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Abstract

Non-Communicable Diseases (NCDs) have become a major health concern worldwide. The global death
percentage caused by NCDs is reported to be 70% of the total deaths. Currently, there is a significant concern
about herbal applications in improving people's lifestyles to mitigate the risk of NCDs, and food product
development with an herbal context is considered more impactful. Plant/herbal materials have been used in
traditional medicine since ancient times due to the nutraceutical properties of secondary plant metabolites.
These are known to exert several health-promoting effects such as antioxidant, anti-cancer, anti-lipidemic,
anti-hyperglycemic, etc. properties. Therefore, modern society is concerned more about adopting to
pharmaceuticals and diet interventions of natural-origin to mitigate health conditions associated with NCDs.
Those interventions are, in most cases, termed functional foods and/or nutraceuticals. Thus, a substantial
global market opportunity has been relieved for herbal functional foods and nutraceuticals, recently.
Therefore, this paper provides a narrative review on the global burden caused by the NCDs, and the deviation
of consumer trends towards more natural and herbal oriented functional foods in overcoming those risks.
Furthermore, such trends are predicted to rise drastically in upcoming years in the regions around the globe
with significant generation of revenue. This review further elaborates on pharmacological and health benefits
of herbal materials that could be used in developing functional foods and/or nutraceuticals. In addition,
current and prospective functional foods and nutraceuticals that have been developed with herbal origins in
recent research across the globe are presented here with their respective health-promoting effects. The food
categories currently being developed into functional foods are mostly being, but not limited to, functional
beverages, functional teas, functional snacks/starchy foods, and functional confectioneries. The physiological
benefits expected by these functional foods and nutraceuticals include, prevention of hyperglycaemia,
cardiovascular disease, hypertension, cancers, hypercholesterolemia, etc. This review would provide a brief
but informative background for future researchers, who would carry out research on New Product
Development (NPD) on functional foods and nutraceuticals of herbal origin.
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INTRODUCTION
There is a huge health concern all around the
world despite the country's status on Non-
Communicable Diseases (NCDs). With the
advancement of science, much research has
been conducted and several remedies were
found to treat communicable or acute
diseases such as infections to date.
Pharmaceuticals play a vital role in this
scenario. However, the global burden due to
NCDs and chronic diseases captures the
attention of many medical researchers as they
are being responsible for more than 70% of the
annual global deaths and due to lack of
remedial measures. The fact that those
diseases highly depend on food and lifestyle,
and the uprising demand for foods and drugs
of natural origin, current research trends are

focused toward functional foods and
nutraceuticals.

Global Burden of Non-Communicable
Diseases

Globally, NCDs have been rising

continuously in recent years, despite the
countries or regions. As reported in 2010, in
2005, the NCDs caused about 35 million
deaths around the world, which accounts for
60% of all deaths worldwide. It is estimated to
grow by 17% within the next 10 years [1]. At
present, the global death percentage is
reported to be over 70% of all deaths and is
around 41 million people per year, which
even exceeds the expected rise of the death
percentage according to the latest statistics
published by the World Health Organization
(WHO) in 2020 [2]. This regular increase in
death rates caused by NCDs has influenced
the United Nations to discuss “Non-
Communicable Diseases” in three out of the
very few high-level meetings on health-
related issues on 19-20th September, 2011 [3],
10-11th July, 2014 [4] and 27t September 2018

[5].

NCDs are also known as chronic
diseases and tend to be of long duration.
These result from a combination of genetic,
physiological, environmental, and
behavioural factors [6]. Several health
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conditions are categorized as NCDs.
According to previous researches, it has been
determined that four major disease clusters,
namely cardiovascular diseases, cancers,
pulmonary diseases, and diabetes, are
responsible for 80% of NCD-related deaths [3,
7]. Other than these, several other diseases
that are not transmitted from person to
person and do not cause acute infections that
are classified as NCDs, such as asthma,
digestive diseases, neurologic disorders,
mental and behavioural disorders, kidney
diseases, gynecologic disorders,
hemoglobinopathies, sense-organ, and oral
disorders, bear a significant burden [3]. The
WHO has identified several risk factors for
NCDs. Among them, depression, impaired
glucose tolerance, high cholesterol, high
blood pressure, obesity, unhealthy diet,
smoking, physical inactivity, and excess
alcohol consumption have been identified to
be more critical [8].

Further, many systematic reviews
have summarized the most influential risk
factors of NCDs and, therefore, the strongest
preventive factors cross-linked with the five
major NCD categories (dementia, diabetes,
stroke, coronary heart disease, and cancer) are
unhealthy diet, physical inactivity, and
smoking [3, 9]. As a healthier diet is a major
preventive factor and/or risk factor for
NCDs, a growing interest towards healthy
food consumption has captured massive
awareness throughout the globe. Plant-based
products such as functional foods and/or
nutraceuticals have emerged as a high-impact
preventive measure for NCDs across the
globe [7-9].

Functional Foods and Nutraceuticals

Functional foods and/or nutraceuticals are
considered beneficial in preventing or
treating diseases or improving health
conditions, other than their usual nutritional
value [10]. However, the terms “Functional
foods” and “Nutraceuticals” have confusion
in their definitions and are not defined well to
separate between the two terms and also with
terms such as “Conventional foods” and




Bulathgama et al. Applied Bio-Systems Technology (2022) 2(1): 11-33

“Pharmaceuticals”. Thus, it has been given
several similar, yet non-unified definitions in
many research and review publications [11].
Generally, functional foods and
nutraceuticals are considered to occupy a
grey area between food and drugs [12]. The
concept defining and initiation of these terms
happened in the early 1980s by Japanese
scientists, and the term “Nutraceuticals” was
also formed in 1984 by Dr. De Felice by
coining “Nutrition and Pharmaceuticals” [12-
18].

Functional foods are defined by
"Health Canada" as foods that resemble
traditional foods, while demonstrating
physiological properties. Meanwhile,
nutraceuticals are derived from foods and
presented in a non-food matrix but in
medicinal forms such as capsules, tablets, and
so on, and used to demonstrate physiological
benefits in a concentrated form [10- 11, 19-22].
In many studies and writings, the definition
of nutraceuticals is slightly varying. They are
known as products with physiological
benefits or those that provide protection
against chronic diseases, derived from plant,
animal, or marine sources or produced from
processing plant material [18]. According to
Pandey et al. [12], aside from the physiological
benefits they provide, nutraceuticals are not
traditionally recognized as nutrients, and
Murthy [23] claims nutraceuticals are closely
resembling drugs, except for their natural
origin [12, 23]. However, there are still many
definitions, which indicate nutraceuticals as
foods or parts of foods [23, 24].

The European Union has suggested a
working definition for functional foods in
their Concerted Action on Functional Food
Science in Europe (FuFoSE) as, when a food
product has beneficial effects on one or more
functions of the human organism; either
improving the general and physical
conditions or/and decreasing the risk of the
evolution of diseases along with its basic
nutritional impact. However, this definition
limits its consumption format and dosage to
the conventional food types in usual dietetic
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proportions [13, 25, 26]. However, this is
controversial with the Japanese definition
derived for Food for Specified Health Use
(FOSHU), including the forms of tablets and
capsules too, where health claims or benefits
remain a common requirement [13]. Japan
was the first country to have functional foods
and nutraceutical regulations, and Japanese
food regulations for health claims have been
greatly clarified. So far, over 200 products are
in the market under this FOSHU category [10,
15, 27-29]. The USA does not have a well-
defined and regulated framework for
defining or claiming functional foods and
nutraceuticals. They are either categorized as
foods or drugs, and the products are usually
regulated by the food laws of the United
States [30].

Key Concepts of Functional Foods and
Nutraceuticals

With this ambiguity of definitions,
identifying the key properties of both
functional foods and nutraceuticals is
important in designing and developing novel
functional foods/ nutraceuticals [31]. The
major concepts covered by the definitions for
both terms “Functional foods” and
“Nutraceuticals” are summarized in a Venn
diagram (Figure 1).

Apart from the above summarized
key factors, Doyon & Labrecque [11] have
identified four major concept areas covered
by most of these definitions. Those are health
benefits, nature of the food, level of function,
and consumption pattern.

Health Benefits: Functional foods or
nutraceuticals, have been identified and
claimed for several health benefits in
preventing, reducing the risk, or treating a
disease and/or  unfavourable health
condition. Strong literature evidence was
found on the ability of functional foods and
nutraceuticals in preventing and treating
several types of cancers in combination effects
such as antioxidant activity, increased
detoxifying enzyme activity, maintenance of
DNA repair, and effects on cell differentiation
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ronal Foods

Similar in appearance

to conventional foods

(20,31)

One or more target

functions (31)

Consumed as foods and not

in dosage form (29)

Bioactive principle
mixed within a food

(10,25)

Food or Part of

food (23)
Beyond simple/natural nutrition (10)

Potential positive physiological effects on
the human health (12,14)

Inhibit grey area between food and
drug (12)

Preventing or Reduces the risk

of a disease or Treating a
disease (10,31)

Nutrition +

Pharmaceuticals (16)

Not traditionally

recognized nutrients (12)

Formulated products

and taken in dosage

form (29)

Figure 1: Key Concepts Covered by Many Definitions on the Terms, "Functional Foods" and
"Nutraceuticals"

etc. [20, 32-34]. Cardiovascular diseases along
with cross-linking health conditions; obesity,
high blood cholesterol, high blood pressure,
and type 2 diabetes, are supported by
functional foods and nutraceuticals through
many mechanisms including lowering blood
lipid levels, decreasing plaque formation,
reducing lipoprotein oxidation, improving
arterial compliance, scavenging free radicals,
and inhibiting platelet aggregation [20, 35-37].
Continuous consumption of plant-derived
functional foods is supportive in preventing
and managing type 2 diabetes with their
antioxidant,  anti-inflammatory, insulin
sensitivity, and anti-cholesterol functions due
to the content of nutraceuticals including;
polyphenols, terpenoids, flavonoids,
alkaloids, sterols, pigments, and unsaturated
fatty acids [38-40].

Nature of Food: There is no box-
framed definition for functional foods and
nutraceuticals and the confusion is caused by
aligning terms such as designer foods, dietary
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supplements, enhanced foods, etc. with
functional foods. The nature of the food was
also not defined without conflicts [41, 42].
Shinde et al. [43] categorized nutraceuticals in
three major arenas regarding their nature,
where dietary supplements are vitamins and
minerals or botanicals like Ginseng, Gingko
Biloba, Saint John's Wort, etc., functional
foods to be a part of the usual diet with effects
beyond traditional nutrition; and medicinal
foods to be used in preventing or treating
disease [43]. Although in general, functional
foods are considered to look like conventional
food and nutraceuticals to be in drug-like
form, this might change from one product to
another [29].

Level of Function: Functional foods or
nutraceuticals are being used in several stages
of functionality, where they could either be
enhancing healthiness, preventing the
occurrence of a disease or illness, reducing the
risk of such illness, or even treating the
diseases or illnesses. The benefits of
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functional foods and nutraceuticals may
therefore include increasing the health value
of the diet, increasing life expectancy;
avoiding unfavourable medical conditions,
imparting physiological benefits, being more
natural with fewer side effects; and catering
to special needs for dietary complexities such
as celiac, lactose intolerant, or elderly patients
[42].

Consumption Pattern: Functional
foods and nutraceuticals are consumed
similarly according to some limitations as
they are food and/or part of food [23].
Furthermore, some consider a functional food
to be one developed with scientific
intelligence; when the functional food aids in
the prevention or treatment of a disease other
than anaemia, it is referred to as a
nutraceutical [12, 16]. Also, the dosage or the
consumption portions are different from each
other as some definitions find nutraceuticals
to be in dosage specified form while
functional foods are to be taken in usual
dietetic portions [29].

Nutraceutical Properties of Herbal Material
Traditional medicine, or folk medicine, has
been used for supporting and curing NCDs

since ancient times. The major active
ingredients used in such medicinal
approaches are herbal materials [44].

Although the available and recognized herbs
vary region-wise, the utilization of herbals in
NCDs has become prominent and captured
global attention [45].

Numerous research and reviews have
been carried out to identify the herbs and
active compounds of herbs that are helpful in
supporting many health conditions, which
could ultimately be used in developing
functional foods and/ or nutraceuticals.

Moreover, it is evident that some
herbal components are acting as functional
foods even in their pure form and could be
consumed as it is or with minimal processing
and with an evident beneficial physiological
impact. Examples: Berries, Cinnamon,
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Turmeric, Ginseng, Tomatoes, Soybeans,
Qats, Psyllium, Flaxseed, Garlic, Grapes, and
some nuts etc. [35, 39, 46]. Apart from these,
there are many examples of products which
incorporate refined functional compounds
from plant derivatives [47, 48] and combined
functional foods that show enhanced
functionality or synergic effects [49, 50].

Types of Herbal Functional Compounds
Present in Functional Foods /Nutraceuticals
A vast array of biologically active secondary
metabolites take part in plant-derived
functional foods and nutraceuticals.

e Polyphenols: These are a class of plant
secondary metabolites that contain over
8000 compounds and protect plants from
UV radiation, oxidants, and infections.
They are found in whole plant foods such
as fruits, vegetables, whole grains,
cereals, legumes, tea, coffee, wine and
cocoa [51, 52]. The main classes of
polyphenols include phenolic acids,
flavonoids, stilbenes, and lignins [51].
Epidemiological studies and associated
meta-analyses in recent history strongly
suggest that long-term consumption of a
polyphenol-rich  diet supports in
management of many NCDs including
cancer, cardiovascular diseases, diabetes,
osteoporosis and neurodegenerative
diseases [51, 53, 54]. Cardioprotective
effect [55-57], anti-cancer effect [58], anti-
diabetic effect [59], and neuroprotective
effects [60-63] are some major beneficial
effects of these polyphenols in human
health.

e Isoflavonoids: These are also a class of
phenolic phytochemicals that includes
the major compounds genistein and
daidzein. This class is recognized for
preventing and treating cancer and
osteoporosis. In particular, Genistein
imparts  cancer-preventive  activity
against colon cancer in vitro. The most
predominant  dietary = source  of
isoflavones is Soybeans [64, 65].
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e Phytoestrogens: This is a nonsteroidal
phytochemical group that has a quite
similar structure and function to the
oestrogen hormone. And phytoestrogens
show antioxidant properties due to their
polyphenolic  structure and anti-
carcinogenic properties due to steroid
metabolism or enzyme detoxification.
Furthermore, they have a favourable
effect on calcium transportation and lipid
profiles [64, 66, 67].

e Terpenoids: These compounds also show
cancer-preventive properties and are the
largest class of phytonutrients found in
green foods and grains. The most studied
terpenoids are  tocotrienols  and
tocopherols, commonly found in whole
grains [65].

e Carotenoids: The  Carotenoids are
pigmented phytonutrients that can be
divided into two major groups: carotenes
and xanthophylls. Carotenes provide
protection against uterine, prostate,
breast, colorectal, lung, and digestive
tract cancers, while xanthophylls provide
protection for other antioxidants and
offer tissue-specific protection. This
subclass of phytochemicals is common in
yellow-red fruits and vegetables [64, 68,
69].

e Phytosterols: An important subclass of
phytonutrients. They are beneficial
mostly in managing cholesterol levels in
humans, as these compounds compete
with cholesterol in the gut to eliminate
cholesterol from the body without
absorption [64, 70].

e Glucosinolates: This is another cancer-
preventive phytochemical class and are
present in cruciferous vegetables such as
broccoli and cauliflower sprouts [64].

e Polysaccharides: These comprise of a large
group of phytochemicals that provides
many characteristics in food production
like thickening, binding, bulking, etc.
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and are present in mushrooms, fruits and
vegetables, legumes, cereals, and grains
like oats and barley. These are
responsible for many physiological
functions, such as preventing cancer,
obesity, and cardiovascular disease,
normalizing blood pressure, balancing
blood sugar levels, etc. [64, 71].

Herbs with Nutraceutical Potential

Listed below (see Table 1) are some herbs
with potential nutraceutical properties due to
their bioactive secondary plant metabolites
and their respective health benefits. Other
than the few summarized in Table 1, a strong
herbal profile is important in supporting
NCDs or chronic diseases, where some are
still underutilized and under-recognized.

Biologically relevant compounds in
action for reducing the risk of NCDs and
treating NCD conditions are phytochemicals
present in herbs, where the antioxidants
capture the highest capacity and importance,
as most chronic diseases, such as
cardiovascular diseases, are associated with a
high level of oxidative stress and could be
managed through the antioxidant activity of
plant compounds [42, 124]. Table 2 shows
some important and recognized functional
(bioactive) compounds derived from herbal
materials [47, 99, 125-129].

Product Development of Functional Foods
and Nutraceuticals

Global Market and Demand

The development of functional foods or
nutraceuticals is considered to attract a long-
term market value as their demand rises by 6-
10% every vyear [11, 43]. Additionally,
functional foods are typically priced 30-500%
above comparable conventional foods [130].
According to the data taken in 2008, the global
functional food market falls into the range of
EUR 30-60 billion. It is reported that the
functional foods and nutraceutical market in
the United States were 250 billion US dollars
in 2014 [43]. Although the European market is
less developed compared to the USA and
Japan, it still has a functional food market that
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Table 1: Herbal Materials and their Secondary Metabolites that Impart Nutraceutical Properties

No Potential Herb Active Compounds Supporting NCDs/ Beneficial Action
1 Aloe vera Aloins Dilates capillaries [72],
Aloe barbadensis Aloesin Anti-inflammatory effect [72-77],
Anti-diabetic effect [72-77]
2  St]John's-wort Hypericin Antidepressant effect [78, 79]
Hypericum perforatum Hyperforin
3  Turmeric Curcumin Anticancer effect [24],
Curcuma longa Anti-inflammatory effect,
Antiarthritic effect [80, 81]
4  Ginger Zingiberene Anti-hyperglycemic effect,
Zingiber officinale Gingerols Antioxidant activity,
Paradols Anti-inflammatory effect,
Shogaols Analgesic activity,
Zingerone Cancer preventive ability [82-86]
5 Ginseng Ginsenosides Anti-tumour activity [87-89],
Panax ginseng Panaxosides Anti-diabetic effect [24],
Enhanced liver function,
Stimulating immune and nervous system
[87-89]
6 Garlic Alliin Anti-inflammatory effect,
Allium sativum Allicin Antigout effect,
Antithrombotic effect,
Hypotensive activity, Antihyperlipidemic
effect [90-92]
7 Onion Allicin Hypoglycemic activity [24, 93],
Allium cepa Alliin Antiatherosclerosis effect [75]
8  Gingko/ maidenhair Ginkgolide Antioxidant activity,
Ginkgo biloba Bilobalide Increasing peripheral blood flow [94- 95],
Treatment of post-thrombotic syndrome
[89]
9  Valerian Valerenic acid Tranquillizer effect [24, 96]
Valeriana officinalis Valerate
10  Liquorice Glabridin Anti-inflammatory effect, Expectorant,
Glycyrrhiza glabra Glycyrrhizin Antioxidant activity,
Liquirtin Hepatoprotective effect,
Anti-carcinogenic activity [97- 99]
11  Gotu kola Asiaticoside Nervine tonic,
Centella asiatica Madecassoside Anti-anxiety effect,

Anticancer activity [100]
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Table 1: Herbal Materials and their Secondary Metabolites that Impart Nutraceutical Properties
(Table 1 Continued)

No Potential Herb Active Compounds Supporting NCDs/ Beneficial Action
12 Purple coneflower Alkylamide Anti-inflammatory effect [101],
Echinacea purpurea Echinacoside Immunomodulator [102]
13 White willow Salicin Anti-inflammatory effect,
Salix alba Analgesic,
Treatment of rheumatic and arthritis [103-
105]
14  Goldenseal Hydrastis Hydrastine Antihemorrhagic [104, 106]
canadensis Berberine and
Canadine
15  Quinoa Gallic acid and Antioxidant activity,
Chenopodium quinoa other polyphenols Anti-obesity,
Saponinshas Hypocholesterolemic,
Flavonoids Managing malnutrition,
Lysine Amino acid Anti-hyperglycemic [107-109]
Phytosterols
Phytoecdysteroids
16 Lavender Tannins Cure depression and hypertension [76]
Lavandula spica L. Support Asthma [42]
17  Parsley Apiol Diuretic activity [76, 110]
Petroselinum cripsum
18  Olive Hydroxytyrosol, Antioxidant activity [111]
Olea europaea Oleuropein
Tyrosol
Oleuropein
Aglycone
19  Rooibos Aspalathin and Antioxidant activity,
Aspalathus linearis other polyphenols Hepatoprotective activity,
Lipid-lowering effect
Antidiabetic effect [112, 114]
20  Pumpkin Beta carotene Antioxidant activity [115]
Cucurbita maxima
21  Guava Lycopene Antioxidant activity [48, 116-118],

Psidium guajava

Anticancer effect,
Antihyperglycemic effect,
Antihyperlipidemic effect [116-118]
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Table 1: Herbal Materials and their Secondary Metabolites that Impart Nutraceutical Properties
(Table 1 Continued)

No Potential Herb Active Compounds Supporting NCDs/ Beneficial Action
22 Grapes Resveratrol Antioxidant activity,
Vitis vinifera Antihypertensive effect [119]
L.
23  Cinnamon Barely reported Anti-diabetic effect [120]
Cinnamomum verum
24  Long Coriander Phenols, Analgesic effect,
Eryngium foetidum Flavonoids, Hypotensive effect,
Tannins, Anti-convulsant effect,
Polyphenols Hepato-protective effect,

Antioxidant activity [122, 123]

Table 2: Few Recognized Plant-Derived Active Compounds

Hy
Allicin

CH,
/\/S\S/\/CHZ ﬁ HO
7
C H,C
C Thymol

Eugenol CH,

Source: Garlic Source: Cinnamon, Clove Source: Thyme

Uses:  Protection  against Uses: Antioxidant, gentle Uses: Helps in oral health, cancer-
atherosclerosis, diabetes, high anaesthetic, and antiseptic preventive, supports cardiovascular
blood pressure, cholesterol activities disease

OH OH

OH
OH O OH
OH OH

OH Catechin OH Epicatechin
Source: Tea and Pome Fruits Source: Green tea, Dark Chocolate
Uses: Antioxidant, Anticarcinogenic, Uses: Antioxidant

Antidiabetic, Antiatherogenic
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Table 2: Few Recognized Plant-Derived Active Compounds
(Table 2 Continued)

f-Carotene

Source: Yellow - Red Fruits and Vegetables
Uses: Antioxidants, Protection against Cancer, Heart disease, Alzheimer's disease

Curcumin OH

Source: Turmeric
Uses: Antioxidant, Protection against heart disease, brain disease, cancer, arthritis, and depression

OH
0
OH
OH
, OH O Quercetin
Aspalathin
Source: Rooibos Source: Apples, Berries, Grapes, Onion
Uses: Antioxidant, Antidiabetic Uses:  Antioxidant,  reducing  cancer  risk,

neuroprotective, preventing cardiovascular disease
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Table 2: Few Recognized Plant-Derived Active Compounds

(Table 2 Continued)

HaC

Glabridin
HO

OH

H
\ +
N
T
= OH
O
Trigonellin

Source: Liquorice
Uses: Antioxidant,
Anticarcinogenic, Anti-inflammatory

Hepatoprotective,

Source: Fenugreek, Japanese Radish, Oats, Potatoes

Uses: Hypoglycemic, hypolipidemic, neuroprotective,
antimigraine,
antibacterial, antiviral, and anti-tumour

sedative, memory-improving,

countries show tidal growth in the
nutraceutical market [41, 43, 130]. Although
the existing market is smaller, China (6 billion
US dollars per year), Brazil (1.9 billion US
dollars in 2009), and Russia (75 million US
dollars in 2004) also showcase a growing
market for functional foods [130]. Most recent
reports states that, at a compound annual
growth rate (CAGR) of 5.7%, the worldwide
functional food market is anticipated to
increase from $161.99 billion in 2020 to
$171.25 billion in 2021 [131]. Companies
adopting the new normal condition after the
covid - 19 impact has been influenced in this
growth while it is expected to rise at 8%
CAGR to reach $228.79 billion in 2025 [131,
132].

Product Development

With the rising demand for functional foods
and nutraceuticals, product developments
with commercial feasibility play a useful role,
facilitating both medicinal and economic
aspects. However, the production of
functional foods or nutraceuticals has
penetrated only a very small area of its
potential capacity.

According to several definitions and
categorizations, functional foods and
nutraceuticals may also include prebiotics
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and probiotics, enhanced products with
omega fatty acids, functional meat products,
algae or seaweed-based products, etc. [10, 13].

In this review article, the focus was
given only to the plant/herbal-based product
development of functional foods and
nutraceuticals. However, even with the ample
worldwide herbal profiles, there are only a
few types of functional foods and/or
nutraceuticals that have been reported in
previous studies. Some examples are
summarized in the below table (see Table 3)
with their respective health-promoting
activities.

As per the referenced products, the
beverage production was the most
outstanding. Moreover, bakery products,
dairy products, confectionaries, tablets,

capsules, and supplements with herbal
incorporation were also considered in
developing functional foods and
nutraceuticals.

In addition to single herbal products,
some researchers have focused on developing
significantly impactful functional foods and
nutraceuticals for specific chronic diseases
with combinations of several plants and
herbal materials. For example, Wijaya et al.
[156] have developed a functional drink with
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Table 3: Some Product Developments with Functional Food and/or Nutraceutical Properties from

Previous Literature

No Herbal Material Pl?:tUPsirts Food Type Functional Interest Reference
1 Rooibos Leaves Tea - [133]
Aspalathus linearis Beverage
Rooibos Antioxidant activity [134]
Tea Antidiabetic activity [127]
2 Quinoa Grains Flour, Anti-diabetic properties [135]
Chenopodium quinoa Biscuits, [107]
Pasta
3 Tea Leaves Green Tea Reduce cholesterol, [136]
Camelia sinensis Raise energy, [137]
Stimulate mental power,
Reducing the risk of
coronary artery disease
4 Java Tea Leaves Java Tea Antiallergenic effect, [136]
(Cat whiskers) Antihypertensive activity,
Orthosiphon Anti-inflammatory effect,
Stamineus Diuretic properties
5 Roselle (Hibiscus) Flowers Functional [138]
Hibiscus sabdariffa Beverage
6 Lemon-Lime Citrus Fruit Frozen Nutritious supplement [139]
limon, Citrus dessert
aurantiifolia
7  Star fruit Fruit Juice Functional [140]
Awverrhoa carambola beverage
8  Mushrooms Paste Functional =~ Antihypercholesterelemic [141]
L. edodes noodles activity
9  Pumpkin Fermented Supports Diabetes [142]
Curcurbita maxima functional
beverage
10 Licorice Extract Herbal Reduce dental cavities [143]
Glycyrrhiza uralensis Lollipop
11  Ginger Ginger [144]
Zingiber officinale honey
candy
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Table 3: Some Product Developments with Functional Food and/or Nutraceutical Properties from
Previous Literature (Table 3 Continued)

No Herbal Material Pl?:tUPsirts Food Type Functional Interest Reference
12 Mate Leaf Extract Fermented Antioxidant activity, [145]
Ilex paraguariensis functional  hypocholesterolemic and
A.St.-Hil beverage hepatoprotective effect
13 Tulshi Leaves Herbal [146]
Ocimum sanctum Biscuits
Moringa
Moringa oleifera
14 Pomegranate Encapsulated Icecream  Antioxidant activity and [147]
Punica granatum peel phenolic a- glucosidase inhibitory
activities
15 Guava Guava Antioxidant activity [148]
Psidium guajava Cheese
(fruit
snack)
16 Moringa Leaves Herbal tea [149]
Moringa oleifera
17 Kachai Lemon fruits Squash, Nutritious supplement [150]
Citrus jambhiri salt pickle,
sweet
pickle,
candied
peel,
candied
fruit slices,
jelly
18 Guava Leaf Noodle or hyperlipidaemic [151]
Psidium guajava bread measures and supports
high blood sugar level
syndrome
19 Coffee Beans Energy Boosting energy [152]
Coffea arabica L. drink
Siberian ginseng
Eleutherococcus Flower
senticosus pollen
organic oat Straw
Avena sativa
organic Gotu kola Leaves
Centella asiatica
Sassafrass Leaves

Sassafras albidum
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Table 3: Some Product Developments with Functional Food and/or Nutraceutical Properties from

Previous Literature (Table 3 Continued)

Plant Parts

No Herbal Material in Use Food Type Functional Interest Reference

20 Rtanique fruit (a Apple Antiradical capacity [153]
hybrid of tangerine snack
and sweet orange)
(Citrus
sinensisxCitrus
reticulata)

21 Kyoho Skins Herbal tea Antioxidant activity [154]
Vitis labruscana

22 Parsley Pasta [110]
Petroselinum cripsum

23 Heartwood Wood BRE* Antioxidant activity, [155]
Caesalpinia sappan Nutraceuti Antibacterial effect,

Anti-inflammatory effect

24  Cocoa Beans Cocoa and Preventing [37]
Theobroma cacao Chocolate Cardiovascular disease

25 Grapes Skins Wine Antioxidant activity, [119]

Vitis vinifera

Antihypertensive effect

a combination of Cat’s whiskers (Orthosiphon
aristatus), ginger (Zingiber officinale), Roscoe
Lily = (Roscoea  purpurea), lime (Citrus
aurantiifolia), lemon (Citrus limon), kaffir lime
(Citrus histrix), and Curcuma (Curcuma
xanthorrhiza) with anti-hyperglycemic effects
[156, 157]. Another functional beverage with
cistus (Cistus incanus), green tea (Camellia
sinensis), nettle leaves (Urtica dioica), artichoke

(Cynara  scolymus),  Siberian  ginseng
(Eleutherococcus senticosus), ginger (Zingiber
officinale), purple coneflower (Echinacea

purpurea), Aloe (Aloe vera L.) , horsetail
(Equisetum arvense), lingonberry (Vaccinium
vitisidaea), silver birch (Betula pendula), and
chamomile (Matricaria  chamomilla) was
developed by Skapska et al. [158] to yield
higher antioxidant capacity [158].

Most of these studies are limited to the
laboratory-level, and therefore, it is required
to expand them to the commercial level.
Further, there are many novel product
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developments at the research/experimental
level, and even in the established market that
is not published on scientific platforms due to
trade secrets, pending patents, unproven
health claims, and many other reasons.

Given the assessed and identified
increasing global demand for functional
foods and nutraceuticals, it is clear that
commercial production of the
aforementioned products, as well as novel
research on the same, would benefit the
community by lowering the medical costs
while earning more economic benefits.
Physiological Benefits of Functional
Foods/Nutraceuticals
Among the physiological benefits to human
health imparted by functional foods and
nutraceuticals, a wealth of literature provides
evidence on preventing or treating non-
communicable diseases with functional food
or nutraceutical applications [115, 126].
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Type 2 diabetes, or hyperglycaemia, is
a predominant health concern that has a
potential for prevention and management
with the use of functional foods and/or
nutraceuticals and their bioactive compounds
[59]. Diets with high phytochemical content,
high antioxidant capacity, and polyphenolic
content act on lowering the risk of diabetes
and predisposing factors [59, 159]. Another
finding, which defines functional foods or
nutraceuticals as individual bioactive
chemicals or foods claimed to have health-
promoting properties, provides several such
applications in managing and preventing
type 2 diabetes [160]. Predominant herbal
applications, namely, American ginseng,
Chinese herbs, Fenugreek, and Nopal, are
some of the given examples in this context.

Nutraceutical compounds such as
resveratrol from grape wine, curcumin from
turmeric, cocoa, quercetin, brassica, and
berberine were found to be beneficial in the
prevention of cardiovascular diseases and
their = associated  health  conditions,
hypertension, atherosclerosis, heart failure,
and diabetes [119].

Many nutraceuticals are in action
towards the treatment of cancers [64, 126].
Among these dietary supplements (Eg-
Punicagrantum, Triticumaestivum, Beta
vulgaris), plant secondary metabolites (Eg-
flavonoids, phenols, carotenoids, alkaloids,
saponins, tannins, steroids) and medicinal
herbs (Eg- Cynara cardunculus, Azadirachta
indica, Santalum album) play a significant role
in colon cancers [126]. Ginger is one of the
major potential ingredients in the form of
water extract, paste, or dried powder in many
functional food products proven to inhibit the
progression of prostate tumors [161].

CONCLUSIONS
This review summarizes the recognition of
functional foods and nutraceuticals as
potential natural remedies for mitigating the
global health risk of NCDs. According to
recent research findings, the important
pharmacological  properties  such  as
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antioxidant, anti-inflammatory, anticancer,
anti-hyperglycaemic, anti-lipidemic, and so
on exerted by plant secondary metabolites,

prospective and developed functional foods
and nutraceuticals of herbal origin are

narrated. The review concludes that
developing easily adoptable technologies for
producing functional foods and

nutraceuticals would support the community
in adopting healthier dietary patterns and
promoting such plants as economical crops
would thereby obtain both medicinal and
economic gains for modern society
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