditions at 100 W for 2 minutes.
Reaction progress was monitored by TLC.

A O%)ko s h SYO

Benzaldehyde 2.4 thiazolidinedione NH
1 mmol I mmol

o

S-benaylidenethiazolidine-2 4-dione

Scheme 1: Synthesis of 5-benzylidenethiazolidine-2,4-dione derivatives by using
yttrium oxide NPs
After completion, the reaction mixture was cooled, poured into water, and

extracted with diethyl ether. The catalyst was recovered by filtration. The organic layer
was washed with water, dried over anhydrous sodium sulfate, and the solvent was
evaporated. The crude product was recrystallized from methanol.
3.Result and Discussions

In present work simple and convenient protocol for the solvent-free knoevenagel
condensation between 2,4-thiazolidenediode and carbonyl compound (Benzaldehyde)
catalyzed efficiently by yttrium oxide nanoparticles to give 5-benzylidenethiazolidine-
2,4-dione derivatives. The yield of product was found to be around 88 %. The formation
of 5-benzylidenethiazolidine-2,4-dione derivatives was confirmed by Physical,
Chemical Method and Instrumentation Method.
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Figure 1: Synthesized 5-benzylidenethiazolidine-2,4-dione derivatives by Yttrium NPs

Molecular Formulae: C.H,\NO,S
Molecular Weight: 205.02 g/ mol
Color of Compound: Milky white
Texture: Crystalline solid

Yield of Product: 90%

Physical and Chemical analysis of 5-benzylidenethiazolidine-2,4-dione derivatives:

Test Observation Inference

Preliminary test

1 Colour Milky white

2 Litmus test No colour change neutral compound

3 Action of heat Sooty flame Aromatic compound

4 compound+KMnO4 Decolorization unsaturated compound

Extra element

1 soda extract +FeSO4+ Blue colour is appear Nitrogen is present

boil + H>SO4

2 soda extract +1,2 Purple colour is appear Sulphur is present

drops of  sodium

nitroprusside

Melting point 245°C May be 3-
benzylidenethiazolidine-
2.,4-dione (Litearure
value: 245-250°C)

Table 1: Physical and Chemical analysis of 5-benzylidenethiazolidine-2,4-dione derivatives

Instrumentation method: Among the Instrumentation technique, the FTIR
analysis was carried out. The FTIR(KBr) spectra of 4,5-benzylidenethiazolidine-
2,2-dione derivatives are as shown in Figure 2. The Peaks at 2916.05(aromatic C-H
stru.), 1766.68 (-C=0 str.), 1592.88(-C=N str.), 1524.66 (C=Cstr), 1208.22(C-N
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str), 1150.14 (-C-O str), 640.47 cm” (Ar-H def. of monosubstituted benzene)
correspond to the 4,5-benzylidenethiazolidine-2,2-dione derivatives. The
unwanted peaks around 3686 ,b3609, 2221 and 954 cm were may be due to the air,
water or CO, background

995 1000
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Figure 1: FTIR spectra of 5-benzylidenethiazolidine-2,4-dione derivatives

In order to determine the catalytic behaviors of Yttrium oxide NPs for the
synthesis of 5-benzylidenethiazolidine-2,4-dione derivative, a plausible reaction
mechanism for the reaction of aromatic aldehydes, 2,4 thiazolidinedione has shown in
scheme 2. It was found that, yttrium oxide nanoparticles behave as a Lewis acid and
coordinate to the carbonyl groups of 2,4 thiazolidinedione and aldehydes that makes
them susceptible to nucleophilic attack of other reactants.

Scheme 2: A plausible reaction mechanism for the synthesis of
5-benzylidenethiazolidine-2,4-dione
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Reusability of the Y,O, nanoparticles:

We also investigated the possibility of recycling the Y,O,nanoparticles catalyst.
In a present work the recovery of nano-catalyst is an easy and efficient. The catalyst
recovered by filtration from the model reaction and it was checked in the subsequent runs
without further purification. The activities of the catalyst get affected slightly for the next
cycleinterms ofyields. It reveals that the catalyst displayed very good reusability.

4. Conclusion

In conclusion, the present project demonstrates a straightforward and efficient
method for the synthesis of 5-benzylidene-2,4-thiazolidinedione derivatives via a one-
pot Knoevenagel condensation of benzaldehyde and 2,4-thiazolidinedione under
solvent-free conditions. Yttrium oxide (Y,0;) nanoparticles were successfully
employed as an efficient, environmentally benign, mild, and stable heterogeneous base
catalyst. The Y,0; nanoparticles were readily available and could be directly used
without any pretreatment, providing excellent catalytic performance and good product
yields. The synthesized 5-benzylidene-2,4-thiazolidinedione derivatives were
successfully characterized by physical methods (melting point determination), chemical
tests, and instrumental analysis (FTIR spectroscopy), confirming the formation of the
desired products.

Overall, this protocol offers several advantages such as operational simplicity,
short reaction time, high yield, catalyst reusability, and eco-friendly reaction conditions,
making it a valuable green alternative for the synthesis of biologically important
thiazolidinedione derivatives
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Abstract

The rapid adoption of Industrial Internet of Things (IIoT) technologies has
intensified the demand for interoperable frameworks capable of representing
heterogeneous industrial data. Among several competing standards, OPC Unified
Architecture (OPC UA), JSON-Linked Data (JSON-LD), and Lightweight Machine-to-
Machine (LwM2M) have emerged as prominent solutions for structuring and
exchanging industrial information. Although each framework is designed to address
specific communication and resource constraints, they differ fundamentally in how they
define and interpret data models and information models. This paper presents a
comparative investigation of these three frameworks, emphasizing the conceptual
distinctions between the data model and the information model within each technology.
An analytical comparison is developed regarding structural representation, semantic
expressiveness, data exchange mechanisms, suitability for resource-constrained
environments, and integration with modern IIoT architectures. The study concludes by
discussing the implications of these differences on interoperability, semantic
enrichment, and system scalability.

KEYWORDS:- OPC Unified Architecture (OPC UA), JSON-Linked Data (JSON-LD),
and Lightweight Machine-to-Machine (LwM2M), IIOT, Data Model, Information
Model

1. Introduction

Industrial environments continue to evolve into interconnected ecosystems
comprising sensors, actuators, machines, edge devices, and cloud platforms. As IIoT
deployments grow in scale and complexity, interoperable communication becomes a
critical requirement. Without common data modeling strategies, industrial devices from
different vendors remain isolated, hindering the ambition of unified digital
manufacturing, predictive maintenance, or semantic interoperability. Consequently,
efforts across industry and standardization bodies have focused on defining structured
models that describe industrial entities in a machine-interpretable manner.
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OPC UA has historically dominated industrial automation domains due to its
rich information modeling capabilities. In contrast, JSON-LD has gained popularity in
cloud-centric, web-based IloT systems because of its strong alignment with the
Semantic Web and its lightweight JSON representation. Meanwhile, LwM2M addresses
the opposite end of the spectrum—Ilow-power devices, constrained networks, and field-
level connectivity. Although all three frameworks support structured data exchange,
they differ significantly in abstraction level, semantic capability, and intended
deployment environments.

This paper analyzes these differences through an in-depth comparison of their
data models and information modeling principles, aiming to support researchers and
practitioners in selecting optimal frameworks for [loT deployments.

2.Data Model and Information Model: Conceptual Foundations

In industrial and [oT systems, the concepts of data model and information model
form the theoretical foundation for structured communication, semantic
interoperability, and consistent interpretation of machine-generated data. Although the
two terms are often used interchangeably in informal discussions, they represent
fundamentally different layers of abstraction. A data model primarily concerns the
structural organization of data—its format, syntax, permissible values, and relationships
at the representation level. In practice, a data model defines how data is stored or
transmitted, specifying elements such as primitive and complex datatypes, arrays or
lists, encoding rules, and schema constraints. Its focus is on ensuring syntactic
correctness and consistent data exchange across systems. Data models therefore
emphasize structure rather than meaning; for example, they prescribe how a sensor
reading is formatted, whether as an integer, float, or JSON object, and how it is organized
hierarchically or relationally, but they do not explicitly describe what the reading
signifies in a domain context.

An information model, in contrast, adds semantic richness on top of the
structural definitions provided by the data model. It defines what the data represents,
how different pieces of information relate to one another, and why such relationships are
meaningful in a specific application domain.[ 1] Information models introduce concepts
such as object types, semantic references, hierarchies, constraints, behaviors, and
domain-specific vocabularies. They capture the contextual meaning of raw data and
allow machines to interpret relationships beyond simple structural representation. [2]
For example, an information model does not merely define a temperature value as a
floating-point number; it describes the temperature as a property of a physical asset, links
it to metadata such as engineering units, calibration data, or safety limits, and situates it
within a broader operational context. Through this semantic abstraction, information
models enable true interoperability across heterogeneous IloT systems by allowing
devices, platforms, and applications not only to exchange data but also to interpret it in a
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consistent and machine-understandable manner.

The distinction between data models and information models becomes
particularly critical in IIoT environments where devices, machines, and platforms from
different vendors must interoperate without manual configuration. A well-defined data
model ensures syntactic compatibility, while an information model ensures semantic
alignment. Together, they allow industrial systems to move beyond raw data exchange
toward intelligent automation, contextual decision-making, and the implementation of
digital twins. Frameworks such as OPC UA emphasize a rich, type-driven information
modeling layer built on a structured data model, whereas technologies like JSON-LD
emphasize semantic graph-based representations with flexible data structures, and
LwM2M operates with a lightweight data model and a constrained but interpretable
information structure. Understanding these conceptual foundations is therefore essential
for evaluating and comparing any IloT interoperability framework.

3. OPC UA Framework: Architectural Foundations and Data/Information
Modeling

The OPC Unified Architecture (OPC UA) is a platform-independent, service-
oriented communication framework designed to unify industrial connectivity, data
access, and semantic representation. Unlike its predecessors under the OPC Classic
family, OPC UA is not tied to Microsoft COM/DCOM technologies; instead, it offers a
scalable architecture based on modern transport protocols, end-to-end security, and
standardized information modeling. OPC UA is structured around a multilayered
architecture consisting of the transport layer, services layer, and information modeling
layer. At its core, OPC UA defines a server—client paradigm where servers expose an
AddressSpace containing structured industrial information, and clients browse, read,
write, subscribe to, or call methods on this data. In addition to client-server
communication, OPC UA supports publish—subscribe (PubSub) messaging that enables
event-driven or time-synchronized data distribution, especially important in real-time
industrial networks. The framework is designed for interoperability across
heterogeneous systems: from small embedded controllers to enterprise-level cloud
platforms. This flexibility makes OPC UA a core technology for Industry 4.0, digital
twins, and cross-vendor machine integration. Its ability to embed rich semantics,
maintain secure communication, and support domain-specific extensions through
companion specifications establishes OPC UA as one of the most comprehensive
architectures for industrial automation.

3.10PC UAData Model

The OPC UA data model defines the structural representation of data within the
AddressSpace ofan OPC UA server. It focuses on how data is organized, typed, encoded,
accessed, and transported across the network. The foundational building block of the
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OPC UA data model is the concept of Nodes, which present a unified structure for
variables, objects, methods, data types, and relationships. Each node instance exposes
Attributes such as Nodeld, DisplayName, Description, Value, AccessLevel, and
Timestamps, which ensure consistency in how clients interpret and interact with server
resources. The OPC UA data model also defines a set of built-in datatypes ranging from
simple scalars (e.g., Boolean, Int32, Double) to complex structured datatypes such as
arrays, enumerations, or custom composite types. These structured datatypes allow
developers to represent real-world industrial entities (e.g., a motor's configuration or a
machine tool's status) in a predictable and strongly-typed format. During data exchange,
values are transported using the Variant container, which can carry any datatype defined
in the server's model, thus enabling flexible yet standardized communication. OPC UA
further supports multiple data encoding mechanisms—binary, XML, and
JSON—allowing the same information to be shared across resource-constrained
devices, enterprise middleware, and cloud services. Overall, the OPC UA data model
ensures interoperability through consistent typing, uniform attribute representation, and
extensible data structures, providing a foundation for reliable and unambiguous
machine-to-machine communication.

3.2 0PC UA Information Model

The OPC UA information model represents the semantic layer of the framework,
extending the raw structural definitions of the data model into meaningful industrial
knowledge. This model defines not only the types of data that can be represented but also
the domain concepts, relationships, constraints, behaviors, and interactions among
devices or systems. It enables semantic interoperability by providing a formally
structured hierarchy of ObjectTypes, VariableTypes, DataTypes, ReferenceTypes, and
Method definitions. Through this mechanism, the information model captures both the
static characteristics (e.g., a pump has a rated power and flow capacity) and dynamic
behaviors (e.g., a pump exposes a Start() or Stop() method) of industrial components.
OPC UA provides a robust referencing system that allows nodes to be interlinked using
diverse Reference Types such as HasComponent, HasProperty, Organizes, HasSubtype,
and GeneratesEvent. These references define semantic relationships that help clients
understand not only what data is available but what it means and how it relates to other
parts of the system [3].

A major strength of the OPC UA information model is its support for type
hierarchies, enabling inheritance, specialization, and reuse of standardized structures.
This ensures that vendors can create device models conforming to a common base
specification while adding custom extensions as needed. Companion Specifications
published by industry groups—such as OPC UA for Machines, Robotics, Industrial
Controllers, or Energy Management—use the information model to define domain-
specific semantics. These specifications allow vendors across the world to build
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interoperable systems that “speak the same language,” reducing integration costs and
enabling plug-and-produce capabilities. Furthermore, OPC UA's information model
seamlessly supports higher-level industrial concepts such as asset modeling, diagnostic
information, event handling, state machines, and digital twin synchronization. In
essence, while the data model defines how information is structured and transferred, the
information model determines what that information represents and how it should be
interpreted in an industrial context. This deep semantic richness is what elevates OPC
UA beyond simple data exchange standards, making it a foundational technology for
Industry 4.0 and smart manufacturing ecosystems.[4]

4. JSON-LD Framework: Architectural Foundations and Data/Information
Modeling

JSON-LD (JavaScript Object Notation for Linked Data) is a lightweight, web-
native framework designed to represent semantically enriched data using a simple JSON
syntax. It was standardized by the W3C as part of the broader Semantic Web ecosystem
and offers a structured mechanism to embed machine-understandable meaning within
otherwise plain JSON documents. At its core, JSON-LD operates on the principle of
linking data elements to globally unique identifiers, typically URIs, thereby
transforming JSON into a contextually rich and semantically interoperable information
representation. This is achieved through the concept of a “context” (@context), which
maps JSON keys to IRIs defined in vocabularies such as schema.org, RDF, OWL, or
custom ontologies [5]. Through this mechanism, JSON-LD enables automated
interpretation of data semantics independent of proprietary naming conventions or
vendor-specific schemas.

From a modeling perspective, JSON-LD is predominantly associated with data
modeling, but its extensibility and semantic grounding elevate it toward forming
information models in Linked Data ecosystems. The JSON-LD data model is built
upon the RDF (Resource Description Framework) abstract model, enabling serialization
of RDF triples using a JSON structure that is intuitive for developers and highly
compatible with modern web technologies. As aresult, JSON-LD can represent complex
relationships, hierarchical structures, and semantic constraints through graph-based
modeling. Its compatibility with RDF Schema (RDFS) and OWL ontologies positions it
as a powerful tool for semantic interoperability across distributed [oT systems. In
Industrial IoT contexts, JSON-LD is frequently utilized to integrate heterogeneous
devices and platforms by providing a uniform, semantically consistent description layer.
This is especially advantageous in edge and cloud systems where lightweight
representation and semantic interpretability are simultaneously required.[6]

Furthermore, JSON-LD offers an inherent advantage in large-scale IloT
deployments where data from multiple vendors, protocols, and devices must be
aggregated into a cohesive knowledge graph. By leveraging Linked Data
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principles—identification, dereferencing, linking, and structured semantic
description—JSON-LD enables federated data integration without enforcing a strict
centralized ontology. This flexible design supports incremental evolution of information
models, making JSON-LD well-suited for dynamic industrial ecosystems where new
devices, services, and capabilities emerge continuously. Compared to frameworks such
as OPC UA, JSON-LD does not impose a strict object-oriented information model.
Instead, it offers a graph-based semantic model that emphasizes flexibility, web
interoperability, and ontology alignment. In IToT scenarios involving digital twins, asset
administration shells, and cloud-based analytics, JSON-LD serves as a bridge between
device-level data and enterprise knowledge graphs, ensuring that meaning is preserved,
discoverable, and reusable across different system layers.

5. LWM2M Framework: Architecture, Object Model, and Data/Information
Structuring

Lightweight M2M (LwM2M), developed by OMA SpecWorks, is a device
management and communication framework tailored for resource-constrained IoT and
[ToT environments. Unlike JSON-LD, which originates from web technologies,
LwM2M is fundamentally rooted in embedded device ecosystems and focuses on
secure, efficient, and standardized management of low-power devices. Its architecture is
built around a client—server paradigm, where devices typically act as LwM2M clients
and management platforms act as servers. The protocol leverages CoAP (Constrained
Application Protocol) for communication, enabling low-overhead operations such as
observe/notify, read/write, and execute while maintaining compatibility with
constrained networks like LPWAN, NB-IoT, and 6LoWPAN.

The core modeling mechanism of LwM2M is its Object Model, which defines a
structured way to represent device resources, capabilities, and telemetry using Objects,
Object Instances, and Resources. These constructs collectively provide a data model for
representing device functionality in an interoperable and lightweight manner. Objects
define high-level device functions (e.g., temperature sensor, firmware update
capability), Object Instances represent multiple occurrences of a specific capability, and
Resources define atomic data elements or operations (e.g., sensor value, units, reset
command). This hierarchical modeling approach facilitates modularity and reusability
through standardized objects published by OMA (e.g., IPSO Smart Objects), which
serve as domain-independent templates for various sensor and actuator types.

While LwWM2M's object model is often categorized as a data model, it also
exhibits characteristics of an information model when extended with IPSO semantic
descriptors. These descriptors allow devices to expose metadata such as units, types,
operational semantics, and relationships—thereby enabling simplified interpretation by
IIoT platforms. However, the expressiveness of LwM2M's information semantics
remains limited compared to graph-based frameworks such as JSON-LD or ontology-
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driven systems. Instead, LWM2M prioritizes efficiency, low parsing overhead, and
deterministic behavior, making it ideal for edge and field-level devices in industrial
automation. It integrates well into IIoT architectures requiring scalable device
onboarding, firmware management, telemetry streaming, and lifecycle management. [7]
LwM2M's growing popularity in industrial sectors is reinforced by its alignment with
digital-twin initiatives and cloud IoT platforms, such as AWS IoT, Azure IoT, and
Eclipse Leshan implementations. In combination with standardized object registries,
LwM2M provides a degree of semantic consistency across heterogeneous devices,
enabling cross-vendor interoperability. Compared to OPC UA, which provides a highly
expressive and extensible information modeling stack, LwM2M favors compactness
and operational efficiency. Compared to JSON-LD, which is semantically rich and
ontology-driven, LwWM2M offers a more pragmatic, resource-oriented modeling
approach suitable for highly constrained environments. Collectively, this positions
LwM2M as an indispensable component in holistic [IoT architectures, particularly at the
field and network edge layers.

6. Comparative Analysis

Feature OPCUA JSON-LD LwM2M
Primary Orientation Industrial automation Semantic Web Constrained IoT
Data Model Comblexitv |High Medium Low
Information Model . Depends on
Richness Very High ontology Moderate/Low
Semantic Very strong (web- ..
Interoperability Strong scale) Wealdlimited
Encoding Formats Binary. XML. JSON JSON. RDF TLV. CBOR. JSON
Device Suitability PLCs, machines Cloud, IT systems gen§om, embedded
evices
Modeling Flexibility Strongelv tvped Highlv flexible Moderatelv flexible
Companion Specs / Standardized (Robotics, . .
Ontologies PackML. etc.) Open vocabularies | OMA registry
Application Focus Widely used in industrial ~ |Commonly applied | Primarily used for
automation, emphasizing  |in web-based 10T device
structured semantics. scenarios for management,
linked data, including remote
configuration and
monitoring.

7. Comparative Evaluation
Deployment suitability —differs across the three frameworks. OPC UA is
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primarily intended for industrial automation layers, including PLCs, SCADA
systems, edge gateways, and digital twin infrastructure. It is less suitable for constrained
devices but excels in deterministic, safety-critical environments. JSON-LD is most
effective at the IT/OT convergence layer, where contextual integration, enterprise
analytics, and cloud-based processing are central. Its ease of integration with modern
web technologies makes it a strong candidate for digital twin systems, knowledge
graphs, and large-scale semantic interoperability platforms. LwM2M, conversely, is
best positioned at the field-device layer, managing device configuration, telemetry, and
lifecycle operations for low-power sensors and embedded endpoints. It complements
OPC UA and JSON-LD rather than replacing them, functioning as a foundational
protocol for the physical layer of IIoT systems.

In summary, OPC UA, JSON-LD, and LwM2M should not be viewed as
competing alternatives but rather as complementary technologies that address
different segments of the IloT interoperability stack. OPC UA provides deep semantic
modeling and deterministic communication for industrial control; JSON-LD delivers
flexible, web-scale semantic integration; and LwM2M offers efficient, lightweight
device management for constrained environments. A modern IloT architecture often
requires all three technologies working together, with LwM2M managing device
communication at the edge, OPC UA modeling industrial assets and processes, and
JSON-LD enabling semantic integration and analytics in cloud or enterprise layers. This
complementary relationship highlights the importance of selecting the right tool for each
architectural layer to achieve interoperability, scalability, and semantic consistency
across the entire [IoT ecosystem.

8. Conclusion

The comparative analysis of OPC UA, JSON-LD, and LwM2M within the
context of Industrial Internet of Things (IIoT) environments demonstrates that each
framework embodies a unique philosophy toward data representation, semantic
modeling, communication efficiency, and system-level interoperability. Although all
three aim to structure device-generated data for machine-to-machine interaction, their
design goals, operational contexts, and modeling abstractions differ significantly.

The findings of this study highlight that no single framework universally
addresses all [1oT requirements. Instead, OPC UA, JSON-LD, and LwWM2M should be
seen as complementary technologies, each optimized for different layers of industrial
architecture. OPC UA dominates the automation and control layers; JSON-LD enriches
data at the semantic, enterprise, and cloud layers; and LwM2M enables efficient
operation at the device and edge layers. Together, they form a cohesive and interoperable
technological stack capable of supporting the next generation of smart manufacturing,
predictive analytics, cross-enterprise collaboration, and cyber-physical system
integration. As IloT systems continue to evolve, multi-layer interoperability—rather
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than reliance on a single protocol—will remain crucial for achieving resilience,
semantic clarity, and scalable intelligence across industrial domains.
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Review On Ethnobotanical Studies On Traditional
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Abstract-

This paper compiles and evaluates the ethnobotanical data currently available on
medicinal plants traditionally used for diabetes in Chandrapur district, Maharashtra. Ten
ethnobotanical studies on traditional medicinal plants sources from different places of
Chandrapur district were reviewed. Ethnobotany is the field of that deals with the direct
interaction of human and plants. According to the sources of 10 research paper review 24
medicinal plants used for the diabetes are listed. Fabaceae was the frequently used
family in the study areas for diabetes followed by Apocynaceae, Acanthaceae,
Myrataceae, and Ebenaceae. Leaf materials were the mostly used followed by fruit and
seed.

Keywords- Ethnobotany, Medicinal plant, Diabetes, Chandrapur district.

Introduction-

Ethanobotany is a branch which deals with the interaction between the plants and
human being. (Martin, 1995; Balick and Cox, 1996). Since from 10,000 years ago,
humans are reliable on plants for survival (Martin, 1995). The study on ethnobotany
record the knowledge of culturally interaction of people with plants. Additionally, it
looks at how the local population has historically used plants for a variety of functions
and how they have incorporated plants into their religious and cultural practices (Balick
and Cox, 1996). In many developing countries, ethnomedicinal knowledge is the
primary means for disease treatment due to inefficiencies in western healthcare systems
or high cost of western drugs. Ethnomedicine encompasses the preservation of health
and healing through traditional beliefs, techniques, and practices. Ethnomedicinal
knowledge is disappearing due to socio-economic, environmental, and technological
advancements. To prevent the permanent loss of ethnomedicinal knowledge, it needs to
be systematically documented and studied (Mohammed et al., 2006). Ethnobotany
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explores the various ways plants have been used, managed and perceived in human
societies, including their roles in food, medicines, rituals and social life. Beyond food,
shelter, and clothing, plants play a crucial role in human life in religious decorum of
program, ornamentation, and healthcare (Mekonnen ef a/.2022).

The Chandrapur district, located in Maharashtra state is one of the place in India.
Tadoba Andheri Tiger Project and National Park in Chandrapur district are well-known.
This forest region having most of the medicinal important plants, which the local tribes
can use to treat numerous illnesses.

Map of Chandrapur Distnict

This review study focus on collecting the data, compile and evaluate the
traditionally important medicinal plants used for treatment of diabetes in Chandrapur
district, Maharashtra. This will helpful to preserve information of traditional knowledge
for future generations.

Material and method-

This review paper aims at compiling and evaluating of published literature on
traditional medicinal plants; the materials used for assessing this review are only
published journal articles.

Result and discussion-

The review study identified 19 medicinal plant species from 16 families for
treatment of diabetes. Among these, the family Fabaceae and Acanthaceae constituted
the higher number of medicinal plant species for diabetes followed by Apocynaceae,
Myrataceae. Bignoniaceae, Caesalpiniaceae, Capparaceae, Cucurbitaceae,
Dioscoreaceae, Ebenaceae, Euphorbiceae, Gentianaceae, Menispermaceae, Moraceae,
Simaroubaceae and Vitaceae contributed the least i.e. only one species (Table 1). The
mostly used plant parts are leaves (50%) followed by seed (41%), fruit (37%), bark
(20%), roots (12.5%), whole plant (12.5%), stem, flower, latex and bulb (4%) for the
diabetes in Chandrapur district, Maharashtra.
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Table 1- List of medicinal plants used for Diabetes in Chandrapur district,
Maharashtra

Sr. Botanical name Family Local Part used
No name
L. Ailanthus excelsa Roxb Simaroubaceae Maharukh Leaves
2. Andrographis paniculata Acanthaceae Bhui-neem ‘Whole Plant and Leaves
(Burm. F.) Wall Ex. Nees
3. | Asteracantha longifolia Acanthaceae Talimkhana | Whole plant
(L.) Nees
4. Butea monosperma (Lam.) Fabaceae Palash Barks, leaves, fruits, gums, flower
and seeds
5. Caesalpinia bonduc (L.) Caesalpiniaceae Gargoti Seeds
Roxb.
6. Capparis decidua Capparaceae Karira Leaves
Forssk dgew
7 Cassia tora Fabaceae Tarota Leaves
8. Catharanthus roseus Apocynaceae Jaganthi Leaves and roots
9. Cayratia trifolia Vitaceae Tipankanda Seed
10. | Diascorea bulbifera L. Dioscoreaceae Kadu Kanda/ | Bulb
Ratalu
11. | Diospyrous melanoxylon Eb Tembhurni Fruits and seeds
12. | Dolichandron falcate Seem. Bignoniaceae Medshingi Leaves
13. | Enicostema axillare lam. Gentianaceae Kadu Nai Whole plant
Raynal
14. | Ficus bengalensis Moraceae Wad Bark, leaves, fiuits, seeds and latex
15. | Momordica charantia Cucurbitaceae Karella Fruits and seeds
16. Phyllanthus niruri (Linn.) Euphorbiceae Bhui-awala Root, Fruit, Seed
17. | Pteracarpus marsupivm Fabaceae Bijasal Stem
Roxb.
18, | Syzigium cumini Myrataceae Jambul Bark, leaves and fruits
Conclusion-

The present study indicates the traditionally important 19 plant species of
medicinal plants used for treatment of diabetes in Chandrapur district, Maharashtra,
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India. The information was gathered by reviewing 10 ethnobotanic investigation within
different area of Chandrapur district. The observation suggested the reported important
medicinal plants will be helpful for treatment of diabetes. Further the Phytochemical and
Pharmacognostical investigation is needed for systematic investigation of chemical
constituents to prove medicinal worth.
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