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About Us

Dairy Planet is an educational and
knowledge-based digital platform
committed to empowering students,
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Dairy Planet is dedicated to transforming dairy education and empowerment
through innovation, collaboration, and accessibility. We provide Dairy Technology
students with syllabus-based e-learning resources, practical tools, and industry
insights, while also empowering farmers through scientific training and modern
dairy practices. By connecting students, professionals, startups, and institutions,
we’re building a unified ecosystem that fosters skill development, research, and
entrepreneurship. With multilingual and interactive content, Dairy Planet aims to
make quality education and innovation accessible to all — from classrooms to

cowsheds — driving sustainable growth in India’s dairy sector.
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Vision
To become India’s most trusted digital ecosystem for dairy and food technology

education, enabling academic excellence, innovation, and inclusive growth in the
dairy sector.



NATIONAL MILK DAY - A TRIBUTE
TO INDIA’S WHITE STRENGTH
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& NUTRITION & LIVELIHOOD OF OUR NATION

As we honor Dr. Verghese Kurien... we also celebrate the millions...

Here's to innovation. Here's to resilience. Here's to the spirit of milk.

Team Dairy Planet proudly salutes everyone contributing to India's dairy strength.
Let's continue to learn, innovate, and transform the future of dairy-together.
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dairy students,
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Do you have knowledge,
skills, and experience that
can inspire and educate
the next generation of
dairy professionals?

Dairy Planet is more than a platform - it’s a vibrant hub for dairy professionals,
students, and enthusiasts across the globe. Now, we are opening our doors for
Instructors, GContent Creators, and Industry Experts to join our mission of
empowering the dairy community with knowledge, innovation, and inspiration.
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Dairy & Food Technology Professionals
Industry Experts with Proven Experience
Passionate Educators in Dairy Science, Technology, and Business
Creative Content Developers & Researchers
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FROM FOUNDER’S DESK

Dear Readers,

Every glass of milk carries a story — of hard work, innovation, and
transformation. Decades ago, one visionary, Dr. Verghese Kurien,
redefined India’s destiny by turning scarcity into self-sufficiency. His
dream gave birth to the White Revolution, a movement that not
only nourished a nation but also empowered millions of rural families.

As we celebrate National Milk Day 2025, we stand at the
crossroads of a new era — White Revolution 2.0, where tradition
meets technology, and rural empowerment blends with digital
innovation. Today, India isn't just the world’s largest milk producer;
it's a symbol of how community-driven enterprise and scientific
progress can shape inclusive growth.

This issue of Dairy Planet Digest pays tribute to Dr. Kurien's vision
while exploring how India’s dairy sector continues to evolve — from
empowering women through cooperatives to embracing automation,
sustainability, and global trade opportunities. The journey from a
village milk can to a world-class dairy plant is not merely industrial
progress; it's a story of human resilience, scientific curiosity, and
national pride.

Through these pages, we bring voices from the field and insights
from experts to celebrate the real heroes — the farmers, dairy
technologists, entrepreneurs, and young innovators who are
shaping India’s dairy future. Together, they represent a movement
that is not just about producing milk, but about nurturing
livelihoods, health, and hope.

As Dairy Planet continues its mission to connect, educate, and
empower the dairy community, we invite you to be part of this
ongoing revolution — because the future of India’s dairy lies in
every inspired mind and every determined hand that works
toward purity, prosperity, and progress.

AQQ(?@”Q?

FOUNDER
DAIRY PLANET
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White Revolution 2.0: Reimagining India’s
Dairy Destiny

Ankur Trivedi', Anu Kumari’, Lalit Kumar' and Nikita Sharma?

'Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut, U.P., India

2Msc Scholar, Department of Dairy Science and Food Technology, Institute of Agricultural Sciences, BHU, U.P., India

Introduction

India’s dairy sector stands at a historic crossroads. More than five decades after Dr. Verghese
Kurien’s White Revolution transformed the nation from a milk-deficient country into the
world’s largest milk producer, a new transformation is now essential. White Revolution 2.0 is
not just about increasing production—it is about reimagining the entire dairy ecosystem
through innovation, digitalization, sustainability, and global competitiveness. This new
revolution aims to uplift rural livelihoods, strengthen nutrition security, and position Indian

dairy as a global powerhouse.

India produces over 230 million tonnes of milk annually, accounting for nearly 24% of the
global milk output. Yet, challenges persist—productivity gaps, climate pressure, fragmented
value chains, feed scarcity, and post-harvest losses continue to affect profitability. White
Revolution 2.0 addresses these issues through a modern, inclusive, and technology-driven

framework that empowers farmers, consumers, and the national economy simultaneously.

At the core of this vision lies the belief that dairy is not merely an economic activity; it is a
rural empowerment engine. With more than 80 million rural families connected to dairying—
many of them small and marginal farmers— the sector has the potential to become India’s most
powerful tool for equitable development. The next era of dairy development must therefore
focus on enhancing per-animal productivity, promoting value-added products, ensuring climate

resilience, and creating transparent, technology- enabled supply chains.

White Revolution

The original White Revolution in India (also known as Operation Flood) was launched in 1970
and led by Verghese Kurien. It turned India from a milk-deficient country into one of the
world’s largest milk producers. Its core ingredients were: cooperative societies at the village
level, linkages between producers and markets, large-scale procurement and processing

infrastructure, and technology for milk processing and transport. The Anand-headquartered
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National Dairy Development Board (NDDB) comes as India's total milk production grew from
137.7 million tonnes. NDDB chairman Meenesh Shah estimated that the roadmap for White
Revolution 2.0 includes creating 75,000 new dairy cooperatives, strengthening 46,422 existing
ones, and diversifying into fodder, honey, manure and horticulture to boost farmer incomes.
The target is to scale up procurement in the cooperative sector o 1,007 lakh kg per day by 2028-
29.

From being a milk-deficient country to becoming the world's largest milk producer in 1998,
India's dairy sector—powered the White Revolution accounts for 25% of global milk output
major component of this expansion is the Sardar Patel Co-operative Dairy Federation (SPCDF),
a multi-state cooperative federation formed by Amul Union home and cooperation minister
Amit Shah launched SPCDF on 6™ July. It aims to expand the cooperative movement across
20 states. GCMMF and its 18 member unions currently connect 36 lakh farmers across 18,600
villages, procuring 300 LLPD. Through SPCDF, we aim to bring together 20 lakhs more
farmers from 20,000 mandalis in 20 states, procuring 100 LLPD within two years.

India's household consumption patterns have changed remarkable over the past three decades,

but one food item continues to hold its ground in both rural and urban budgets: milk.

The latest consumption expenditure data released by the National Sample Survey Organization
(NSSO) shows that monthly per capita consumption expenditure (MPCE) rose subst ..rose
substantially between 1987 and 2023. Alongside this rise, spending on milk and milk products

increased manifold in absolute terms, underscoring dairy's enduring role in the Indian diet.

In rural households, monthly per-person expenditure on milk grew from Rs 14 in 1987-88 to
Rs 314 in 2022-23. In urban households, it rose from Rs 24 to Rs 466 over the same period.
Despite this increase, the share of milk in the food budget remained stable — 13-18% in rural

areas and 17-20% in urban areas — over several decades.

Milk's share in total household consumption expenditure has moderated in recent years, largely
because non-food spending on transport, healthcare, housing, education, and communication

now takes a larger share of the household budget.

Milk output in India increased by a meagre 1.36 per cent per year during 1950-51 to 1973-74,
which was lower than the population growth rate. As a result, per capita availability of milk in
the country dropped by 15 per cent in this period, resulting into an increase in milk deficiency

in the country. The shortage was met partly through imports and aid in the form of milk powder.
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GOI launched Operation Flood in 1970 to achieve a breakthrough in milk production. This
produced quick results, and milk production outpaced population growth after 1973/74 (Fig.1).
Fast growth in milk output enabled India to raise per capita milk production to 387 grams per
person per day by 2018-19, which is higher than the average Recommended Dietary Allowance
for the country. Now White Revolution 2.0 is being implemented to adapt to current challenges

and opportunities in the dairy sector.

Fig.1: Per capita milk production in India 1950-51 to 2021-22, and RDA for milk. Gram/person/day
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Source: Basic Animal Husbandry Statistics, 2022 and other issues, GOl

The recent data on milk output shows an annual growth rate of 5.3 per cent. It is important to
mention that growth rate in milk production accelerated after 2005, when the emphasis shifted
from exotic breeds to indigenous breeds. What is special about the growth of the dairy sector
is the nature and quality of growth. The growth of the dairy sector has been pro-poor and pro-
women, besides being resilient. Second, the growth of milk did not require particular

endowments, like irrigation, good soil, etc. It only required efficient marketing of milk.

Indian Dairy Sector: Existing Scenario

Since 1970, India's milk production has grown by an average of nearly 4% per year, and in
2006 became the largest milk-producing country in the world (Muhammad et al, 2009). At the
national level, 57% of the milk production consists of buffalo milk and 43% of cow’s milk.
Each year, buffalo milk production rises by 4% and that of cow milk by 1.2% (Brouwers, 2006).
Between buffaloes and cows, the Indian buffalo herd is expanding by 1.2% per annum, while

the dairy cow herd is decreasing by 1% per year. The population of buffalo increased from
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43.2 million in 1951 to 93 million in 2003 (Stall et al, 2008). Raw cow milk production has
increased from 8.74 million MT in 1970 to 44.10 million MT in 2008, corresponding to an
increase in the population of milking cows from 21.8 million heads in 1970 to nearly double at
38.5 million heads in 2008 (Muhammad et al, 2009). It is, however, interesting to note that
during this period, the milk yield has seen an increase from 400 to 1150 kg/head (Muhammad
et al, 2009), indicating the enhancement in productivity of the animals. This increase in
production potential notwithstanding, the present potential is far below the averages reported
from Asian countries like Japan (9270 kg/head), Korea (9480 kg/head), and even China (3990
kg/head), not to speak of the European countries. The Indian dairy industry has come a long
way over the years, from a milk production of 17 million tons in 1951 to 112 million tons in
2010 (GOI, 2010). In 2000, India had about 27% of Asia’s population and more than 50% of
Asia’s dairy production (Meyfroidt et al, 2010). The production of milk from 1950-51 to 2011-
12 is presented in Table 2.

Year Milk Year Milk
(Million Tonnes) (Million Tonnes)

1950-51 17.0 1993-94 60.6
1955-56 19.0 1994-95 63.0
1960-61 20.0 1995-96 66.2
1968-69 21.2 1996-97 69.1
1973-74 23.2 1997-98 72.1
1979-80 30.4 1998-99 754
1980-81 31.6 1999-2000 78.3
1981-82 34.3 2000-01 80.6
1982-83 35.8 2001-02 84.4
1983-84 38.8 2002-03 86.2
1984-85 41.5 2003-04 88.1
1985-86 44.0 2004-05 92.5
1986-87 46.1 2005-06 97.1
1987-88 46.7 2006-07 102.6
1988-89 48.4 2007-08 107.9
1989-90 51.4 2008-09 112.2
1990-91 53.9 2009-10 116.4
1991-92 55.7 2010-11 121.8
1992-93 58.0 2011-12 127.3

Table 1: Milk production in India (Source: State/UT Animal Husbandry Departments)

The Dairy Sector: India’s Rural Backbone

The dairy sector holds a unique and irreplaceable position in India’s rural economy, functioning
as both an economic stabilizer and a socio-development catalyst. Unlike most agricultural
activities that are seasonal and highly dependent on monsoon conditions, dairying provides a
consistent, reliable, and year-round income source for millions of households. This distinct

characteristic makes the dairy sector the financial backbone of rural India, supporting
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livelihoods, enhancing nutritional security, and driving inclusive growth across diverse

geographies.

India’s dairy ecosystem is fundamentally shaped by its smallholder-dominant structure, where
over 80% of farmers own fewer than five cattle. For such farmers, dairy farming is not merely
an occupation but a survival strategy—one that ensures daily liquidity through milk sales. The
availability of a daily revenue stream enables families to meet essential expenses for food,
healthcare, and education. Hence, dairying functions as a shock absorber, mitigating financial

risks associated with crop failures, market volatility, or climate uncertainties.

Economically, the dairy sector contributes approximately 5% to India’s national GDP and
accounts for over one-fourth (28-30%) of the agricultural GDP, making it one of the largest
and most influential components of the agricultural economy. The value of milk produced in
India is higher than the combined value of wheat, rice, and pulses, underscoring its massive
economic weight. This immense value chain creates employment for more than 8 crore rural
households, making the dairy sector the largest self-sustaining rural employment system in the
country. One of the greatest strengths of India’s dairy sector is the cooperative model, pioneered
during the White Revolution. Successful examples like AMUL, Nandini, Milma, Verka, Saras,
Sudha, and numerous regional cooperatives have created a transparent and inclusive supply
chain that links village-level producers with urban consumers. Through fair price mechanisms,
elimination of middlemen, and farmer-centric governance, cooperatives have ensured that even
tiny producers with 1-2 animals receive equitable market access. This has not only enhanced
rural incomes but also promoted social equity and democratic participation within villages.
Additionally, the dairy sector plays a crucial role in women’s empowerment, as more than 70%
of dairy-related tasks are managed by women. The income earned from milk—often deposited
directly into women’s accounts—enhances their financial autonomy and strengthens their role
in household decision-making. Dairy-based self-help groups (SHGs) and women’s dairy
cooperatives have further advanced gender equity, leading to improvements in family well-

being, children’s education, and community development.

Future Trends and Prospects in the Dairy Industry

The dairy industry is entering a transformative phase driven by technological innovation, data-
driven systems, and advanced scientific tools that are reshaping production efficiency, animal
health, and product quality. Modern dairy farms are increasingly integrating sensor-based

monitoring tools that capture real-time information on milk yield, body condition, rumination,
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feeding behavior, and environmental factors. These sensor systems generate large datasets that
allow farmers to make informed decisions, optimize feeding schedules, detect diseases early,
and improve overall herd management. The availability of continuous data has also enabled
predictive modelling, allowing dairy operations to foresee health issues before they become
critical and reduce economic losses. Machine learning and artificial intelligence are emerging
as powerful engines of innovation in dairy production. Algorithms capable of learning from
vast datasets can classify animal behavior patterns, identify health abnormalities, and support
automated decision systems. Advanced techniques such as supervised learning help improve
milk quality prediction, reproductive performance assessment, and detection of mastitis or
lameness with greater accuracy than traditional methods. Unsupervised learning techniques
such as clustering have become valuable for identifying natural groupings within herds,
understanding variability in milk composition, and differentiating animals based on genetic
potential, production efficiency, or metabolic status. These analytical tools help researchers and

farmers unlock hidden patterns that would be impossible to detect manually.

Alongside data-driven approaches, smart dairy systems use wearable devices, biosensors,
imaging technologies, and mobile applications to improve the precision of dairy management.
Automated milking systems and robotic parlors have reduced labor dependency while
enhancing milk quality through controlled hygiene practices and standardized milking routines.
Precision feeding systems adjust nutrient supply according to individual animal needs,
reducing waste and improving feed efficiency. These innovations not only increase farm
productivity but also support sustainable practices by minimizing the carbon footprint and

improving resource utilization.

The future of dairy processing also lies in adopting non-thermal preservation techniques such
as high-pressure processing, pulsed electric field, and ultrasonication, which retain the
nutritional integrity of milk while extending shelf life. Digitalization of the supply chain,
including blockchain-based traceability, ensures food safety and transparency from farm to
consumer. Furthermore, research in functional dairy products, bioactive peptides, and

probiotic-rich formulations is expanding the potential of dairy as a health-promoting sector.

Employment Opportunities in the Dairy Sector

Employment in dairy farming systems is one of the strongest pillars of India’s rural livelihood
structure. Dairy provides regular and year- round work, unlike crop farming, which is seasonal

and uncertain. Farmers and their family members remain engaged every day in activities such
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as feeding animals, cleaning sheds, milking, preparing feed, and managing animal health. This
continuous work cycle makes dairying a reliable source of daily income, especially for small

and marginal farmers who own only a few animals.

Dairy farming also creates a wide range of indirect employment opportunities. Fodder
cultivation, feed production, veterinary services, artificial insemination, milk collection
centers, transportation, dairy processing plants, and marketing networks all depend on rural
labour. Cooperatives and private dairies provide jobs for technicians, quality control workers,
machine operators, drivers, and sales staff. With the rise of technology, new employment roles
are emerging—such as digital milk testing operators, farm data managers, Al-based cattle
health technicians, and young entrepreneurs running small dairy product units like paneer,
cheese, flavored milk, and whey-based beverages. This makes the dairy sector a growing
avenue for youth employment and rural entrepreneurship. Overall, dairy farming systems
generate steady jobs, empower women, support small farmers, and expand rural business
opportunities. This makes dairy not just an economic activity but a key engine of employment

and rural development in India.

Challenges & Areas to Address

While White Revolution 2.0 is promising, there are hurdles:

e Infrastructure gaps in remote/rural areas (cold chain, processing, transport) still exist.

e Technology adoption among small farmers may be slow due to costs, awareness, or
skill gaps.

e By-product processing requires capital investment, market development, and quality
assurance (especially for functional foods).

e Balancing scale with sustainability and ensuring equity for marginal farmers will
require careful policy and implementation.

e Ensuring data reliability, privacy, and maintenance of technology in rural settings is

non-trivial.

The Next Era of Growth, Innovation s Global Competitiveness

India’s dairy sector is entering a transformative decade. With rising population, income growth,
changing dietary preferences, and rapid technological advancement, the dairy industry is set to
witness unprecedented opportunities. The sector, which already contributes significantly to

rural employment, national nutrition, and overall GDP, is now evolving from traditional milk
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production to a diversified, innovation-driven, value-added ecosystem. These upcoming
opportunities will redefine dairy entrepreneurship, boost farmer income, attract global

investment, and create new-age dairy enterprises.

Employment through New White Revolution

In the deserts of Rajasthan, before the beginning of oil and natural gas production and

refinery installation, a new path has been paved to employ the local rural people.

About 5000 rural youth and women have been given professional training in various fields
and activities in the dairy sector. The number of employments to youth will double within
a year. Yet, the people of Barmer district became wealthy in ‘Black Gold’ (oil and gas), but
they are not getting a job in this field as they are untrained and unskilled in professional
activities. The number of international enterprises has come over here in research oil and
gas, Cairn Ltd., and IFC (International Finance Corporation) Agencies send the local rural
youth and women to ICECD (Gujarat) for automobiles, mobile repairing, infrastructural
and other professional training as well dairy sector. They thought that the world-famous
indigenous breeds of cattle of the desert area should be developed. Therefore, the local
people of Barmer district have been sent for infrastructure training as testing, collecting,
and processing of milk. After this training village, women and youth formed DCS and
became members of the dairy cooperative society and started to work. 2751 youth of 13

villages came under this scheme and were assured of job security.

One of the most promising opportunities lies in value-added dairy products. As urban
lifestyles change and consumers become more health-conscious, demand for high- protein,
low-fat, probiotic-rich, lactose-free, and functional dairy products is exploding. This
growth creates space for new products such as Greek yogurt, high-protein milk, whey-
based drinks, immunity-boosting beverages, artisanal cheeses, A2 milk, and nutraceutical
dairy products. Start-ups and dairy processors that innovate in this space are poised for

exponential growth.

Recommendations of the scientist for White Revolution 2.0:

e Embrace modular, scalable processing units suitable for small/marginal farmers or

village-level profiles.
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e Focus on by-product valorization chains: e.g., convert whey into powders,
supplements or bio-energy; use buttermilk for functional foods (as you are already
doing); integrate with local agriculture for feed/fodder use of residues.

e Develop smart dairy farm models: sensor-based health monitoring, milk yield
tracking, and real-time data for herd management.

e Explore value-added product development: flavoured dairy, probiotics, functional
dairy for nutrition, and convenient delivery formats.

e Build cooperative linkages and training modules: Since cooperatives are the
backbone of this revolution, skill-building for farmers and technicians is key.

e Integrate sustainability & circular economy thinking: dairy waste — feed — energy;
emphasis on water-use, effluent treatment, carbon footprint.

e Stay updated with policy & funding opportunities: many government schemes will
support White Revolution 2.0 objectives; aligning projects with these can unlock

resources.

Another significant opportunity lies in dairy technology and digital transformation. The
integration of artificial intelligence, IoT sensors, machine learning, and blockchain is
revolutionizing farm management. Wearable cattle devices monitor health, predict estrus,
track nutrition, and detect diseases early. Automated milking systems, digital milk testing
units, e-payment platforms, and cloud-based supply chain monitoring are modernizing the
dairy value chain. These advancements not only reduce losses but also enhance milk quality

and transparency, opening doors for premium pricing and global export competitiveness.

The rise in sustainable and climate-smart dairy practices is also creating opportunities for
green entrepreneurship. Methane-efficient feed additives, biogas plants, solar- powered
dairy farms, water-efficient processing, and manure-based organic fertilizers are becoming
highly valuable. With climate change posing challenges to fodder availability and animal
health, innovations like hydroponic fodder units, azolla production, fermented feeds, and

fodder conservation offer strong business potential for rural youth.

Global Competitiveness: Towards Dairy Exports

India has huge potential to become a global dairy export hub. White Revolution 2.0 focuses

on:
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e World-class dairy processing infrastructure, Codex-aligned safety standards

e Export-oriented value-added products like skimmed milk powder, cheese, casein,
and ghee Branding India’s indigenous breeds and traditional dairy foods.

e The goal is to make India not only the world’s largest producer but also a global

dairy powerhouse.

Conclusion: A Vision for the Future

White Revolution 2.0 is not merely a dairy program—it is a national movement for
innovation, empowerment, sustainability, and global leadership. It reimagines India’s dairy
destiny by uniting science, technology, farmers, startups, climate resilience, and global

markets.
If implemented effectively, White Revolution 2.0 will create:

e Prosperous farmers

e Sustainable production systems
e World-class dairy products

e Global export opportunities

e A healthier, stronger India

This is the dawn of a new dairy era—one that will shape the future of India’s economy,

nutrition, and rural prosperity.

Milk has become more than just a commodity; it is the soul of rural empowerment. By
boosting daily income, creating jobs, empowering women, enhancing nutrition, and
bringing technology to villages, the dairy sector is shaping a strong, self-reliant, and

prosperous India.

The study shows that the potential role of dairy farming as a tool to increase households’
incomes, create rural employment and increase the regional competitiveness at producing
milk are still to be realized. There are much more possibilities in generation of employment
and increase in income through various animals related activities performed by farm
men/women and milk producers such as grazing of animals, collection, and feeding of grass

and fodder and concentrates, water providing to animals, cleaning of sheds, bathing of
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animals, Milking of animals and milk providing to milk societies and animal caring at all

steps.

White Revolution 2.0 offers a timely and significant window for the dairy sector, especially
from a technology and rural-livelihood perspective. It builds on the successful cooperative
model and injection of modern technology, while addressing emerging issues of

sustainability, value-addition, and small-farmer inclusion.

Do you know that 80
million Indian households
depend on milk for daily

income?

Yes and you know eventa :1; .
increase in procurementopmral
adds 28 crore pe.r day' o

earnings nationwide.
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The Role of the Dairy Industry in Making
India a Developed Country by 2047
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Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut-250110 (U.P.)

Abstract
The dairy sector is a strategic engine for India’s inclusive development: it links millions of
smallholders to urban demand, supports women’s livelihoods, and provides nutrition that
underpins human capital. India is already the world’s largest milk producer, but its full
potential to drive structural change depends on raising per-animal productivity, increasing
the share of milk processed and value-added, lowering emissions intensity, and
strengthening farmer institutions and finance. This paper summarizes the contemporary
structure and contribution of India’s dairy sector, identifies key bottlenecks (productivity,
feed, cold chain, climate impacts), proposes an integrated policy and technology roadmap,
and sets concrete sector targets for 2047 (the centenary of India’s independence) that are
realistic and measurable. Using recent government and international data as a baseline, the
targets emphasize production, processing, nutrition, women’s participation, and
environmental intensity, and are presented with brief rationale and monitoring indicators.
Achieving these targets would position dairy as a major contributor to India’s transition to

a developed economy by 2047.
Introduction

India’s dairy sector touches rural livelihoods, nutrition, small-industry development and
exports. With an estimated 239.3 million tonnes of milk produced in 2023-24 and rising
per-capita availability (471 g/day in 2023-24), dairy is already central to national food
systems (DAHD, 2024; NDDB, 2025). Because dairy production is widely distributed
among smallholders and women, targeted investments in productivity, value addition, and
climate-smart practices can generate broad-based gains in income, health and employment

— all prerequisites for India’s transformation into a developed country by 2047.
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Table 1. Baseline indicators — India dairy (2023-24)

Indicator Baseline (2023-24) Source

Total milk production 239.3 million tonnes ]2)6;?1)’ 2024; NDDB,

Per-capita availability 471 g/day NDDB, 2025

Milch animals (cows + buffaloes) ~125 million milch BAHS / Livestock
animals Census 2024

, . ~80 million rural

Households’ dependent on dairy households NDDB, 2025

Share processed (organized) ~30-40% NDDB, 2025

Annual growth (recent decade) ~5.6% CAGR DAHD, 2024

How Dairy Contributes to Development
1. Contribution to the National Economy

The dairy industry is one of the largest contributors to India’s agricultural GDP. At present,
India is the world’s largest milk producer, accounting for about 24% of global milk
production. The sector contributes nearly 5% to the national GDP and provides a regular
source of income to more than 80 million rural households. By 2047, if the growth trend
continues with better policies, the dairy industry could become a global hub for milk

production, processing, and export, significantly strengthening the Indian economy.
2. Employment Generation and Poverty Reduction

Dairying is not just an agricultural activity; it is a source of livelihood for millions,
especially small and marginal farmers who own 1-3 animals. The sector provides direct
and indirect employment across all levels—production, processing, transportation,
marketing, and retail. Importantly, over 70% of the workforce in the dairy sector are

women, making it one of the most inclusive industries in the country.

By 2047, the government’s vision of Atmanirbhar Bharat (self-reliant India) can be realized
through rural dairy entrepreneurship. Training programs in animal husbandry, dairy
technology, and business management can equip rural youth to become job creators rather
than job seekers. This will help reduce unemployment and migration from villages to cities,

ensuring balanced regional development.
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3. Nutritional and Food Security

Milk is considered a “complete food” because it contains almost all essential nutrients
required by the human body. It is a major source of protein, calcium, vitamins, and energy,
which are crucial for children, pregnant women, and elderly people. A developed nation
must have a healthy and well-nourished population, and the dairy industry contributes

directly to achieving this goal.
4. Technological Advancement and Innovation

The modernization of the dairy industry through science and technology will be one of the
key pillars of India’s transformation. Artificial intelligence, biotechnology, genetic
improvement, and automation in milking and processing can significantly enhance
productivity and quality. Technologies like artificial insemination, embryo transfer,
precision feeding, and disease diagnosis will lead to healthier animals and higher milk

yield.

Furthermore, digital platforms for milk collection, quality testing, and payment systems
can improve transparency and efficiency in cooperatives. With the introduction of smart
dairy apps and cold chain technologies, wastage can be reduced, ensuring better income for
farmers and quality products for consumers. By investing in research and innovation, India

can emerge as a global leader in dairy technology by 2047.
5. Women Empowerment through Dairy Cooperatives

One of the most remarkable features of the Indian dairy industry is the participation of
women. Dairy cooperatives such as Amul, Sudha, and Nandini have shown how women’s
involvement in milk production, collection, and management can transform rural societies.

Women not only contribute labor but also take key decisions in family economics.

By 2047, the empowerment of rural women through training, financial literacy, and
leadership programs in dairy cooperatives can lead to greater gender equality. Empowered
women contribute to better education, health, and nutrition in families, leading to holistic

community development—a key indicator of a developed nation.
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6. Environmental Sustainability

Sustainability is essential for the long-term success of the dairy sector. The future of
dairying must be environment-friendly. Practices such as biogas generation from dung,
organic manure production, waste recycling, and green fodder cultivation can reduce
environmental pollution and promote clean energy. Encouraging climate-resilient breeds

and sustainable feeding systems will help protect both livestock and the environment.

The concept of a circular dairy economy—where every output of the dairy farm (milk,
dung, urine) is utilized productively—can make dairy farming both profitable and eco-
friendly. A sustainable dairy sector will ensure food security and environmental safety for

future generations.
7. Export Potential and Global Competitiveness

With improving quality standards, processing facilities, and brand value, India has immense
potential to become a global exporter of milk products such as ghee, butter, cheese, milk
powder, and traditional sweets. The global demand for dairy is rising, especially in
developing countries. By focusing on quality, hygiene, and certification, India can increase
its dairy exports significantly by 2047, contributing to foreign exchange earnings and global

recognition.
Key Constraints and Risks

Low productivity, inadequate feed resources, fragmented cold chains, environmental
pressures, and limited finance access remain the central constraints for dairy development.
Addressing these requires institutional reforms and technology adoption across the value

chain.
Strategic Levers and Policy Actions

1. Productivity lift: genomics, feed, breeding programs.

Processing & value addition: incentives for cooperatives and private processing.
Cold chain & digitalization: village chilling and traceability.

Climate-smart dairy: methane reduction and integrated systems.

Finance & institutions: microcredit and insurance.

S O

Human capital & gender: extension, training, and women's empowerment.
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Table 2. 2047 targets for the Indian dairy sector

Baseline (2023-

Indicator 24) 2047 Target
Total milk production (MT) 239.3 472.3
Per-capita availability (g/day) 471 600
Share processed (organized) 3040% 70%
Smallholder households with access to o o
chilling/market platforms bzt =
Women controlling dairy income (%) Variable >50%
GHG intensity (kg CO? ¢/litre) Current baseline  —40%
Share of dairy in agricultural GDP Current share +2-3 pp increase

Conclusion

Dairy represents a cornerstone of India's inclusive development strategy. Through targeted
policies in productivity, processing, climate resilience, and women’s empowerment, the
sector can contribute substantially to making India a developed nation by 2074.

Implementing the 2047 targets will solidify dairy’s role as a catalyst for rural prosperity,

Do you know India ,
|

loses 4-6% of milk
due to cold-chain

gaps?

nutrition security, and sustainable industrial growth.

74
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Do you know
why milk turns

Milk turns yellow due to the presence of carotene, ow
pigment from a cow’s diet of green plants. This is normal
and common, especially in milk from grass-fed cows,

but can also be a sign of spoilage if a sudden yellow tint
\ appears in milk that was previously white. j




A Fifad ¥ A=, o 3R Fae aF

HRA & ST 3T — 3T, el 3R AT gfSeahror
oIgeh: AT FAR YeFeT, 3T Ples JfhaT

YT FHAT F AR IR Fo 3 aT
HRA o AT & AT HT ToH F37 ¥ 3cUeh Fa1 g ¢ TR AR &

3THR STT A & Ueh &7 Y 3cUIG g, ST AT HISHGTEAT &l Holeqd el
¢ AR W St fhaE S AR Gar g1 2024 &1 Teh IHTTRRS FehrereT
garar § & 338 TSET 3rdiegawar 1 Serder g gfaera REar gar & v d@rer
s WS T e FAEr df PR Y&id AT gl a9 AT degaear
3R AT F{R&T R FHH I IR fo@gar g

ool Tk ce A g 3cUles 3R 3UTsUdT AT gt Sea@eg W &1 2014-15
d 202324 dH 3cUGA WA 146.30 fATATA T & dga¥ 239.30 AT oot
81 1T, ST I9T$T9T 63.56% T g exiiell &1 34 Aty & ufd gfehed gt SueTstrel
o AT 9T, S I 2Tar § 6 ARG T e o @F AT dfew gy 3R
9T gt H 3T g

56 d9 e & NS dAas AR AAT IURT FAYA, HJdRle FUR, 9
Ty AR YA dehelieh Tgel &1 Rl oFel & TRefor @ A, Jed iR
&THACT S¢lel, U] TIELY Qai3il & fa¢dR & Jg 3¢I9T shdel 3cUlesT deh AfAd
oTel TgT, dfedh IoTa, TTca 3R AT FHE 1 X & a7 |

e wsT gfeaior
38 3R g3 TF B FT gfewr
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37T & gaT o1, Sl ST TFAlelon AT {5 T Ued 8,  folv Ig &1 T Shad
TATET ST g—otgl eyid 3R cHdeiRe &A AT-A1T Tdold g | TghR]
Acad 3R TWEHR ASATT 3T IJUradm FH Fodl g, T o7&, AR ag FTareed
e 3 FN I 3 Hh &1 Ig BTE Sl I gierdr T SeT, JoTad
foIoT, goelts O yate AR Hed aftid 3curg o8 Tasdt 9T i &el sl Flerr
o Bl

Teh YHE ASET Yge, Rashiriya Gokul Mission, G2 =I&ell &l e, 3MeIafIs

&THAAT GUR, 3R 3cUIea ¢l W shigd g, 3R SR o1 WHI B T WA
forare qur AfGaT? ot 3o 81 58 SRHHA H 3ol HIgAITNR, 3Ta 3Mefdirh
&THT, AMTERP RS seafaae 3R daae Mifser W SR WwWar &, 3K 5§ AeEr
% TEd $O Hehl H AR TIES WAA T 50% b @ Ficwsr ST giaer o
3UesY BT g, TIHd gU 3cuce a1 # Hag fAerd gl Ol H 31 ggal 3N
depelliehdl ¥ FAMEIR, Hed atie, f3foeer a1 Al 3menRa FATE 39ere, 3 38
AT AT TAC YHTHIT S FAAAT W FA FA F 3T Goad &1 FeAlfaai—ord
ATHIOT &131 A dheileh AT T T, TETAT I AT 3R FFAETOT T HTTeThdT—

THEAT AT e, Sl dAU 36TH, TIIeIC Gotee IT TTC 3T o folv 3@aa o g1
$H SISCHIUT A T§ 3¢IART W, AGAR Wl IR R ATHIOT FATST H HRRIHS
SEod olel T T Siad & g

defas AT ITHYUTFRAT FT gfeehIor

daferes, Afa atar o sepEuEeat & AT @E GFey Jeefas R,
Ao e gerre, iR ARG gfdequ’ & 3egds & Fg g1 o2l FF F
fare 3R dereliehl yarfad & |y R GUR, FELT AT, 3R a1
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SIS ! Ferar fAerar 81 SEA U LT, 3culesl 3R rehiiie Scdigehdr
rsTfedd glc &1 I8 hdol 3cdleel atiel deh AT 7181, feeh ag] shedror, 3Tdew
Teear 3N dRas STaR FHAT S 3eldT 3eeT vt & Ssar 2

AT FRATFTRIT, Hgeh HAlsel 3N ATHIOT TEUAT I AATS 3TTeh et
g AT H Aee A & T ST Ha AT, Ty 3R e & qRIfeFdeor
¥ 5T & WENT 3ids, Ha=ies HRHA AN adeien [GFaR ot
3 SN &d &, fored Aifadr 3T 3rsard 9gaT g ¥ehd ¢l

SIS’ T Ielfrar et & e vy §1 o, sifger, g5 awd 3 aoers
ol YR @ ARG Jiaeqel] §¢ Hehcll gl dfeeln TIgde TEAeT & 9§ Yorrel,
TR geieel 3R Sreenlfosh AT S0 ST Hebd o | 39 gfScenior § 3gIe
hael 3! deh HITAT 78T, Sfceh HITST & Alsel, TRRIAT 3N AIATSH ol Teh
et S dantfeieh 3R il fF#ATansd & fow ok B

e a1 &= Scues F1 gitehior

forere 3R amefior aRERT &1 3rgea 58 3T H FER T FP 81 3edh
Shael & 38 T WX FeIed, Voo SIfid 3R TARcT et g1 gy 3cdreet
ATH T FHT W IR AGT HLdl, 3HP ALIH & IRART T JSAAT Fr 37T
et &1 T8 FW & 37 Wdl @ 3rerer, 3R faawsia Reeq dadr g, fSaa
3 HRERAT A g &1 IRGR A AfRGETT gy Farg, JoTawr IR e Jaer
A 931 ffaer fAeTe &1 THRY IR TehrT Tgell F 3a7ch FATFIROT & IRAR
e Fufa ik aafos grae Qe sea &1 dgal Alsa & @9 gqu
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S, 3T Hed AUROT, 9UT §Ed $Ye d qg’u HTETST gl | Hiefgen Tiefor,
TrEey Giaw, fadiy defig 3R @der o fhami @l #oieel &ar &

3T NI, ROT, STl & el 3N SeiR i ifAfRaddr Sy geifaar suse
gl T off 3myfaen deneiieh, dgc IS, T AR AR Heg aftid 3curg

A @ Sligel TR A arEdide UR 3R AT SR T FHGAT Sl g1 T8

gfSChIUT 3TN I el Scdlesd & 39, olleh TR I dah o S g

TEHER A 77T AT 3R 30 goma
ALHR AT shdel Ueh Arotell 9N AR 7181 famar S @1, gequreret 3R STy fasmer

% TEd 3l TSl dof QT &, St I Fareey, Sise, sahreeaay, X s3l
faehTE & 37CTT 3ol JATAT I Gehscll ¢ | fI8MeT & ATl T G & Rashtriya

Gokul Mission & 37eITaT National Livestock Mission, Livestock Health Disease Control

Program, National Programme for Dairy Development, Dairy Infrastructure Development

Fund, Animal Husbandry Infrastructure Development Fund 3R 313 #shar enfaeT &1

oY O1% Edr § 6 Aifa [t #5 TR W F19 = 7 &

et forg=ror, Fraor AR Ty Ty
Uch H’E’Fﬂ?‘l’ &IIeh#, Livestock Health and Disease Control Program o FTETH § AT

T Aeh R FIHOT R SR &A1 S QT &1 $HHT 3662 997 U ST &
TR T AT W@ &1 wIE g3t & S, Aarser ge] fafehcar dar,
T FfeTor, AR gk Rfhedr aeiae afAe g1 Ig A=l §e Us ABY
T, STehell T8, PPR, 3 310 HAgcaqul el & [HAIF0T JUT AldSel IR Ioled
& IRT fRAE & earel W FAC Tl W &I Sl g1 $H aE A Jare
e fohdrAl ' W TR IR, S5 IcdTGendl, 3R HH hA 3Tt Fchl g
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EThTehoT, deFleiered, a7 fAaRmeh, AR ay) T & fav gffed wiaar &

ATEIH & qY 3cUlesT el & 1Y TTY U] Fedror &Y JARET giar gl

T T wergan, afewst 3 widraror

%g Todl & 9 Glie, IRIETOT, B st 3cureat, AR 91 faz=or & fov aafas
AR f¥:glesh gfNeToT 3uelsy fHhv Sd @ &1 Ig OIS T WA fharet & a4
TR Gliee, SeX TRT AT HIS 3cules, doUT I AhAH 3919 WE H Fgraar

&L gl

o U WiG U9 QA HieHST 3R dehellel TGRIAT & fohdrel i8I aqorar
arel 9%, 9§k TS Al 3R QAT o1 Fohd &1 3HA U] URERT &
IS AT FERT &, fFTad g9 3clest H YR T gl

o fd:grcsh UTRGTOT: fohdTe, T[UTeleh 3R HEHRT HEGEY I HFA AT Jelelfoid
JRIGTOT § SEeR Yotel HE@el &1 Alwl Hedl g—otd T3] Faeed, s
St IR 3cdleet, iR sifSeT deheilen|

o WS/HST 3cUlea 3R FAYA: ToT TANT TNTAV OF HATELA HEAT FHIIcll
g, oy fFaeT IRT 3cUiea 96l b AT IS & dEld $H L Hoh, IJg

g7Y 3cUee @ R @ 7 AEg e g

So 33U 3R A3 & IRUTHEIRY fRETT SETd FH T, 3cTIeahdl JgIHh,
AR TR § FEEEr # 3neA IR g9 a 2

poraar faaor, faafa s sifasy & far
EhRT Fledeh, TXhRT deheilenl §E&T, 3R 3MYfsh Gl&or & g o aqoradm

fafa @ g1 drer |@ag, A S AR defae wdetr @ Aerae gedr g,
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3UMFAT HT HUAT ST g, 3R 3T AR areT 3cuie IR 8iar g—a [ a
& fow g 3avTH gl

AT 3cdieal AR 3Td IUEEr & Y AR qfRdesh deik & 3R 31fte Jereeh
O G & Fehell &1 HAWSET HATelehl & IHTHR Wi FI&T, Yahfoiar 3N siifsar
W e &l @ AT 3raat 3R faRaweigdr et s¢q

f3fSieer 3R Al qATT FATIeT & s, 9] FTaIEey, 3cuies 3R AT Hr gafdr
S¢all| Foft FRre TATHT, Sig 3, TAEA FAT Alsel AR GHRONT g9
HH Fel h AUD TUENT TR _WHGAY 1 Hevol &l 30, HAGH R /T
& HTAR TN Alsel FRHT ek 3T &l 318 3rer @8R, wafavor gad
AR TR FA=T ST FHaT B

SoT FAARIRT ¥ 7 Hadl 3cdles] S9N, Sfesh AT JTcIaET, ATl fEUar
3R TSET Scdree T o dgeR giel|

oY REw W |E= W
oY f&a® & 3 hael U & T 3cqd g1, Sioeh 3H ATAT HT FFAR o ToraH

fFareT I Agard, I T @9, 3R oF H 3FAE JrI-ard dolar gl

TS AR ST 36T fard # 3ot &1 SR A=, Tt 3R Sieafarehr
UE—TEel GUR, W TAIA0T, TLT Fal, Afgell HATFAehoT, aoraar =a=or,
3R FAAER & AT A of o W &1 oSy 7 FA7d, cFaAraial, ddar 3R

ST HATSTS ol & AT G o E 8
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ARTIFICIAL
INTELLIGENCE

IN SMART DAIRY FARMING
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The Hidden Science Behind Perfect Curd:
Why Timing Is Everything

Dairy Planet, Editorial Team

For centuries, curd (dahi) has been part of India’s culinary and cultural identity. From
family kitchens to modern dairy plants, it remains one of the most consumed and trusted
dairy products. But while curd looks simply, its making is a delicate orchestration of

biology, chemistry, and process control.
At the heart of this orchestration lies one critical factor: incubation timing.
The Clock of Fermentation

Once starter cultures—primarily Lactococcus and Lactobacillus species—are added to
milk, the transformation begins. These bacteria feed on lactose and steadily convert it into
lactic acid, reducing the milk’s pH. As acidity rises, casein proteins destabilize and form a

coagulum, giving curd its characteristic body and flavor.
Here’s why timing matters:

e Too fast fermentation — Excess acidity, sour taste, brittle curd

e Too slow fermentation — Weak or incomplete setting, poor body, reduced shelf life

The sweet spot for most dairy operations is 4—6 hours at 40-45°C. But this “ideal” is
influenced by:

e Milk quality (fat and SNF levels)
e Strength and dose of starter culture

e Ambient conditions in the incubation room

Even a half-hour deviation can change the final product’s acidity, texture, and consumer

acceptance.
Why One Batch Feels Silky, Another Grainy

If you’ve noticed that some curd feels luxuriously smooth while others break into a grainy

mass, the answer lies in process precision:
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e Temperature fluctuations — Weak, grainy coagulum
e Over-acidification — Syneresis (whey separation) and sour taste

e Uneven incubation — Patchy or inconsistent set
In short: curd is a mirror of how well incubation is controlled.
The Incubation Rooms

In modern dairies, the incubation room is the silent guardian of curd quality. Its functions

go beyond simply keeping milk warm:

¢ Ensuring uniform temperature distribution across vats and batches
e Maintaining stable heat without fluctuation
e Minimising vibration or disturbance during gel formation

e Enabling predictable, repeatable fermentation cycles
Without these controls, even the best culture and milk cannot guarantee consistent results.
The 10 Common Pitfalls in Curd Incubation
Despite technological progress, many plants still struggle with:

Temperature instability during incubation
Weak or contaminated starter culture
Incorrect dosage of inoculum

Over- or under-incubation

Delayed cooling after coagulation
Batch-to-batch inconsistency

Syneresis (whey separation) issues

Hygiene lapses leading to contamination

N S R AR S A o

Power failures or equipment breakdowns

10. Premature packaging before proper cooling

Each misstep reduces yield, shelf life, and consumer satisfaction.
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Towards Consistent, High-Quality Curd
For processors, curd-making success lies in one mantra:
“Perfect curd is not chance—it’s controlled fermentation.”

That means:

e Investing in automated incubation systems with precision temperature control
e Using well-characterized, high-quality starter cultures

e Enforcing strict hygiene and handling protocols

e Training staff to recognise and respond to critical control points

e Implementing timely cooling and packaging procedures

The result? A product that is not only consistent in texture and taste, but also trusted by

consumers for safety and quality.
Conclusion

Curd-making may have ancient roots, but in modern dairy plants it is a fine-tuned
bioprocess. Timing is not just about the clock—it’s about the chemistry of acid

development, the physics of gel setting, and the engineering of process control.
Get it right, and you deliver:

e Higher yields
e (Consistent product quality
e Longer shelf life

e Stronger consumer loyalty

So, the next time you taste that silky-smooth spoon of dahi, remember—it is more than

tradition in a cup. It’s science, precision, and expertise working in perfect harmony.
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" WHY DOES TIMING MATTER
IN CURD INCUBATION?

THE CRUCIAL CONVERSION: From Milk to Curd

INCUBATION Lactic Acid
PROCESS: Bacteria convert
7| = LACTIC ACID Lactose into
y CONVERSION & Lactic Acid.
COAGULATION ; Lower pH leads
STARTER to Casein
MILK ~  CULTURE ADDED CURD FORMED coagulation.
(Lactose & Casein) (Lactic Acid Bacteria (Acidification &
get to work!) Coagulation)

THE CATCH: EVERY MINUTE COUNTS!
(INFLUENCING ACIDITY, TEXTURE, & TASTE)

TOO SLOW
(Weak Setting)

Weak setting, poor body,
reduced shelf life.
Incomplete fermentation.

.
TOO FAST
(Excess Acid)

- Sour, brittle curd.

- Rapid acidification.
-» Over-fermentation.

Loose structure.

fa THE SWEET SPOT

F4-6) .

{155 Belance) OPTIMAL RANGE:

- Perfect texture, balanced 4_6 HOUORS

acidity, optimal taste & shelf life. at 40-45°C

% g;’g{)‘#\'?:ﬁg"nﬁ;‘tatm“- (Ideal for most dairies)

.

VARIABLES INFLUENCING THE SWEET SPOT

=5 % e

MILK COMPOSITION STARTER CULTURE AMBIENT ROOM CONDITIONS
(SNF and Fat Levels) QUALITY & DOSAGE & CONSISTENCY
Higher solids lead to firmer Activity of culture and Temperature fluctuations
curd. Fat content affects precise amount are critical affect incubation speed and
richness and setting. for correct rate. uniform quality.

QUESTION TO READERS: If you are working in dairy processing, what's the
single biggest challenge you face during curd incubation—temperature stability,
starter culture, or shelf-life consistency?

&5 TEMPERATURE STABILITY STARTER CULTURE SHELF-LIFE CONSISTENCY




Artificial Intelligence In Dairy: The Future
of Smart Farming & milk Production

Abhay Kumar Dubey’, Nilesh Vadhiya?

Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut-250110 (U.P.)

Introduction: Beyond the Red Barn

Picture a farm. You probably imagine a classic, idyllic scene: a farmer in overalls, a cow
grazing peacefully in a green field. But what if that cow was wearing a fitness tracker?
What if the farm's most valuable tool wasn't a tractor, but a tablet streaming real-time data

on animal health and behavior?

This isn’t science fiction. It’s the reality of a high-tech revolution transforming agriculture
from the ground up. On modern farms, Al-powered tools are becoming as essential as
harvesting equipment, creating a world where every animal can have a digital twin and
interventions are driven by data, not guesswork. This shift is turning farmers into data

analysts and system managers.

This article explores the most surprising and impactful ways artificial intelligence is
reshaping the world of farming. We’ll look beyond simple automation to uncover how Al
is creating a more precise, humane, and sustainable future for agriculture—one that will

eventually find its way to your dinner plate.
1. Cows Have Fitness Trackers (And Digital Passports)

On today’s connected farms, animal health management is proactive, not reactive. Cows
are being fitted with smart collars that function like fitness trackers, monitoring everything
from activity levels and rumination patterns to core body temperature. By analyzing this
data, Al systems can predict health issues like mastitis or other diseases before serious
symptoms appear, allowing for immediate, targeted intervention. This early detection keeps

animals healthier and improves the farm's overall productivity.

This data collection goes even further, creating a unique digital identity for each animal
through concepts like "personalized cow NFTs." Pioneering work at institutions like the

Indian Institute of Information Technology, Allahabad, demonstrates the power of this
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approach. Their system uses Al to detect diseases just from video feeds by observing a
cow's movement and posture, with the resulting health data forming part of a cow's

permanent digital record on a secure blockchain.

These aren't just digital collectibles; they are verifiable digital twins that record an animal's
entire lifecycle. This digital passport contains everything from genetics and health records
to milk production history, creating a secure, transparent, and easily accessible record for

every single animal on the farm.
2. Counter-Intuitively, Al Means More Freedom for Cows

While it may seem counter-intuitive, the introduction of high-tech automation and Al
monitoring can actually lead to more autonomy for animals. The goal of the technology is
not constant intervention, but "smarter intervention," which allows animals to follow their

natural behaviors with greater freedom.

A prime example is the robotic milking system. Instead of being herded for milking at set
times, a cow can decide for itself when it wants to be milked. The Al recognizes the
individual cow, guides the robotic arm, and ensures a stress-free process. This principle
extends to other activities as well, with technology enabling cows to choose when they
want to eat and when they want to sleep. By providing this freedom, farmers are seeing

tangible benefits in animal welfare and longevity.

"The values 1 measure are their longevity cows are living longer cows are having more
productive life and they're having less health events and that to me is a happier cow so a
happier cow is a healthier cow in my world and today we have healthier cows than we've

ever had"
3. The Rise of the ‘Cow Comfort Index’

One of the most powerful applications of Al in farming is the ability to measure and manage
animal welfare with unprecedented precision. Using 24/7 camera monitoring and
sophisticated computer vision models, Al systems watch entire herds, identifying each cow

and tracking its behavior every minute of the day.

This has allowed for the practical application of metrics like the "cow comfort index." What

was once a tool used mostly in academic research settings—requiring someone to manually
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count and observe animals—is now measured automatically, every single day. The Al
tracks key performance indicators, such as the difference between "standing time," which
is generally unproductive, and "lying time." Lying time is a positive indicator, as this is

when cows are resting and efficiently turning the feed they eat into milk.

This constant monitoring represents a significant shift in focus from pure production
metrics to data-driven animal welfare. It's built on the understanding that a comfortable,
healthier cow is ultimately a more productive one, creating a system where well-being and

profitability go hand-in-hand.
4. Al's Impact Goes from the Acre Down to the Plant

Beyond animal welfare, Al is making a massive impact on resource management and
environmental sustainability. By leveraging data from sensors, cameras, and real-time
analysis, Al enables hyper-precise resource allocation that minimizes waste and boosts

efficiency.

This technology has helped farmers achieve remarkable savings. On a vineyard in India, a
service built by the startup Fasal Agri Tech—based in Bangalore, India's "Silicon Valley"—
has helped save "around 50% of the water" previously used for irrigation. In another
application, an Al-powered robot equipped with precision cameras that scan the ground in
real time is revolutionizing how farmers handle pests and weeds. Instead of spraying an
entire field—what's known as "acre level" treatment—the robot identifies and targets
individual plants. This "plant level" decision-making has resulted in a "56% savings" in

spraying materials.

These efficiencies not only make farming more profitable by reducing input costs but also
make it more environmentally sustainable by conserving water and reducing the use of

chemical sprays.
4. Conclusion: The Future on Your Plate

From digital passports for cows to plant-by-plant crop care, artificial intelligence is quietly
transforming farming into a more precise, humane, and transparent industry. This is more
than a technological upgrade; it's a fundamental rethinking of how we produce food,

balancing tradition with data-driven innovation.
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These advancements on the farm will ultimately connect directly to the consumer. A
"personalized cow NFT," for instance, is more than just a clever use of technology; it's a
"verifiable, on-the-blockchain promise of traceability." Soon, you might be able to scan a
code on a carton of milk and see the health and production history of the very cows that

produced it.

As our food becomes a product of data as much as soil, what does this new level of

transparency mean for the choices we make at the grocery store ?

/-

. . loped
. < n university deve
Which Indian U o detect diseases

stem . ' . .
.an Al :zﬂﬂs by observinga CO‘: s The Indian Institute of
like m nt from video feeds? Information Technology,
moveme Allahabad.

46 |Page



Chocolates with Millet Infusion

Prajapati Pavankumar Ravindrabhai

B. Tech (Dairy Technology — Kamdhenu University

Abstract

Background

Millets such as finger, pearl, foxtail, Kodo, proso, little, and barnyard varieties are nutrient-
rich grains that contain high levels of fibre, slowly digestible starches, well-balanced
proteins, essential minerals, and bioactive phenolics. Adding millets to chocolate products
presents an opportunity to boost their nutritional value, lower glycemic response, and
support sustainability due to millets' resilience to climate change and minimal water

requirements.

This review consolidates existing knowledge regarding the compositional and functional
characteristics of millets that are pertinent to chocolate manufacturing. It explores methods
for including millets in dark, milk, and compound chocolates while assessing their impacts
on rheological behaviour, microstructural properties, polymorphic forms, shelf-life

stability, sensory qualities, nutritional benefits, and regulatory factors.

Research suggests that incorporating millet enhances the nutritional and functional
characteristics of chocolates. However, notable formulation challenges remain, especially
concerning particle size distribution, controlling water activity, and preserving a continuous
fat phase. There are still research gaps in understanding long-term fat bloom behaviour,
clinical validation of glycemic effects, and the flavour impacts of roasted millets in cocoa

matrices.

Millets hold significant promise as a functional ingredient for creating innovative chocolate
products, delivering health and sustainability advantages. Future studies should concentrate
on refining formulations and processing methods at both laboratory and pilot stages, while

also addressing critical knowledge gaps to facilitate their effective commercial use

Keywords: Millets, Cocoa, Flow properties, Phenolic compounds, Grain size, Fat bloom

phenomenon, Taste evaluation, Blood sugar index, Environmental impact, Entire grain.
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Introduction

Chocolate is commonly understood to be a complex fat-based dispersion system where
sugar crystals and cocoa or cocoa-milk solids are finely suspended in a continuous fat phase
mainly made up of cocoa butter, often with added milk fat. The unique texture, shine, and
characteristic "snap" of high-quality chocolate result from the crystallization behaviour of
cocoa butter, which must be tempered with precision to achieve the desired B(V)
polymorphic form. This careful management of fat crystallization is crucial for maintaining
the stability, mouthfeel, and attractiveness of chocolate products. In recent years, there has
been an increasing focus on enhancing chocolate with whole grains to boost its nutritional
content and attract health-conscious consumers. Traditionally, such enhancement
approaches have utilized cereals like rice, wheat, or oats, typically introduced as inclusions
(for example, puffed or crisped grains), flours, or particulate dispersions within the
chocolate mix. These additions offer a variety of textures, nutritional benefits, and
opportunities for product differentiation. Nevertheless, beyond conventional cereals,
millets present a highly attractive option for enriching chocolate. Millets are small-seeded,
drought-resistant grains that have historically been consumed in many regions of Africa
and Asia, and they are currently receiving renewed global interest for their superior
nutritional profile and environmental sustainability. Compared to refined cereals, millets
are abundant in dietary fibre, micronutrients such as iron, calcium, and magnesium, as well
as bioactive compounds that may offer health benefits. Their cultivation aids climate
resilience and biodiversity, owing to their low input needs and adaptability to poor soils
and semi-arid conditions. Consumer interest in "ancient grains" has surged recently,
mirroring broader trends towards natural, minimally processed, and nutrient-rich foods.
Despite this rising interest, systematically incorporating millets into chocolate has not been
thoroughly investigated. Unlike straightforward inclusions, the integration of millet-based
ingredients into chocolate requires careful attention, as factors such as particle size
distribution, water-binding capacity, and fat interaction can significantly affect essential
quality characteristics like tempering, gloss, viscosity, and melt-in-mouth performance.
Striking a delicate balance between nutritional enhancement and maintaining the sensory
and physicochemical qualities of chocolate poses a technical challenge that necessitates
both scientific insight and innovative processing techniques. This paper, therefore, aims to

assess the current understanding of formulation, processing, and quality considerations
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linked to the creation of millet-enriched chocolates. By exploring the science of fat
crystallization, ingredient compatibility, and textural refinement, the paper seeks to provide
systematic guidance for incorporating millet flours, crisps, or other derivatives into
chocolate without compromising the industry quality standards characteristic of premium
products. The review underscores opportunities, challenges, and prospects for advancing
millet chocolates as a new category of functional, sustainable, and consumer-attractive

confectionery items.
1.1 Millets: Classification and Nutritional Content

The main types of millets include pearl (Pennisetum glaucum), finger (Eleusine coracana),
foxtail (Setaria italica), proso (Panicum millicum), Kodo (Paspalum Scrobiculatum), little
(Panicum Sumatrense), and barnyard (Echinochloa spp.). Common characteristics consist
of total dietary fibre ranging from 7% to 15% (which is higher in whole meal), resistant
starch components, slowly digestible starch, and protein content of 7% to 14%, with a
relatively higher level of lysine compared to other grains. They are also rich in minerals,
particularly calcium in finger millet, and contain phenolic compounds like ferulic and
caffeic acids, along with tannins found in certain varieties. The endogenous lipids,
comprising 2% to 6%, are predominantly unsaturated, and the presence of lipase activity

can affect the flavour during the roasting process.
1.2 What Makes Millets Great in Chocolate?

Millet-based ingredients offer distinct benefits in terms of nutrition, functionality, and
sustainability, positioning them as an appealing choice for innovation in product
development. From a nutritional standpoint, millet flours and extracts boast higher
concentrations of dietary fibre and minerals when compared to refined sugars. When
incorporated as a partial substitute for sucrose, millet has the potential to lower postprandial
glycaemic responses, providing consumers with a healthier carbohydrate alternative. The
combination of both soluble and insoluble fibres promotes satiety and supports digestive

health, while the richness of micronutrients adds benefits beyond mere energy supply.

In terms of functionality, millet adds unique roasted Flavors, often referred to as nutty and
malty, which complement cocoa-based products like chocolates, beverages, and baked

goods. These flavour pairings can improve sensory appeal while minimizing the need for
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artificial additives. Moreover, the insoluble fibre content in millet affects particle
arrangement within complex food structures, thereby altering rheological characteristics
such as viscosity and yield stress. These properties can be utilized to enhance texture,

mouthfeel, and stability in formulations without relying on synthetic stabilizers.

From an ecological perspective, millet presents considerable sustainability benefits. Its
ability to withstand drought, shorter growth cycle, and lower resource requirements (such
as fertilizers, pesticides, and water) render it more adaptable to shifting climate conditions
than traditional cereals like rice and wheat. Additionally, encouraging the cultivation of
millet helps diversify farming systems and offers farmers new income opportunities,
thereby promoting agricultural sustainability and supporting rural economies. Ultimately,
the incorporation of millet into food systems responds to consumer preferences for

nutritious, functional, and environmentally conscious products.
2. Formats and strategies for incorporation
2.1 Formats

Millets can be processed into various ingredient types, each providing distinct functional
and sensory attributes to food products. Finely milled whole-grain flours, ground to <20—
25 um (D90), can be blended with sugar and cocoa to create a smooth mouthfeel in
chocolate or confectionery applications while preserving fibre and micronutrients. Puffed
or crisped pieces (0.5-3 mm) act as crunchy additions in enrobed or moulded bars,
enhancing textural variation and consumer attraction. Sprouted millet malts, extracts, or
syrups offer natural sweetness, complex Flavors, and serve as partial sugar substitutes,
imparting nutty or malty notes that complement cocoa. Pre-gelatinized flakes or
microgranules aid in providing satiety and improving texture, making them suitable for use
in bars, cereals, and beverages. Lastly, protein concentrates or fractions derived from millet
play essential roles in aeration, especially in whipped or filled products, enhancing structure
and mouthfeel. Collectively, these ingredient formats broaden the potential for nutritional,

functional, and sensory advancements in millet-based product development.
2.2 Strategies for Incorporation

Millet can be integrated into chocolate formulations through various processing methods,

each resulting in unique functional and sensory characteristics.
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Route A (co-grinding) involves combining sugar, cocoa liquor, and millet flour, and then
refining it to achieve a desired particle size distribution (PSD). The resulting mixture is
then conched, after which fats and emulsifiers are incorporated before tempering and
Molding. This method guarantees an even distribution of millet flour, which adds fibre and
minerals while keeping a smooth mouthfeel. However, care must be taken to manage starch

damage during refining to prevent viscosity problems.

Route B (post-refining addition) involves adding pre-milled millet flour (D90 < 20 pm)
during the later stages of conching. By avoiding thorough refining, this method reduces
starch damage and better retains functional properties while still ensuring appropriate
integration within the chocolate mixture. It may be necessary to adjust the emulsifier levels

to uphold flow and stability.

Route C (inclusion) utilizes puffed or crisped millet particles, typically added at a rate of
5-15% to the tempered chocolate. To maintain their crunchiness, inclusions should have
low water activity (aw < 0.30) and might need oil barrier coatings to prevent fat migration
or sogginess throughout their shelf life. This method enhances textural variety and visual

appeal, catering to consumer preferences for multisensory experiences in chocolate.
2.3 Parameters for processing

To process chocolate containing millet, it is essential to carefully manage unit operations

to maintain both quality and functionality.

Roasting millet grains or flours generally occurs at temperatures of 120-150 °C for 5-15
minutes. This process enhances nutty and malty Flavors through Maillard reactions, while
also decreasing antinutritional components and inactivating lipase to prevent spoilage.
Optimizing this step is important: overly prolonged roasting can lead to increased redness

(a*) and bitterness, which negatively impacts flavour.

The refining stage subsequently lowers particle size, aiming for a distribution where D90

is at or below 25 um, D50 is around 15-18 pm, and D10 is no less than 1-3 pum.

Meeting these specifications helps avoid a gritty texture while maintaining enough body
for an appealing mouthfeel. Effective refining also guarantees that millet flour is uniformly

integrated into the cocoa matrix.
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Conching, performed at temperatures between 60—-80 °C for 612 hours depending on the
size of the batch, requires that residual moisture be kept below 0.6% while also minimizing
volatile acidity. This process creates a smoother texture, rounds out flavour, and improves

overall viscosity management.

The fat phase, along with emulsifiers, significantly influences flow properties. In dark
chocolate, cocoa butter generally comprises 28-34%, or 26-32% when cocoa butter
equivalents (CBEs) are utilized. Sunflower lecithin (300-500 ppm) or polyglycerol
polyricinoleate (PGPR, 100—300 ppm) can be used to adjust the Casson plastic viscosity
(mC) and yield stress (10), facilitating efficient Molding and coating.

Lastly, tempering organizes fat crystals into the stable B(V) polymorph, which provides
chocolate with its characteristic snap, shine, and resistance to bloom. Both seed point and
continuous tempering methods are effective, with temper index values ideally ranging from
2.5 to 5.5. To verify the crystalline structure, measurements can be taken using

thermometers, differential scanning calorimetry (DSC), or X-ray diffraction (XRD).
3. Design of formulations and limitations
3.1 Core formulations (standards)

Chocolate recipes can be modified to include millet while preserving appealing sensory

and processing qualities.

dark chocolate containing (comprising 70% cocoa solids), a standard formulation consists
of 40% cocoa liquor, 30% sugar, 30% cocoa butter, and 0.3% lecithin. In variations that
incorporate millet, 5—15% of the sugar can be substituted with fine whole-grain millet flour.
To maintain optimal flow properties, cocoa butter may need to be increased by 0.5-1.5%,
and lecithin can be adjusted up to 0.5% to compensate for changes in viscosity. This

replacement improves fibre and mineral levels while maintaining the texture.

In the formulation of milk chocolate, the typical recipe includes 12% cocoa liquor, 18%
milk powder, 50% sugar, 20% cocoa butter, and 0.3% lecithin. Millet flour or sprouted-
malt powder can replace 5-12% of sugar and/or milk solids, enhancing nutritional value
while adding malty flavour nuances. However, this may increase yield stress (t0), requiring
the addition of polyglycerol polyricinoleate (PGPR) to ensure suitable flow and processing

efficiency.
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For compound coatings, where cocoa butter is partially substituted with cocoa butter
equivalents (CBEs), special attention must be given when adding millet flour. The flour
needs to be ground to a very fine particle size to prevent a gritty or waxy mouthfeel. When
processed correctly, millet can enhance flavour, increase nutrition, and expand the variety

of chocolate products available.
3.2 Water resource management

Millets provide bound water through their fibre and starch components, which can affect
the processing of chocolate. To maintain texture and flow, it’s crucial to keep the total
moisture content below 0.6% following conching. Excess moisture can lead to sugar bloom,
increased viscosity, and inadequate tempering. If conventional conching fails to lower
moisture sufficiently, vacuum conching can be utilized to speed up drying and the removal
of volatiles. Although hygroscopic syrups serve as effective sweeteners, they should
generally be avoided as they raise water activity and affect shelf stability—unless polyols
are also used to mitigate aw. Thus, careful management of water is vital for ensuring stable

millet-enriched chocolate.
3.3 Rheology objectives

Controlling rheology is essential when creating chocolate enhanced with millet. Based on
the Casson model, optimal flow characteristics for Molding and tableting require a plastic
viscosity ranging from 2.5 to 4.0 Pa's and a yield stress (t0) between 5 and 20 Pa. In
enrobing scenarios, lower 10 values (1-5 Pa) are favoured to facilitate uniform and efficient
coating. The addition of millet flour brings in fibrous and irregularly shaped particles,
which can increase t0 by interfering with flow and particle arrangement. To mitigate this
effect, formulators can modify the fat phase by slightly raising cocoa butter content, fine-
tune emulsifier systems (such as lecithin and PGPR) to reduce interparticle friction, and
carefully refine the particle size distribution (PSD) for a smoother texture and reliable

processing performance.
3.4 Consistency and Growth

Fat bloom, a significant stability issue in chocolate, is caused by fat movement and
transitions between different crystal forms. Various methods can be utilized to address this

challenge in millet-enriched products. The most important method is proper tempering,
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which ensures the creation of the stable B(V) polymorph that imparts gloss, snap, and helps
resist recrystallization. Furthermore, ensuring adequate fat coverage on particle surfaces
prevents the formation of clusters of hydrophilic fines (like millet fibre or starch), which
can draw in moisture and disturb the cocoa butter matrix, leading to potential bloom
initiation.

The conditions under which chocolate is stored are also crucial. It should be maintained at
a temperature of 16—18 °C with a relative humidity below 50% to prevent temperature
variations and condensation, both of which can accelerate the blooming process. For
products that include elements like puffed or crisped millet, applying barrier coatings
(either fat- or sugar-based) can help reduce moisture absorption and limit fat migration

from the chocolate into the inclusions.

Additional techniques to combat blooming include the addition of small amounts of milk
fat, which interferes with the recrystallization of cocoa butter, or choosing compatible
cocoa butter alternatives (CBEs) that have triglyceride compositions rich in POP (1,3-
dipalmitoyl-2-oleoylglycerol) and Post (1-palmitoyl-3-stearoyl-2-oleoylglycerol) to align
with cocoa butter behaviour. Small crystallization modifiers may also be utilized to enhance

stability.
3.5 Balance and flourish

Fat bloom in chocolate is a frequent quality issue resulting from the movement of fat and
unstable crystallization. It manifests as a white film on the surface, diminishing both the
visual appeal and texture. To mitigate fat bloom caused by migration, several strategies are
vital. First, ensuring proper tempering is essential to form the stable B(V) polymorph of
cocoa butter, as this structure is less likely to convert into the unstable B(VI) polymorph
that encourages bloom. Additionally, applying fat to the surfaces of particles during the
refining and conching processes helps prevent the formation of clusters of hydrophilic
fines, which otherwise serve as pathways for migrating fats. The conditions under which
chocolate is stored are also critical: it should be kept at a temperature of 16—-18 °C with a
relative humidity of less than 50% to minimize condensation, recrystallization, and fat
migration. For products that include add-ins like nuts or wafers, employing barrier layers—
such as sugar or fat coatings—can help stop the migration of oils into the chocolate. Finally,

methods to prevent bloom include adding small quantities of milk fat, which disrupts the
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crystal network of cocoa butter; using cocoa butter equivalents (CBEs) that have
triacylglycerol profiles high in POP and Post for better compatibility with cocoa butter; or
introducing minor crystallization modifiers to slow down fat diffusion. Collectively, these

approaches can prolong shelf life and maintain the sensory quality of chocolate.
4. Characterization through analysis
4.1 Particle size distribution

Laser diffraction techniques, such as the Malvern Mesmerizer, are utilized to analyse
particle size distribution in a medium that does not contain solvents and is compatible with
cocoa butter, ensuring proper dispersion of cocoa solids. This approach yields important
percentile values—D10, D50, and D90—that represent the fine, median, and coarse particle
fractions, respectively. Of these values, D90 is particularly significant because it signifies
the upper end of the distribution, which is directly associated with mouthfeel. Sensory
evaluations reveal that chocolate starts to feel gritty when particles are larger than
approximately 25-30 pm. Therefore, managing D90 to remain under this limit is essential
for achieving a smooth texture, while D10 and D50 are instrumental in refining processing

methods and ensuring quality consistency.
4.2 Rheology properties

Apparent viscosity can be assessed at 40 °C using a rotational rheometer fitted with either
concentric cylinder or parallel plate configurations, which ensures that the shear conditions
for chocolate or fat-based mixtures are representative. Flow curves are produced over a
range of shear rates and are modelled with rheological equations such as Casson or
Herschel-Bulkley to characterize shear-thinning behaviour. Yield stress, a vital factor that
affects flow and mouthfeel, can be evaluated through a stress ramp or by determining the
point where tangents intersect on the flow curve. These measurements offer valuable
information on processing efficiency, pumpability, and sensory experience, aiding in the

optimization of formulations and consistency in manufacturing.
4.3 Thermal properties and polymorphic forms

Differential Scanning Calorimetry (DSC) evaluates the thermal characteristics of cocoa
butter and chocolate, including the temperatures at which melting begins and peaks. For

well-tempered dark chocolate, the ideal B(V) polymorph exhibits a distinct peak in the
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range of 33-34 °C, which guarantees an appropriate snap, shine, and melting behaviour.
Additionally, X-ray diffraction (XRD) complements this by confirming the crystalline
structure and validating the presence of (V) patterns. In storage studies, XRD can monitor
the gradual transition from B(V) to the more stable B(VI) form, which is linked to fat bloom
and degradation in quality. By using both DSC and XRD, a comprehensive method is
established for assessing tempering quality, polymorphic stability, and the longevity of the
product.

4.4 Microstructure

Confocal laser scanning microscopy or scanning electron microscopy (SEM) can be
utilized to observe interactions between particles and fat, showcasing wetting performance
and agglomeration behaviour within chocolate compositions. The evaluation of fat
coverage can be accomplished through a blend of solvent extraction and image analysis,
offering insights into the surface visibility of particles. Such measurements are essential for
comprehending dispersion quality, refining processing parameters, and guaranteeing

favourable texture, stability, and sensory qualities in final chocolate products.
4.5 Colour and shine

The CIELAB system (L*, a*, b*) can be used to assess colors and appearance under
standard D65 lighting, yielding objective measurements of lightness, redness, and
yellowness. A glossmeter calibrated to 60° measures surface sheen, which reflects the
quality of tempering and visual attractiveness. Tracking changes in AL* over time allows
for the observation of oxidative darkening or fat/sugar bloom, both of which can diminish
consumer appeal. In combination, colorimetry and gloss evaluation offer complementary
insights into the visual quality, storage longevity, and overall shelf-life performance of

chocolate.
4.6 Moisture and Water Activity

Moisture content can be determined through oven drying or Karl Fischer titration for
accurate measurements, whereas water activity (aw) is evaluated using an aw meter. The
desired values are <0.30 for dry inclusions to avoid microbial growth and texture

deterioration, and <0.40 for fillings to maintain stability and prolong shelf-life.

4.7 Nutritional components and bioactive substances
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Proximate analysis reveals the fundamental composition of chocolate and its inclusions,
including moisture, protein, fat, ash, and carbohydrates. The quantification of dietary fibre
is carried out using official AOAC methods (991.43 or 2009.01) to evaluate its nutritional
value. Mineral analysis is conducted with ICP-MS, allowing for accurate identification of
essential elements such as calcium, iron, zinc, and magnesium. The content of polyphenols
is assessed through the Folin—Ciocalteu assay, while antioxidant capacity is measured using
DPPH, ABTS, or ORAC methodologies. In-vitro starch digestibility assessments are
performed according to established static digestion protocols, permitting the calculation of
both rapidly and slowly digestible fractions. Based on this information, the predicted
glycaemic index is calculated, offering important insights into the metabolic effects,

functionality, and potential health advantages of chocolate-based products.
4.8 Shelf-life

Accelerated storage experiments are carried out at 25 °C/50% RH and 30 °C/65% RH for
periods of 6 to 12 weeks to evaluate the stability of chocolate. The development of bloom
is tracked by assessing AL* color variations, which are further verified through microscopy.
The levels of oxidative rancidity are measured using peroxide value (PV) and p-anisidine
tests. Changes in texture are analyzed through a three-point bend test to determine hardness
and brittleness. Additional sensory evaluations offer insights into how consumers perceive
alterations in flavour, texture, and appearance, aiding in the prediction of shelf-life and

overall product quality.
Sensory Evaluation

A two-phase sensory evaluation method is suggested to encompass both expert analysis
and consumer feedback. In the initial phase, trained panellists perform a descriptive
analysis, identifying critical sensory traits related to flavour (cocoa richness, roasted millet,
malt, bitterness, astringency), texture (smoothness, grittiness, snap, melt rate), and
appearance (gloss, bloom). This creates a comprehensive sensory profile for each product.
In the second phase, consumer acceptance testing is conducted with a minimum of 100
participants, utilizing a 9-point hedonic scale to assess overall liking and Just-About-Right
(JAR) scales to evaluate sweetness and crunchiness, which are especially significant for
products containing inclusions. Additionally, purchase intent is recorded to connect sensory

perceptions with market significance. The samples are presented using a Williams design
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to reduce order and carryover effects. Statistical evaluations include mixed-effects
ANOVA, where product is treated as a fixed factor and subject as a random factor, followed
by Tukey’s HSD for pairwise comparisons. Penalty analysis is used on the JAR data to
pinpoint sensory factors that are either too low or too high, adversely impacting overall
liking. Ultimately, descriptive attributes are correlated with consumer liking scores through
partial least squares (PLS) regression, helping to identify essential drivers of preference.
This comprehensive methodology offers practical insights for optimizing formulations,

ensuring quality control, and developing consumer-focused products.
Safety and compliance factors

When creating chocolate products that include millet, it is crucial to consider various

regulatory and nutritional factors to ensure compliance and maintain consumer trust.

Most types of millet are naturally gluten-free, making them ideal for those with gluten
sensitivities and individuals with celiac disease. Nevertheless, it is vital to prevent cross-
contamination in facilities that also handle wheat, barley, or rye. For items labelled as
“gluten-free,” testing must confirm gluten levels are below 20 ppm, following Codex

guidelines and local regulations.

Ingredients must be clearly disclosed, using phrases like “whole-grain millet flour” or
naming the specific type of millet to facilitate effective communication. In India, products
should adhere to the Food Safety and Standards Authority of India (FSSAI) regulations
regarding chocolate identity, which includes requirements for minimum cocoa solids. In
other regions, such as the EU or US, it is important to differentiate between products that
can officially be termed “chocolate” and those that are required to be labelled as “compound
chocolate” or ‘“chocolatey” if they include cocoa butter substitutes (CBEs) or other

vegetable fats.

Millets contain antinutrients like phytates and tannins, which can hinder mineral
absorption. This issue may be alleviated through processing methods such as malting,

sprouting, fermentation, or using enzymatic treatments with phytase.

99 ¢¢

Nutritional claims such as “source of fiber,” “source of iron,” or “source of calcium” need

to be validated with analytical evidence and must comply with local regulatory standards.
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Adhering to both compositional guidelines and allowable nutrient content claims enhances

product credibility and reinforces its image as a functional, health-focused indulgence.
Sustainability and the supply chain

Millets are identified as grains that can withstand climate fluctuations due to their minimal
water needs, brief growth cycle, and adaptability to less fertile and drought-affected areas.
Incorporating them into food systems not only promotes climate-smart agricultural
practices but also enhances the resilience of livelihoods when sourced through networks of
smallholder farmers, especially in semi-arid zones. The addition of millet to chocolate
recipes presents an opportunity to diversify supply chains while bolstering the
sustainability profile of the product. To maximize effectiveness, it is essential to pair millet
integration with certified sources of cocoa, such as those recognized by Rainforest Alliance
or Fairtrade, ensuring ethical lab or practices, protection of biodiversity, and adherence to
sustainability standards at the farm level. Clear mapping of supply chains improves
traceability, enabling consumers and stakeholders to confirm responsible sourcing
practices. Furthermore, performing a life cycle assessment (LCA) is vital for measuring the
environmental advantages. Specifically, substituting refined sugar with whole-grain millet
components can help decrease greenhouse gas (GHG) emissions and reduce water usage
while also enhancing nutritional quality. In combination, these approaches align sustainable
ingredient selections with tangible environmental results, positioning millet-based

chocolate as both eco-friendly and socially responsible.
Suggested experimental strategy (laboratory—pilot scale)
8.1 Purpose

This research seeks to assess how the integration of millet affects the quality and
functionality of chocolate. Initially, the study will explore the effects of different levels of
millet flour (0, 5, 10, 15%) in both dark and milk chocolates, concentrating on their
rheological properties, tempering behaviour, and sensory characteristics. Next, a
comparison will be made between two different forms of inclusion—flour and puffed millet
crisps—to evaluate their impact on texture, microstructure, and bloom formation during

storage. Lastly, the nutritional benefits will be measured through compositional analysis,
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and in-vitro starch digestibility tests will be conducted to estimate the glycemic response,

offering insights into the health advantages of millet-infused chocolate formulations.
8.2 Research methodology

The research will assess the incorporation of millet into chocolate by examining four
primary factors: the percentage of millet (0, 5, 10, 15%), the variety of millet (finger, pearl,
foxtail), the type of chocolate (dark 60%, milk 35%), and the format (flour versus crisp). A
fractional factorial design will first analyze these variables, followed by response surface
methodology (RSM) utilizing a central composite design to fine-tune the significant
factors. Important responses include Casson viscosity (nC), yield stress (10), particle size
(D90), B(V) polymorph index, and color change (AE*). Other outcomes will include
sensory preference, dietary fiber content, mineral enrichment (Fe, Ca), and estimated

glycemic index, aiding in the optimization of the formulation.
8.3 Method

Millet processing starts with roasting at 135 °C for 10 minutes, followed by milling with a
pin mill and classification to achieve a particle size distribution with D90 < 25 pm. The
flour is ground together with sugar and cocoa liquor to obtain the desired chocolate particle
size. Conching is conducted at 70 °C for 8 hours, with lecithin (0.4%) and polyglycerol
polyricinoleate (PGPR) added as necessary to enhance flow properties. The chocolate is
tempered using the seed method, then shaped into 5 g thins and 100 g bars. Samples are

stored at 18 °C for 7 days before undergoing analytical, structural, and sensory assessments.
8.4 Data analysis

The data analysis will utilize ANOVA with batch blocking to address production variability,
followed by Tukey’s HSD for subsequent pairwise comparisons. The rheological data will
be modelled using the Casson and Herschel-Bulkley equations, and multi-response
optimization will adopt a desirability method: minimizing viscosity, aiming to keep yield
stress within acceptable limits, and enhancing sensory preference. A power analysis (o =
0.05, power = 0.8) suggests that around 30—50 consumers per product will suffice for initial
screening studies, whereas confirmatory validation should include at least 100 consumers
to guarantee strong statistical confidence and the generalizability of sensory acceptance

results.
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Expected outcomes and analysis

We expect that replacing up to approximately 10% of the flour with millet flour can result
in acceptable viscosity and mouthfeel when the D90 is less than or equal to 25 um and the
fat content is modified by about 1%. Exceeding this replacement may lead to a significant
increase in 10 due to fiber-driven bridging flocculation, which may require the addition of
PGPR or extra cocoa butter. Roasting is likely to enhance nutty and malty flavors that
complement cocoa; however, varieties high in tannins might increase astringency, which
could necessitate partial decortication or the use of milk chocolate bases. The addition of
puffed millets can provide a pleasant crunch and enhance perceived health benefits, but
also raises the risk of bloom without the use of oil barriers. From a nutritional standpoint,
these formulations can increase dietary fiber content by 2—4 g per 100 g and provide
minerals (especially calcium from finger millet) with-a minimal effect on energy density.
The anticipated glycemic index is projected to be lower than that of sucrose-matched
controls due to the presence of slowly digestible starch and fiber, though this requires

clinical testing for confirmation.
Constraints and areas needing further investigation

Future investigations should focus on the long-term kinetics of bloom formation in
chocolate matrices enriched with millet, considering realistic storage and distribution
scenarios to more accurately assess shelf-life stability. Another critical area of research
involves exploring the interactions between phenolics derived from millet and cocoa
polyphenols, particularly in terms of their possible synergistic effects on antioxidant
properties and their impact on flavour perception. Research involving human subjects is
necessary to confirm in vitro results, especially concerning the glycemic response and
satiety advantages linked to the inclusion of millet. Lastly, trials aimed at scaling up the
processes of continuous conching and tempering should be conducted, emphasizing how
increased fiber content affects rheology, processability, and the quality of the finished

product in industrial production settings.
Conclusion

Millets represent a valuable avenue for creating chocolate products that blend greater

nutrition with enhanced sustainability, while maintaining the essential qualities that
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consumers associate with chocolate. Their inherent gluten-free nature, significant fiber
content, and wealth of minerals render them effective functional ingredients. Nevertheless,
their successful incorporation relies on meticulous particle size manipulation to eliminate
grittiness, strict moisture management to mitigate microbial risks, and careful control of
rheological properties to ensure processability and a desirable mouthfeel. It is essential to
optimize roasting parameters to reveal attractive cereal and nut-like flavor characteristics
while reducing any bitterness and astringency. The outlined methodological framework—
which includes particle size assessment, rheological evaluation, thermal and structural
analysis, nutritional assessment, and sensory testing—offers a thorough guide for research
and development. Collectively, these strategies arm product developers, academic
researchers, and industry collaborators with the resources needed to create millet-based
chocolates that meet consumer desires for indulgence, health, and sustainability, ultimately

expanding the horizons for innovation in functional confectionery.

Yes, generally. Millets offer
fiber, iron, calcium, and
protein, while jaggery provides
natural sweetness; they're
often free from refined sugar,
maida, and preservatives.

Are Millets
Chocolates
healthy?
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Yogurt : How Friendly Bacteria Turn Milk
into a Probiotic Powerhouse

Dairy Planet Editorial Team

“Milk becomes yogurt not by magic—but by millions of tiny workers called bacteria

doing chemistry on your behalf.”
Yogurt—A Living Food You Never Knew Was Alive

Have you ever wondered how liquid milk transforms into a thick, tangy, spoonable dairy

food?

Milk doesn’t thicken because of freezing or heating—it transforms because billions of

friendly bacteria wake up, eat lactose, and reshape the milk structure from the inside out.
Yogurt is alive, active, and scientific.

Let’s decode this transformation.

What Really Happens When Milk Turns into Yogurt?

Milk contains sugar (lactose).

LAB (Lactic Acid Bacteria) eat this lactose — produce lactic acid — which lowers pH.

This acidification causes casein proteins in milk to reorganize into a gel network.
Result: Milk becomes yogurt. Smooth, thick, tangy, and probiotic-rich.

Meet the Two Friendly Bacteria Behind Yogurt

Bacterium Role in Fermentation

% Streptococcus thermophilus Fast acid producer — kickstarts fermentation
% Lactobacillus delbrueckii subsp. Strong acid producer — develops flavor &
bulgaricus structure

They work in symbiosis:
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e Streptococcus grows first, producing acid & CO:. — supports Lactobacillus.

e Lactobacillus grows later, producing more acid & aroma compounds.

Together, they give yogurt its texture, tanginess, and aroma.
The Science Behind Fermentation
Step-by-Step:

Milk heated to 85-90°C
e Denatures whey proteins — improves yogurt body

e Kills unwanted microbes

Cooled to ~42—45°C

e Optimal growth zone for starter cultures

Starter added

e Bacteria start eating lactose

pH drops from 6.6 — 4.6

e (Casein network forms — milk thickens

Set yogurt

e @Gel holds water, fat, and nutrients
How Milk Thickens Into Yogurt Gel

Casein micelles (protein clusters) stay suspended in milk. But when acidity rises —
e Their charges neutralize
e They move closer

e They bond into a 3D protein gel

This traps:
e Water
e Fat globules
e Minerals

e Bacterial cells

Giving yogurt its smooth, firm texture.
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Milk vs Yogurt: Quick Comparison

Feature Fresh Milk Yogurt
pH 6.6-6.8 4.54.6
Texture Liquid Semi-solid gel
Bacteria low high (LAB)
Lactose Higher Lower (partly fermented)
Digestibility Moderate Improved
Shelf Life Short Longer (acid inhibits spoilage)

Active Recall Zone

1. Why is yogurt thicker than milk?

Because acidification causes casein micelles to form a gel network.
2. Which two cultures are essential for yogurt?

Streptococcus thermophilus & Lactobacillus bulgaricus.
3. Why does yogurt taste sour?

Lactic acid produced during fermentation lowers pH.
Why Yogurt Is a Probiotic Powerhouse

e Live bacteria support gut health

e Improves lactose digestion (LAB break down lactose)

e Enhances immune function

e Produces bioactive compounds like peptides & B-vitamins

e Helps maintain microbial balance in the intestine

Not all yogurt is probiotic—only those containing live, active cultures.
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Dairy Reinvented: How Value-Added Milk
Can Power a Protein Rich India

Hetal Anand
B. Tech Dairy Technology, MPUAT, Udaipur

Imagine sipping your morning milk that not only nourishes you but also strengthens
immunity, supports gut health, and even helps manage stress. Sounds futuristic right? But
not anymore. India’s dairy industry is stepping into a new era — where milk is more than
just a daily drink. From probiotic curds to protein-fortified beverages, value-added milk

products are redefining how consumers perceive nutrition, convenience, and innovation.
The Turning Point for Traditional Milk

India is the world’s largest milk producer — yet millions of its citizens still don’t meet their
daily protein requirements. Despite being rich in nutrients, traditional milk often fails to
provide the protein density that modern, health-conscious consumers seek. As eating habits
shift towards convenience and fitness-focused foods, plain milk has struggled to stay
relevant on the breakfast table. At the same time, urban lifestyles, inconsistent cold chains,
and adulteration concerns have reduced consumer trust. For a nation striving to fight hidden
hunger and build a stronger, healthier population, this gap between milk abundance and
protein adequacy poses a serious challenge. The question isn’t whether India produces

enough milk — its whether that milk meets the nutritional needs of today’s India.
India’s Dairy Revolution: From White Waves to Wellness Drinks

India’s dairy story has always been one of scale and pride — we’re the world’s largest milk
producer, churning out over 239 million tonnes in 2023-24, and supporting more than 80
million rural households. But the story doesn’t end at the milk can anymore. The dairy

shelves in cities today tell a new tale — one of change, innovation, and wellness.

The Indian dairy market, valued at nearly %19 trillion, is rapidly shifting from plain milk to
value-added and health-focused products. Consumers are no longer just buying milk;
they’re buying nutrition, immunity, and convenience. Flavoured milks, probiotic drinks,
and protein-fortified milk are emerging as everyday choices, especially among young

professionals and fitness-conscious families.
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What’s fueling this trend is a growing awareness of protein deficiency in Indian diets.
Brands like Amul, Mother Dairy, and Nestl¢ are responding with high-protein milk variants
that promise to make nutrition both accessible and enjoyable. In many ways, fortified and
protein-rich milk isn’t just another product — It’s India’s next step towards a stronger,

healthier future.
What is Protein-Added Milk?

Protein-added milk is regular cow or buffalo milk that’s been enriched with extra protein,
usually through milk protein concentrates, whey isolates, or ultrafiltration technology that

increases natural protein levels without changing taste.

Nutritionally, it packs nearly 1.5 to 2 times more protein than regular milk — helping meet
India’s rising need for muscle repair, immunity support, and balanced diets, especially

among youth and fitness enthusiasts.

Commercially, It’s a game changer. With growing demand for functional and wellness
foods, dairy brands are tapping into a high-value market segment that promises better
margins and brand differentiation. Protein-added milk bridges the gap between traditional
nutrition and modern convenience, making it one of the most promising innovations in

India’s dairy evolution.
How Protein-Enriched Milk Makes a Real Difference?

Protein-enriched milk helps bridge a critical gap in India’s nutrition landscape. It provides
a steady, easily digestible source of high-quality protein, essential for muscle repair, bone
strength, and overall immunity. For growing children, athletes, and working adults with
rushed meals, it offers the nutrition of a wholesome diet in just one glass — simple, familiar,

and effective.
Let's dive deep how it's actually made?
Step 1: Choosing the Right Raw Milk

High-quality, fresh milk is the base. Lower-fat or skim milk is often preferred because it’s

easier to concentrate proteins without excessive cream interfering in the process.

Step 2: Filtration — Where the Magic Begins
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This is the heart of protein enrichment. Using advanced membrane technologies like
ultrafiltration or microfiltration, milk is gently passed through filters that separate

components based on size.

e Proteins (casein and whey) are large molecules, so they’re retained.

e Water and smaller nutrients like lactose and minerals pass through.
The result? A protein-rich retentate—the concentrated part that holds more protein per drop.
Step 3: Fine Balancing for Taste and Texture

The concentrated milk can be too thick or intense, so processors carefully adjust it by
adding back some of the natural lactose-rich part to balance taste, texture, and mouthfeel.

The goal is to make it smooth and creamy, not chalky or heavy.
Step 4: Standardization and Fortification

To meet nutrition claims (like “two times more protein”), the protein concentration is
standardized. Some producers also blend in whey protein isolates or casein concentrates to

further boost the protein level while keeping the product natural.
Step 5: Pasteurization and Packaging

Finally, the enriched milk is pasteurized to ensure safety and long shelf life. It’s then
packaged—often in sleek cartons that highlight its nutritional edge—and sent off to stores,

gyms, and breakfast tables.
The End Result

When you pour that glass, you’re not just drinking milk—you’re sipping a blend of cutting-
edge dairy technology and pure nutrition. Every protein-packed gulp is designed to fuel

your muscles, power your mornings, and keep you fuller for longer
Is it easily accessible and affordable?
“Protein Milk Goes Mainstream”

Protein-enriched milk is gaining momentum across India as consumers prioritize fitness
and balanced diets. The segment has seen nearly 20-25% annual growth in urban markets,

fueled by rising awareness and the entry of brands like Amul,
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Mother Dairy, and Country Delight. Prices typically range between 360-390 per liter,
making it slightly premium but still accessible compared to imported protein drinks.
Availability has expanded through supermarkets, dairy outlets, and e- commerce platforms,
reaching tier-2 and tier-3 cities. With local dairies adopting advanced filtration technology,
protein-rich milk is fast becoming an affordable everyday choice for health-conscious

Indians.
Let's put our eyes onto a Practical Case Study!!

“Nutrition is not just about eating, It’s about learning to live — Patricia Compton For years,
India has battled a silent issue — protein deficiency, affecting nearly 70% of the population,
according to national nutrition surveys. Regular milk, though nutritious, provides only
about 3.2 grams of protein per 100 ml, which often falls short for growing, active, or fitness-
conscious consumers. Recognizing this gap, dairy companies like Amul introduced protein-
enriched milk, using advanced ultrafiltration to naturally concentrate milk proteins without
additives. The result is milk that offers twice the protein with the same creamy taste. A case
in point: Amul’s Pro Protein Milk has seen rapid adoption among young professionals and
gym-goers, reflecting how fortified dairy is quietly transforming India’s daily nutrition

story.
Benefits of Protein-Enriched Milk Beyond Nutrition

e Supports muscle growth and repair, making it ideal for athletes and fitness lovers.
e Helps you feel full longer, which can aid in healthy weight management.

e Contributes to stronger bones by working with calcium and other minerals.

e Boosts energy and metabolism, keeping you active throughout the day.

e Enhances immune function for better overall health.

e (Convenient and versatile: can be enjoyed on its own, in shakes, or used in cooking.
Challenges and Barriers in the Market

While protein-enriched milk is gaining popularity, the industry faces several challenges on
its growth path. Producing high-protein milk requires advanced filtration equipment and
energy-intensive processes, which increase production costs. This directly impacts pricing,
making it costlier than regular milk and limiting its reach among price-sensitive consumers.

Many buyers still view it as a “premium” product rather than a daily essential. Another
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major challenge is consumer trust—instances of mislabeling and adulteration in the dairy
market have made people cautious about claims related to protein content and purity.
Building stronger quality checks, transparent labeling, and consumer awareness is
essential. Additionally, limited cold chain infrastructure and short shelf life increase

handling costs for producers.
Solutions for Every Stakeholder
For farmers and co-operatives

e Adopt whey valorization—using leftover whey for products like paneer or

beverages—boosting farm income and reducing waste.
For dairy technologists and startups

e Launch pilot tests with consumers to tweak flavor, packaging, and pricing for wider

acceptance.
For policymakers and NGOs

e Run awareness campaigns to counter protein deficiency—especially as about 73%
of Indians don’t meet recommended protein intake (the number goes up to 91% for

vegetarians).

For consumers

e Learn to check packaging for actual protein content and quality certifications
(FSSAL ISO, etc).
e Compare price and value: natural protein milk packs (like 450ml with 2X protein,

priced around %41) are becoming more accessible.

India’s milk protein market is valued at over $241 million and is expected to grow above
5% annually, driven by health awareness and innovation. These solutions, when adopted
together, help make protein-rich milk safer, more affordable, and accessible for every

family.

“Access to protein-rich milk isn’t just about nutrition—it’s about empowering every

Indian to grow stronger, dream bigger, and live healthier every single day”
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Conclusion

Protein-rich milk is more than just a nutritious drink—It’s a step towards a healthier,
stronger, and more vibrant India. By supporting innovation, making informed choices, and
demanding transparency, every reader can play a role in this nutritional revolution. Future
dairy technologists have a unique opportunity to bridge health gaps and touch millions of

lives through smart, ethical innovation.

Let’s work together—farmers, scientists, policymakers, and consumers—to ensure that the
power of protein is within everyone’s reach. Your choices today can create a ripple of

health, trust, and opportunity for generations to come.

Which milk has
high proteinin
India?
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Foreign Direct Investment (FDI) in India’s
Dairy Sector: Policy, Progress & Prospects

Rakesh Kumar', Binita Rani?, and Jadoun, Y. S.®

'Professor and Head, Department of Dairy Microbiology
2Professor and Head, Department of Dairy Chemistry
3Associate Professor, Department of Dairy Extension Education, SGIDT, BASU, BVCC, Patna

Introduction

India’s dairy industry stands as one of the country’s greatest success stories. With an annual
output contributing over 24% of global milk production, India today leads the world in
milk supply - a remarkable transformation from the days of scarcity before Operation
Flood. More than 80 million rural households, a majority of them smallholders, depend
on dairying for their livelihood. This sector is not only an engine of nutrition and rural

employment but also a symbol of self-reliant growth.

Yet, as India’s dairy sector matures, new questions arise: How can it scale up quality,
technology, and global competitiveness? Can foreign capital play a role in modernizing
infrastructure without undermining the cooperative spirit that defines India’s dairy
revolution? This is where Foreign Direct Investment (FDI) enters the frame - as both an

opportunity and a challenge.

FDI: A Double-Edged Opportunity

FDI brings with it the promise of global capital infusion, technological innovation,
advanced processing systems, and enhanced export potential. However, it must be
carefully balanced with India’s unique socio-economic ecosystem - one built on
cooperatives, cultural sensitivities, and rural livelihoods. The challenge lies not in attracting
investment, but in ensuring that foreign players align their business models with the

grassroots structure of India’s dairy economy.

The Government of India’s stance has been welcoming yet cautious - seeking to invite
global participation without disturbing the socio-economic equilibrium that sustains

millions of farmers.

Policy Framework and Evolution
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India’s FDI policy in the dairy sector has evolved gradually, striking a fine balance between

market liberalization and agricultural sensitivities. Key policy provisions include:

e« 100% FDI under the automatic route for dairy processing - covering chilling,

pasteurization, packaging, and production of value-added products.

e 100% FDI through the government approval route for food retail (including e-

commerce), provided goods are manufactured in India.

e Restrictions on FDI in animal husbandry, dairy farming, and cattle rearing - a

reflection of India’s socio-religious ethos and livelihood concerns.

These provisions gained momentum post-2016 under flagship initiatives like ‘Make in
India’, the National Dairy Plan, and the vision for ‘Doubling Farmers’ Income’. The
aim: to attract foreign investment into value addition, logistics, and export-oriented

agribusiness infrastructure.

Despite the liberalization, FDI inflows have remained modest. Between 2010 and 2016,
total FDI in the dairy sector stood at barely 114 crore, far short of the aspirational X1 lakh

crore target. Yet, international interest is evident.

Notable examples include:
e Acquisitions: French dairy major Lactalis acquiring Tirumala and Prabhat Dairy.
o Joint Ventures: Partnerships between Indian and foreign companies to share
technology and market access.
o Strategic Alliances: New Zealand’s Fonterra collaborating with Future Consumer
Ltd to explore high-end dairy products for Indian consumers.
This pattern shows that while policy is enabling, commercial success depends on

understanding and integrating into India’s cooperative-driven milk economy.
Growth Drivers and Investment Opportunities

1. Infrastructure Expansion
India’s dairy value chain, though vast, remains fragmented. There is immense potential for

FDI in developing:

e Modern milk collection and testing centers
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e Bulk milk cooling units and UHT processing
« Energy-efficient logistics and cold chains
e Automated large-scale processing plants

These investments could drastically reduce wastage, improve quality standards, and

enhance shelf life of dairy products.

2. Premium and Value-Added Products
Urbanization and rising incomes are changing consumer preferences. A new class of health-
conscious consumers is driving demand for:

o Probiotic and functional dairy beverages

o Whey proteins and nutrition supplements

o Lactose-free and fortified milk

o Artisanal and international cheese varieties

Such products remain underdeveloped domestically but align well with the expertise of

multinational dairy companies.

3. Technological Advancements

FDI can serve as a channel for technological transfer - integrating innovations such as:
e Automated milking and herd management systems
o Al-based farm-to-fork traceability
o Smart packaging and food safety technologies
o Digital procurement platforms linking farmers directly to processors

These tools can transform smallholder efficiency, reduce intermediaries, and ensure

transparent pricing.

4. Export Potential
India’s dairy exports - 63,700 metric tonnes valued at $273 million (FY 2023-24) -
represent only a small fraction of global trade. However, the potential is vast.

Opportunities lie in niche markets such as:

78 | Page



Dainy Planct Digest Tsoue 3

Ghee, paneer, and traditional Indian sweets
Value-added milk powders and dairy desserts

Region-specific markets in South Asia, Africa, and the Middle East

Challenges and Constraints

Despite the policy push, several bottlenecks deter large-scale foreign participation:

l.

Livestock Regulation: India’s legal restrictions on cattle slaughter create
challenges in managing unproductive animals, raising costs for intensive dairy

operations.

Dominance of Cooperatives: Giants like Amul (GCMMF) and state federations
dominate milk procurement, leaving limited room for new entrants to secure supply

at competitive margins.

Socio-Political Sensitivities: Policymakers must safeguard farmer interests. Any
perception of foreign dominance could trigger political and social backlash,

threatening the cooperative model that ensures equitable income distribution.

FDI from Border Nations: Geopolitical considerations, especially concerning

investments from neighboring countries, necessitate prior government approval.

Government Initiatives and Support Mechanisms

Recognizing these realities, the Government of India has adopted a calibrated and farmer-

centric approach to FDI:

FDI Action Plan (2016 onwards): Targeting X1 lakh crore in investments focused

on farmer-linked processing.

Collaborations with International Agencies: The World Bank, JICA, and

NDDB are promoting rural entrepreneurship, training, and infrastructure.

Financial Schemes:
o Animal Husbandry Infrastructure Development Fund (AHIDF) —

%15,000 crore for modern plants, chilling units, and logistics.

o Dairy Processing and Infrastructure Development Fund (DIDF) —

%10,881 crore to modernize cooperative dairies.
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o Tax Incentives: Up to 150% deduction for capital investments in dairy processing.

e Mega Food Parks: Offering plug-and-play infrastructure — cold chains, packaging

units, and testing labs — to attract both domestic and foreign players.

These initiatives collectively aim to build a robust ecosystem where FDI can complement,

not compete with, the cooperative and private sectors.

Outlook: Balancing Global Capital and Rural Prosperity
Over the past three decades, the private dairy sector has grown steadily, now matching the
processing capacity of cooperatives. This diversification signals a maturing market, capable

of accommodating responsible foreign participation.

The future growth trajectory for FDI lies in four key areas:

1. Premium and functional dairy products
2. Cold-chain and logistics infrastructure
3. Technology transfer and automation

4. Export-oriented dairy clusters

However, the success of FDI will depend on its alignment with inclusive growth goals -
ensuring that investment strengthens, not supplants, India’s rural producers. FDI must
enhance value chains, empower farmers, and uphold the cooperative spirit that has

sustained India’s dairy success for decades.

Conclusion

Foreign Direct Investment in India’s dairy sector represents more than the movement of
capital - it embodies a partnership between global expertise and local empowerment. If
guided by thoughtful policy and grounded in rural realities, FDI can transform India from
the world’s largest milk producer into a global hub for high-quality, value-added, and
sustainable dairy products. The path ahead lies in synergizing foreign innovation with
India’s grassroots milk economy - a collaboration that can redefine rural prosperity,

enhance global competitiveness, and sustain the white revolution for generations to come.
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Where Do SMP & WMP Stand in GST 2.0?

Dairy Planet Editorial

In the GST Council’s latest notification (Sept 2025), Skimmed Milk Powder (SMP) and
Whole Milk Powder (WMP) were not given any new exemptions or reduced slabs. They
remain in the 5% GST bracket (for milk powder and condensed milk under HS code 0402).

This means:

e Condensed milk = Reduced from 12% — 5%
e Milk powders (SMP/WMP) = Already at 5% earlier, no further cut — Continue at
5%

Why Does This Matter?
When raw milk is processed:

e Butter/ghee = Fat fraction
e SMP/WMP = Solids-not-fat (SNF) fraction
e Together they form the basis of recombined milk, whitener, and many dairy

formulations.
So, in terms of processing economics:

e Butter/ghee now enjoys a 7% tax relief (12% — 5%).
e SMP/WMP stay at 5% (no change).
e UHT milk & paneer = Nil GST (zero-rated).

This creates a differential tax structure within the same processing cycle.
Industry Implications
1. Recombined products (Whitener, reconstituted milk)

Since SMP/WMP still carry 5% GST, recombination cost doesn’t fully benefit from
tax cuts. If companies blend butter oil/ghee (now 5%) with SMP (5%) —

recombined milk/whitener still carries input cost with tax burden.
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2. Export competitiveness

SMP/WMP are crucial for exports (e.g., to Bangladesh, Middle East, African
markets). Keeping them at 5% instead of Nil means India’s powders aren’t as tax-

advantaged as paneer/UHT.
3. Price transmission to farmers

As processors balance ghee/paneer gains with SMP’s unchanged status, milk price
passthrough may be slightly muted, especially during flush seasons when excess

milk gets converted into SMP.
4. Stock market note

This is why you see Parag, Dodla, Hatsun rallying more on ghee/paneer/cheese
optimism rather than on SMP outlook. SMP is bulk; industrial, and export-linked —

less impacted by consumer-facing GST cuts.
In summary:

e SMP & WMP remain at 5% GST under GST 2.0.

e The big beneficiaries are ghee, butter, paneer, UHT milk, cheese, and ice cream.

e Since SMP/WMP are backbone ingredients, their unchanged tax means input cost
relief is partial, especially for whitener, recombined milk, and bulk B2B

formulations. —

Yes, A 12% green fodder
deficit and 23% dry fodder
deficit directly inflate milk

prices.
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India’s Milk Prices Are Entering a New Era
— Rising Costs, Global Signals & the Battle
for Farmgate Stability

Dairy Planet Editorial

Why 2025 may redefine India’s dairy economics

India’s milk prices are no longer driven only by domestic demand—they’re being shaped
by a powerful combination of rising feed costs, tightening procurement margins, and global
dairy market cues. What we’re witnessing is not a seasonal fluctuation, but a structural

realignment in farm economics.
What’s Driving the Upward Pressure on Milk Prices?
1. Feed Costs Are Climbing — The Core Trigger

Feed represents 55-65% of the total cost of milk production for Indian farmers.

Recent increases in:

e Maize & soybean meal prices
e (Green fodder scarcity due to erratic monsoons

e Higher fertiliser & energy costs

...have pushed production costs up sharply, forcing cooperatives and private

processors to rethink procurement pricing.
2. Procurement Prices Are Rising Across India

Official channels—DAHD, PIB, and state cooperatives—are clearly signalling a

push for better farmgate realisation.

e Several dairy unions have initiated procurement hikes of 32—3 per litre in the
past quarter.

e Private companies like Heritage Foods have already reported margin
compression due to elevated procurement costs, as disclosed in their latest

earnings commentary.
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This means processors are walking a tightrope: protecting farmers while managing
their own profit pressures.
3. Global Market Cues Are Adding Complexity
Milk may be local, but prices aren t.

Global dairy major Fonterra’s trimmed farmgate price forecasts suggest a weak
international environment—meaning India cannot rely on cheaper imports or global
relief to ease domestic procurement tension. With international SMP/WMP prices
lacklustre, processors face fewer hedging opportunities. Domestic markets must

self-correct.
India’s Dairy Leadership Is Pivoting Toward Stability
1. Government Messaging — Producer Welfare
This year’s National Milk Day announcements emphasised:

e Cooperative resilience
e Better milk realisation for farmers
e Strengthening of procurement networks

2. NDDB — Strategic Expansion & Brand Support
NDDB continues to push:

e State-level plant upgrades
e Chilling infrastructure
e Breed improvement programmes

e Digital milk testing & transparency systems
Their goal: protect farmer incomes while stabilising retail prices.
Short-Term Outlook: Pressure Upstream, Tight Margins Downstream

Farmers

v Better procurement prices

X But higher feed costs erode net gain
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Processors

v Value-added dairy helps maintain margins

X Raw-milk-driven product lines remain under stress
Consumers

v/ No immediate steep price shocks

X Retail price cuts are unlikely in the near term

What Needs to Happen Next?
Feed-Cost Efficiency Must Become Priority

e Fodder banks
e Hydroponic systems
e Precision feeding

e Silage adoption
Cold Chain Investment Is Non-Negotiable

e Reducing losses from 4-6% to <2% can directly improve profitability

without raising consumer prices.
Shift Toward Value-Added Dairy

e Cheese, paneer, ghee, UHT milk, flavoured milk—these offer margin

stability when raw milk becomes volatile.
Policy Support for Fodder & Productivity

e State schemes must focus on:
e (Green-fodder acreage
e Al & breed improvement

e Farmer extension services
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The Big Picture: India’s Milk Price Is Becoming the Sector’s Most Important Signal

For farmers, processors, retailers, and investors alike, “milk price India” is now the single

most critical metric reflecting stress, opportunity, and sector health.

India’s dairy industry is resilient—built on cooperatives, smallholder strength, and daily
micro-transactions across 80 million households. But navigating 2025 will require smart

feed strategies, better infrastructure, and innovation-driven value chains.

The next 12 months will determine whether India can maintain affordable consumer prices

while strengthening farmer incomes in a volatile global environment.

ﬁs, That’s because flush

season and lean season
variations cause up to 25%
fluctuations in milk
availability.

Do you know India
produces 25 crore litres of
milk per day but still faces
seasonal shortages?
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Milk: The Gold of the Dairy Industry
and a Path to Rural Empowerment

— Mohit Singh
B. Tech Dairy Technology, WBUAFS

Milk has long been considered the liguid gold of India—not only for its rich nutrition but
because it forms the backbone of countless dairy products. Among all its components, milk fat
holds the highest commercial value. Whether converted into ghee, cream, or butter, it offers
remarkable shelf life, premium pricing, and excellent market demand—making it a practical

avenue for rural entrepreneurship.

During my first year of B.Tech in Dairy Technology, I spent 15 days conducting a field survey
across villages in West Bengal. What I witnessed was eye-opening. Milk was plentiful, but

opportunities were scarce.

Local villagers produced good volumes of milk, yet limited household demand meant that a
large portion was sold to local vendors—often at unfairly low prices. Some of these vendors
diluted or adulterated the milk before selling it in nearby towns, compromising both producer

income and consumer safety.

This situation revealed a powerful truth: Villages don’t lack milk. They lack value addition.

The Untapped Potential of Rural Dairy: Start with Ghee

One of the simplest and most effective ways to increase income is through home-based ghee
production. Converting surplus milk into ghee drastically improves value, requires minimal
equipment, and opens doors to direct-to-consumer sales, including online markets.

But the opportunity doesn’t stop there.

Small-Scale Dairy Units: The Game Changer

With support from government schemes, NGOs, or community cooperatives, villages can set
up mini dairy processing units to separate cream from milk and produce:

V/ Ghee

/ Paneer

+/ Cream

/ Flavoured ghee or artisanal dairy products

Skimmed milk left after fat separation can still be used for tea stalls, curd preparation, school

supply programs, or household consumption.



These units can be:
e Manual or semi-automatic
e Low-cost and energy-efficient
e Operated by families or self-help groups (SHGs)

This creates multiple income streams while ensuring no milk goes to waste.

Training: The Key to Dairy Entrepreneurship

Along with machinery, what rural India needs is knowledge.
Workshops on:
e Hygienic processing

e Packaging techniques

Shelf-life management
e Branding and storytelling
¢ Online sales and logistics

can empower villagers to launch their own micro-dairy brands.

Imagine a village selling “Dinka Gold Ghee” or “Mandya Pure Cream” on ecommerce platforms

or to urban restaurants!
The Road to Rural Prosperity

When villagers shift from merely selling milk to processing and branding their own dairy
products, everything changes:
e Household incomes rise

e Employment is generated locally

Middlemen exploitation decreases

Food adulteration reduces

Village economies become self-sustaining

India’s villages are rich in milk—but even richer in potential. With the right blend of traditional
dairy knowledge and modern entrepreneurship, rural communities can transform dairy from a

livelihood into a thriving enterprise.



National Milk Day with a Twist: My
Experiment with Vegan Oat—Coconut
Milk at BHU — Ayushmann Jaiswal, BHU

This National Milk Day, I wanted to celebrate differently — not by drinking milk, but by
reimagining it.
As a food technology student who believes innovation begins in the kitchen, I created a

refreshing, dairy-free alternative using humble ingredients: oats and coconut.

Step 1: The Oat Milk
I soaked oats for an hour, blended them with water, and strained the mixture to obtain a

smooth, naturally creamy oat milk. Mild, neutral, and nutrient-rich — a perfect base.

Step 2: The Coconut Milk
Fresh coconut gratings were churned with water and filtered to extract rich coconut milk.

This gave body, aroma, and a beautiful mouthfeel.

Step 3: The Perfect Blend
I combined the two in a 40:60 oat-to-coconut ratio, achieving the ideal balance of

creaminess and lightness.

Step 4: Natural Sweetness

Instead of refined sugar, I added:
V/ Dates

+/ Banana

V/ A tiny bit of sugar (optional)

The result? A naturally sweet, energizing plant-based beverage.

Showcasing It at BHU

I presented this vegan milk at Banaras Hindu University (BHU), and the response was
heartwarming. Students and faculty were surprised by how delightful and refreshing a
plant-based milk could be. Many appreciated the concept, the taste, and the sustainability

angle.
Their feedback made this National Milk Day truly special — a reminder that:

Milk doesn’t have to come only from animals. It can come from plants too — nourishing,

ethical, and innovative.



Success Story: How Two Women
Redefined Dairy Farming in South
India

From One Gunta Land to Lakhs in Revenue — The Inspiring Journeys of Mangalamma &
Vidhu Rajeev

In the heart of Mandya district, Karnataka, stands a story that has become a symbol of
resilience, innovation, and quiet revolution. Mangalamma, a 47-year-old dairy farmer
from Dinka village, transformed her one-gunta farmland into a thriving dairy enterprise
— earning ¥30 lakh in a single year. Her remarkable journey earned her the title “Best
Dairy Farmer of Karnataka” at the Southern Dairy Summit-2025, hosted by the Indian
Dairy Association (South Zone).

But she wasn’t the only one lighting up the summit stage. Alongside her stood Vidhu
Rajeev from Kottayam, Kerala, who produced over 1 lakh litres of milk, earning ¥50 lakh
in 2024-25, proving that scientific dairy farming is not just profitable — it's

transformational.

Mangalamma: The Woman Who Built a Dairy Empire from Scratch

Twenty years ago, Mangalamma and her husband stood at a crossroads. With no capital,
no modern equipment, and just a handful of cows, they chose courage over comfort.

« Instead of guessing, they studied.

« Instead of waiting, they experimented.

« Instead of complaining, they learned.
They attended seminars, met experts, and embraced scientific dairy practices. Slowly but
steadily, their tiny operation grew.
Today, her farm houses:

+ 30 cows & 2 buffaloes

« Daily milk production: ~300 litres

« Annual revenue: 30 lakh
Her success lies in precision feeding and scientific herd management. Each cow receives a
carefully balanced diet of maize, oil cakes, groundnuts, and sorghum fodder, ensuring
optimal health and consistent yields. Machines — from automated milking to planned

feeding systems — replaced manual guesswork.



What began on one-gunta land now supports:

« Three additional families in the village

« A mini rural economy

« Amodel farm that inspires new dairy entrepreneurs
Her message for India’s youth is simple yet powerful:

“If my journey inspires even one more farmer, our entire village grows.”

Vidhu Rajeev: Kerala’s Dairy Innovator Leading with Sustainability

From the lush fields of Kottayam comes another shining example — Vidhu Rajeev, who
built a dairy system that blends technology + sustainability beautifully.
Her achievements last year:

« 1,00,000+ litres of milk produced

« ¥50 lakh annual income

+ 50 milking animals under her care
What sets Vidhu apart is her commitment to future-ready dairy farming. Her farm
features:

« Automatic drinking systems

« Ventilation-controlled sheds

« Temperature regulation to reduce heat stress

» Biogas plant powered by cattle dung

« Organic manure sold at ¥40/kg

« Slurry recycled into paddy fields
Her farm is not just a business; it is a sustainable ecosystem — cleaner, profitable, and

community-driven.

Why Their Stories Matter

At a time when dairy farming faces rising input costs, climate challenges, and
technological gaps, women like Mangalamma and Vidhu are redefining what rural
entrepreneurship looks like.
Their stories prove that:

+ Scientific management can multiply income

« Small farms can become sustainable enterprises

« Women are emerging as powerful leaders in India’s dairy economy

« Dairy farming is not just a livelihood — it’s a path to rural prosperity



Southern Dairy Summit-2025: Celebrating the True Heroes of Dairy

By honouring these women, the Indian Dairy Association sent a resounding message:
Future of Indian dairy is female. Future of dairy is scientific.

From Karnataka to Kerala, their journeys mark a new beginning — where knowledge
replaces guesswork, sustainability replaces waste, and dairy becomes a platform for

empowerment.

A New Generation of Dairy Leaders Is Rising

If one-gunta land and a handful of cows can turn into lakhs, imagine what India’s 80
million dairy farmers can achieve with the right knowledge and support.
This is not just their success story.

This is a blueprint for India's dairy future.
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From Homemaker to Dairy
Entrepreneur: The Inspiring
Journey of Goa’s “Adishri Dairy”
Founder, Amita Naik

Women’s empowerment isn’t defined by slogans — it lives in the stories of women who
dare to reinvent themselves.

One such story rises from Ibrampur, Pernem, where 47-year-old Amita Naik transformed
from a homemaker into one of Goa’s most promising dairy entrepreneurs.

Today, Amita is known for crafting high-quality, homemade dairy products — lassi, curd,
paneer, ghee, and even the nostalgic childhood favourite: Pepsi ice candy. But her rise

was anything but planned.

From Gerbera Farming to Dairy — A Journey No One Saw Coming

For years, Amita and her husband experimented with gerbera farming inside a
polyhouse. Despite hard work, success eluded them. Something felt incomplete.

In 2017, they took a leap of faith: They bought their first cows.

Feeding them wasn’t a challenge — they already had good farmland. They joined local
dairy farmers supplying to Goa Dairy, just like farmers in Ibrampur, Chandel, Hasapur,

Nagzar, and Casarvannem. But soon reality hit.

“Selling milk at T30 per litre didn’t justify our effort. We knew we had to do something

more.” — Amita

For two years, they continued supplying milk at low margins. But the dream of better

income refused to fade.

When the Pandemic Became a Turning Point

2020 changed everything.

As lockdowns increased milk demand, Amita wondered, “What after the pandemic?”
That question sparked a transformation.

They realized that Goa had a huge gap in locally made, good-quality dairy products.
Instead of selling raw milk, they could create value-added products — curd, paneer, and

lassi — that fetch double the income.



Amita enrolled in training programs through Lupin Foundation, learning the science of
dairy processing, hygiene, testing, and packaging. She explored government schemes
from RDA and Lupin Foundation to purchase equipment like:

/ Lassi stirrer

/ Paneer-making machine

/ Sealing machine

V/ Dairy testing kits

“This was not an overnight success. Between 2020 and 2022, we learned, failed, improved

— and prepared.” — Amita

After two years of planning, the Naiks received approvals from the FDA and local
panchayat.
In 2023, their dairy brand Adishri was born.

A Full-Fledged Dairy Unit — Built From 10 Cows to 25

Today, Adishri Dairy:
« Houses 25 cows
« Produces 150 litres of milk a day
« Converts milk into lassi, curd, paneer, ghee, and ice candy

« Sells 1,000 litres of products regularly, especially across Bardez

Their income has doubled, thanks to value addition:
« Selling raw milk: ¥30 per litre
« Selling processed dairy: 70 per litre

Sustainability as a Side Hustle
Amita didn’t stop there.
She started making vermicompost from cow dung, earning another ¥15,000 every month

with almost no investment — a brilliant example of circular economy at the village level.



A Message for Goa: Support Local, Build Local

Despite her success, Amita acknowledges Goa’s tough retail reality:

“Goans still hesitate to support local brands. But I believe one day they will value

home-grown quality.”

Her dream is to make Adishri a leading Goan dairy brand — strong, trusted, and proudly

local.
What Makes Amita’s Story So Powerful?

It is not just about dairy.
It is about:
« Reinvention
« Knowledge empowerment
« Smart use of government schemes
« Value addition

« Persistence through obstacles

From a homemaker to a thriving entrepreneur, Amita Naik stands as proof that rural

dairy can become a powerful engine of women-led growth.

“We built this from scratch. And now, there’s no looking back.” — Amita
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WHITE REVOLUTION 1.0 VS 2.0:
A COMPARATIVE OVERVIEW

WHITE REVOLUTION 1.0

(Operation Flood) [eite: 1]
Launch Year: 1970 [cite: 3]
PRIMARY AIM

To make India self-sufficient in milk
production and create a national milk
grid. [cite: 3]

Augmenting milk supply, building
processing capabilities, and
establishing a robust distribution
network. [cite: 3]

Dr. Verghese Kurien, known as the
'Father of the White Revolution in India’.
[cite: 3]

Financed by the sale of skimmed milk
powder and butter oil donated by the
European Union through the World Food
Program. [cite: 3]

Established thousands of village
cooperatives and linked urban markets
to rural milk sheds. [cite: 3]

TECHNOLOGY

Introduced basic machinery, artificial
insemination, and improved breeding
practices. [cite: 3]

OUTCOME

India became the world’s largest milk
I:roduc]er and achieved self-sufficiency.
cite: 3

50%

WHITE REVOLUTION 2.0
(2024) [cite: 1]
Launch Year: 2024 [cite: 3]

To increase milk procurement by
cooperatives by 50% over five years (to
1,007 lakh kg/day by 2028-29) and
address modern challenges. [cite: 3]

Expanding cooperative coverage to
unserved areas, improving animal
productivity and nutrition, leveraging
technology, and promoting sustainability
and exports. [cite: 3]

Led by the Ministry of Cooperation and
NDDB, with a focus on collective effort
through expanded cooperatives. [cite: 3]

Funded through existing schemes like
the National Programme for Dairy
Development (NPDD) 2.0 and NDDB's
own resources initially. [cite: 3]

Plans to form 75,000 new Dairy
Cooperative Societies (DCS) and
strengthen 46,422 existing ones, using
advanced technology like Automatic
Milk Collection Units (AMCU) and bulk
milk coolers. [cite: 3]

Focuses on advanced breeding
technologies (sex-sorted semen, IVF),
ration balancing, and the use of IT for
data management. [cite: 3]

Aims for higher efficiency, quality
control, value addition, women
empowerment, and increased global
market share in exports. [cite: 3]

- ENVIRONMENTAL ASPECT

1.0: Minimal initial focus on
environmental impact. [cite: 3]

2.0: Promotes sustainable waste
utilization, organic manure production,
and a circular economy through cow
dung and agricultural waste conversion.
[cite: 3]




Madhya Pradeshi)airy Federation and NDDB
join hands to improve milk producers’ earnings

Co-operative movement had remained in shambles as lawos nol tweaked, savs Shah at co-operative meet
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new avenues of opportunities in the state
» Efforts are being made to promate catile
rearing and milk production

» Shah said no thought was given by the
previous governments to bolster the co-
operative sector

tive sector.

“Madhya Pradesh has a lot
of possibilities in the agricul-
ture, animal husbandry and
co-operative sectors. A lot

in the

Amit
nister
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9 per cent to the national out-
put, and called for the expan-
sion of cooperative and dairy
activities to at least 50 per cent
of villages. “This is a golden

tipurpose PACS now engage
in over 30 commercial activi-
ties including fuel stations and
public utility services.

After the pact, the NDDB,

piment had remained in sham-
ihles in the country as laws were

carlier not tweaked accordingly.
“But after 75 years of inde-

of works needs to be done to
exploit these possibilities”, the
Minister said.

Shah said 100 per cent com-
puterisation of PACS (primary
Agriculture Cooperative Soci-
eties) in Madhya Pradesh was
a remarkable achievement and
a reflection of the state’s effi-

opportunity to revitalise the
cooperative movement. The
Centre is committed to stand-

ing firmly with the farmers of

Madhya Pradesh,” he said.
Shah emphasised the Cen-
tre’s push for modernisation,
citing the Rs 2,500 crore fund
allocated for PACS comput-

Anand will manage the opera-
tions of the SCDF and other
six other state’s co-operative
federations, but the federa-
tion's brand “Sanchi’ will not
be changed.

On this occasion, CM
Yadav said the state govern-
ment is working to raise milk

ments will open new avenues of
opportunities in the state. The
state government is promoting
coaperative activities through
multipurpose societies and has
made several decisions for the
welfare of the weaker sections,
he said. “Soon, petrol pumps,
medical stores, and other enter-
prises will be run by coopera-
tive societies,” the CM said.
“Dairy farming is a proven
source of income enhancement
in households, Efforts are being
made to promote cattle rear-
ing and milk production. Sub-
sidies have been arranged for
cattle farming:” Yadav said. The
government will procure milk
from farmers o improve their
livelihoods, he further said.

said.

MP currently ranks third in
milk production in the coun-
try, after Untar Pradesh and
Rajasthan.

-operative

e cient governance. He lauded
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erisation and integration with
district and state cooperative
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production from 9 to 20 per-
cent of the national share.
He also announced plans for
=~ every house-

The MoUs are aligned
with “White Revolution 2.0
and will promote women’s

empowerment and higher

It is time for India to launch its White Revolution Z.Or
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Union Ministers Amit Shah and Rajiv Ranjan Singh, Thursday.

cal milk production, strengthen-
ing dairy infrastructure and

Shah said inthe first 100 days
of Prime Minister Marendra
Modi's third term, the Ministry of
Cooperation has taken " 10impar-
tantinitiatives out of which three
are being launched today™. These
initiatives will help make the co-
operative sector self-reliant and

broad-based, he said.

Shah said: "Many people are
apprehensive about whether
budget support will be available
for this programme (White
Revolution 2.0 ) or not. | assure the
Animal Husbandry Department
that this is the highest priority
area of the government and thi
programme will get full budget-
ary support.”
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