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EDITORIAL

A. DHANALAKSHMI

Navigating the Horizon of Artifical
Intelligence: Unveiling the Future

rtificial Intelligence (AI) has become an integral part of our lives, revolutionizing industries, redefining work
processes, and enhancing human capabilities. As we stand on the cusp of a new era, it’s imperative to envision
the trajectory of Al’s future and its profound implications on society, economy, and ethics.
The convergence of Al with other cutting-edge technologies like big data, cloud computing, and the
Internet of Things (IoT) will amplify its potential, unlocking unprecedented opportunities and challenges. In the realm
of healthcare, Al-driven diagnostics will accelerate disease detection, personalize treatments, and optimize healthcare
delivery, leading to improved patient outcomes and cost efficiency. Similarly, in agriculture, Al-powered precision farming
techniques will optimize resource utilization, mitigate environmental impact, and ensure food security for a burgeoning
global population.

However, with great power comes great responsibility. Ethical considerations surrounding Al deployment, such as bias
mitigation, transparency, and accountability, must be at the forefront of technological advancements. As Al permeates
critical sectors like criminal justice, finance, and autonomous vehicles, ensuring fairness, privacy, and safety becomes
paramount to prevent unintended consequences and societal disparities.

Education and workforce development will play a pivotal role in navigating the Al-driven future. As automation
disrupts traditional job roles, reskilling and upskilling initiatives must be prioritized to equip individuals with the necessary
competencies for the Al-enabled economy. Moreover, fostering interdisciplinary collaboration between STEM fields and
humanities will nurture holistic approaches to Al development, fostering innovation and addressing complex societal
challenges.

The democratization of Al is poised to reshape innovation ecosystems, enabling broader access to Al tools and expertise.
Open-source platforms, collaborative research initiatives, and inclusive policymaking will foster a culture of innovation and
equitable distribution of Al benefits. By harnessing the collective intelligence of diverse communities, Al can be harnessed
to address pressing global challenges, from climate change mitigation to social inequality.

However, alongside the promise of progress, there exist existential risks associated with Al proliferation. Safeguarding
against malicious use of Al, existential threats posed by superintelligent systems, and preserving human autonomy in the
face of automation are paramount concerns that demand interdisciplinary dialogue and global cooperation. Establishing
robust governance frameworks, ethical guidelines, and international norms will be essential to steer Al development towards
beneficial outcomes for humanity.

In conclusion, the future of Al holds immense promise and peril, shaping the trajectory of human civilization in
profound ways. Embracing a human-centric approach to Al development, grounded in ethics, equity, and sustainability,
will be pivotal in harnessing its transformative potential while mitigating risks. As we embark on this journey into the
unknown, let us tread carefully, with vigilance, empathy, and a steadfast commitment to shaping an Al-enabled future that

empowers and uplifts all of humanity.

Email: dream@vigyanprasar.gov.in
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ARTIFICIAL INTELLIGENCE

CHATGPT: AREVOLUTION
IN DIGITAL DOMAIN

elcome to a captivating
into  the
realm
artificial
intelligence! In this article, I will focus
on ChatGPT, a pinnacle of technological
state-of-the-art
language generation model that stands
as a testament to the incredible strides
made in the field of artificial intelligence
(AI). Embark on this
journey with us, where we meticulously
pull back the curtain to demystify the
groundbreaking

technological foundations, and boundless

exploration
extraordinary
of advanced

innovation and a

enlightening

intricate  workings,
potential encapsulated within models
like ChatGPT. This expedition promises
to be as enlightening as it is thrilling,
providing you with an insider’s view into
a world where technology mirrors the
complexities and subtleties of human
intelligence. As we traverse through this
mesmerizing domain, you'll quickly realize
that artificial intelligence is not a mere
figment of science fiction or a whimsical
concept relegated to the distant future.
Instead, Al is a tangible, powerful, and
ever-present reality, subtly yet profoundly
influencing and shaping various facets
of our daily lives, interactions, and
experiences. In this exploration, anticipate
discovering a landscape where technology
and intellect converge, where algorithms
pulsate with a rhythm akin to thought,
and where possibilities are only limited by
the extent of our imagination. ChatGPT,
with  its
sophisticated design, is not just a marvel of

intricate  architecture and

contemporary technology; it represents a
beacon of what is achievable when human

ingenuity, scientific knowledge, and
technological capability come together in
harmonious synergy. Through the course
of this article, you will gain insights into
the world of Al, which is as enigmatic as
it is revolutionary. Artificial intelligence,
embodied by models like ChatGPT,
doesn’t just offer us a glimpse into a future
filled with potential; it actively participates
in the construction of a present where
information, communication,  and
digital interaction transcend traditional

+

boundaries and expectations. Prepare
yourself for an enthralling adventure into
the heart of artificial intelligence with
ChatGPT as our guide. Together, lets
explore, understand, and appreciate the
magic woven into the lines of code and
the rivers of algorithms that flow through
of this remarkable
technology, powering a revolution silently
unfolding within the digital ether of our
interconnected world.

the silicon veins
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The Al Revolution
The advent of the 21st
heralded a technological renaissance, a

century

period characterized by unprecedented
advancements and innovations in the
field of Al At the forefront of this Al
revolution is a series of models developed
by OpenAl, including the renowned
GPT-3 and its successor, ChatGPT. These
models encapsulate the pinnacle of natural
language processing (NLP) technology,
allowing machines to understand, generate,
and respond to human language in ways
that were once thought to be the exclusive
domain of humans. This Al revolution did
not occur overnight. It is the culmination
of decades of research, experimentation,
and development by countless dedicated
scientists and engineers worldwide. From
the early days of symbolic Al to the advent
of machine learning and deep learning,
each era brought forth crucial insights
and methodologies that gradually shaped
AT’s landscape. With the introduction of
GPT-3 and, subsequently i.e., ChatGPT
3.5 and 4, ChatGPT, we witness the
embodiment of these accumulated efforts,
presenting Al capabilities that are not only
technically impressive but also practically
valuable in various applications, from
content creation to customer service,
programming assistance to data analysis,
and beyond. The Al revolution represented
by models like ChatGPT is transformative,
offering us tools and resources that can
augment human capabilities, improve
efficiency, and open up new possibilities
in numerous fields and industries. As we
proceed through this article, we will delve
deeper into the specific technologies,
applications, and  implications  of
ChatGPT and its ilk, providing you with
a comprehensive understanding of why
and how these Al models matter in our
contemporary digital age.

Understanding ChatGPT’s
Technology

Engage with us, dear readers, as
we delve deeply into the sophisticated
underpinning  ChatGPT,
an extraordinary exemplar of advanced
artificial intelligence. At its core, the
essence of ChatGPT is deeply entrenched

in the paradigms of deep learning, a

technology

ARTIFICIAL INTELLIGENCE

Explain ChatGPT to a 12th Standard Student

Hello!

What is ChatGPT?

ChatGPT is a powerful computer program designed to understand and generate text just
like 2 human would! Think of it as a super-smart helper that can write and understand

English (and many other languages) very well.

How Does it Work?

Imagine your brain as a network of tiny units called neurons, all talking to each other to help
you think and understand things. ChatGPT has something similar, called artificial neurons,
organized in a structure called a "neural network”. When you give it some text, these artificial

neurons work together, process that text, and produce a relevant response.

What's Special About It?

* Learning Ability: ChatGFT can learn from the text data it was trained on. This means it gets
better and smarter at generating text the more it practices (or "learns”).

* Understanding Context: It can understand and remember the context of a conversation,
which helps it generate responses that make sense.

* Versatile: It can be used for various tasks, like writing essays, answering questions, coding

help, learning new topics, and even creating poetry or stories!

How is it Made?

The creators of ChatGPT, a team at OpenAl, fed it a massive amount of text data. It learned
from all this information, understanding patterns and ways people use language. But
remember, while it's smart, it's not perfect or conscious like a human. It doesn't "know”

things; it predicts responses based on the patterns it learned during training.

Ethical Considerations:

Since ChatGPT is very powerful, its creators and users have to be responsible to make sure
It's used for good things and doesn't harm or mislead people. For instance, it should be used

fairly, without promoting bias or discrimination, and it should respect users’ privacy.

The Future:

With technology like ChatGPT getting better every day, who knows what amazing things
we'll be able to do in the future? Maybe it will help in creating new scientific theories, write

bestselling novels, or assist in important research. The possibilities are endless!

| hope this gives you a good introduction to what ChatGPT is all about! If you have more

questions, feel free to ask! £

Fig. 1. Response of ChatGPT-4 to explain what it is to a class 12t student.
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ARTIFICIAL INTELLIGENCE

remarkable subset of artificial intelligence
that draws inspiration from the intricate
workings of the human brain. Deep
learning endeavours to emulate the
complex networks of neurons within our
brains, crafting artificial neural networks
that possess the ability to learn, adapt,
and evolve. The architecture serving as
the foundational bedrock for ChatGPT
is known as transformer architecture.
Conceived and designed meticulously,
the transformer architecture embodies
a pivotal advancement in the realm of
Al and natural language processing.
This is characterized by
its unparalleled ability to process

natural language in
is both effective and
nuanced. It provides the framework
through which ChatGPT can seamlessly

handle and generate text, embodying a

architecture

and comprehend
a manner that

deep understanding and mastery over
the intricacies and subtleties of human
language.  Transformer  architecture
empowers ChatGPT with an extensive
array of parameters, meticulously designed
and arranged to facilitate the model’s

These

function as adjustable variables, each

learning  process. parameters
playing a role in determining how the
model responds to and processes input
data. Through iterative learning processes,
each parameter is finely tuned and
adjusted, enabling the model to make
astonishingly accurate predictions about
text. This complex dance of parameters
allows ChatGPT to generate responses
that are not only coherent but also
deeply relevant, mirroring the context
and intention of the input it receives.
What truly distinguishes ChatGPT is its
uncanny ability to understand context
and interpret the nuances embedded
within language. Language, as we know,
is more than a mere collection of words
and grammar rules; it's a symphony of
meaning, tone, and implication, woven
together to convey thoughts and emotions.
ChatGPT navigates through this tapestry
of language with finesse, grasping the
underlying meanings, interpreting subtle
cues, and generating text that remarkably
mirrors the complexity and richness of
Through its
innovative architecture and advanced
technology, ChatGPT does more than

human communication.

process and generate text; it engages
with language in a way that is insightful
and reflective of human thought and
expression. It represents a convergence of
technology and language, bringing forth a
tool that is as powerful as it is intelligent,
and as useful as it is groundbreaking.
Fig. 1. Demonstrates the response from
ChatGPT-4 about its explanation to a
12-standard student.

Practical Applications
of ChatGPT

As we navigate further into our
exploration of ChatGPT, it is imperative
to shed light on the myriad practical
applications  that  this
technology facilitates across a spectrum of
fields, illuminating its multifaceted utility
and versatility.

Content Creation: In the realm of
content creation, ChatGPT is nothing
short of a valuable ally for writers and
creators alike. Whether its drafting
coherent and engaging articles, generating

ingenious

imaginative and captivating pieces of
creative writing, or crafting poignant and
expressive poetry, ChatGPT functions
as a reliable assistant that aids in the
weaving of words into textual tapestries.
It is capable of producing content that
resonates with various tones, styles, and
perspectives, making it an indispensable
tool for individuals looking to generate
written content efficiently and effectively.

Customer Service: The corporate
sphere has also recognized and embraced
the potential of ChatGPT, especially
in the
Businesses leverage its

domain of customer service.
capability to
deliver immediate, accurate, and relevant
responses to a plethora of client inquiries.
This

enhances customer experience, providing

instantaneous ~ communication
clients with the information and assistance
they seek in real time, thereby fostering
positive customer relations and brand
image.

Coding Assistance: For developers
submerged in the world of code, ChatGPT
serves as a knowledgeable and resourceful
companion. It provides invaluable coding
assistance, offering suggestions, identifying
errors, and even proposing corrections and
improvements to the code. This assistance
proves crucial for both seasoned developers

and novices, facilitating a smoother, more
efficient coding experience and promoting
the development of cleaner, more robust
software.

Academic Learning and Research:
Researchers, scholars, and students
have found in ChatGPT a tool that
supports their pursuit of knowledge and
information. It aids in the learning process
clarifying
doubts, and offering insights on a wide

by providing explanations,

array of topics. For researchers, it can sift
through vast expanses of data, highlighting
relevant information and even suggesting
connections and insights that may not
be immediately apparent, serving as a
valuable assistant in the academic and
research landscape.

and Data
Processing: The applications extend into

Language Translation
the fields of language translation and data
processing. ChatGPT can comprehend
and translate multiple languages, bridging
gaps

understanding among speakers of different

communication and  fostering
tongues. In data processing, it can analyze,
organize, and interpret large datasets,
providing valuable insights and making
sense of the information embedded within
the data.

Broad Applications: Indeed, the
applications of ChatGPT are as broad
as they are varied, stretching across
and

and establishing it as a valuable asset

professional creative  domains,
wherever there is a need for intelligent
text generation and processing. The
versatility of ChatGPT makes it not just
a technological marvel but a practical tool
that has found its place in various facets
of our digital lives, proving its worth
as an indispensable resource in today’s
information-driven age. Through the
sections to come, well further dissect
and discuss the potential and challenges
of employing ChatGPT, providing a
comprehensive view of this extraordinary
technology in our midst.

The Ethical Dimension

In the awe-inspiring narrative of
technological advancement, we must
inevitably grapple with the ethical
considerations tethered to the deployment
and utilization of powerful tools, such as

ChatGPT. Indeed, with the tremendous
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capabilities that this advanced Al wields,
there comes a paramount responsibility
to employ it judiciously, ethically, and
conscientiously.

Addressing Al Bias: At the forefront
of the ethical dialogue surrounding
Al is the critical issue of bias. The
algorithms that drive Al models like
ChatGPT are susceptible to inheriting
and perpetuating the biases present in
the data they are trained on. Conscious
of this, the developers behind ChatGPT
have undertaken significant efforts to
mitigate and address biases, striving to
create a tool that is impartial, fair, and
devoid of prejudicial tendencies. Through
continuous refinement and updates, the
aim is to render ChatGPT an entity that
respects and reflects the diversity and
dignity of all users.

Privacy and Data Protection: In an
era where data is ubiquitously generated
and exchanged, safeguarding user privacy
and ensuring data protection are non-
negotiable imperatives. ChatGPT s
designed with a robust framework that
prioritizes the confidentiality and security
of user data. Stringent measures are in
place to prevent unauthorized access and
data breaches, with user data handled with
the utmost care and respect for privacy
norms and regulations. Users can interact
with ChatGPT with the assurance that
their data is protected and their privacy
valued and upheld.

Preventing Misuse: The versatile
capabilities of ChatGPT open up a myriad
of constructive applications; however, they
also present the risk of misuse. To curb and
prevent the exploitation of this technology
for harmful or unethical purposes, OpenAl
has instituted guidelines and policies that
delineate the acceptable and permissible
uses of ChatGPT. These guidelines act as
safeguards, preventing the employment
of ChatGPT in activities that are illegal,
unethical, or detrimental to individuals
and society at large.

Commitment to Ethical Al: OpenAl
is steadfast in its
advancing Al technology responsibly and
ethically. This commitment is manifested
in the organization’s proactive approach to

commitment to

addressing the ethical challenges associated
with Al. Through the implementation of
guidelines, continuous monitoring, and

engagement with the user and broader
community, OpenAl advocates for and
promotes the ethical use of ChatGPT. This
dedication to responsible Al development
and deployment underscores a vision of
technology that is not only innovative but
also aligned with the values and rights of
users and society.

The Future of Al with ChatGPT

In the dynamically evolving narrative of
artificial intelligence, ChatGPT emerges
not as a culmination but as a significant
waypoint, marking both achievement and
possibility in the continuous journey of Al
development.

Anticipating Advanced Al: The
canvas of the future is painted with the
anticipation of Al that is increasingly
advanced, sophisticated, and attuned
to ethical considerations. The trajectory
ahead for Al, with ChatGPT as a reference,
envisages developments that not only
refine and enhance existing capabilities
but also pioneer new frontiers in Al
application and ethics. The upcoming
versions and iterations of Al are expected
to incorporate a deeper understanding
and improved processing of human
language, facilitating more natural and
intuitive interactions between users and
technology.

Ethical Considerations in Focus:
As the Al landscape evolves, ethical
considerations will undoubtedly occupy
a more central and integral role in
the development process. Future Al
technologies, learning from the challenges
and experiences of predecessors like
ChatGPT, will be inherently designed
with a focus on minimizing biases,
protecting user data, and preventing
misuse. We anticipate a generation of Al
that is conscientiously developed to be in
alignment with societal values, user rights,
and ethical standards, further solidifying
the commitment to responsible and
ethical Al development.

Expanding Applications: The horizon
of the future is also expansive in terms
of the applications and domains Al will
influence. With continuous advancement,
Al will find utility in diverse fields, some
of which might be nascent or unfathomed
at present. From healthcare to education,
creative arts to scientific research, and

ARTIFICIAL INTELLIGENCE

beyond, Al’s applications will likely

broaden, deepening its impact and
relevance in our lives and societies.
Navigating ~ Opportunities  and

Challenges: The road ahead is replete with
opportunities °—that are as exciting as the
challenges are daunting. The future of Al
promises new possibilities for innovation,
efficiency, and problem-solving. However,
it also necessitates that we navigate
complex issues related to privacy, ethics,
employment, and regulation. Engaging
with Al in the future will require a
balanced approach, where the enthusiasm
for adopting new technology is tempered
with a thoughtful understanding of its
implications and a commitment to using
it responsibly and ethically.

Conclusion

As we wrap up our journey through
the realm of ChatGPT and Al, it’s clear
that these powerful technologies are
becoming integral to our digital lives,
offering transformative tools that impact
various domains. Engaging with Al
responsibly and with understanding is
crucial; this approach allows us to harness
its full potential while navigating ethical
considerations. The future painted by Al
and ChatGPT is one of collaboration
between humans and machines, where Al
acts not as a replacement but as an enabler,
facilitating greater efficiency, creativity,
and
where Al is not a distant concept but an

innovation. It beckons a future
immediate reality, woven into our daily
activities and interactions, empowering
us to achieve more while respecting
ethical boundaries and promoting positive
societal transformation. Let’s embrace
this new era of possibility with Al, where
technologies like ChatGPT stand as allies
in our quest for knowledge and progress.

Partha Pratim Ray is an Assistant
Professor at the Department of
Computer Applications, Sikkim

University (Central University), Gangtok,
Sikkim. He has an interest in writing
articles on the latest trends in the
information technology domain.

Email: parthapratimray1986(
gmail.com
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n the realm of technological
innovation, few fields have
captured the imagination and
driven progress quite like Artificial
Intelligence (AI) and Machine
Learning (ML). These disciplines,
which once resided primarily within
the confines of academic research labs
and science fiction novels, have rapidly
permeated every aspect of modern life.
From personalized recommendations
on streaming platforms to autonomous
vehicles navigating city streets, the
impact of Al and ML is undeniable.
As we peer into the future, it becomes
increasingly evident that the potential of
these technologies knows no bounds. In
this comprehensive exploration, we will
traverse the origins, current landscape,
and promising horizons of Al and ML.

The Dawn of Artificial
Intelligence

The roots of Al can be traced back to
the mid-20th century when pioneers like
Alan Turing, John McCarthy, and Marvin
Minsky laid the groundwork for the field.
The term “artificial intelligence” was
coined in 1956 during the Dartmouth
Conference, marking the official birth of
the discipline. Early Al systems focused on
symbolic reasoning and logic, attempting
to mimic human thought processes
through rule-based algorithms. However,
progress was slow, and the lofty ambitions
of creating machines with human-like
intelligence remained elusive.

Machine Learning: A
Paradigm Shift

The emergence of Machine Learning
heralded a paradigm shift in the field
of Al Rather than relying on explicit
programming and predefined rules, ML

algorithms learn from data, iteratively
improving their performance over time.
The concept of machine learning dates
back to the 1950s, but it wasnt until
the advent of computational power and
big data that ML truly began to flourish.
The development of neural networks,
inspired by the structure of the human
brain, paved the way for breakthroughs in
pattern recognition, language processing,
and predictive analytics.




Kismet, a robot head which was made in the 1990s; a machine that can recognize and

simulate emotions (image credit: https://creativecommons.org/licenses/by-sa/3.0/fr/)

The Rise of Deep Learning

Deep Learning, a subfield of ML, has
emerged as the driving force behind many
recent advancements in Al. At the heart of
deep learning are artificial neural networks,
multi-layered structures capable of learning
intricate representations of data. Through
techniques such as backpropagation and
stochastic gradient descent, deep learning
models can autonomously extract features
from raw input data, enabling tasks such
as image classification, speech recognition,
and natural language understanding with
unprecedented accuracy.

Artificial Intelligence

Machine
Learning

Deep
Learning

Applications Across Industries
The proliferation of Al and ML has
catalyzed innovation across a myriad of
industries, revolutionizing  traditional
processes and unlocking new opportunities

for growth and efficiency.

Healthcare
In healthcare, Al holds the promise
of transforming patient care through

personalized medicine, early disease

detection, and predictive  analytics.
Machine learning algorithms can analyze
vast amounts of medical data, including
patient and

genetic profiles, to identify patterns and

records, imaging scans,
insights that can inform diagnosis and

treatment  decisions. From detecting
anomalies in medical images to predicting
patient outcomes, Al-powered healthcare
solutions have the potential to save lives

and improve quality of care.

Finance

The finance industry has been quick
to adopt Al and ML technologies to
gain a competitive edge in areas such as
algorithmic trading, risk management,
and fraud detection. Machine learning
algorithms analyze market data in real-
time, identifying trends and anomalies
that human traders may overlook. These
algorithms can execute trades at lightning
speed, optimize investment portfolios,
and detect fraudulent transactions with
greater accuracy than traditional methods.
As financial markets become increasingly
complex and interconnected, Al-driven
insights are indispensable for informed
decision-making and risk mitigation.

Transportation

Autonomous vehicles represent a
paradigm shift in the transportation

industry, promising safer, more efficient,

Lidar testing vehicle for autonomous driving (permission to use the image is under the
terms of the GNU Free Documentation License, Version 1.2, Free Software Foundation)
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and environmentally friendly modes of
mobility. Machine learning algorithms
power the perception, decision-making,
and control systems of self-driving cars,
enabling them to navigate complex
environments and respond to dynamic
traffic
autonomous technology continues to

conditions in real-time. As
mature, it has the potential to revolutionize
urban mobility, reduce traffic congestion,
and enhance accessibility for

people of all abilities.

Education

In education, Al and
ML  are
learning

reshaping  the
through
personalized tutoring systems,
adaptive
and intelligent educational
Machine
analyze

experience
learning  platforms,

content. learning
student

learning

algorithms
data,
preferences,

including
performance
metrics, and  engagement

levels, to tailor instructional materials
and interventions to individual needs.
By providing personalized feedback and
adaptive learning pathways, Al-powered
educational technologies can enhance
student engagement, improve learning
outcomes, and bridge gaps in educational

equity.

Ethical and Societal Implications
Despite the transformative potential
of Al and ML, their widespread adoption
also raises profound ethical and societal
implications that must be addressed.

Bias and Fairness

One of the most pressing challenges
in Al is mitigating bias and ensuring
fairness in algorithmic decision-making.
Machine learning models trained on
biased datasets may perpetuate or even
exacerbate existing societal inequalities,
leading to discriminatory outcomes
in areas such as hiring, lending, and
criminal justice. Addressing bias and
promoting fairness requires transparent
data collection practices, algorithmic
accountability mechanisms, and diversity
in Al development teams.

Privacy and Security
The of  Al-driven

technologies has raised concerns about

proliferation

data privacy and security. Machine
learning algorithms rely on vast amounts
of personal data to train and improve
their performance, raising questions about

consent, data ownership, and surveillance.
As Al
interconnected and autonomous, there

systems become increasingly

is a risk of malicious actors exploiting
vulnerabilities ~ to  manipulate  or
compromise these systems. Safeguarding
data privacy and security requires robust
encryption protocols, access controls, and
oversight mechanisms to protect sensitive
information from unauthorized access or

misuse.

Job Displacement and
Economic Disruption

The widespread adoption of Al
and automation has the potential to
disrupt labor markets and exacerbate
socioeconomic inequalities. While Al
technologies have the potential to augment
human capabilities and create new job
opportunities, they also pose challenges
for workers whose jobs are susceptible
to automation. Addressing the potential
impact of Al-driven job displacement
requires proactive measures, including
reskilling and upskilling initiatives, social
safety nets, and policies that promote
inclusive economic growth.

Regulation and Governance
Effective regulation and governance
are essential to ensuring that Al and ML

technologies are developed and deployed
responsibly, ethically, and in the public
interest.

Regulatory Frameworks
Regulatory frameworks must keep
pace with the rapid advancement of Al
and ML technologies to address emerging
risks  and
Regulations should promote transparency,

safeguard  societal values.
accountability, and fairness in
Al systems, while also fostering

innovation and competitiveness.

Additionally, international
collaboration and coordination
are necessary to establish

common standards and norms
for the ethical development and
deployment of Al technologies
across borders.

Ethical Guidelines
Ethical
best practices can help guide

guidelines  and

the responsible development
and use of Al and ML technologies.
should  adhere to
principles such as fairness, transparency,
accountability, and privacy by design
throughout the Al lifecycle. Ethical
review boards and oversight mechanisms

Organizations

can provide guidance and oversight to
ensure that Al applications uphold ethical
standards and respect human rights.

Conclusion

The future of Artificial Intelligence
and Machine Learning is brimming
with possibilities, from revolutionizing
industries to addressing some of society’s
pressing
realizing this potential requires a concerted

most challenges. However,
effort to address ethical, societal, and
regulatory considerations. By embracing
responsible Al

collaboration, and prioritizing human-

innovation, fostering
centric approaches, we can harness the
transformative power of Al and ML to
create a more equitable, inclusive, and
sustainable future for all.

Dr Rintu Nath, Scientist - F
Email : Rnath07(@gmail.com
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NERVE DA
DIABETES: &
THE COMPL ~
NEUROPATHY

Introduction
europathy is a medical
term that refers to a range
of disorders affecting the
peripheral
nervous system, which connects the
brain and spinal cord to the rest of the
body, including the arms, legs, hands,

nerves in the

feet, and internal organs. Nerve cells, or
neurons, have a unique structure that
makes them difficult to regenerate after
they are damaged, and the complexity of
the nervous system and its many types of
neurons makes the process of rebuilding
nerve networks challenging.

Diabetes is a chronic disease affecting
millions of people worldwide, and its
prevalence is expected to rise in the
coming years. One of the most significant
complications of diabetes is diabetic
neuropathy, which can cause severe
disability, reduced quality of life, and even
death. This condition affects the nerves
and can cause symptoms such as pain,
numbness, tingling, and muscle weakness,
which can significantly impact a person’s
ability to carry out daily activities. If left
untreated, diabetic neuropathy can lead to

Fig 1: Pain and foot ulcer due to diabetes

further complications such as foot ulcers
and amputations (Fig 1).

Diabetic neuropathy is caused by
consistently high levels of glucose in the
blood, which can damage the small blood
vessels that supply nerves with oxygen and
nutrients, leading to nerve damage and
degeneration over time. In addition, high
glucose levels can cause inflammation and
oxidative stress, contributing to nerve
damage. The condition is more common
in people with poorly controlled diabetes
and those who have had the disease for a
longer period.
of diabetic

Diagnosis neuropathy

typically involves a physical exam and

nerve function tests, and treatment
options may include medications to
manage symptoms and improve blood
sugar physical therapy, and
lifestyle changes such as exercise and diet
Prevention of diabetic

neuropathy involves maintaining good

control,
modifications.

blood sugar control through a healthy
diet, regular exercise, and appropriate
medication management. Early detection
and treatment of diabetic neuropathy is
essential to prevent further nerve damage
and manage symptoms effectively.
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Fig 2: Schematic diagram shows the relationship between diseased blood vessels and nerve damage (A).
Demyelination of nerve due to diabetes (B]. Image adapted from cacvi.org [A] and Belavgeni et al, 2022 (B).

Causes

The  development of  diabetic
neuropathy is a complex process
that involves muldple physiological

mechanisms. Prolonged exposure to high
levels of glucose in the blood can damage
the small blood vessels that supply the
nerves with oxygen and nutrients, leading
to reduced blood flow and oxygen supply
to the nerves. This damage, combined
with inflammation and oxidative stress
caused by high glucose levels, can impair
the nerves ability to transmit signals
properly, resulting in nerve damage or
neuropathy (Fig 2A).

Another  important  mechanism
involved in the development of diabetic
neuropathy is the activation of certain
cellular pathways that are involved in nerve
cell death. This process, called apoptosis,
can be triggered by various factors such
as oxidative stress, inflammation, and
high glucose levels. Over time, the death
of nerve cells can contribute to the
development of neuropathy.

Additionally, the accumulation of
advanced glycation end products (AGEs)
in nerve tissues is also believed to play
a role in the development of diabetic
neuropathy. AGEs are formed when
glucose reacts with proteins in the body,
and their accumulation can lead to tissue
damage and dysfunction.
abnormalities in nerve
and  impaired
regeneration have also been observed in

Moreover,

conduction nerve

diabetic neuropathy. The ability of nerves
to transmit signals is impaired due to
damage to the myelin sheath, which is
the protective coating around nerve fibers
(Fig 3B). Additionally, the regeneration of
nerves after injury is impaired in diabetic
neuropathy, which can further exacerbate
the damage.

Inflammation itself is
a pathway involved in
the development of
diabetic neuropathy.
High glucose levels
can activate several

pro-inflammatory
pathways, leading
to the production of
cytokines and other
pro-inflammatory
molecules.

Opverall, the development of diabetic
neuropathy is a multifactorial process
involving a combination of mechanisms
such as reduced blood flow, inflammation,
damage,
and impaired nerve conduction and

oxidative  stress,  cellular

regeneration.

Molecular mechanism
for the development of
diabetic neuropathy

Diabetic neuropathy is a complex and
multifaceted condition that arises due to
a combination of various pathological
mechanisms. The development of diabetic
neuropathy is primarily attributed to
sustained hyperglycemia, which initiates a
cascade of events that ultimately lead to
nerve damage and dysfunction.

High glucose levels in the body can
activate  several interrelated pathways,
including the polyol pathway, AGE
formation, protein kinase C (PKC)
activation, oxidative stress, hexosamine
pathway, renin-angiotensin system (RAS),
and inflammation. These pathways can
impair the proper functioning of nerve
cells in different ways.

The polyol pathway involves the
conversion of excess glucose into sorbitol
by the enzyme aldose reductase. The
accumulation of sorbitol within the nerve
cells can lead to osmotic stress and cellular
damage. AGEs are formed when glucose
irreversibly binds to proteins, altering
their structure and function. This can lead
to the formation of cross-links, which
impair nerve function.

PKC  activation can
the  phosphorylation  of

proteins, including ion channels and

lead  to

several
neurotransmitters,  resulting in  the
their activity and
function. This can also impair nerve

dysregulation  of
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function. Oxidative stress can damage
nerve cells directly by producing reactive
oxygen species (ROS) that damage
proteins, lipids, and DNA.

The hexosamine pathway involves
the conversion of glucose to fructose-
6-phosphate  and  subsequently  to
glucosamine-6-phosphate by the
enzyme glutamine:fructose-6-phosphate
amidotransferase (GFAT). This pathway
can lead to the formation of AGEs, which
can damage nerve cells and impair nerve
function.

The RAS system regulates blood
pressure and fluid balance and is involved
in inflammation and oxidative stress. In
the presence of high glucose levels, the
RAS system can become dysregulated,
leading to increased inflammation and
oxidative stress, which can contribute to
nerve damage.

Finally, inflammation itself is a
pathway involved in the development of
diabetic neuropathy. High glucose levels
can activate several pro-inflammatory
pathways, leading to the production of
cytokines and other pro-inflammatory
molecules that can damage nerve cells
and contribute to the development of
neuropathy.

The complex interplay of these various
pathways results in the development of
diabetic neuropathy, which can manifest
in different ways. By understanding these
mechanisms,
targeted therapies to prevent or treat
diabetic neuropathy, which is a serious
and debilitating complication of diabetes.

researchers can  develop

Types of diabetic neuropathy
There are several types of diabetic

neuropathy, each affecting specific nerves

in the body (Fig 3). These include:
Peripheral neuropathy: This is the
most common type of diabetic neuropathy
and affects the peripheral nerves that
control and
autonomic function (breathing, digestion,

sensation, movement,
heart rate, etc.) in the arms, hands, legs,
and feet.

Autonomic neuropathy: This type
of neuropathy affects the nerves that
control the body’s internal organs, such
as the heart, lungs, bladder, stomach, and

Diabetic neuropathy
can lead to a

range of additional
complications,
including Foot

ulcers,Charcot’s
foot, Gastroparesis,
Hypoglycemia
unawareness,
Erectile dysfunction,
Bladder problems

intestines. It can lead to problems with
digestion, heart rate, blood pressure, and
sexual function.

Proximal neuropathy: This type
of neuropathy affects the nerves in the
thighs, hips, and buttocks and can cause
weakness, pain, and numbness in these
areas.

Focal neuropathy: This type of

neuropathy affects a specific nerve or

\ |
Il || ,'II

U

Fig 3: Neuropathy affecting different organs of the body
(Image adapted from Callaghan et al, 2012)

BIOTECHNOLOGY

group of nerves, causing sudden weakness,
pain, and numbness in the affected area.
This  type of
neuropathy affects a single nerve, such
as the median nerve in carpal tunnel
syndrome.

Retinal neuropathy: also known as
optic neuropathy or optic nerve damage,
is a condition that affects the optic nerve,
which is responsible for transmitting
visual information from the eye to the
brain. Retinal neuropathy can result in
vision loss or blindness and can occur due

Mononeuropathy:

to a variety of causes, including diabetes,
high blood pressure, glaucoma, multiple
sclerosis, and other medical conditions.

Symptoms
The symptoms of diabetic neuropathy

depend on the type of neuropathy and the

nerves affected. However, some common
symptoms include:

e Tingling, burning
sensation in the hands, arms, legs, or
feet.

® Loss of sensation or hypersensitivity to

numbness, or

touch.

® Muscle weakness, especially in the legs
and feet.

e Cramping, pain, or sharp electric
shocks in the affected areas.

® Bladder problems, such as urinary
incontinence or difficulty emptying
the bladder.

® Digestive problems, such as bloating,
constipation, or diarrhoea.

e Erectile dysfunction in men.

® Vaginal dryness or difficulty achieving

orgasm in women.

Additional complications

of diabetic neuropathy
Diabetic neuropathy can lead to a range

of additional complications, including:

® Foot wulcers: Sensory neuropathy
can make it difficult for people with
diabetes to feel pain or irritation in
their feet, which can lead to foot
ulcers. These ulcers can become
infected and may require amputation
if left untreated.

® Charcot’s foot: This is a rare
complication of diabetic neuropathy
that causes the bones in the foot to
weaken and break. This can lead to

significant deformity and disability.
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® Gastroparesis: Autonomic neuro-

pathy can affect the nerves that

control the muscles in the digestive

system, leading to a condition called

gastroparesis. This can cause nausea,

vomiting, bloating, and difficulty
digesting food.

e Hypoglycemia unawareness: Auto-
nomic neuropathy can also affect the
body’s ability to detect low blood sugar
levels, leading to a condition called
hypoglycemia unawareness. This can

be dangerous if left untreated, as severe

hypoglycemia can cause seizures,
coma, or even death.
® Erectile dysfunction: Autonomic

neuropathy can affect the nerves
that control blood flow to the penis,
leading to erectile dysfunction in men.
e Bladder
neuropathy can affect the nerves
that control the bladder, leading to
problems such as urinary incontinence,
difficulty emptying the bladder, or

frequent urinary tract infections.

problems:  Autonomic

Diagnosis
Diagnosing  diabetic

involves a thorough physical examination

neuropathy

and medical history. Your doctor may also

perform some tests to evaluate your nerve

function, such as:

® Nerve conduction studies: This test
measures how well electrical impulses
travel through your nerves.

o Electromyography (EMG): This test
measures the electrical activity of your
muscles.

® Quantitative sensory testing: This
test measures your ability to feel
different sensations, such as hot and
cold.

® Autonomic function tests: These tests
evaluate your body’s ability to control
various autonomic functions, such as
blood pressure and heart rate.

® Biopsy: A small sample of your skin or
muscle may be taken to examine under
a microscope to assess nerve damage.

Treatment options for diabetic
neuropathy include:

Medications: Several medications are
available to treat the symptoms of diabetic
neuropathy, including pain, tingling, and

numbness. These include:

a. Antidepressants:  Antidepressants,
such as duloxetine and amitriptyline,
can help relieve pain and improve
sleep.

b. Anticonvulsants:
such as gabapentin and pregabalin, can

Anticonvulsants,

help relieve pain and reduce seizures.
c. Opioids: Opioids, such as oxycodone

and morphine, may be prescribed for

severe pain.

d. Topical treatments: Topical creams
and patches containing capsaicin or
lidocaine can help relieve localized
pain.

Physical therapy: Physical therapy
can help improve muscle strength and
balance, reduce pain, and prevent falls.
Exercises may include stretching, aerobic
exercises, and balance training.

Occupational therapy: Occupational

To prevent diabetic
neuropathy keep
your blood sugar
levels within a
healthy range,

exercise regularly,
maintain a healthy
weight, quit
smoking, and limit
alcohol intake

therapy can help people with diabetic
neuropathy learn new ways to perform
everyday tasks, such as dressing, cooking,
and driving.

Transcutaneous  electrical nerve
stimulation (TENS): TENS is a therapy
that uses low-level electrical currents to
relieve pain. Electrodes are placed on the
skin over the affected area, and electrical
impulses are delivered through the skin to
the nerves.

Acupuncture: Acupuncture involves
the insertion of thin needles into specific
points of the body to relieve pain and
other symptoms.

Surgery: In some cases, surgery may be
necessary to relieve pressure on the nerves,
such as in carpal tunnel syndrome.

Prevention

Preventing  diabetic
involves managing your blood sugar
levels and maintaining a healthy lifestyle.

Some tips to prevent diabetic neuropathy

neuropathy

include:

Keep your blood sugar levels within
a healthy range: This can be achieved
through regular monitoring, following
a healthy diet, and taking medication as
prescribed by the doctor.

Exercise regularly: Regular exercise
can play a significant role in combating
diabetic neuropathy. Exercise has been
shown to improve nerve function, reduce
pain, and improve blood flow to the
nerves. In addition, exercise can help
control blood sugar levels and reduce the
risk of other complications of diabetes.

Maintain a healthy weight: Being
overweight can increase your risk
of developing diabetes and diabetic
neuropathy.

Quit smoking: Smoking can damage
blood vessels and increase the risk of
diabetic neuropathy.

Limit alcohol intake:
alcohol consumption can damage nerves

Excessive

and increase the risk of neuropathy.

Conclusion

Diabetic neuropathy is a serious
complication of diabetes that can cause
significant disability and reduce quality
of life. However, with early diagnosis
and appropriate treatment, many of the
symptoms of diabetic neuropathy can be
managed. Preventing diabetic neuropathy
involves managing your blood sugar levels
and maintaining a healthy lifestyle. If you
have diabetes, it is essential to work closely
with your healthcare team to monitor
your blood sugar levels, manage your
symptoms, and prevent complications.

Deo Prakash Chaturvedi
Department of Biotechnology,
Ministry of Science and Technology,
CGO Complex, New Delhi

Email: deo.prakash(@dbt.nic.in
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What the matter consists of?
ver wonder, how we all exist?
How the things exist in the
nature? Is there any common

entity in everything that exists
from flower, people, and animals to the
massive bodies of the Universe?

Let’s start answering these questions
with a very simple definition of matter.
A matter is something that has mass and
occupies space. If we look at the wide
classification of matter, it can be of two
types: living matter and non-living matter.
In case of living matter, the basic unit of
life is considered as ‘cell’. Further cell has
the membrane and its internal structure
consists of various enzymes which are
again composite of molecules. Humans,
plants, animals, birds and everything
that eat, sleep and feel comes under the
category of living things. The non-living
matter can further be classified into solid,
liquid and gaseous form. The solids like
plastic, ceramics, wood, rubber, metal etc.

has the structured or unstructured array of
molecules. Liquids and gases also exist in
the form of molecule which is a group of
atoms bounded together in a specific way
defining the physical properties of matter.

For a very long time, scientists believed
‘atom’ as a fundamental particle or the
building block of matter.
with the discovery of electrons and

However,

later on neutrons and protons (through
radioactivity), it has been found that
atoms are composed of even smaller
particles. As per the definition, the
building blocks are those pieces of matter
that make up everything from flower
to people to the galaxies and cannot be
broken down further into anything. So
one cannot regard atom as the building
block of matter.

Let's come one step ahead towards
the internal
atom consist of a positively charged

structure of atom. The

nucleus having size of the order of 10
m and the negatively charged electron

in the surroundings. The electron is an
elementary particle without any internal
structure which belongs to family of
‘leptons’. The nucleus on the other hand,
is not an elementary particle as it consists
of protons and neutrons which are further
made up of quarks. Quarks are equally
elementary in the same sense as electrons.
So we can refer quarks and leptons as
the building blocks of matter till we find
anything smaller than these particles.

What holds the matter together?

If matter is composed of very small
particles called quarks and leptons, then
what holds these particles together? Why
not these particles get apart from each
other and whole matter crumbled into
small pieces. Let’s answer this question
with a very simple example. Suppose we
have two balls stick together with glue.
When these balls are pushed away from
each other, its glue will get elongated but
shrinks back to its original form and the
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Fig1: The Standard Model of particle physics divides the elementary
particles in a particular manner depending on their properties.

balls will come closer. Therefore, the two
particles ‘stick’ together by interacting
with one another in complex way. More
specifically, they exert forces on each other.

There are four fundamental forces in
nature: (i) Gravitational force: between
any two objects having mass, (ii) Electro-
magnetic forces: between two charged
bodies, (iii) Weak forces: during the
neutrinos (which also belongs to family of
leptons) interaction/emission, (iv) Strong
forces: between the quarks. The strong
forces bind the quarks with each other
to develop the confined state of neutron
and proton. Further neutron and proton
interacts with each other by nuclear
forces, which also lies in the category of
strong forces. However, one must not
get confused between strong forces and
nuclear forces. Basically these two are the
same. The strong forces bind the nucleons
(neutrons/protons), nuclear forces bind
the nucleus, electromagnetic forces bind
the atoms, molecules and finally the

gravitational force binds the solar systems,
galaxies and the universe.

How particles exert forces?

It is very fascinating to observe that
these small particles called the elementary
particles are interacting with each other
and combining together in a specific
way to form more than 100 particles
like neutrons, protons, Kaons, hyperons,
Omega particles etc. Now what urges
them to interact? To understand the
concept of interaction let’s explore how
we, as a human interacting with others. We
interact with our family, relatives, friends,
neighbours, colleagues etc. because we
exchange something between us. Now
that ‘something’ can be money, gifts,
vehicles or even the happiness, sympathy
or emotions. If we feel attraction that
means we exchange happiness and if we
feel repulsion that means we have grudges
and exchange anger or unhappiness. In
both cases we actually are exchanging

something that’s why we are interacting
with each other in some way. Now that
something which is being exchanged is
termed as ‘exchange particle’.

Till now we found quarks and leptons
as elementary particles. Now the third
type of elementary particles are ‘exchange
particles’ or what we can call them is
Quarks
interact with each other by exchanging
the gluons. Electromagnetic  force is
exerted between two charged particles
by exchanging photons. Weak forces act
between the neutrinos by exchanging
bosons like W bosons and Z bosons. The
Gravitational force works by exchanging
the particle graviton which is still not
discovered properly.

Standard Model: “Putting
it all together”

Summarizing the above discussion,

interaction of force carriers.

what we have discussed till now is explained
by “The Standard Model” of elementary
particles. The standard model is a single
framework that describes the behavior of
all fundamental particles and fundamental
interactions between them as shown in
Fig 1. The role of Particle physics is to test
the standard model in a conceivable way,
seeking to discover whether something
more lies beyond standard model or not.
Quantum Chromodynamics (QCD) is a
theory of strong forces by which quarks
interact with one another. Electromagnetic
and weak interaction combine to give
a theory known as Electroweak (EW)
theory. The theory of strong interactions
(QCD) in combination with electroweak
theory (EW) makes a composite picture
called Standard Model as shown in Fig
2. It includes all the known constituents
of matter — six quarks: up, down, top,
bottom, strange and charm; six leptons:
electron, muon, tau, electron neutrino,
muon neutrino and tau neutrino; and three
forces: strong, weak and electromagnetic
forces. In addition to these, there are five
exchange particles of interaction carriers
discovered till today. These are gluons,
photon, Z boson, W boson and Higgs
boson. It has been found by the scientists
that this model explains the nature of
these forces along with the force carriers
associated with these forces. However, W
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Fig2: “Theory of everything” explaining the four different type of
interactions corresponding to different force carriers.

PHYSICS

and Z have the mass 100 times than the
photon. There must be some other particle
associated with them which is responsible
for the mass. In 1964 Dr. Peter Higgs
with 5 other scientists started developing
the theory of Higgs boson and in 1970 he
published his results. Later on in July 2012,
ATLAS and CMS experiment at CERN’s
Large Hadron Collider announced the
discovery of a new particle having finite
mass. The properties of this particle were
exactly same as the Higgs boson predicted
by Dr. Peter Higgs theoretically in 1970
and Dr. Higgs won the Noble prize in
Physics for the same in 2013.

The Standard Model of Particle
Physics, described the behaviour of all
known subatomic particles through
strong, weak and electromagnetic forces.
Gravity was the only force not explained
by standard model. Further the Standard
Model is found to be embedded within
a larger structure with more elemental
ingredients that provides us with a
unified explanation of the fundamental
forces including gravity as shown in Fig
2. This larger structure known as “theory of
everything” refers to all the known forces
of nature: electromagnetic, weak, strong
and gravitational along with the particles
that act between them.

The “theory” refers to the existence of
some common mathematical framework
that describes all of the “everything”. In
conclusion we can say that Standard Model
is the closest we have come to a theory of
everything and we continue to improve
and build upon it. Although we are far
from our goal of finding out everything
about the universe, the Standard Model is
a very significant milestone.
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at Department of Physics, University
Institute of Sciences, Chandigarh
University, Gharuan, Mohali. Her
Research area is Nuclear Physics.
Dr Varinderjit Kaur is an Assistant
Professor of Physics at G.5.5.D.G.S.
Khalsa College, Patiala and her
Research area is Nuclear Physics.
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author: drvarinderjitdgmail.com
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ydroponics  system  for
vegetable crop production
has  shown  tremendous
potential  for
crop productivity and improving quality.

Globally, hydroponics technology has

been accepted as sustainable technology

increasing

to tackle all issues being reported in
conventional agriculture system especially
residual toxicity, water and nutrient loss
and environmental issues. Hydroponics
not only offers safe food but also ensures
vertical utilization of space with higher
water use efficiency. DIBER (DRDO)
has been instrumental in standardizing
the technology of hydroponics for various
crops from snow bound hilly regions to
Antarctica.

Growing the crops without soil
Hydroponics is a method of growing
the crops without soil with the help of
nutrient solution. With increasing scarcity
of water availability, increased levels of
residual toxicity in conventionally farming
and rapid growth rate of Urban population
have attracted the global attention towards
the use of intensive cropping systems
and paved the way for new technologies
such as soilless culture and hydroponics.
The advantages of hydroponic is that it
requires small space with provision to
vertical space utilization, higher nutrients
use efficiency. Hydroponics techniques
also facilitate roof farming and indoor

A
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Fig: 1. multiple crops under indoor hydroponics

farming. Hydroponics system also play
an important role towards the precision
farming by supporting the principle of
“right time, right input, right quantity and
right location”. Hydroponics technology
not only offers vertical utilization but
also maintains quality and increases
productivity.  Cultivation of crops by
using innovative technologies for rural
villages, vibrant villages and preferably for
urban cities for healthy food production
is always needed. Indian Agriculture is a
monsoon gamble where sometimes there

is a drought, water shortage, hailstorm,
fire etc. natural hazards cause huge losses
due to unpredictable weather conditions
and climate change. In fact, 90 percent
of agriculture crops effected by weather
condition. In these circumstances the
increasing food production is highly
necessary to fulfil the food security
demand of the population. In respect to
increasing food production there are some
modern technologies emerging in front of
us among them hydroponics technology
is becoming more commercialized Plant
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nutrients rich solution is being used for
the cultivation of vegetable crops in the
Veggie hardware in NASA Kennedy Space
Centre’s. Leafy brassica spp. (Brassica rapa
sp. niposinica), lettuce is growing in Veggie
growing chamber at space. Astronaut

indoor cultivation.

5. Hydroponics technology also suitable
at boarder area which can play a vital
role for Defence purpose.

6. Multiple vegetable can be grown under
singe unit.

AGRICULTURE

of vegetables, medicinal and aromatic
herbs. Selection of growing techniques
may differ according to crop growth habit
that consist nutrient recycling, spacing and
root depth for survival. The technologies
are given below:

Fig: 2. Standardization of multiple varieties of tomato under hydroponics [NFT]

Serena Aunon-Chancellor also harvests
red Russian kale and dragoon lettuce from
Veggie on Nov. 28, 2018.

Advantages of hydroponics:
hydroponics  cultivation  technology
having the following advantages as

compared to conventionally farming:

1. More production with better quality
can achieve under hydroponics culture
due to more utilization of vertical

space.
2. Hydroponics cultivation also
considering  under  organic

farming due to zero use of

insecticide,  pesticides  and
chemical fertilizers.

3. More water saving takes place
under hydroponic culture as
compared to  conventional

farming. in  conventionally

farming more wastage of water
takes place due to sprinkler

/overhead, irrigation and
higher loss of water due to
evapotranspiration.

4. Hydroponics/ soilless cultivation
can be easily practices as kitchen

gardening, roof farming and

7. Hydroponics  cultivation is  low
constable due to more interculture
operation required under
conventionally ~farming such as;
weeding, hoeing, and the cost of
fertilizers broadcasting, irrigation time
is also affectable under conventionally
farming.
Classification of  Hydroponic
growing Technique: There are many

suitable growing techniques for cultivation

Deep Water Culture technique

Deep Water Culture: Under this
growing technique plant root is deeply
submerged in nutrient solution.

Drip Irrigation: This
suitable  for
vegetables in which nutrient solution

technique
is  mostly Solanaceous
directly supplied to roots with regulated
flow. The nutrient solution is supplied
at predetermined time intervals, closed
for recirculation and remaining solution
returned to the storage tank.
Nutrient Film Technique:
‘ In this technique roots do not
completely submerge in nourishing
solution but nutrient solution re-
circulated like a thin film layer.
NFT system requires less amounts
of nutrient solution in comparison
to others but requires additional
energy and modulation to operate.
The spare water returns to the
water tank through gravity and it
will continue for recirculation.
Aeroponics: Aeroponics
is also high-tech method of
hydroponic growing. The plants
roots are suspended in the air
where nutrients are supplied in
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Growing Channel
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Schematic diagram of a nutrient film technique hydroponic system

the form of a mist. Firstly, the aeroponic
system was underlaid by GTT in 1983 and
called as “Genesis Machine” which was
further marketed as “Genesis grow root
technology”. This technique is generally
suitable for low leafy vegetables like
lettuce, and beet leaf (Khan ez. al, 2020).
Presently aeroponics system is also used
for mother potato production.

Ebb and Flow: Growing of crops by
using tray, which is a constant recycling
process of  nutrient-rich water by using
irrigation pumped from a reservoir below.

Materials

NFT system used for growing the crop
by using hydroponic unit (Pindfresh)
which made from PVC pipe which can

accommodate 54plants/unit, was installed
under protected structure. small grow
LED light also installed under the unit
which was switch on during night time for
3 hrs. Nutrient solution supplied to grow
the plants through irrigation pump. pH
ranged from 6 to 7.0 during the experiment
and  Electrical  conductivity  (EC)
1800+100ppm. Electrical conductivity
(EC) and pH of nutrient solution were
checked by using hand held pH and EC
Meter (MCP and HANNA, respectively.
The hydroponics solution consists all
essential (Macro and micro) nutrients.
elements in nutrient solution used for
growing crops was nitrogen, potassium,
phosphorus, calcium, magnesium (60
ppm), Sulphur these macro nutrients

N
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Aeroponic System & Farming

were supplied in prescribe quantity in
major concentration by making a stock
solution. Whereas the micro nutrients
Fe, zinc (3 ppm), manganese (3 ppm),
copper (less than 1 ppm), boron (4 ppm),
molybdenum (less than 1 ppm), sodium
(less than 1 ppm) was used in different
concentration.

Economic benefit of Hydroponics
farming: The higher production and
productivity found under hydroponics
farming which gaining more popularity
and play a vital role for farmers. due
to land shortage, climate changing,
unpredictable weather conditions. Those
challenges

towards modern farming technologies.

aforementioned bring us
Hydroponics is one of the most important
farming in new technologies. Farmers
can achieve Higer economic benefit by
using hydroponics and soilless culture
as compared to conventional farming.
Hydroponics farming leads to Increasing
the production and productivity with
better quality due to well availability of
nutrients and protection from soil borne
diseases as compared to conventional
farming system.

Conclusion

Our study is concluding that multiple
vegetable can be successfully grown under
single nutrient solution which can be
helpful for the people which are interested
in indoor farming. Keeping in the view
above study this may be beneficial for the
people which facing the scarcity of water
availability and land shortage problem.
Hydroponics farming plays an important
role for crop production to maintain the
market growth in upcoming 20 years.
Being a modern and emerging technology
for local investors, farmers in urban
areas this can promote self-employment
and turn into a profitable business with
community cooperation under controlled
environment.

Harendra Kumar, Senior Research
Fellow; Ankur Agarwal, Scientist 'F’;
Shiva Kumar, STA 'B’; Basant Ballabh;
Technical officer ‘C’; and Omprakash,
Technical officer ‘C" at Defence Institute
of Bioenergy Research (DRDO],
Goraparao, Haldwani, Nainital -263139
Email: harendrahorti26@gmail.com
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FOOD AND NUTRITION

CAN INDIAN GUR
POTENTIALLY REPLACE
WHITE REFINED SUGAR?

ndian culture has long valued
localized cluster-based living,
decentralized agro-processing,

and indigenous customary eating
patterns. However, a paradigm shift
occurred because of urbanization and
post-globalization consequences, and the
emphasis shifted to the mass production
of goods and commodities, synthetic
chemicals for everyday use, etc.

However, if you dig deep into Indian
culture and customs from a few decades
back, you'll find that there was once, and
in some places still is, a simple substitute
for routine actions. Neem sticks instead
of artificial toothpaste, herbal powders
in place of commercial cosmetics, cold-
pressed oil rather than refined oil, and
cotton clothing are a few examples. All
these alternatives are not only healthy
but also sustainable and environmentally
friendly.

One such Indigenous technology that
we have is Indian sweetener - Jaggery, also
called by different names such as Gur,
Bellam etc., across India. To define Jaggery
in a nut-shell, it is a non-refined sugar,
made by boiling sugar-cane juices/palm
neera in open pans followed by cooling,
which leads to solid Jaggery balls. Almost
70-80 % of the world’s jaggery production
is from India. The rest is contributed by
our neighbouring countries such as Nepal,
Pakistan, Bangladesh, and Srilanka,. The
pictorial representation of decentralized
Jaggery production is shown in Figure
1. The nutritional content of Jaggery is
shown in Table 1.

Boling of sgmcae fuce

Figure 1: Pictorial Representation of Jaggery production units

Mahatma Gandhi emphasized the
importance of Jaggery production at a
speech delivered at the village industry
exhibition in Brindavan Bihar in the
year 1939. He quoted as “Neera can be

converted into Jaggery sweet as honey itself.
Cane Jaggery is sweet; it can be produced
worth crores of rupees. Gur gives minerals
salts too. Doctors have told me to eat Jaggery,
and I always eat Gur. Nature has made

Content Refined Sugar Jaggery
Sucrose % 99.5 % 80 -85 %
Moisture % 0.2-0.4 % 10 — 15 %
Iron (mg/100 g) — 10-15
Sodium (mg/100 g) - 25-30
Calcium (mg/100 g) = 40-50*
Phosphorous (mg/100 g) - 40-50*
Potassium (mg/100 g) - 7-12
Vitamin B (mg/100 g) = 20-25

Table 1: Nutritional Content of Jaggery vs Sugars
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this product in such a way that it cannot be
manufactured in the Mills; it is produced in
the cottages. Where there are palm trees, this
Jaggery can be easily produced. Andhra Desa
has thousands of Palm trees; there, Jaggery is
produced in every hamlet. This is the way to
banish poverty from the land. This also is an
antidote to poverty”.

As Gandhi rightly said, Jaggery, being
a decentralized rural technology, can be
implemented with minimal investment
and minimal technical
However, the recent trends of decline in
Jaggery Consumption and production
are worrisome. Statistics from the Indian

competence.

Institute of Sugarcane Research, Lucknow,
show that there is at least a 30 % reduction
in Jaggery consumption in the late 2000s
compared to the early 1960s. As seen in
Table 1, there is a constant decline in
Jaggery production and consumption
over the years. However, due to people’s
inclination towards organic foods and
lifestyle, Jaggery market has been slowly
gaining momentum. Refined sugar is
almost raw sucrose with no minerals and
nutrients, whereas, Jaggery has a good
source of various minerals like Calcium,
Phosphorus, and Iron.

However, the recent projections for
Jaggery are promising with there is a
shift towards consumers’ preference
towards Jaggery-related products in the
market. However, the production and
consumption of Jaggery in comparison to
white refined sugars are very less.

Is jaggery actually
healthier than sugar?

The concern that crosses everyone’s
mind is whether or not jaggery is healthier
than sugar. It is important to keep in
mind that jaggery comprises primarily
sucrose, much like white refined sugars.
However, what sets jaggery different is
the amount of macro and micronutrients
that it contains. Since jaggery is produced
without refinement, it preserves minerals
like calcium, phosphorus, iron, and
other elements and eventually has a
lower glycemic index. The glycemic
index is a number that indicates how
quickly carbohydrates are taken into our
bloodstream after eating. In a nutshell, the

Kolhapur Jaggery %

#AatmaNirbharBharat

attractive appearance,

good transport quality.

Gl of Maharashtra
#Vocaldl

Kolhapuri Jaggery has an

various in shapes, excel-
lent taste, attractive yel-
lowish golden colour and

MaRAYOOR Jaggery

Gl OF KeraLa

Marayoor Jaggery is considered 10 be one of the sweetest jaggery
produced which is completely organic in nature with no chemicals
used at any stage of production. High content of iron, potassium,
caleium, and low content of sadium are other features of this
jaggery, adding to its nutritional benefits.

Figure 3: Gl Jaggery products of India (Photos from APEDA &amp; MoFPI)

product is better if absorption is slower.
Jaggery production is an indigenous,
decentralized rural technology; it directly
Any
coconut or palm cultivator can extract

impacts  farmers. sugarcane or
the juice, concentrate it, and make solid
Jaggery without dependence on high-end
technologies. It does not require huge
investment, land and electricity like sugar
production.

Jaggery is more nutritious and healthier
than refined sugar. Anyone who has tasted
the raw country Jaggery would tell that it
is tastier than refined sugar.

Jaggery can obtain geographical
indication - but not sugar

The flavour of jaggery differs from
region to region, making the product
incredibly adaptable. Jaggery made in
Kolhapur, Maharashtra, Marayur, and
Pandalam, Kerala, for instance, has its
own GEOGRAPHICAL INDICATION
(GI) designation in India. A geographical
designation known as “Gl status” is granted
to specific goods that have distinguishing
traditional
manufacturing process, a reputation based
on geography, or exceptional product
quality in comparison to goods of a similar

characteristics, such as a

nature. So why wouldn’t anyone choose it
if there is a clear desi alternative to refined
sugar? Therefore, technical interventions
and advertisements for jaggery goods are
greatly needed.

Jaggery in lien with
atma nirbhar abhiyan

In the context of Atma Nirbhar
Abhiyan, which translates to “Self-Reliant
India Initiative,” the focus is on promoting
and
various sectors of the Indian economy.

self-reliance sustainability across
Jaggery aligns with this initiative in several
ways:

Promoting Industries:
Jaggery production is deeply rooted
in  traditional  Indian  agricultural
practices. Encouraging the production
and consumption of jaggery supports
local farmers and rural communities,
their and
preserving indigenous knowledge and
practices.

Sustainable Jaggery
production relies on the cultivation

Indigenous

promoting self-reliance

Agriculture:

of sugarcane, which can be grown
sustainably with minimal chemical inputs.
By promoting jaggery, the Atma Nirbhar
Abhiyan

agricultural practices, such as organic

can encourage sustainable
farming and natural pest management,
reducing dependence on synthetic inputs
and preserving soil health.

Value Addition and Diversification:
The Atma Nirbhar Abhiyan emphasizes
value addition and diversification of
agricultural  products. Jaggery can be
considered a value-added product as it
involves processing and transformation of
raw sugarcane juice or palm sap into asolid,
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flavorful and nutrient-rich
This promotes income generation and

sweetener.

entrepreneurship at the local level.

Health and Nutrition: Jaggery is a
healthier alternative to refined sugar.
It contains essential minerals such as
iron, potassium, and calcium, along
with
jaggery consumption, the Atma Nirbhar

antioxidants. By  promoting
Abhiyan can contribute to improving the
nutritional status and overall health of the
population.

Cultural Preservation: Jaggery has
deep cultural significance in many Indian
cuisines and traditional practices. By
encouraging the consumption of jaggery,
the Atma Nirbhar Abhiyan can help
preserve and promote cultural traditions
and heritage associated with this sweetener.

To leverage the potential of jaggery in
line with the Amma Nirbhar Abhiyan, the
government and relevant stakeholders
can implement policies and initiatives
that support jaggery production, ensure
fair market access, provide training and
technical support to farmers, and raise
awareness among consumers about the
nutritional and cultural value of jaggery.

What exactly is the problem
with jaggery production?

The main problem with Jaggery
production has been picturized in
Figure 4. Jaggery production involves
three significant steps - clarification,

concentration, and solidification. The

FOOD AND NUTRITION

main problem lies in the clarification step.
There is an uncontrolled usage of pH
agents, the addition of bleaching agents,
synthetic chemicals, etc., making the final
Jaggery product adulterated. Moreover,
there are no clear FSSAI regulations
and standards for Jaggery production,
thereby making such products unsafe for
consumption.

Earlier, only natural lime was used
as a clarification agent, but these days,
many synthetic clarification agents such
as Potash, Bisulphates, etc., and bleaching
agents for discoloration are being used.
This makes the product adulterated and
inferior in quality. The usage of open
pan evaporators requires a considerable
amount of fuel. Open burning of wood
and bagasse as fuel generates vast amounts
of residual ash and smoke, making the
entire Jaggery production unit unhygienic.

In addition to the problems associated
with Jaggery production, promotion of
sugar industries, the market value for
sugarcane in sugar mills, bulk production,
aesthetic look of final refined sugar, and
subsidies given for sugar industries have
made the refined sugar industry to flourish
over the years. Such incentives have been
mostly absent for Jaggery production
units.

Is there a possible solution?

The production of Jaggery in bulk
quantities, just like refined sugar, is a
possible solution. It can be achieved by

Current Manufacturing method and problems

using multiple effect evaporators and
clarification tanks. Does this solve the
problem? Yes. In part. By having large-
scale production units, the quality of the
product can be improved significantly.
Nevertheless, there is a pitfall. Bulk
production of Jaggery will make the
process centralized. Thus, farmers will
not have direct control over Jaggery
production.  Thus, a  decentralized
production approach should be adopted
to preserve the Jaggery production as a
rural technology.

Decentralized scientific
production

Existing Jaggery production units
can be converted into steam-controlled
concentration units with a slight increase
in production capacity. Instead of direct
firing, concentration using controlled
steam is highly effective. Bagasse has a
higher calorific value of around 14,000
M]J/kg, which can be fired to produce
steam, concentrating the cane juice
solution.

As aresult, more studies should be done
to construct some kind of basic steam
reactor with a boiler fired by bagasse for
the decentralized manufacture of jaggery
in a hygienic fashion. Second, there
should be more simplified clarification.
To optimize the process, stoichiometric
requirements for clarification should be
determined and uncontrolled utilization
of clarificants and bleaching agents should
be stopped. It may be investigated to use
plant-based resins, such as guar gum and
xanthan gum, to enhance the quality of

the finished product.

Elowchat for Manufacturin « Uncontrolled usage of Clarifying agents and The perception of consumption among
[ i mamsoaeeotph, " people has to change most. Consumers
' 3 + Inefficient energy usage in open pan boiling. R X
| eScwongbyfenesh | + Inferior quality of final product. usually seek out items that are fancifully
Sow g otk packaged and beautifully displayed
i by because they believe that anything with
5 s et an irregular shape or darker colour is
Saumfomd cnop o e e undesirable. Liking for aesthetics in
— food should go away from the minds of
Clrted e
consumers.
S ik 01 115°) Various reports and studies suggested
B that the decentralized Jaggery production
Semimiss fomaoe . O .
T Jenoling can be done with a minimum investment
Jaggeryl G of around 8 Lakh for a 300 kg processing

unit, which will yield a pay back in
1.5 years with annualized return on
investment of 45 %, thus making the

Figure 4: Jaggery Production method and problems
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Figure 5: A comparison of energy requirements in jaggery and refined sugar

process highly profitable in long run.
Basic energy calculations based on
latent heat and sensible heat concepts
gave the process efficiency of around
80 %, which is much higher than the
conventional process. With government’s
initiative towards Atmanirbhar Bharat and
formalization of Micro Food Processing
Enterprises Scheme, Jaggery can be better
marketed and promoted as a healthy
alternative for sugar consumption.
In a nut-shell, Jaggery
a) Contains minerals and nutrients
b) Has lower Glycemic Index
c) Lesser carbon foot print than refined
sugars
d) Traditional food
e) Promotion of rural economy
f) Vocal for local
g) Lets take pledge to consume more
of Jaggery and propose Jaggery as an
healthy alternative to white refined
sugars.
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