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From the twentieth century, modern agriculture is providing high quality foods, and 
‘classic’ biotechnology has been used for centuries in breeding to produce improved 
food crops. However, with development of ‘modern’ biotechnology and the use of gene 
technology, much potential for further advances in crops improvement in nutritional 
qualities. At the end the twentieth century and the turn of the twenty‐first century, 
interests in improving the nutritional and health benefits of crops became a priority 
aiming to improve diet, and control and prevent many other nutritional diseases par-
ticularly obesity, cardiovascular diseases, diabetes and cancers. During the last three 
decades and the better understanding of gene action and metabolic pathways, tremen-
dous progress has been made in manipulating genes to enhance nutrients, phytochemi-
cals and nutraceuticals of a large number of crops. Despite these developments, still a 
lot remains to be understood for example the interaction of genes and genomic environ-
ment, and/or genes with the environment. Nevertheless, the extensive existing genetic 
resources available including the wild relative species, and recombinant DNA methods 
are offering greatly expanded potential resources. Therefore, new options for improv-
ing the nutritional value of crops are open. This book is aiming to report recent advances 
and updated data on the use of molecular engineering to enhance the phytonutritional 
quality of crops. The different chapters are covering different molecular engineering 
techniques to increase phytonutrient levels in crops, as well as the potentials of improv-
ing specific crops.

Noureddine Benkebli
Professor of Crop Science

UWI Mona

Foreword
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1.1  Introduction

Present‐day consumers are more nutrition savvy. Each year, health magazines and arti-
cles in the newspapers are increasingly dedicated to the relationship between health and 
diet, especially to plant‐based nutraceuticals, functional foods and value‐added food 
products. Additionally, health‐related research journals, magazines, books and televi-
sion programmes tackle topics of treatment and prevention of diseases more than ever. 
The advent of the internet has acted as an active super highway for free information and 
has contributed significantly as one of the momentous events influencing communal 
knowledge and awareness across the planet (Wildman & Kelley 2007). In addition, pow-
erful tools such as publicly available technical and non‐technical search engines and 
social media have further strengthened the global community in the realm of knowl-
edge empowerment. Several international food companies are also taking full benefit of 
the increasing health awareness and have contributed millions of dollar into the study of 
nutraceutical compounds, marketing and development of new products and have rec-
ognised a quickly developing new market with remarkable pledge. These products fall 
in the category of immense deemed functional foods. These manufactured food prod-
ucts or natural foods (vegetables and fruits) that can definitely influence human physiol-
ogy action have bioactive compounds (Wildman 2001).

The term ‘nutraceuticals’ was first coined by Stephen DeFelice, founder and chairman 
of the Foundation for Innovation in Medicine, in the United States in 1988. The defini-
tion given by the organisation was ‘products isolated and purified from foods that are 
generally sold in medicinal forms and are usually associated with food.’ However, another 
definition was given by Health Canada in 1998. The same organisation coined a defini-
tion for the term ‘functional foods,’ which defined it as ‘similar in appearance to, or may 
be, conventional foods that are consumed as part of a usual diet, and have demonstrated 
physiological benefits and/or reduce the risk of chronic diseases beyond the basic nutri-
tional functions.’ Hence, there exists a fine line of demarcation between the two terms 
(Acharya et al. 2008).

The global market of nutraceuticals and functional foods is on the rise with the United 
States and Japan being the top two countries having the biggest share of it. However, in 
other countries, the expansion of the market is being restricted due to stringent laws 
governing food labelling, formulation, processing, packaging and marketing. Such 
issues need to be dealt with properly to facilitate the growth of functional food markets 
in every other country (Basu et al. 2007). Two more countries that are likely to emerge 
as promising markets for nutraceuticals in the near future are India and China. Both 
these countries have a rich source of herbs and trees, which have formed an essential 
part of traditional Indian and Chinese medicines. Even today, such traditional medi-
cines play an important role in keeping the lives of a major part of the enormous popu-
lation in both these countries. Moreover, the lion share of India’s people live in the rural 
areas where there is almost no access to standard conventional health care centres 
providing modern day drugs. Hence, they depend on the local herbal products for cure 
of diseases (Basu et  al. 2007). In both the countries, there are no strict government 
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regulations pertaining to the sale and consumption of these traditional medicines. They 
are available to the people as over‐the‐counter drugs without the need for any prescrip-
tion. These facts point to their potential to grow as leaders in market for nutraceuticals 
and functional foods and thus contribute significantly to the export industry (Basu et al. 
2007). This review aims at providing a detailed coverage of health as well as industrial 
aspects of plant‐based nutraceuticals, functional foods and value‐added food products 
to the readers as to understand: what they are and their applications in human health 
from a global perspective.

1.2  Nutraceuticals and Functional Foods in Human Health

Plants have always been a significant source of trace elements in our diet (Aberoumand 
2012). They not only help us by meeting our optimum nutrient requirements but also 
provide an effective barrier to the occurrence of several morbid conditions (Aberoumand 
2012). Many of these medicinal plants produce a number of different phytonutrients 
that play an important role in maintaining our very own physiological system. But 
most of those underlying biochemical processes still remain obscure (Thomas 2012). 
However, rapid development in the field of deoxyribonucleic acid (DNA) sequencing 
and other biotechnological know‐hows are slowly paving the way to unlocking these 
secrets and will one day make plants a more indispensable part of human life than they 
were once thought to be (Thomas 2012).

With the growth of different pharmaceutical companies, the use of traditional medic-
inal plants has indeed received a severe blow. But in the last few decades, there has been 
a turn in the tide. Scientists and health experts have started to recognise the value of the 
plants in human health and this has thus led to the positive growth of nutraceuticals and 
functional food markets all over the globe. The National Centre for Traditional Medicine 
has been set up in Cambodia to provide medical care to people in traditional medicine 
yet with scientific means. Several medicinal plants (Tables 1.1–1.5) with nutraceutical 
values have been identified and the proper dosage forms have been prepared after care-
fully designed and repeated clinical trials. The use of traditional medicines in the coun-
try is under strict regulation of the Ministry of Health to ensure quality and safety of the 
products (Kraisintu 2003).

Community health study and investigation in metabolic syndrome of poor nutrition, 
dyslipidemia, hepatic derangement and associated cardiovascular risk factors are of 
immense importance in the present time. In concurrence with technological advance-
ments, occupational and dietary lifestyles in all ages of both the sexes of men and 
women, irrespective of racial and ethnic differences are rapidly changing. Habitual 
changes of lifestyle of people in both urban and rural settings are also of no great differ-
ence like before. Adults (18 years and above) of both sexes are affected by this massive 
pathos of psychosomatic disorders. Clinical manifestation of early age of onset of ath-
erosclerosis, ischemic heart disease along with hepatic derangements and dyslipidemia 
are the most common health disorders prevalent in every society. Data on health‐related 
issues and nutrition from developed countries are easily available, but, unfortunately, 
the data from under developed and developing nations in Asia, Africa and Latin 
America are remarkably lacking. In addition, survey records and information are also 
less available from rural sectors and least from the tribal/aboriginal/first nation 
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