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13.1 Introduction

Recent rechearch has shed light on how food ingredients impact our physiological
functioning and overall health. A correlation between diet rich in nutritional value
and the associated health benefits, is making functional foods (FF) an area of inter-
est for both researchers ans well as consumers. The foods with great nutritional
value, known as functional foods, exhibit immediate and long-term health benefits
and lowering the risk of chronic diseases (Arshad et al. 2021). The origin of the term
‘functional food’ can be traced back to Japn in the early 1980s (Bellisle et al. 1998).
While there is no universally accepted definition of functional foods, a common and
straightforward explanation is that the processed foods that provide disease prevent-
ing and/or health-promoting benefits beyond their nutritional value. Functional
foods often share similarities with different categories of foods such as nutraceuti-
cals, medicinal food, pharmafoods, vitafoods, etc., to mention a few. However, the
acceptance of functional foods by consumers depends on their interest in and confi-
dence in these products. Therefore, accurate communication of the health benefits
of these products and a supportive regulatory environment for their approval and
associated health claims is essential (Spano 2010).

K. M. Muhasina - P. Ghosh - B. Duraiswamy - D. Palaniswamy
Department of Pharmacognosy, JSS College of Pharmacy, Ooty, TN, India

R. Mishra (<)
Department of Botany, Polasara Science College, Polasara, OR, India

N. Pandey
Faculty of Science, Motherhood University, Roorkee, UK, India

K. V. Nagappan
Department of Pharmaceutical Analysis, JSS College of Pharmacy, Ooty, TN, India

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 323
S. Ghosh et al. (eds.), Emerging Solutions in Sustainable Food and Nutrition
Security, https://doi.org/10.1007/978-3-031-40908-0_13


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-40908-0_13&domain=pdf
https://doi.org/10.1007/978-3-031-40908-0_13#DOI

324 K. M. Muhasina et al.

The demand for beverages and foods that promote good health has risen over the
last few decades due to increasing health care expenses, longer life expectancy, and
a desire for an improved quality of life (Menrad 2003). Foods that seem to be func-
tional in this context ensure certain health benefits as a result of specific food com-
ponents present in them. Different countries have various interpretations of what
constitutes functional foods. Functionalized meals are meals with components that
help influence certain bodily processes in addition to being nourishing. The concept
of functional foods dates back to ancient China (as early as 1000 BC), where medic-
inal and healing qualities were attributed to certain foods and herbs. Food items
enhanced with unique ingredients that have beneficial physiological effects were
originally referred to as functional foods in Japan (Hardy 2000). Some of the promi-
nent ingredients of functional foods and functions have bben exhibited in Table 13.1.
The requirement for these was acknowledged since several demographic surveys
showed that the cost of medical care for the aging population is high. As mentioned
earlier, in 1984, the concept of functional food was introduced by Japanese research-
ers who investigated the relationship among nutrient intake, olfactory pleasure, for-
tification, and the manipulation of physiological systems. In 1991, FOSHU or Food
for Specified Health Uses standards were established by the Ministry of Health
(Burdock et al. 2006).

Table 13.1 Types of functional food ingredients and their mechanism of action

Functional food

ingredients Dietary sources Function Mechanism of action

Carotenoids Carrot, other Anti-inflammatory | Autophagy activation and
vegetables activities promotion of apoptosis.

Fibre Fruits, vegetables Prevents breast, Reduces the amount of time that

colon, ovarian carcinogens are in contact with the
cancer intestinal lumen while fostering a
healthy gut flora.

Lycopene Tomato, Antioxidants Reduces cellular DNA
watermelon, pink deterioration by scavenging free
grapefruit radicals.

Alpha-linolenic | Flax seeds Antioxidant Controls cell proliferation and

acid properties lowers the risk of colon cancer.

Omega-3 fatty | Sea fishes like Antineoplastic Proinflammatory lipid byproducts

acid

mackerel, tuna
salmon, sardines

and growth factor receptor
signalling are decreased

Multivitamins

Meat, fish, poultry,
carrots, beans, sweet
spinach, potatoes,

Reduces cancer
incidence

Improving cellular metabolism and
serve as essential cofactors and
enzymes

Probiotics Yogurt, curd, other | Maintains healthy | Controls immunological reactions
milk products gut microbiota and intestinal epithelial
homeostasis
Calcium Milk products, Antineoplastic Delay the onset of colon cancer

almonds, eggs, chia
seeds, soybeans tofu

and calcium sensing receptor
(CASR)-mediated antineoplastic
action
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The Japanese obsession and research with functional foods have raised aware-
ness of the demand for such goods in regions like Europe and the US. Researchers
in these nations realized that functional foods might provide the food sector with a
commercial opportunity to improve the quality of life and reduce healthcare
expenses. However, the nature of functional meals differs greatly between Eastern
and Western cultures. The function is more important than taste in the case of such
goods, which are frequently referred to as first-generation functional foods. A func-
tional food product is expected to have certain positive effects on one or more body
functions and they are expected to lowering health issues. The USA is the most
significant and active market for functional foods and this is anticipated to increase
in the coming days (Bech-Larsen and Scholderer 2007).

The global market for these types of functional foods is expected to be atleast 33
billion US Dollars based on their health promoting factors and the value-added
product (Hilliam 2000). It is expected that the US will become a major player in the
FF market, accounting for 50% of the total global share. Currently other prominent
nations in the FF market are the United Kingdom, France, Germany, and the
Netherlands. Sales of FF have significantly increased throughout Europe with rapid
expansion in Spain and the Netherlands (Jago 2009). According to Euromonitor,
sales of FF in the emerging markets of Hungary, Poland, and Russia are expected to
grow moderately from 2005 to 2009 (Benkouider 2004).

13.2 Examples of Functional Foods in Our Daily Life

Initially, functional food discoveries focused on fortifying foods with essential vita-
mins and minerals. However, this approach evolved over time to include meals
enriched with various micronutrients such as phytosterol, omega-3 fatty acids, and
soluble fiber, to foster good health or reduce risk of chronic diseases. Over the yars,
these foods have become increasingly popular and gained significance in our daily
healthcare. Consequently, certain developed foods can be classified into functional
foods, with their role in maintaining healthy lifestyles falling into three categories
i.e. (1) mitigating the risk of Chronic lifestyle diseases (ii) enhancing the cognitive
functions of the individuals and (iii) reducing the existing health risk problems
(Sloan 2002). Common types of functional foods have been listed in Table 13.2.
Almost all food industries have developed functional foods categories and the
functional property is important from a product’s perspective. They can be a different
variety of foods, such as probiotics, prebiotics, functional drinks, functional cereals etc.

13.2.1 Probiotics

Probiotics refer live microorganisms that are benficial for the digestive system,
immune functions, and overall health when consumed in adequate amount. They are
bacteria or yeasts that are similar to those naturally found in the gut. The most
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Table 13.2 Types of functional food with examples

Type of
functional food | Definition Example
Fortified A portion of food fortified with additional Fortified milk, juices with
product nutrients vitamins
Enriched Food with added new nutrients and components | Margarine with plant sterol
product usually not present in that food. esters. Vitamin D enriched
low fat milk.
Altered product | A food product from which unwanted harmful Genetically modified food
component is removed and added with more products.
beneficial components.
Enhanced By using special growing conditions the Cereals and pulses with
commodities specified needful components have been higher vitamin and mineral
enhanced and thereby increased their therapeutic | levels.
efficacy.

common lactic acid bacteria (LAB) and bifidobacteria (Charalampopoulos et al.
2002). Probiotics are commonly found in feremented foods like yougurt, kefir, sau-
erkraut, kimchi as well as in various formulated dietary supplements. In the probiot-
ics industry, microorganisms have been extensively investigated and implemented.
These microorganisms are natural components of the gut microbiota and have a
long-standing record of safe utilization in the food industry (Salminen 2007).

13.2.2 Prebiotics

Prebiotics are indigestible food components like fibers or carbohydrates that serve
as a food source for beneficial microorganisms in the gut, such as probiotics and
therefore, in turn, have positive effect on human health (Stanton et al. 2005).
Prebiotics are typically found in plant-based foods, such as fruits, vegetables, whole
grains, and legumes. The global prebiotic demand is estimated to be approximately
167,000 tonnes. Fructo-oligosaccharides (FOS), polydextrose, lactulose, isomalto-
oligosaccharides (IMO), and inulin and resistant starch are the primary components
of prebiotics. The use of oligosaccharides, has been shown to aid in the control of
obesity by reducing hunger and, therefore, food intake (Bosscher et al. 2006). Non-
digestible fermented fructans like oligofructose and inulin are among the most
researched and established prebiotics (Gibson 2004). These substances have also
been found to enhance calcium absorption, increase the bone mineral density, and
bone mineral content (BMD) (Lépez-Molina et al. 2005). Furthermore, they have
been shown to reduce serum glucose and cholesterol levels. When probiotics and
prebiotics are combined, they are referred to as symbionts due to their potential to
work together effectively (Gibson and Roberfroid 1995).



13 Functional Food in Promoting Health: Global Perspective 327
13.2.3 Functional Drinks

Fruit juice has been suggested as a novel product category that is rich in essential vita-
mins, such as vitamins C, A, and E, and is regularly consumed by a considerble portion
of the consumers (Tuorila and Cardello 2002). However, there is a vast array of prod-
ucts available within this category, and the European market dominates the sector.
Other functional beverages are designed to decrease cholesterol levels by incorporating
soy and omega-3 fatty acids and improve eye and bone health (Keller 2006).

13.2.4 Functional Cereals

Oat and barley are two types of cereal that provide another option to create foods
with useful properties. The numerous advantages of these grains can be utilized in a
variety of ways, such as the creation of unique cereal products or cereal ingredients.
Cereals are also beneficial as a substrate for fermentation for the development of
probiotic bacteria. In addition to fostering a number of advantages and physiologi-
cal benefits, cereals encourage the growth of lactobacilli and bifidobacterial and act
as prebiotics, and are found in the colon. Components of cereals like starch can be
utilized as a material for probiotic encapsulation to enhance their stability while
being stored and increase their vitality while passing through unfavorable GIT dis-
turbances (Brennan and Cleary 2005).

13.2.5 Bakery Products

While the popularity of functional foods is rising quickly in recent decades such as
confectionery or dairy products (Menrad 2003). By creating a new type of white
bread, Unilever revolutionized the bakery industry referred to as Blue Band Goede
Start, the original white bread containing nutrients typically present in brown bread
such as inulin, fibers, iron, zinc, vitamins B1, B3, and B6 and that product was made
up of wheat. In creating functional baked goods (Benkouider 2005), such as bread,
it is crucial to recognize that establishing functional food quality delivery of the
active substance at the proper dosage for physiological efficiency while also provid-
ing a product that fits the demands of the customer in terms of look and flavor also
texture (Alldrick 2010).

13.2.6 Spreads

Spreads that reduce cholesterol are likely to become more popular recently because
of their therapeutic functionality. For example, butter with low cholesterol under
Balade ™, a trading name has been created and marketed since 1992, in Belgium.
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Other milk with low cholesterol cheese, milk, and even low-cholesterol eggs are
examples of these items. Furthermore, meat and its by-products can also be catego-
rized as functional foods, to the extent that they include a wide range of substances
considered to be functional. The notion of consuming food depends on health rea-
sons. In addition to customary displays, the meat business can investigate a number
of options, such as controlling the formulation of the makeup of the raw and pro-
cessed material dietary fiber, antioxidants, or fatty acid profiles.

13.2.7 Eggs

Eggs are especially interesting due to their relatively high fatty acid content and the
corresponding solubility in fat substances. Fatty acid composition is an important
factor in determining one’s health. Recently, antioxidants and other vitamins have
been employed to create fresh foods or VITA Eggs. According to them, their eggs
were supplemented with selenium, vitamins D, E, B12, omega-3 fatty acids, and
vitamin B12.

13.3 Global Perspective on Functional Foods

The concept of functional food is a crucial development in the field of nutrition, as
it encompasses all the fundamental scientific knowledge that has been accumulated
over the last few decades. The progree must be acknowledged and utilized for the
betterment of public health. A comprehensive overview of functional food concepts
from around the world was presented at the Functional Food Science in Europe
(FUFOSE) project (Roberfroid 2002). This project featured an overview of dietary
choices, functional foods, and remedies for health and disease, as well as cultural
and religious differences in Asia, Europe, Latin America, and North America.

13.3.1 Asian Dietary Ingredients

Having a thorough understanding of functional foods will empower food scientists to
utilize them more effectively for promoting health. Asian functional foods gain pop-
ulairty worldwide. In various Asian nations, the term “functional foods‘“‘encompasses
a range of interpretations including nutritional supplements, foods enriched with
minerals and vitamins, health foods, and Indian traditional medicine as well as the
Chinese traditional medicine system (Zawistowski 2017). Functional foods have
been an integral part of Asian culture for centuries, with a belief that food and medi-
cine share the same origins and functions. Traditionally, many foods were used as
medicine to treat various ailments (Asian Functional Foods 2005). Use of traditional
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insect foods as medicine by different ethnic communities in Arunachal Pradesh, ther-
apeutic uses of edible snail by tribal population in Madhya Pradesh, use of food to
treat diseases etc. are a few among examples of use of trational foods as medicines.
The success of food manufacturers lies in creating products that align with custom-
ers’ existing perception and values of functional foods. Functional meals are believed
to have a significant impact on all aspects of health, from maintaining health to pre-
venting disease (Arai 2002). In the Asian countries, particularly in metropolitan
areas, Over the last two decades, there has been a significant shift in dietary patterns
and the incidences of chronic diseases such as diabetes and heart diseas are on the
rise due to adoption of Western-style diets and lifestyles.. As a response to market
trends, the industry has increased its efforts to produce functional foods with specific
health benefits (Zawistowski 2008).

13.3.2 European Dietary Ingredients

In contrast to Asia, the idea of functional foods is very new in Europe. The first
country in Europe to implement laws and regulations concerning food claims was
Sweden, with the “Code of Practice in the Labelling of Food with Health Claims”
(Asp and Bryngelsson 2007). The primary legislation concerning food and food
supplements in the EU is Regulation (EC) 1924/2006, which was last amended in
2014. This regulation applies to “food,” as defined in Article 2 of Regulation
178/2002, last amended in 2018, and “food supplements,” mainly vitamins and min-
erals, as described in Regulation 2002/46/EC, last amendment in 2017 (Regulation
(EC) No. 178/2002 of the European Parliament and of the Council Laying down the
General Principles and Requirements of Food Law, Establishing the European Food
Safety Authority and Laying down Procedures in Matters of Food Safety | UNEP
Law and Environment Assistance Platform, 2002). However, there is no specific
regulatory framework or statutory definition for functional foods and nutraceuticals
in Europe. The regulatory requirements for these products depend on their composi-
tion and substances they contain, which are subject to specific regulations in the
Europen market. Therefore, functional foods and nutraceuticals that contain claims
related to nutrition and health must comply with the guidelines established
Regulation (EC) 1924/2006 (Dominguez Diaz et al. 2020). There are several frame-
works implemented in the EU are respectively

I. In the year 2002 — Regulation (EC) No. 178/2002 of the European Parliament
and of the Council of 28 January 2002 laying down the general principles and
requirements of food law, establishing the European Food Safety Authority and
laying down procedures in matters of food safety, concerned authority of
European Food Safety Authority (EFSA) (Regulation (EC) No. 178/2002 of the
European Parliament and of the Council Laying down the General Principles
and Requirements of Food Law, Establishing the European Food Safety
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Authority and Laying down Procedures in Matters of Food Safety | UNEP Law
and Environment Assistance Platform, 2002)

II. In the year 2002 — European Parliament and Council Directive 2002/46/EC of
June 10, 2002, on Aligning the Laws of the Member States Relating to Food
Supplements including bioactive products containing a higher quantity of vita-
mins and minerals (EUR-Lex — 32002R0178 — EN — EUR-Lex, 2002).

III. In the year 2006 — European Parliament and Council Regulation (EC) No.
1925/2006 of December 20, 2006, on the addition of vitamins, minerals, and
certain other substances to foods (EUR-Lex — 32006R1925 — EN — EUR-
Lex, 2006).

IV. In the year 2013 — European Parliament and Council Regulation (EC) No.
1925/2006 of December 20, 2006, on the addition of vitamins, minerals, and
certain other substances to foods including taurine, inositol, amino acids, cho-
line, carnitine, and nucleotides (EUR-Lex — 32013R0609 — EN — EUR-
Lex, 2013).

V. In the year of 2015 — Legislation (EU) 2015/2283 of the European Parliament
and the Council of November 25, 2015, on novel foods, amends Regulation
(EU) No. 1169/2011 of the European Parliament and the Council, and repeals
Regulation (EC) No 258/97 of the European Parliament and the Council, as
well as Commission Regulation (EC) No. 1852/2001 excluding flavoring
agents, enzymes, food additives (EUR-Lex — 32015R2283 — EN — EUR-
Lex, 2015).

VI. In the year 2017 — According to Regulation (EU) 2015/2283 of the European
Parliament and the Council on new foods, Commission Implementing
Regulation (EU) 2017/2470 of 20 December 2017 establishes the Union list of
novel foods (EUR-Lex — 32017R2470 — EN — EUR-Lex, 2017).

The European Commission’s EU Framework Programs for the Research and
Technology Development has been mentioned as the prioritized research on food
and nutrition. Numerous EU initiatives from the 1990s focused on topics like fiber,
probiotics, and prebiotics, but more current EU initiatives emphasize things like
antioxidants, vitamins, and phytoestrogens as well as the socio-economic facets of
diet and health.

13.3.3 American Dietary Ingredients

Food and drug standards in the United States are governed by the Food and Drug
Administration (FDA) (Glasser et al. 2008). The regulatory framework in the US
does not define functional foods and nutraceuticals. These goods are controlled as
either foods or pharmaceuticals. The Dietary Supplements Health and Education
Act (DSHEA) were passed by the US Congress in 1994. The DSHEA was created
to control dietary supplement products. The US Food Drug and Cosmetic Act were
modified by this act to include dietary supplements as a subcategory of food.
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Therefore, items commonly regarded as functional foods and nutraceuticals are
likely to be covered by American food legislation (Office of Dietary Supplements —
Dietary Supplement Health and Education Act of 1994). The other exception, under
which a product would not be regarded as a drug if it made a structure or function
claim on the label or in labelling, applies to dietary supplement items. The Dietary
Supplement Health and Education Act (DSHEA) of 1994 allows statements on sup-
plement labels that describe the effects of a substance on the structure or function of
the body, as long as they do not make any claim of curing or treating an illness
(DSHEA which amended the FFDCA). However, if a product claims to diagnose,
treat, mitigate, or prevent a condition, it would be classified as a drug (Young and
Bass 1995).

13.3.4 Japanese Dietary Ingredients

Japanese people are recognized for their longevity and have a long history of eating
foods that have health benefits. Foods for Specific Health Uses (FOSHU) are a func-
tional food regulation that was adopted in Japan by the Ministry of Health, Labor,
and Welfare in 1991. Following the development of the functional food system,
several FOSHU products with positive health effects were created and released on
the market. As a result, in 2007, FOSHU’s net sales reached 6.2 billion dollars. The
majority of health claims are related to probiotics to enhance digestive health. These
claims are primarily associated with triglycerides, high blood pressure, high LDL-
cholesterol, and high blood sugar (Iwatani and Yamamoto 2019) and are regulated
by the Japanese Ministry of Health, Labour, and Welfare (MHLW) through “Foods
for Specified Health Use” (FOSHU). Originally established in 1991, as we men-
tioned earlier, FOSHU’s scope was expanded in 2001 to include capsule and tablet
forms, and in 2003, around 330 items were recognized (Shimizu 2003). In April
2001, the MHLW implemented a new regulatory framework known as “Foods with
Health Claims,” which combined the FOSHU with “Foods with Nutrient Function
Claims” (FNFC), covering twelve vitamins (A, B1, B2, B6, B12, C, E, and D) as
well as two minerals (Ca and Fe) standardised under the FNFC (Warfel et al. 2007).
These are some examples of statements made about these substances: “Calcium is a
nutrient that is required to produce bones and teeth”; “Vitamin D is a nutrient that
stimulates calcium absorption in the gut tract and aids in bone production.” The
maximum and minimum daily intakes of these nutrients are also established (Ohama
et al. 2006). After 2007, the market for FOSHU goods was fully developed and
generated $8 billion in sales in 2018 (Saito 2007; Iwatani and Yamamoto 2019).
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13.4 Functional Food Marketing
Development Considerations

Functional foods are becoming increasingly popular due to societal changes and
trends in socio-demographics that them as a sustainable market for food (Bech-
Larsen and Scholderer 2007). This is supported by the growing awareness among
professionals and consumers of the tight relationship between diet and health status
(Young 2000). A number of studies show that customers are also more thoughtful
about health issues and willing to embrace dietary adjustments that are focused on
health (Niva 2007). The benefits of functional food products cannot be overlooked
to maintain general health to treat particular medical situations with a practical
approach (Poulsen 1999). Furthermore, it goes beyond the economic and societal
considerations (Jones and Jew 2007). This growing consumer consciousness
together with improvements in numerous scientific fields provides businesses
opportunity to create unlimited variety of new healthy food concepts (Bistrom and
Nordstrom 2002).

While the benefits mentioned earlier are clear, the production and trade of these
products can be complicated, and more expensive (Van Kleef et al. 2002). To suc-
cessfully develop and market these products, significant research efforts are required
to identify useful molecules, evaluate their physiological effects, creating an appro-
priate food matrix, and consider potential changes in bioavailability during food
preparation and processing. Additionally, consumer education, and clinical trials to
establish efficacy of the product and gain permission for marketing claims promoy-
ing health are necessary (Kotilainen et al. 2006). Table 13.3 represents the clinical
studies of different functional foods. This process involves multiple stages and
requires collaboration among business, academia, and regulatory bodies, with a
focus on winning consumer trust and acceptance (Jones and Jew 2007). To ensure
the successful development of functional foods, it is crucial to consider both con-
sumer preferences and market opportunities from the outset, as well to take into
account legislative rewuirements (Menrad 2003). Consumers’ top health concerns
include cardiovascular diseases, hypertension, stress, cancer, obesity, arthritis, and
gastrointestinal conditions, according to research studies (Drbohlav et al. 2007).
From the viewpoint of the consumer, the achievement of functional foods is depen-
dent on several interrelated factors, such as considering the level of overall health
concern and various medical conditions, and the idea that one’s health may affect
another’s personal well-being. Qualitative studies has shown that consumers often
lack the necessary background information to assess specific functional claims of a
food products (Bech-Larsen and Scholderer 2007).



333

13 Functional Food in Promoting Health: Global Perspective

(panunuoo)

19)e[ A[UO I9OUBD OLISES WOIJ
Sur£p Jo YSII paseaIdap 100uLd JOYIId

UBIXUIT UT SIBAA G 10J A[rep
wnrudfes (3r) sweidororu
0S PUB JU2)0IEd-B)Oq

(Bur) surer3rpruig |

IoouBd

Surdoraaap jo ysux
PISBAIOUI JE USWIOM PUR
uow Ayireay eury) ‘[eLn
UOTIUQAIOIUT UOINNU

190URD O1ISed

wnru[es
‘Joroydoooi-eydre

Surdo[oAap Jo YSLI U0 109JJ ON :[enIU] ‘Joroydoooy-eyde Sw (¢ uone[ndod [e1ouan pue [eageydosyg ‘Quojored-eRg | L
JIOJUED UOSIOPUY
m3 Qa1j-uorssargord A T8 POIINIOAT Q1M Al @3e1S
119y} Ul AJISIOAIP Y31y e ypim sjuened | o1om s1031qIyul [-(d ym BUWIOUB[OW J1jB)Sejow BUWIOUR[OW
10J J93UO[ APJUBOYIUTIS SeM [BAIAING | JUSW)BAI) JO)JB pUB 2I0Jog s syuaned 711 O1RISBIRA 9
(s yyoq e
SIOOUED ()] PUE ‘SIOOUED
Kep 81991 6G ‘sIodUBD
(100°0v4Puend ‘0Z7°C 03 €T 1¥4[eAloul 1od sopqeaSoa pue iy uo[od [ 6z I9oued SI00UED [B10AT
0UIPYUOD 9,G6) §9'] JO JOUBD JO SSUIAIOS ' UBY) SSI[ | [BJO2I0[0D ()94 ‘PANNIOAI | PUB TIOUED UO[OD so[qerosoa
[219210[00 SuIdO[oAp 10 YSII QANB[Y | PAWNSUOD OYM S[BNPIAIPUL QIOM UQWIOM €9H[9 | ‘I90URD [B1OI0[0) puejmniy ¢
possaxddns
0-INLL JO [0A9] winIas yIrom skep 0g—01 loj A[rep
Apoq pueggd jo uorssardxa pasearouy | 991y} (Sw ()9¢) UrwndInD suoned 9z | I9dued [819210[0D) ununoIm) | §
syjuow g 10j Arep
Ky101%0) 9[qerdardde jnoyyim aureseq | oLy (SW ()84) UIWINDIND sisodAjod sisodAjod unaoronb
wolj paonpal 9zis pue soqunu dAjod pue (Sw (7) uredIond) | SNOJeWOUAPE [BI[IIR) G SNOJRWIOUAPY pue urwnomn) | ¢
anssn
Jowmn) oy} ul /9ry] pue sueuSIjoIud
ATeunIn [ejo} pue QUOJOL[OIUD
U00M)9q UONRIDOSSE 9s1oAul Jueltodw] | sAep (¢ (Sw (¢) poosxel] syuoned /4] JIooued 9)BIS0Ig poasxe[d| ¢
(VSd) uesnue Aqrep (3wt (¢) uro)sTUa3 [EIN iR
oy1oads 91eysord wnIas saseardaq OTOYIUAS SYOIM 9—¢ 10, syuaned 46 100URD 9JBIS0I] oNAYIUAS |
Q0URIRJY synsoy ugisop Apmg uonendog oseasiJ |  pooj [euonoung | oN
18

SPOOJ [EUONOUN} YA [eL) [eOTUID)  €°ET AIqEL



K. M. Muhasina et al.

334

UQWOM 3590 UT NPT UBD

muwom

(STOT) | 19Ip QLIO[EO-MO] B (1M JULINOUOD [I0 Syoom § 1o Aep 95290 ()6 [BL [BOTUIO SI10)OBJ YSLI
‘810 1ABPURIA | SN "TA'TA PUe SOpLIOdAISL) urod | 19d S ¢ [10 eADES R[[OSIN | PO[[ONUOD PIZIWOPURY |  OI[OQBIAWOIPIE]) | [I0 BANES B[[OSIN | €]
uonoNpal 9,69 :uorssaisord
VO Teak [ ‘Sur 067 :HOV
(€102) ‘ogooefd/euruIsre-T ) of UIWENA | %(0€< DV Pim sjuaned
‘Te 10 nqeq D PIoR d1[0] D 7] g UlWeliA D g0V onewoldwAse ¢g orpren) paziwopuey | uoissaiSoid Dy D oIen | 71
SYooM {
“p 11 Aep/S T LT HDV
(1002) ‘oqooe[d/gqOV sinpe JIOA0SSOID ‘pul[q uonedai3se
1] pUB JouId)§ | uoIsaype pue uonedaIdde Jo[Re[dnuy | AYI[eay [BWIOU {¢ JI[IeD) -9[qQnOp ‘pPAzZImopury re[dnuy oIIRD | 1]
[2A9]
urnsur wnas Jo ‘uonisoduwos Apoq
‘asoon[3 poo[q Sunsej ‘T WNIS Syoom § 10j (pIoe
10§ 3dooxa sprdi] winias ‘arnssard | orousexXayES0d0p JUI ()84
pooiq ‘syuawainseaw drowodornyue | snjd proe orousejuadesodro
ur sa3ueyod JUBOYIUSIS AUe Ul Sw ()z.) yusweddns [B11) PI[[OU0D
(L107) | 3msa1iou ‘D~ Pue JYD-SY Winios proe Aney ¢-eSowQ -oqooerd ‘puriq IeSns proe
‘Te 10 ysSy PISBAIOIP ‘UISLII WINIOS PASLAIOU] | ISBASIP AI9)Ie ATBUOIOD Qi -9[qQnop ‘pozZIwopuey | POO[q ‘[0INSIA[OYD) Kyey ¢-eSow) | O
(€107) | pasearoap Apjueoyrusis arom Jg pue | seoml yjoq jo uondwnsuod SI09JUN[OA
LBAUSOY | ddS '1-V ody paseaIour jnq unod[as | syeam 4 ‘eoml a3uelo ysaiy Ayreay g po[[onuod
pue Are3sy pue ‘PYD-SY ‘INVIA PseaIdd | PUB [BIDIOWWOD TW ()OS | -0qade[d ‘paziuopuey] uorsudedAg oomfa3ueln | 6
O
T 1oy ‘Aep 1ad sjouaydAjod
(10020) [8303 JO Jowut ¢* |
prejuioq ddS osea1oop ‘i 0g) uondwnsuod | (] syuaned aarsuoladAy Qo[
pUB WeIAY KI1ANOE DY WNIAS Ul Uononpay Qo[ areurISowog paziwopuey uorsudedAg Jeueidowod | §
Q0URIRJIY synsoy ugisop Apmg uonendog oseasI |  Pooj [euonoung | oN
18

(ponunuod) ¢'¢1 dlqeL,



335

13 Functional Food in Promoting Health: Global Perspective

uonorIUI awn X dnoig Juedoyrusis

Syeam § 103 oqaoerd
Io (K[rep 901m) SuI ((5)
urunaiInd s pajealn

Apmis pa[[onuod

#102) ® Aq pojensuowrap ‘swojdwiAs | arom I9pIosip aarssardop | -oqaoerd ‘purjq-o[qnop
‘I8 32 nsaxdo Ppoje[aI-poow [e1aAds Sutaoidwy | Jolewr yym sfenprarpul 9g ‘pasrwopuel y uorssardoq urwnoIn) | (g
(zzoo)
SJIOMION
VIAVI 9SBASIp TowdYZ[Y £q
‘ASoromoN OSBASIp IOWIAYZ[Y JO | pajoajjeun A[[enIur oIom sproe K)3e]
VINV|  SH SS9[ 909 pey 210w 10 yoom 1od oym ‘s1edk $6—G9 pade pojernjesunijod
‘A3oo1pre) | 2ouO0 YsY pawnsuod oym sjuedroneq ‘SJUQPISAI G JO [B10) Apms 9A102dsoIq | 9SBISIP JOWIAYZ[Y c-u ArepIq | 61
(Z102) (sase2 91€T) %6 Sem £ 69 page s[enprarpur Aipiqestp uryo9Ied
‘[e10 vjeWO], | A)[IqesIp [RUONOUNY JO AdUIPIOUT A-¢ asouedef 886 Apmnys 11010) [euonoung BO) UQAID | Q]
(uonTu300) Poow Sk [[dMm St AToWIW syoam 1 | uowom [esnedousunsod
(L102) [eq1oA pue (YA D) ssouaarsuodsar 10 [OIJRIOASI-SUD.I] ur [BLI} PI[[O1U0D
Te 30 sueaq IR[NOSBAOIQAIAD UT UOTRAD[Q 9,/ ] | JO Swr (g1 jo uondwnsuo) | -oqodeld ‘pazruopuey MAD [oneIASYY | L]
Kep
/3W 969 PUE ‘TOF ‘68T SET ‘TT 21oM
9YeIUI QUIAJED Jo sa[nuInb Fursearour aurfaseq
SSOIOB SAYLIUI QUIDYILD JV JUSPIOUI JO Je UOne[[LIqY [BLE pUe
(0107) | SH POsEaIOUl UB [JIM PAJBIOOSSE JOU | 9SBASIP Je[NISBAOIPIED JO dAD pue
‘[e 39 uouo) sem uondwnsuod ouIdzed PAJEAdH | 991) UoWoM AYI[edY §€9°CE Apmis joyo) |  uone[Lqy [BLNY ©2) pUB 991J0D | 9]
a1
pue ‘D-TAH/DL “IAT DL sosearodp | D-TAH/D-se1dossouo[od
0102) SyooMm {7 10J ([89Y (QQ [ /SSUIAIDS Quogiopun pey [eL1) JOAOSSOIO
‘Te 30 Sueyy G'T) poyoLIuS owNSo] | oYM USW PaSe-O[ppPIW 9 | PO[[ONUOD PIZIWOPULY JAAD sown3oT | ¢
w0y A1p jo uondunsuod
£q 4gS pue ‘oner D-TAH sAep gz 10J sinupazey
/OL 1V ody pue D-TqH pasoxdu payes ApysIy ‘pajseor
(L102) Apueoyrusis synujazey Jo SULIO) AIp 10 mer 10319 Jo Aep SI10)0B}
‘832 A91,| yoq Surwunsuod (0, ‘T sesea1od | /3 0¢ siuedronred g/ SINN | TOAOSSOIO PIZIWOPURY | JSLI JB[NOSBAOIPIE)) s;N | 1




336 K. M. Muhasina et al.
13.5 Sources of Phytoconstituents with Therapeutic Activity

Plants contain a vast array of bioactive compounds (Fig. 13.1). They are secondary
metabolites, essential for plants to protect them from pest and ensure plant health,
are having significant functional properties when consumed as food (Oboh and
Akindahunsi 2004). A low incidence of certain chronic diseases is connected with
dietary intake of natural bioactive substances (Lima et al. 2014). According to epi-
demiological, clinical, and biochemical, these bioactive compounds have different
activities in the body through different mechanisms, including antioxidant, antidia-
betic, antihypertensive, and anti-Alchemic activities (Gupta and Prakash 2019).
Antioxidants are essential in maintaining good health and preventing various dis-
eases (Gupta and Prakash 2019). Free radicals, unstable molecules produced by
metabolic processes, exposure to pollution, stress, and other factors, causesdamage
to cells and tissues and antioxidants work by neutralizing free radicals and protect-
ing the body from their hamful effects (Alia et al. 2003; Rakesh et al. 2010).
Consuming a diet rich in antioxidants, which can be found in vegetables, fruits,
nuts, whole grains, seeds, and, seasonings made from herbs, can help rejuvenate the
body, delay the onset of age-related processes, and prevents degenerative illnesses
(Adefegha et al. 2017). Additionally, functional foods, dietary supplements, and
nutraceuticals in one’s diet can provide antioxidant benefits and serve dietary rem-
edies for a variety of illnesses (Olaiya et al. 2016). Flavonoids and phenols protect
body cells from damage caused by oxygen, which is peoduced during energy pro-
duction and can cause oxidative stress (Stratil et al. 2008). Natural polyphenols,
mainly derived from plant sources, can neutralize free radicals, and activate antioxi-
dant enzymes (Rakesh et al. 2010).

Phenolic Acids Phenolic acids are widely distributed in plants (Saxena et al. 2012)
and are characterized by their hydroxycinnamic and hydroxybenzoic acid struc-
tures. The functions of these compounds in plants are still being studied. However,

Bioactive compounds
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Omega-3 fatty
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fatty acids /
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Fig. 13.1 Functional food bioactive components present in plants
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phenolic acids have been found to play significant roles in enhancing the taste,
appearance, nutritional and antioxidant properties of foods (El Gharras 2009).
Gallic acid, caffeic acid, chlorogenic acid, p-coumaric acid, ferulic acid, vanillic
acid, and protocatechuic acid are the most common types of phenolic acids (Robbins
2003). The concentrations of these compounds can be affected by environmental
factors like temperature (Yousfi et al. 2006). The metabolic functions and bioavail-
ability of these substances are nor fully understood, but the research has been con-
ducted on the activity of ferulic, caffeic, and chlorogenic acids as they are involved
in the management of certain disorders such as asthma, and allergic reactions
(Yasuko et al. 1984).

Flavonoids Flavonoids are a major group of phenolic compounds that can be
found in various plant-based diets. These secondary metabolites are synthesized
through the phenylpropanoid pathway in plants (Liu 2002). Up to 6000 flavonoids
have reportedly been discovered and isolated, with a majority being found in plants
(Tolonen et al. 2002). Flavonoids can be classified into six main classes based on
structure of their heterocyclic ring C (Temidayo 2013), which are flavonols (Eg:
quercetin, myricetin, kaempferol, and galangin), flavones (Liu 2002) (apigenin,
luteolin, and chrysin), flavanols (catechin, epigallocatechin, epicatechin, epicate-
chin gallate), anthocyanidins (peonidin, cyanidin, pelargonidin, malvidin, and del-
phinidin), isoflavonoids (daidzein, glycitein, genistein, and formononetin), and
flavanones (naringenin, hesperetin, and erifoods. The primary flavonoids, such as
quercetin, epicatechin, and cyanidin are found in apples, tomatoes, pineapples, gua-
vas, and avocados contain a substantial quantity of rutin and quercetin. The free
radical scavenging activity of flavonoids for preventing the generation of protein
oxidation and lipid peroxidation products has been linked to their antioxidant capa-
bilities (Kahali et al. 2014).

Alkaloids Alkaloids are secondary metabolites found in plants, fungi and animals
and possess biological activity (Demirgan et al. 2016). These substances are com-
posed of basic nitrogen with heterocyclic rings. These compounds are synthesized
through the transamination reaction steps or the pathway for the biosynthesis of
amino acids in plants. Alkaloids come from diverse range of botanical sources, and
have various chemical compositions (Aniszewski 2007). Many of them exhibit
pharmacological properties and are potential candidates for drug discovery.

Carotenoids Carotenoids are family of naturally occurring pigments that are lipid-
soluble present in both animals and plants (Mortensen 2006). They are categorized
based on specific traits and are considered part of the class of bioactive chemicals
called isoprenoid polyenes. Due to their complicated structure, which includes sev-
eral conjugated double bonds and cyclic end groups, carotenoids are among the
most complex bioactive molecules. Over 700 carotenoids have been identified,
however, only 50 are efficiently metabolized and digested (Grune et al. 2010). Some
of the metabolizable carotenoids are lycopene beta-carotene, alpha-carotene, and
xanthin those are frequently found in the blood. Epidemiological studies indicate
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that consuming large amounts of carotenoids provide numerous health benefits, as
their antioxidant properties contribute to overall health (Miller et al. 1996).

13.6 Role of Functional Foods and Bioactive Compounds
in Chronic Degenerative Diseases

The primary causes of morbidity and mortality worldwide are chronic lifestyle dis-
eases, including cancer, cardiovascular diseases, arthritis, obesity, diabetes, and
respiratory and neurological disorders. The influence of degenerative illnesses on
quality of life, health, and life expectancy is enormous. These illnesses are spread-
ing quickly over the world and are responsible for roughly half of the global burden
of diseases and most of the documented global fatalities. Cardiovascular illnesses
account for around half of all chronic disease-related deaths, and obesity and diabe-
tes, which are now common in childhood, also play a significant role (Francesco
et al. 2013). In many countries around the world, cancer and cardiovascular disease
(CVD) are the two main causes of death. According to epidemiological and experi-
mental research, consuming a lot of fruits, fish, spices, beverages, legumes, vegeta-
bles, whole grains, and other food-related products is strongly associated with a
lower risk of developing chronic diseases (Hooper and Cassidy 2006).

13.6.1 Diabetes Mellitus

Diabetes mellitus is a chronic metabolic disorder caused by inadequate or ineffec-
tive insulin secretion and changes to the metabolism of carbohydrate, protein, and
lipid. The most prevalent form of this chronic condition is type 2 diabetes mellitus,
which is not insulin-dependent (American Diabetes Association 2009). Extracellular
hyperglycemia can induce tissue damage and diabetic consequences include heart
disease, neurological illnesses, and diabetic retinopathy, etc. (Brownlee and Cerami
1981). Enzymes hydrolyze carbohydrates into glucose, which is then taken up by
the intestinal epithelium and released into the blood circulation. Plant phenolics can
inhibit these enzymes, delaying glucose absorption and reducing postprandial
hyperglycemia. Studies have found that the phenol concentration and components
of plant foods are responsible for their enzyme inhibitory actions (Nong and Hsu
2021). The antioxidant activity of phenolics may influence the five disulfide bridges
on the outside of amylase, which could lead to inhibition via modulating changes in
the enzyme’s structure (Adefegha 2018). Flavonoids with more hydroxyl groups
have stronger inhibitory effects on a-amylase activity, and green tea contains cate-
chins and their derivatives, which may have anti-diabetic properties (Rasouli et al.
2017). Some flavonoids and flavones inhibit pancreatic a-amylase and it’s interest-
ing to note that intestine-glucosidase and pancreatic a-amylase activity can both be
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inhibited by cyanidin and its glycosides. In vitro and in vivo studies have demon-
strated that phenolic acids with significant o -glucosidase inhibitory activity include
gallic, caffeic, rosmarinic and chlorogenic acids (Ali et al. 2020). A significant
a-glucosidase activity was also present in the sacrcoviolins and sarcoidosis that
were isolated from the edible fungus Sarcodon leucopus (K. Ma et al. 2014). The
presence of many hydroxyl groups on the structure was thought to be the cause of
their inhibitory actions. It has been demonstrated that these hydroxyl groups play an
important role in the inhibition of the enzyme (Ma et al. 2010).

Scientific evidence suggests certain alkaloids can act as enzyme inhibitors.
Vasicinol and vasicine, for instance, have been found to exhibit high sucrase activ-
ity. Furthermore, the amount of caffeoyl groups in the structure of 3,4, 3,5, and
4,5-diccaffeoylquinicids can inhibit the maltase enzyme. Another example is ber-
berine from Tinospora cordifolia, which has been shown to inhibit disaccharides
and delay glucose absorption across the intestinal epithelium in Caco-2 cells (Singh
et al. 2016). Similarly, 4-hydroxy isoleucine has been found to have hypoglycemic
properties in alloxan-induced diabetic mice. These compounds were extracted from
Trigonella foenum graecum seeds, having glucose-lowering impact when used in
hyperglycemic conditions. In addition, 4-hydroxyisoleucine oral delivery to alloxan-
induced diabetic rats resulted in beta cell regeneration as opposed to control animals
that had damaged cells. The antihyperglycemic effect of p-carboline alkaloids has
been demonstrated in prior research on natural antidiabetic drugs (Osigwe et al.
2015). Triterpenoids are well established to be effective hypoglycemic medications.
Triterpenoids and their glycosides have been shown to have anti-diabetic properties
in numerous investigations. Momordica charantia contains a steroidal saponin
called charantin, which causes the release of insulin and prevents the bloodstream
from absorbing glucose, causing it to have anti-diabetic properties. Aldose reduc-
tase hampering is yet another useful therapeutic strategy for the treatment of diabe-
tes (Tang et al. 2012). By using the polyol pathway, aldoreductase catalyzes the
conversion of glucose to sorbitol. High amounts of glucose may be influenced by
hyperglycemia to enter the polyol pathway, which would result in an accumulation
of sorbitol. Aldose reductase has been demonstrated to be effectively inhibited by a
few natural bioactive substances.

Over time, there has been an increasing interest among researcher in exploring
flavonoids and their derivatives as inhibitors of aldose reductase. Recent studies
have suggested that hydroxylation, glycosylation, and hydrogenation of the double
bond in flavonoids contribute to their inhibitory effect on aldose reductase activity.
Polyphenolic components in green tea leaves have also been identified as potent
aldose reductase inhibitors, with galloylated catechins exhibiting stronger inhibi-
tory effects compared to nongalloylated catechins. The catechins’ glycosylation
was thought to be responsible for the stronger inhibitory effects (Plumb et al. 1998).
Hispidin, inotilone, and hispolon are phenolic substances that were that were identi-
fied from an ethanol extract of Phellinus merrillii and found to be strong inhibitors
of aldose reductase (Huang et al. 2011). Caffeic acid, gallic acid, caffeoylquinic
acid, and p-coumaric acids, which have all been found in coffee beans, have been
reported to be powerful inhibitors of aldose reductase (Xiao et al. 2015). These
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bioactive compounds’ ability to inhibit aldose reductase has been associated with
hydrogenation of the double bond and glycosylation of the stilbene structure’s
position.

13.6.2 Cardiovascular Diseases

Multiple elements make up the complicated and multifaceted condition known as
cardiovascular disease (CVD). According to epidemiological research, the preva-
lence of CVD is rising. It is distinguished by various risk factors, including high
blood pressure, poor diets, age, ethnicity, and family history increased serum lipids,
obesity, type 2 diabetes, high blood pressure (cholesterol and triglycerides),
enhanced platelet activation, elevated plasma fibrinogen and coagulation factors,
and changes in oxidative stress, smoking, and glucose metabolism (WHO 2002).
Hypertension affects a significant pertange of people in several European coun-
tries, ranging from 30% to 45%, with its occurrence increasing gradually with age.
The renin-angiotension system (RAS) is another critical enzyme that impacts blood
pressure regulation, salt and water balance, as well as the development of cardiovas-
cular and renal diseases (Maimaiti et al. 2019) (Fig. 13.2). RAAS dysregulation
significantly influences the pathogenesis of these diseases. When stimulated, angio-
tensinogen release angiotensin I, which is then converted into angiotensin II by
ACE, a potent vasoconstrictor. ACE inhibitors (ACEIs) reduce both local and

Aldosterone

@ Angiotensin-1

converting
enzyme

Angiotensin-I Angiotensin-II

Fig. 13.2 Renin-Angiotensin mechanism
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systemic levels of Angiotensin II (Ang II). Although the effectiveness of ACEIs in
suppressing additional “tissue” functions of the RAAS is debatable, they also reduce
sympathetic nerve activity and secretion of aldosterone and vasopressin secretion
(Di Raimondo et al. 2012).

The prevention and treatment of hypertension and heart-related disorders are
made easier by the use of functional foods and food items including cocoa, coffee,
and condiments. The bioactive components of these functional meals are responsi-
ble for the therapeutic effects they produce. Recent studies have demonstrated the
beneficial effects of these bioactive compounds by regulating abnormal lipids, lipo-
proteins, blood pressure, inhibiting platelet aggregation, and boosting antioxi-
dant status.

13.6.3 Neurological Disorders

Dementia is a condition that occurs as a result from neurodegenerative illnesses,
which involve gradual deterioration of neuronal integrity in the brain and spinal
cord. The increase in neurodegeneration worldwide has been linked to the aging
process which is often accelerated by excessive reactive oxygen species (ROS) pro-
duction (Rohowetz et al. 2018). As oxidative stress accumulates, it can lead to mito-
chondrial dysfunction and oxidative damage, which in turn may result in
neurodegenerative illnesses those are characterized by memory loss and cognitive
dysfunction (Islam 2017). The brain is a crucial organ in the body that regulates
both physiological and mental processes through the complex communication net-
works between its billions of neurons (Pushpalatha et al. 2013). To maintain optimal
function, it is essential to manage oxidative stress and regulate neurotransmitters.

Cholinesterase inhibitors are the primary medications frequently prescribed for
treating Alzheimer’s disease (Haake et al. 2020). There has been a recent focus on
tropical plant-based diets that are rich in antioxidants and phytochemicals to pro-
mote health as potential therapeutics. Epidemiological studies have shown that con-
suming fruits, vegetables, drinks, and spices, medicinal herbs may reduce the risk of
developing neurodegenerative illnesses. The neurotransmitter acetylcholine (ACh)
is hydrolyzed by the enzyme acetylcholinesterase (AChE), which is bound to the
membrane. Low levels of ACh can be caused by hypoinsulinemia (low blood insulin
levels) and insulin resistance, which may indicate a potential biochemical relation-
ship between diabetes mellitus and Alzheimer’s disease (Boccardi et al. 2019).
Oxidative assaults can also affect Ach and contribute to the development of various
diseases, such Alzheimer’s disease, CVD, and diabetes mellitus (Mushtaq et al.
2015). The research on protocatechuic acid’s potential effects showed that it changed
the activity of the enzymes Na+/K + -ATPase, cholinergic, and antioxidant in rats
(Adefegha et al. 2016). It has also been noted that in an in vitro model, alkaloid
extracts from breadfruits and shea butter were able to prevent lipid peroxidation,
monoamine oxidase, and cholinesterase (Adefegha et al. 2017).
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13.6.4 Cancer

Epidemiological research conducted over the past three decades has found a direct
link between the consumption of bioactive substances present in food and a lower
the risk of cancer (Ruiz and Herndndez 2014). Studies have shown that beta-
carotene, lycopene, beta-cryptoxanthin, fibre and omega-3 fatty acids, when
included in the diet, are useful in the managing cancer (Aghajanpour et al. 2017).
Proteins present in unprocessed extracts and even whole meals are also believed to
possess anti-tumor properties (Idowu et al. 2021). Functional foods contain bioac-
tive substances that can have the potential to act as antimetastasis agents, reverse
drug resistance in cancer cells and improve the sensitivity of cancer cells to treat-
ment. To better understand how functional foods affect cancer, numerous significant
randomized clinical trials currently underway (Russo et al. 2017).

Polyohenols present in food have been found to affect epigenetic changes through
the expression of microRNAs associate with the fate of cancer cells and posttrans-
lational modifications (Lall et al. 2015). Clinical investigations on polyphenolic
phytochemicals have used tea polyphenols to treat and prevent cancer, while data ob
cucurmin and soy isoflavones have shown mixed rsults (Yang et al. 2021). Dietary
polyphenols can affect prostate cancer cells by controlling inflammatory genes and
repairing oxidative DNA damage. Additionally, interactions between various dietary
polyphenols may alter the risk of prostate cancer by activating both antioxidant and
non-antioxidant pathways (Lall et al. 2015). Green tea’s polyphenol content, includ-
ing catechin, is primarily responsible for the beverage’s health-promoting proper-
ties (Kazimierczak et al. 2015). Tea polyphenols were discovered to inhibit
tumorigenesis in animal research in a number of organs, including the skin, oral
cavity, lung, esophagus, stomach, colon, liver, small intestine, pancreas, and mam-
mary gland (AL et al. 2020). Curcumin, a polyphenol produced from turmeric, has
a variety of anti-inflammatory and anticarcinogenic properties. Research suggests
that it can prevent tumor invasion and metastasis by modulating a number of signal-
ing pathways in cells. Through the reduction of angiogenesis and metastasis, inter-
ference with cell cycle progression and apoptosis, and other mechanisms, curcumin
may control the growth, development, and dissemination of cancer (KM et al.
2021). According to recent research, curcumin may improve the efficacy of chemo-
therapy and shield healthy cells from radiation damage (Hatcher et al. 2008).

One of the most prevalent acyclic carotenoids is lycopene, which can be found in
watermelons, pink grapefruits, tomatoes, and tomato-based goods. Lycopene func-
tions as a potent antioxidant that reduces the damage of DNA by disarming free
radicals produced by both internal cellular processes and external factors like pollu-
tion and UV radiation (Bacanli et al. 2017). Additionally, it affects phase II detoxi-
fying enzymes, antioxidant changes, growth factor signaling control, cell cycle
arrest, anti-inflammatory conditions, and apoptosis (Holzapfel et al. 2013). Strong
antioxidant and antiangiogenic properties are shown by the isoflavone and phytoes-
trogen genistein. Numerous studies have shown that genistein inhibits
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topoisomerase II, which causes fragmentation of DNA and cell death and which
leads to cell differentiation. The levels of tumor biomarkers in several cancer cell
lines can be reduced by genistein (Sarkar and Li 2003). Future research is required
to determine the efficient therapeutic dose of genistein for the treatment of particu-
lar cancer types (e.g., microRNAs).

In addition to vitamins and minerals, mushrooms also provide high concentra-
tions of uncommon antioxidants such as ergothioneine (Podkowa et al. 2021). By
interacting with the gut microbiota, mushrooms and mushroom extracts strengthen
the immune system and control inflammations, enhancing adaptive immunity and
immune cell activity (Feeney et al. 2014). In Asia, more than 100 different varieties
of mushrooms are utilized to treat cancer. In particular, numerous medicinal mush-
rooms appear to share specific polysaccharide-mediated anticancer immunomodu-
latory effects (Blagodatski et al. 2018). In Japan, a mushroom product called PSK
is authorized for use in the treatment of patients with lung, colorectal, breast, and
stomach cancer (PDQ Integrative 2019). According to preclinical and clinical
research, mushrooms have complex anticancer properties that may manifest not
only through the inhibition of specific cancer mechanisms but also through indirect
processes including immunomodulation. Consuming grains, beans, and bean fiber
has been found to reduce the risk of breast cancer (Vetvicka et al. 2021). Fiber can
shorten the time that carcinogens come into contact with the intestine and support
healthy microbiota, leading to changes in how the host’s immune system is meta-
bolically regulated, and this can prevent the growth of cancer cells and inducing
apoptosis (Zeng et al. 2020). Flaxseed, which is high in lignin, fiber, and other phy-
tochemicals, has been linked to decreased angiogenesis and cell proliferation, as
well as increased apoptosis (De Silva and Alcorn 2019). Flaxseed is effective at
halting the development of colon cancers in both human and animal models
(Ganorkar and Jain 2013). Nuts are rich in fibre, vitamins, unsaturated fatty acids,
carotenes, and phenolic compounds and their inclusion in the diet has been shown
to reduce the risk of colorectal, stomach, esophageal, pancreatic, anal, and endome-
trial cancers (Rock et al. 2020).

Appropriate food and bacteria in the body can prevent the spread of cancer,
increase the effectiveness of chemotherapy, and reduce the side effects caused by
chemotherapeutic synthetic drugs. Certain probiotics can also trigger anticancer
pathways by modulating gut epithelial homeostasis and immune responses. For
example, Lactobacillus acidophilus and Lactobacillus casei have been shown to
improve the ability of 5-fluorouracil to induce apoptosis in the colorectal cancer cell
line LS513 and milk that has been fermented with probiotics may help prevent
stomach cancer (Marinelli et al. 2017). Lactobacillus reuteri decreases the proteins
that promote cell proliferation or block apoptosis and triggers TNF-induced apopto-
sis through the modulation of NF-B and MAPK signalling (Plaza-Diaz et al. 2012).
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13.7 Future Prospect and Conclusion

More research in this area of functional foods is need of the hour. But clinical stud-
ies revealed that it is not predictable in global perspective. Few steps like regulations
and implementation should be strictly followed while marketing a functional food.
Functional food should be region specific as it will be more helpful in fulfilling its
role and demand.
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