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Foreword |

The book Emerging Technologies in Food Science: Focus on the Developing World
encompassing emerging technologies and innovations in the food sector is mainly
focused on developing nations. Food security is achieved when all people have
access to enough, safe and nutritious food and are thereby able to maintain healthy
and active lives. According to the FAO, more than 795 million people suffer from
hunger worldwide due to inadequate food security in developing nations. With food
insecurity as the major challenge, there have been certain emerging technologies in
the food science and technology sector. This will completely change the outlook of
the food sector in the developing world. The food industry is an increasingly com-
petitive and dynamic arena, with consumers now more aware of what they eat and,
more importantly, what they want to eat. In recent years, with the aim to improve,
or replace, conventional processing technologies in order to deliver better quality
and consumer need-based food products, several innovative technologies, also
referred to as “emerging” or “novel” technologies, have been proposed, investi-
gated, developed, and, in some cases, implemented.

The emerging food processing technologies have been advanced by the initia-
tives of food researchers and academicians during the last few decades. These tech-
nologies could significantly contribute to the production of safe and high-quality
food products. Moreover, the production will have shorter processing time, reduced
operational cost, and be environmentally sustainable compared to the conventional
food processing technologies, which will eventually benefit the food industry.
However, each emerging technology has its own limitation. Therefore, further
research needs to be conducted in order to apply these technologies at a commercial
level. With this background, many researchers have worked toward the development
and optimization of several emerging food processing technologies.

The book has four different parts comprising twenty-five chapters, which repre-
sent the rich and many-faceted knowledge. I am confident that this book will become
a primer for academicians, researchers, and professional developers, helping the
reader to learn, teach, and practice the art of interpretive discussion.

The work done by the contributors and editors depicts that it needs a lot of
research, innovative work, and an understanding of the past, present, and future
scenarios on the subject matter. This book would prove to be a reference book for
all those working in the area of Emerging Technologies in Food Science and would
help them in changing the scenario in this regard in developing nations. Also, for
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developed nations, it would give useful guidelines to build a bridge between the
developing and developed nations to achieve mutual benefits. Also for the interna-
tional and national agencies, governments, politicians and scientific organizations,
and other opinion makers, the contents of the book would help them generate fur-
ther thoughts to address the problems in this area. I greatly appreciate the hard work
done by all the contributors and my deep compliments to the editors—Dr. Monika
Thakur and Dr. V. K. Modi—for doing this most valuable work.

Ritnand Balved Education Foundation (RBEF), Ashok K. Chauhan
AKC Group of Companies

Amity University

Noida, Uttar Pradesh, India



Foreword I

The book Emerging Technologies in Food Science—Focus on the Developing World
provides a comprehensive overview of food safety, nutritional security, innovative
and emerging technologies in the food sector with respect to developing nations.

This book also reviews innovations in food science to tackle the challenges of
food safety, nutritional security and sustainability in the modern era. The book has
four parts: Overview of Food Industry, Food Safety, Nutritional Security and
Sustainability, and Emerging Technologies and Innovations. The topics have been
treated in depth in the 25 chapters from different areas of food science and tech-
nology, which balances perspectives and vision for innovations in the developing
world globally.

This book will be a valuable reference source for young professionals,
researchers, academicians, corporate leaders and policy makers to understand
various innovations, developments and researches in the field of food science and
technology. Besides, it will also benefit academia and industry together to foster
new initiatives and explore latest innovations and concerns. I congratulate the
editors and contributors for bringing this book.

Amity University Balvinder Shukla
Noida, Uttar Pradesh, India
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Foreword lll

The book Emerging Technologies in Food Science—Focus on the Developing World
describes the emerging food technologies used in food production and processing
and it impact on our daily lives. It is a complete compendium offering the latest
technological innovations and includes vital information in research and develop-
ment for the food processing sector. It also covers topics such as food safety, nutri-
tional security and sustainability. The issues addressed in this book have been
selected to make the consumers aware of and to provide them an overall picture of
the food industry in the developing world.

People are talking about Industry 4.0 as the “Industry of the Future” in which
there has been communication between machines and systems. Various emerging
technologies significantly contribute to the production of safe and higher quality
food products with added advantages.

The book has four parts with 25 chapters contributed by authors all over India. It
covers a broad selection of topics written by specialists in the field, and the volume
will be of interest to food scientists and technologists, food process engineers,
researchers, faculty and students, and many others in the food industry. I congratu-
late the editors for their vision and tremendous efforts.

Defense Food Research Laboratories, DRDO Amarinder Singh Bawa
Mysore, India



Preface

Innovative food processing technologies have been widely investigated in the
food processing sector in recent years. These technologies offer advantages for
advancing the quality of conventional and traditional foods and for combating the
growing challenges posed by globalization, increased competitive pressures and
diverse consumer demands. However, there is a need to explore these novel tech-
nologies for further use by the food industry.

This book presents a comprehensive overview of innovations in food science to
tackle the challenges of food safety, nutritional security and sustainability and pin-
points the trends in future research and developments. It has four parts: Overview of
Food Industry, Food Safety, Nutritional Security and Sustainability, and Emerging
Technologies and Innovations. The topics have been distributed into 25 chapters
from different areas of food science and technology, which balances perspectives
and vision for innovations in the developing world globally.

The first part “Overview of Food Industry” provides an overview, role of innova-
tion in the food industry and application of nanotechnology with many opportuni-
ties and challenges in various food sectors.

The second part concerns the development of new vibrant technologies for
achieving “Food Safety”. A major goal for food scientists is to produce healthy and
safe foods for consumers.

The third part is devoted to “Nutritional Security and Sustainability” of the food
and agricultural sector. The aim is to provide enough food, with quality, to meet the
nutritional needs of a growing population and to conserve natural resources for
future generations. A sustainable food system supports food security, makes optimal
use of natural and human resources and provides the consumer with nutritionally
adequate, safe, healthy and affordable food for the present and future generations.
Changes in both food consumption and food production are important to ensure
more sustainable food systems and to achieve food and nutrition security.

The fourth part deals with “Emerging Technologies and Innovations” in the food
sector. In recent years, with the aim to improve, or replace, conventional processing
technologies in order to deliver better quality and consumer need-based food prod-
ucts, several innovative technologies, also referred to as “emerging” or “novel”
technologies, have been proposed, investigated, developed and, in some cases,
implemented.
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Xii Preface

The editors of the book express their gratitude to all the contributors for sharing
their research work. We are also thankful to Springer Nature for giving us this
opportunity. We hope that the content presented in this book will be useful for the
reader involved in the field of food science and technology.

Noida, India Monika Thakur
Noida, India V. K. Modi
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of Innovation in Food Industry
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and Prabhat K. Nema

Abstract

Food business is one of the major segments, which influences the economy of
India. Economic and technical changes taking place in society and in the pro-
cessing and manufacturing of the food has made a substantial impact on the
whole food supply chain, right from farm to fork and made it obligatory for the
food business stakeholders to divert their attention toward food products that
fulfill the consumer’s needs for a healthier lifestyle. As a result, innovation has
been extensively inspected also within the industry.

Keywords
Food industry - Innovations - Processed foods

1.1 Introduction

Food processing is the process by which raw ingredients are transformed into edible
food along with enhancing its shelf life. The processed food industry includes both
the primary processes and value-added foods. Primary processed foods include
products such as packed milk, tea, fruits and vegetables, milled rice, flour, unbranded
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edible oil, coffee, spices, salt, and pulses, sold in non-packed or packed forms, and
value-added processed food includes products such as processed dairy products
(cheese, butter, paneer, and ghee), jams, processed fruits and vegetables, juices,
processed poultry, processed marine products, among others. The food industry
feeds people around the globe with a wide range of food businesses. This sector
imparts large employment opportunities and hence contributes to the country’s
overall development. Globally, the processing industry is valued at over $2 trillion
and comprises of over 400,000 businesses with an expected growth rate of around
11.4% in 2019.

Food business is one of the major segments, which influences the economy of
India. Ministry of Food Processing Industry (MOFPI) data shows that Indian food
industry is estimated to be at USD 39.71 billion with an 11% compounded annual
growth rate (CAGR). The Indian food and grocery market retails contribute 70% of
the sales and are ranked the sixth largest in the entire world. The global and Indian
food retails sales are valued at USD 4 trillion and USD 490 billion in 2013, respec-
tively, as estimated by USDA (United States Department of Agriculture). Production,
processing, marketing, and consumption of the food in the developing countries
have been significantly changed by the food and agricultural sectors in these coun-
tries (Busch and Bain 2004; Henson and Reardon 2005; Pinstrup-Andersen 2000;
Swinnen and Maertens 2006; Deshingkar et al. 2003).

The Indian food processing sector witnessed a substantial growth postindepen-
dence during the 1980s. Green revolution increased the agricultural production
many folds following and increased necessity for postharvest management.
Realizing the true potential of the industry, business community diversified the
industry from grain trading to processing (Kachru 2006). The presence of both orga-
nized and unorganized players in the market and the different eating patterns of the
consumers throughout the country differentiates the Indian market from the other
well-established markets across the world. Indian consumers prefer unprocessed
fruits and vegetables via homemade preparations, which is contradictory to devel-
oped nations where people prefer ready-to-eat foods. This is a major reason why
Indian food processing industry is still underdeveloped despite strong agricultural
production and a strong technological base. With 35% of the produce being pro-
cessed, dairy products have the highest share in processed food industry, whereas
fruits and vegetables have the lowest with only 2.2% of the produce going for pro-
cessing. This may be due to higher inclination of consumers toward fresh fruits and
vegetables over processed ones (Merchant 2008). However, in urban areas, the trend
is slowly shifting to processed foods due to lack of time.

Increasing inclination of consumers in India toward processed food owing to the
work culture has resulted in a substantial increase in number of industries in orga-
nized sector. In the past few years, the sector saw growth of 31%. This expansion
gives a very boosting view of food processing industry. The retail segment also gets
benefited by the inflow of Foreign Direct Investment (FDI). It gives farmers a plat-
form to sell their produce to farmers at a profitable price by eliminating the
middlemen.
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The inflow of FDI and growing number of food processing industries underline
the need of science and technology competence of our food processing industries.
The incentives of the Indian food processing industry will be further enriched by a
well-developed technology infrastructure. About 100% foreign direct investment in
retail sector as desired by MOFPI can help to boost processed food exports since the
demand from the domestic market alone cannot be sufficient. If the FDI were
allowed, foreign expertise and technology brought in by retail chains would ulti-
mately benefit the farmers. The FDI in retail can therefore increase the prospects of
the processing industry (Agricultural and Processed Food Products Export
Development Authority).

The CSO Reports of annual survey of industries evaluated the annual growth
performance of the food processing industries. The growth performance was mea-
sured in terms of employment, the gross value added (GVA), and the number of
units. It shows that in respect of investment, output growth, number of units, and
employment, the high value segments, such as fish and fish products, meat and meat
products, milk and milk products, starches and starch products, fruits and vegeta-
bles, and confectionery, have gained remarkably in the post-reform period. Starches
and starch products have achieved maximum growth in the number of units during
the post-liberalization period followed by fruits and vegetables.

1.2  Innovations in Food Industry

Economic and technical and changes taking place in society and in the processing
and manufacturing of the food has made a substantial impact on the whole food
supply chain, right from farm till fork and made it obligatory for the food business
stakeholders to divert their attention towards food products that fulfill the consum-
er’s needs for a healthier lifestyle. As a result, innovation has been extensively
inspected also within the industry.

The food industry is usually categorized as a segment with lower research inten-
sity, resulting in one of the lowest R&D-to-sales ratios of any industrial sector.
Furthermore, this sector is less dynamic in terms of technological changes since the
number of patented inventions are too less than manufacturing sectors (Martinez
and Briz 2000). Beckeman and Skjoldebrand (2007) evaluated the degree of innova-
tion in the food industry, emphasizing the fact that “very little innovation is taking
place in the food industry.” However, the food industry has been growing at a faster
pace owing to the technological shift from the production to the information and
then to the service age.

Moreover, the technological innovations have to be in sync with the social and
cultural inventions for their ready acceptance and so that they satisfy the consumer’s
nutritional, social, and personal needs (Bigliardi and Galati 2013).



