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Preface

Phytochemicals are non-nutritive chemical compounds derived from plants and play a sig‐
nificant role in human disease prevention. Phytochemicals such as secondary metabolites
and antioxidants have important medicinal properties. Allelochemicals released from plants
also act as phytochemicals and show a significant ecological role. In this book the source of
phytochemicals and their role in disease prevention, stress tolerance in plants, and accumu‐
lation in fruits and vegetables are discussed.

The role of phytochemicals and their phytoconstituents in human disease recovery is dis‐
cussed in this book. They play an important role in antioxidative stress tolerance and the
free radical scavenging process. Moreover, major phytochemicals such as anthocyanin, fla‐
vonoids, and carotenoids have anticancer and wound healing capacities. The above aspects
are presented in detail along with the medicinal properties of specific phytochemicals
present in specific plant species. The book also includes the impact of modern agricultural
practices and novel processing technologies on the accumulation of phytochemicals in fruits
and vegetables.

Interesting research work and reviews on the sources of phytochemicals and their role in
disease prevention, as well as pharmaceutically important medicinal plants, are collected to‐
gether in this book. Publication of this book would have been impossible without the contri‐
bution of many researchers around the world. Our sincere acknowledgment goes to the
authors who contributed their valuable research work in this edition.

Dr. Toshiki Asao
Department of Agriculture

Faculty of Life and Environmental Science
Shimane University, Matsue, Japan

Dr. Md Asaduzzaman
Horticulture Research Centre

Bangladesh Agriculture Research Institute
Gazipur, Bangladesh
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1. Introduction

Phytochemicals, the nonnutritive chemical compounds derived from plants, play a signifi-
cant role in human disease prevention. Phytochemicals such as secondary metabolites and 
antioxidants have important medicinal properties. This chapter will briefly outline the source 
of phytochemicals, their role in disease prevention, phytochemicals produced due to stress 
conditions, and accumulation of bioactive compounds in fruits and vegetables. It will also 
discuss the role of allelochemicals as phytochemicals that produced under stressed environ-
ment in the plant rhizosphere and neighboring plants leaving significant ecological role. The 
purpose of this chapter is to provide a general description of phytochemicals and their roles 
in major diseases prevention.

2. Role of phytochemicals in disease prevention in human

Phytochemicals present in medicinal plants, such as alkaloids, tannins, saponins, flavonoids, 
phenols, steroids, carotenoids, etc., have several disease prevention activity [1]. These plant-
derived chemical compounds play important preventive activities mainly anti-inflammatory, 
antidiabetic, antiaging, antimicrobial, antiparasitic, antidepressant, anticancer, antioxidant, 
and wound healing [2]. They also have great role in stress tolerance of plants and accumula-
tion of many important bioactive compounds in fruits and vegetables.

Flavonoids are the most common bioactive compounds found in medicinal plants [3]. They 
have several preventive activities in human disease such as antimicrobial, antioxidant, anti-
cancer, anti-inflammatory, and wound-healing capacity [4–6]. Anticarcinogenic flavonoids 

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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have been reported to be found in a number of fruits and vegetables [7, 8]. Apple and berries 
found to have cardioprotective properties and showed positive impact on blood pressure [9].

Anthocyanins are the flavonoid constituents abundant in cell vacuole responsible for pigmen-
tation in flowers, fruits, and vegetables and produced generally during plant under environ-
mental stress [10, 11]. In vitro studies showed antioxidative activities of anthocyanins in cell 
culture systems such as colon, liver, breast, leukemic cell, and keratinocytes [12–15].

Carotenoids are considered as the potential natural antioxidant found in fruits and vegetables. 
They include xanthophyll and carotenes having scavenging of peroxyl radical [16]. Lycopene 
is common in tomato and berries, while β-carotenes are orange-colored carotenoids abundant 
in yellow-orange and dark-green leafy vegetables [17].

3. Allelochemicals as phytochemicals in the plant rhizosphere and 
its ecological role

Plant releases a numerous phytochemicals in order to protect it from environmental stresses 
such as drought, submergence, chemical pollution, UV exposure, pest and disease infection, 
and several other unfavorable conditions [18, 19]. Through this process, plant produces 
secondary metabolites and bioactive compounds having potential antioxidative roles [20]. 
In general, under natural ecosystem, plant releases numerous chemical compounds to the 
environment from its body and maintains its normal growth and development. However, 
plant produces several other chemicals/allelochemicals under environmental stress condi-
tions [21–23]. The released allelochemicals create both heterotoxic and autotoxic conditions 
for the plant and its neighboring species [24]. Under replanting conditions and recycled 
hydroponics, plant found to produce a number of allelochemicals that inhibit its own 
growth and development, and this phenomenon has been reported in beans, taro, straw-
berry, lettuce, several other leafy vegetables, and ornamentals [25–29]. On the other hand, 
these allelochemicals may play a significant ecological role in controlling weeds, pests, and 
plant diseases [30, 31].

4. Conclusion

Fruits and vegetables are the great source of phytochemicals that play protective role in many 
age-related diseases. Phytochemical supplementation can benefit human health through 
supplying specific antioxidative/bioactive compounds which have preventive role in several 
diseases. Flavonoids are the most common phytochemicals that provide antimicrobial, anti-
oxidant, anticancer, anti-inflammatory, and wound-healing activities. Plant under stress also 
produces allelochemicals that can inhibit either its own growth or neighboring plant species. 
Under stress condition, plant-produced allelochemicals may also play significant ecological 
roles through controlling weeds, plant disease, and insect pests.
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Abstract

Phytochemicals—God’s Endowment of Curative Power in Plants tried to review the link between 
the knowledge of God’s pronouncement on plants as man’s source of food and drugs in 
the Holy Bible to the scientific proofs of the availability of phytochemicals in different 
species of plants. The abundance of plants in the world as vegetables, spices, fruits, etc. of 
which more than 80% of their chemical compositions have not been discovered empha-
sizes the reasons for the search of these phytochemicals as alternative drug sources which 
are safer and relatively cheaper. Literature is reviewed on different phytochemicals such 
as alkaloids, saponins, tannins, anthraquinones, and glycosides in the form of cardiac 
and cyanogenetic glycosides, flavonoids, carotenoids, and phenols considering their 
chemical properties and their usefulness to man. This review confirmed the outburst that 
said “the world is too much with us; late and soon, getting and spending, we lay waste 
our powers: Little we see in nature that is ours.” Therefore, there is an urgent need to 
search for these various phytochemicals in plants so that we can utilize the potentials in 
these free gifts from God and not lay waste the curative power endowed on them pur-
posely for man’s health benefits.

Keywords: alternative drug, curative power, endowment, God, phytochemicals, plants

1. Introduction

God created plants for the use of mankind and ordered man to make use of these herbs and 
trees for food and for medicine as reflected in His words recorded in the Holy Bible in the 
books of Genesis and Revelation. The book of Genesis Chapter 1 verse 29 reported and God said 
“Behold, I have given you every herb bearing seed, which is upon the face of all the earth, and 
every tree, in which is the fruit of a tree yielding seed; to you it shall be for meat.” The book 
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of Revelation Chapter 22 verse 1 also declared “And he showed me a pure river of water of 
life, clear as crystal, proceeding out of the throne of God and of the Lamb.” Also, in Revelation 
Chapter 22 verse 2, it was written “In the midst of the street of it, and on either side of the 
river, was there the tree of life, which bare twelve manner of fruits, and yielded her fruit every 
month: and the leaves of the tree were for the healing of the nation” [1].

From the work of creation, God made light on the first day followed by water on the second 
day and afterward created plants on the third day in the categories of grass, herb yielding 
seed, and tree yielding fruit, whose seed was in itself, that is, seed enclosed in fruit. This order 
was a divine one which no one can fathom as God is all-knowing and His understanding is 
unsearchable. God knew what the requirements for the growth of all these plants would be, 
and He ordered their creation after those requirements were met so that they could survive.

He created man lastly on the sixth day after all other things (creatures) had been made so that 
man could have dominion over them. He ordered man to use the herbs and tree bearing fruits 
for meat, that is, food, and for treating their illnesses as He understood the frailty of man. He 
knew all the requirements that man needed to survive and made provisions for them.

God created plants to serve man and put into these plants certain powers that are capable of 
healing and which in the modern times are now known as “phytochemicals.” These phyto-
chemicals are of different types according to their specificity in curing various diseases. Many 
individual plants were endowed with varieties of these chemical constituents, and the syn-
ergistic effects of these constituents also termed secondary metabolites endow on them their 
curative abilities. The healing properties of most plants are becoming more recognizable and 
preferable as most are associated with little or no side effect which is a common problem with 
the administration of most synthetic drugs (orthodox medicines) and the realization of the 
fact that many natural remedies carry their cures along with them [2]. Never are we reminded 
of Wordsworth’s outburst: “The world is too much with us; late and soon, getting and spend-
ing, we lay waste our powers. Little we see in nature that is ours” [2].

1.1. Objectives of the study

• To acknowledge the curative powers in plants as God’s gift and perfect plan for man’s 
well-being

• To review the study of plants in relation to their medicinal properties

• To review some plants used in the treatment of certain diseases

1.1.1. The history of botany in relation to medicine

Botanical science in a pure sense is the study of plants, and botany is the applied science which 
has in its interest the study of human use of plants. The studies that are mostly obvious in 
applied botany are agriculture, forestry, horticulture, pharmacognosy, weed science, economic 
botany, plant pathology, and ethnobotany that fall outside of modern botany courses [3].

The knowledge of plants especially in uses for food and medicine increased during the 
Neolithic Revolution. Protobotany which was the first prescientific written record of plants 
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did not begin with food but was born out of the medicinal literature of China, Egypt, India, 
and Mesopotamia [4]. It was observed by botanical historian, Alan Morton, that agriculture 
was the occupation of the poor and uneducated, while medicine was the profession of the 
socially influential shamans, priests, magicians, physicians, and apothecians who were more 
likely to put their knowledge in record for posterity [3].

1.1.2. The relevance of botany in medicine

Lists of different plants and herb concoctions for pharmaceutical purposes were dated back 
to 481 BC–221 BC in ancient China. Over the centuries, the written knowledge of herbal phar-
maceuticals was contributed to by many Chinese writers [5]. The study of medicinal plants 
was not being neglected, and a full synthesis of ancient Greek pharmacology was compiled in 
De Materia Medica c. 60 AD by Pedanius Dioscorides (c. 40–90 AD) who was a Greek physician 
with the Roman army [6]. The lives of the European middle ages were based on agriculture 
in the fifteenth and sixteenth centuries until when printing came into limelight which did not 
publish dissertations on agriculture but rather preferred the lists of medicinal plants with 
descriptions of their attributes and inherent power (efficacy). Records had it in most ancient 
history that Herbal which was the first series of books written on plants indicated botany to 
form a part of medicine [3]. People who contributed to Herbal were mostly university gardens’ 
curators [7], and compilations of classic texts in Herbal were mostly derived from De Materia 
Medica.

1.2. Separation of botany from medicine

The need for accurate and detailed plant descriptions meant that some herbals were more 
botanical than medicinal. Herbals made contributions to botany by initiating the science of 
plant description, classification, and botanical illustrations. Botany and medicine were the 
same up to the seventeenth century, but those books that emphasized medicinal aspects 
omitted the plant lore and eventually became the modern pharmacopeias; those that omitted 
medicine became more botanical which evolved into the modern plant description compila-
tions called Floras and are often backed by specimens deposited in a herbarium (a collection of 
dried plants that verified the plant descriptions given in the Floras). The transition from Herbal 
to Floras marked the final separation of botany from medicine [8].

1.2.1. Relevance of medicinal plants

Medicinal plants are gaining popularity in usage due to a large number of people in search 
of health remedies with little or no side effect which is the problem of most chemically syn-
thesized drugs. Considerable attention is presently given to the use of eco-friendly and bio-
friendly products from plant origin for the prevention and cure of human and animal health 
challenges (diseases) [9, 10]. This problem of side effects of most chemically based drugs 
has spurred the Western world to looking into natural products that are safe, effective, and 
affordable. It has been documented that 80% of the world’s population has a strong belief in 
traditional medicine, especially drugs from plant origin for their primary health care [9, 10]. 
Medicinal plants, for example, neem leaves and stem bark (Azadirachta indica), pawpaw leaves 
(Carica papaya), mango leaves and stem bark (Mangifera indica), and Cinchona bark have been 
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in use in one form or the other traditionally. No doubt, the plant kingdom is rich in diverse 
array of plants whose medicinal attributes (potencies) are yet to be unraveled [9, 10]. The vari-
ous uses of some common medicinal plants from Nigeria used for treating various diseases 
highlighting the parts of the plants used are represented in Table 1.

1.3. Harvest of medicinal plants

Medicinal plants should be harvested at the appropriate seasons as their medicinal properties 
vary with respect to different seasons. The medicinal properties may be located and restricted 
to a particular part of the plant, and the medicinal attributes is also affected by the age of the 
plant. A medicinal plant of a particular age for drug processing should therefore be harvested 
at the correct season of the year to prevent loss or changes in its phytochemical constituents. 
The period of storage in shade or sun and the geographical locations of the medicinal plants 
also play important roles in the medicinal properties of the plant [11].

1.4. Identification and standardization of active principles in medicinal plants

Medicinal plants are very rich in chemical compounds which they produce for their own 
defense and are known as secondary metabolites (phytochemicals) and their medicinal poten-
cies are attributed to these chemical compounds [11]. A medicinal plant may contain a mixture 
of different phytochemicals, for example, saponins, which have ability to lower cholesterol; 
alkaloids which are rich in nitrogenous compounds and are stimulants; tannins which are 
natural antibiotics; anthraquinones used as laxative and dye; cardiac glycosides which are 
good cardiovascular drugs; and phenols and flavonoids which are rich in antioxidants. The 
ability to identify these biologically active compounds in a medicinal plant serves as a guide 
in its quality control and dose determination. Most medicinal plants in Nigeria have not been 
screened for their complete phytochemical compositions, and this would help in their dose 
determination and standardization. The entire world has more than 250,000 species of higher 
plants gathered from conservative studies, and only an insignificant percentage has been 
exhaustively studied for their potentials as drug sources [11].

1.5. Plant-based drugs

In the ancient times, plants served humankind as the source of all drugs with most thera-
peutic agents provided by the higher plants. The World Health Organization estimated that 
about 3.5–4 billion people in the world depend on traditional medicine as sources of drugs for 
their primary health care (80% of people in the developing countries and 85% of traditional 
medicine rely on plant extracts) [12]. Plant-derived drugs represent 25% of the prescription 
of drugs in the market in the United States of America [13], and from 1983 to 1994, 39% of the 
new approved drugs were of natural origin; this included original natural products, semi-
synthetically derived products from natural origin and synthetic products based on mod-
els from natural products [14]. From 87 approved anticancer drugs, a survey revealed that 
62% were of natural origin or is derived from modeling of the natural product parents [14].  
Paclitaxel, vincristine, podophyllotoxin (a natural product precursor), and camptothecin 
(a natural  precursor for water-soluble derivatives) are among those clinically useful drugs. 
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in use in one form or the other traditionally. No doubt, the plant kingdom is rich in diverse 
array of plants whose medicinal attributes (potencies) are yet to be unraveled [9, 10]. The vari-
ous uses of some common medicinal plants from Nigeria used for treating various diseases 
highlighting the parts of the plants used are represented in Table 1.

1.3. Harvest of medicinal plants

Medicinal plants should be harvested at the appropriate seasons as their medicinal properties 
vary with respect to different seasons. The medicinal properties may be located and restricted 
to a particular part of the plant, and the medicinal attributes is also affected by the age of the 
plant. A medicinal plant of a particular age for drug processing should therefore be harvested 
at the correct season of the year to prevent loss or changes in its phytochemical constituents. 
The period of storage in shade or sun and the geographical locations of the medicinal plants 
also play important roles in the medicinal properties of the plant [11].

1.4. Identification and standardization of active principles in medicinal plants

Medicinal plants are very rich in chemical compounds which they produce for their own 
defense and are known as secondary metabolites (phytochemicals) and their medicinal poten-
cies are attributed to these chemical compounds [11]. A medicinal plant may contain a mixture 
of different phytochemicals, for example, saponins, which have ability to lower cholesterol; 
alkaloids which are rich in nitrogenous compounds and are stimulants; tannins which are 
natural antibiotics; anthraquinones used as laxative and dye; cardiac glycosides which are 
good cardiovascular drugs; and phenols and flavonoids which are rich in antioxidants. The 
ability to identify these biologically active compounds in a medicinal plant serves as a guide 
in its quality control and dose determination. Most medicinal plants in Nigeria have not been 
screened for their complete phytochemical compositions, and this would help in their dose 
determination and standardization. The entire world has more than 250,000 species of higher 
plants gathered from conservative studies, and only an insignificant percentage has been 
exhaustively studied for their potentials as drug sources [11].

1.5. Plant-based drugs

In the ancient times, plants served humankind as the source of all drugs with most thera-
peutic agents provided by the higher plants. The World Health Organization estimated that 
about 3.5–4 billion people in the world depend on traditional medicine as sources of drugs for 
their primary health care (80% of people in the developing countries and 85% of traditional 
medicine rely on plant extracts) [12]. Plant-derived drugs represent 25% of the prescription 
of drugs in the market in the United States of America [13], and from 1983 to 1994, 39% of the 
new approved drugs were of natural origin; this included original natural products, semi-
synthetically derived products from natural origin and synthetic products based on mod-
els from natural products [14]. From 87 approved anticancer drugs, a survey revealed that 
62% were of natural origin or is derived from modeling of the natural product parents [14].  
Paclitaxel, vincristine, podophyllotoxin (a natural product precursor), and camptothecin 
(a natural  precursor for water-soluble derivatives) are among those clinically useful drugs. 
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These substances contain properties which are essential as new chemotherapeutic agents use-
ful for treatment in the hospitals. There are some new approaches to drug discovery, such as 
combinatorial chemistry and computer-based molecular modeling design, and none of them 
can replace the role of natural products in drug discovery and development. Examples of 
plant-based drugs are artemisinin, gingerosome, and quinine.

1.6. Synergy in relation to pharmacological action of phytomedicine

Most herbs exhibit their effects on a variety of constituents, and the idea of synergy within 
and between them is gaining acceptance [15]. Most herbal medicines are not well docu-
mented to prove whether they are acting truly in a synergistic way or by additive effects. 
It is usually difficult to clinically evaluate herbal preparations without the knowledge 
of their synergistic effects. Biological activity may be absent in the crude drugs but may 
contain some components that can enhance their active components’ potency. One of 
such examples is St. John’s wort (Hypericum perforatum, family Hypericaceae), a clinically 
proven herb which has efficacy as an antidepressant. Hypericins responsible for its activity 
was found to be very weak, and impurities in the fraction used gave the additional results 
which suggest multiple (polyvalent) and synergistic effects. St. John’s wort thus represents 
a good example of an herb which may exhibit synergism and polyvalent action [16]. The 
use of combinations of herbs can also result in synergism or enhancement of activity of 
herbal drugs. In case of multiple herb extracts, some of the herbs enhance the potency of 
the real effective herb, and in some cases, their constituents could reduce the toxic effects 
of the main herb, resulting in a safe herbal combination tolerable for consumption by the 
human system [17].

1.7. Phytoconstituents in medicinal plants

Phytochemicals are chemicals found in plants that protect plants against bacteria, viruses, 
and fungi. Eating large amount of brightly colored fruits and vegetables, whole grains/cere-
als, and beans containing phytochemicals may decrease the risk of developing certain can-
cers as well as diabetes, hypertension, and heart disease. The actions of phytochemicals vary 
by the type of the food and the color. They may act as antioxidants or nutrient protectors 
or prevent carcinogens from forming. The term phytochemical refers to a wide variety of 
compounds made by plants but is mainly used to describe those compounds that may affect 
human health. Scientists have identified thousands of phytochemicals, although only a small 
fraction has been studied closely. Some common examples of phytochemicals include beta-
carotene (with other carotenoids), vitamin C, vitamin E, and folic acid [18]. Phytochemicals 
have shown various physiological actions [19, 20]. Among the numerous phytochemicals in 
existence are the following with their usefulness:

1.8. Alkaloids

These are the largest group of secondary metabolites made of ammonia compounds com-
prising basically nitrogen bases synthesized from amino acid building blocks having  various 
 radicals substituting one or more of the hydrogen atoms in the peptide ring, containing mostly 
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These substances contain properties which are essential as new chemotherapeutic agents use-
ful for treatment in the hospitals. There are some new approaches to drug discovery, such as 
combinatorial chemistry and computer-based molecular modeling design, and none of them 
can replace the role of natural products in drug discovery and development. Examples of 
plant-based drugs are artemisinin, gingerosome, and quinine.

1.6. Synergy in relation to pharmacological action of phytomedicine

Most herbs exhibit their effects on a variety of constituents, and the idea of synergy within 
and between them is gaining acceptance [15]. Most herbal medicines are not well docu-
mented to prove whether they are acting truly in a synergistic way or by additive effects. 
It is usually difficult to clinically evaluate herbal preparations without the knowledge 
of their synergistic effects. Biological activity may be absent in the crude drugs but may 
contain some components that can enhance their active components’ potency. One of 
such examples is St. John’s wort (Hypericum perforatum, family Hypericaceae), a clinically 
proven herb which has efficacy as an antidepressant. Hypericins responsible for its activity 
was found to be very weak, and impurities in the fraction used gave the additional results 
which suggest multiple (polyvalent) and synergistic effects. St. John’s wort thus represents 
a good example of an herb which may exhibit synergism and polyvalent action [16]. The 
use of combinations of herbs can also result in synergism or enhancement of activity of 
herbal drugs. In case of multiple herb extracts, some of the herbs enhance the potency of 
the real effective herb, and in some cases, their constituents could reduce the toxic effects 
of the main herb, resulting in a safe herbal combination tolerable for consumption by the 
human system [17].

1.7. Phytoconstituents in medicinal plants

Phytochemicals are chemicals found in plants that protect plants against bacteria, viruses, 
and fungi. Eating large amount of brightly colored fruits and vegetables, whole grains/cere-
als, and beans containing phytochemicals may decrease the risk of developing certain can-
cers as well as diabetes, hypertension, and heart disease. The actions of phytochemicals vary 
by the type of the food and the color. They may act as antioxidants or nutrient protectors 
or prevent carcinogens from forming. The term phytochemical refers to a wide variety of 
compounds made by plants but is mainly used to describe those compounds that may affect 
human health. Scientists have identified thousands of phytochemicals, although only a small 
fraction has been studied closely. Some common examples of phytochemicals include beta-
carotene (with other carotenoids), vitamin C, vitamin E, and folic acid [18]. Phytochemicals 
have shown various physiological actions [19, 20]. Among the numerous phytochemicals in 
existence are the following with their usefulness:

1.8. Alkaloids

These are the largest group of secondary metabolites made of ammonia compounds com-
prising basically nitrogen bases synthesized from amino acid building blocks having  various 
 radicals substituting one or more of the hydrogen atoms in the peptide ring, containing mostly 
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oxygen [21]. The compounds have basic properties and are alkaline in reaction, turning red 
litmus paper blue. In fact, one or more nitrogen atoms that are present in an alkaloid, typi-
cally as 1°, 2°, or 3° amines, contribute to the basicity of the alkaloid. The degree of basicity 
varies considerably, depending on the structure of the molecule, presence, and location of the 
functional groups [22]. They react with acids to form crystalline salts without the production 
of water [21]. Alkaloids exist majorly in solid states as atropine, liquids containing carbon, 
hydrogen, and nitrogen.

Alkaloids are mostly readily soluble in alcohol but are sparingly soluble in water though their 
salts are usually soluble in water. Their solutions are usually very bitter; alkaloids defend 
plants against herbivores and pathogens and are used widely as stimulants, narcotics, phar-
maceuticals, and poisons because of their biological potencies [23]. Alkaloids, in nature, are 
found in large quantities in the seeds and roots of plants and mostly in combination with veg-
etable acids. Alkaloids are useful as central nervous system (CNS) stimulants and anesthetics 
in pharmacological applications [23].

Alkaloids also find its usefulness as pain relievers [24]. Atropine is an alkaloid used widely 
in medicine as an antidote to organophosphate poisoning, while caffeine stimulates CNS and 
respiratory systems. Caffeine also serves as an antidote to barbiturate and morphine poison-
ing, while emetine (from Cephaelis ipecacuanha) root is useful in the treatment of protozoal 
infections, for example, amoebic dysentery.

1.9. Tannins

The tannin compounds are found mainly in many plant species which help to confer on 
them protection from predators and probably pesticides; they also help in regulating plant 
growth [25]. The dry and puckery feeling in the mouth after eating unripe fruits or red 
wine is attributed to the astringency from the tannins [26]. The destruction or modification 
of tannins with time in like manner plays an important role in the ripening of fruit and the 
aging of wine. They are acidic in reaction, and this is attributed to the presence of phenolics 
or carboxylic group [27]. They form complexes with proteins, carbohydrates, gelatin, and 
alkaloids.

Tannins are divided into hydrolysable tannins and condensed tannins. Hydrolysable tannins, 
when hydrolyzed, produce gallic acid and ellagic acid, and depending on the type of acid 
produced, the hydrolysable tannins are called gallotannins or ellagitannins; when tannins 
are heated, they form pyrogallic acid [25]. The presence of phenolic group in tannins confers 
on them their usefulness as an antiseptic [27]. Common examples of hydrolysable tannins 
include the aflavins (from tea), daidzein, genistein, and glycitein.

Plants that contain tannins have been reported to be astringent in nature and are useful in 
treating intestinal disorders like diarrhea and dysentery. This means that tannins possess 
antimicrobial activity [28, 29]. The antimicrobial activities possessed by these plants could 
support their use in West Africa for treating gastrointestinal disorders [30]. Tannins are also 
potent antioxidants [31, 32].
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1.10. Saponins

Saponins are a class of phytochemicals present in abundance in numerous species of plants. 
They are specifically amphipathic glycosides and are grouped phenomenologically by their 
production of soap-like foaming when shaken in aqueous solutions (phenomenology—study 
of structures of consciousness as experienced from the first-person point of view). They are 
grouped structurally by possession of one or more hydrophilic glycoside moieties combined 
with a lipophilic triterpene derivative [33].

Two major groups of saponins exist which are steroid and triterpene saponins. Saponins are 
insoluble in ether but soluble in water, and on hydrolysis, they give aglycones like glycosides. 
They cause hemolysis of blood and cattle poisoning as they are known to be extremely poison-
ous (27). Apart from causing irritation to mucous membranes, they have a bitter and acrid 
taste. They are soluble in alcohol and water but insoluble in solvents like benzene and n-hexane 
that are organic and nonpolar; therefore, they are mostly amorphous in nature. Saponins are 
therapeutically important because they lower bad fats in the body (hypolipidemic) and have 
anticancer potentials. Saponins work in synergy with the cardiac glycosides [22].

Saponins are known to produce inhibitory effect on inflammation [34]. Saponins help in low-
ering cholesterol which will subsequently reduce the risk of cardiovascular diseases such as 
hypertension which usually leads to stroke [35].

1.11. Anthraquinones

Anthraquinones are phenolic and glycosidic compound derivatives and are solely derived 
from anthracene leading to the production of variable oxidized derivatives like anthrones and 
anthranols [36, 21]. Industrially, anthraquinones are used for washing of bowels (laxatives) 
and in dye production [37].

1.12. Glycosides

Glycosides are the condensation products of sugars (polysaccharides inclusive) with different 
varieties of organic hydroxyl (occasionally thiol) compounds. Glycosides are colorless, crys-
talline water-soluble plant constituents found in the cell sap. Glycosides chemically contain a 
carbohydrate (glucose) and a noncarbohydrate part (aglycones or genin) [27, 21]. Glycosides 
can be readily hydrolyzed into its components with mineral acids as they are neutral in reac-
tion and are purely bitter principles commonly found in plants of the family Genitiaceae. 
The action of the bitters on the gustatory nerves results in increased flow of saliva and gastric 
juices [27, 21]. Some of the bitter principles due to the presence of tannic acid are either used 
in restricting flow of blood (as astringents), function in the reduction of thyroxin, and thereby 
regulate cell metabolism and growth or as antiprotozoal. Examples of glycosides include 
cardiac glycosides which act on the heart and anthracene glycosides act as purgative and 
for treatment of skin diseases, while chalcone glycosides are used as anticancer agents [22]. 
The extracts of plants containing cyanogenetic glycosides have been reported to be useful as 
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 flavoring agents in many pharmaceutical formulations. Amygdalin has been used in the treat-
ment of cancer [hydrogen cyanide (HCN) liberated in stomach kills malignant cells] and also 
as a cough suppressant in various preparations. Intake of cyanogenetic glycosides in excess 
quantities can be dangerous [22].

1.13. Cardiac glycosides

Plants long used as arrow poisons (e.g., Strophanthus) or as heart drugs, for example, digitalis, 
contain cardiac cardiotonic glycosides [38]. Cardiac glycosides help in the treatment of conges-
tive heart (cardiac) failure; that is, they help a weakened heart to be strengthened and function 
more efficiently [39].

1.14. Cyanogenetic glycosides

Cyanogenetic glycosides are a group of materials derived majorly from plants which on 
hydrolysis liberate hydrocyanic acid (HCN). They therefore call for attention and an object 
of concern because of their ability in causing damage by poisoning that are natural toxicants. 
Cassava, an example of a food plant (Manihot esculenta), produces cyanogenetic glycosides 
which require prolonged hydrolysis and boiling in preparation of the starchy tuberous roots 
to release and evaporate off the HCN before consumption [40].

1.15. Flavonoids

Flavonoids belong to a group of important polyphenols which are widely distributed among 
plants. They have more than one benzene ring in its structure and are used as antioxidants 
or free radical scavengers [27]. Flavans are parent compounds from which they are derived. 
Out of over 4,000 flavonoids that exist, some are found as pigments in higher plants. About 
70% of plants contain common flavonoids such as quercetin, kaempferol, and quercitrin. 
Among other groups of flavonoids in existence are flavones, flavans, anthocyanidins, dihy-
droflavons, flavonols, chalcones, and catechin [27]. Flavonoids function to reduce the risk of 
coronary heart diseases [41] and possess anticoagulant, anti-inflammatory, and aphrodisiac 
properties [42].

1.16. Phenols

Phenols contribute to the prevention of various degenerative diseases that act as an antioxi-
dant [41]. Phenols, phenolics, or polyphenolics are chemical constituents that are commonly 
present as natural color pigments giving fruits of plants their colors. The action of phenyl-
alanine ammonia lyses (PAL) on phenylalanine leads to the synthesis of phenolics in plants. 
Among the various functions of phenols is in plant defense against pathogens and predators 
of herbivores and therefore used in the control of human infections caused by pathogens [43].  
The most common of phenolic compounds widespread in plants is caffeic acid which is fol-
lowed by chlorogenic acid, the causal agent of excessively sensitive inflammation of the skin 
(dermatitis) among humans [27]. Phenolics are natural antioxidants functioning as nutra-
ceuticals and available in red wine, apples, and green tea. They serve as anticancer and 
 anti-inflammatory agents as well as prevent heart diseases.
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1.17. Steroids

Plant steroids also known as cardiac or steroid glycosides are one of the most naturally occur-
ring plant phytoconstituents that are applied therapeutically as cardiac drugs or arrow poi-
sons [21]. The cardiac glycosides are majorly steroids having a natural ability to exert specific 
and powerful action on the cardiac muscle mainly when injected into animal or man. Steroids 
(anabolic steroids) have the ability to promote nitrogen retention in osteoporosis (a disease 
following menopause in women causing bones to be porous and subjected to fracture) and 
in animals with wasting illness [36, 23]. Steroids have the ability to exhibit activities such as 
antifungal, antiviral, antileukemic, hypnotic, antipyretic, and muscle-relaxant activities and 
are found in large quantities in many plants [44].

1.18. Carotenoids

Carotenoids are coloring pigments in plants especially fruits and vegetables; these act as anti-
oxidants to protect the body against the activities of free radicals [45].

1.18.1. Mechanism of action of phytochemicals

Phytochemicals may inhibit microorganisms, may interfere with some metabolic processes, or 
may modulate gene expression and signal transduction pathways [46–48]. Among the many 
uses, phytochemicals may either be used as chemotherapeutic or chemopreventive agents. 
Chemoprevention refers to the use of agents to inhibit, reverse, or retard tumorigenesis. In 
this sense chemopreventive phytochemicals are applicable to cancer therapy, and molecular 
mechanisms may be common to both chemoprevention and cancer therapy [49, 50].

The mechanism of action of phytochemicals in general is attributed to proton-motive force 
disruption, active transport, cytoplasmic membrane disturbance, electron flow, and cell con-
tents’ coagulation [51]. There are different modes of action of phytoconstituents which could 
be anticancer, anti-inflammatory, antioxidant, anti-ulcer, antidiabetic and may be a multi-
functional target.

2. Conclusion

God is the creator of all things that are in existence of which plants which are in abundance 
and of various diversities are among. He put plants in place to serve man especially for food 
and medicine to heal their diseases. It is therefore imperative to search more into medicinal 
plants for phytochemicals which can provide a clue in terms of lead (active) compound dis-
covery for the cure of many so-called incurable diseases like cancer, diabetes, hypertension, 
ulcer, and other degenerative diseases that are just being managed by medical practitioners 
till the patient passes on. It is realized that many natural remedies carry their cures along with 
them; therefore, it could be concluded that botanists (plant scientists), pharmacists, pharma-
cognosists, pharmacologists, chemists, biochemists, and all other fields related to the science 
of drug discovery should rise up to these challenges of sourcing from plant alternative medi-
cines which God had placed into our hands only left to be discovered.

Phytochemicals—God’s Endowment of Curative Power in Plants
http://dx.doi.org/10.5772/intechopen.77423

19



 flavoring agents in many pharmaceutical formulations. Amygdalin has been used in the treat-
ment of cancer [hydrogen cyanide (HCN) liberated in stomach kills malignant cells] and also 
as a cough suppressant in various preparations. Intake of cyanogenetic glycosides in excess 
quantities can be dangerous [22].

1.13. Cardiac glycosides

Plants long used as arrow poisons (e.g., Strophanthus) or as heart drugs, for example, digitalis, 
contain cardiac cardiotonic glycosides [38]. Cardiac glycosides help in the treatment of conges-
tive heart (cardiac) failure; that is, they help a weakened heart to be strengthened and function 
more efficiently [39].

1.14. Cyanogenetic glycosides

Cyanogenetic glycosides are a group of materials derived majorly from plants which on 
hydrolysis liberate hydrocyanic acid (HCN). They therefore call for attention and an object 
of concern because of their ability in causing damage by poisoning that are natural toxicants. 
Cassava, an example of a food plant (Manihot esculenta), produces cyanogenetic glycosides 
which require prolonged hydrolysis and boiling in preparation of the starchy tuberous roots 
to release and evaporate off the HCN before consumption [40].

1.15. Flavonoids

Flavonoids belong to a group of important polyphenols which are widely distributed among 
plants. They have more than one benzene ring in its structure and are used as antioxidants 
or free radical scavengers [27]. Flavans are parent compounds from which they are derived. 
Out of over 4,000 flavonoids that exist, some are found as pigments in higher plants. About 
70% of plants contain common flavonoids such as quercetin, kaempferol, and quercitrin. 
Among other groups of flavonoids in existence are flavones, flavans, anthocyanidins, dihy-
droflavons, flavonols, chalcones, and catechin [27]. Flavonoids function to reduce the risk of 
coronary heart diseases [41] and possess anticoagulant, anti-inflammatory, and aphrodisiac 
properties [42].

1.16. Phenols

Phenols contribute to the prevention of various degenerative diseases that act as an antioxi-
dant [41]. Phenols, phenolics, or polyphenolics are chemical constituents that are commonly 
present as natural color pigments giving fruits of plants their colors. The action of phenyl-
alanine ammonia lyses (PAL) on phenylalanine leads to the synthesis of phenolics in plants. 
Among the various functions of phenols is in plant defense against pathogens and predators 
of herbivores and therefore used in the control of human infections caused by pathogens [43].  
The most common of phenolic compounds widespread in plants is caffeic acid which is fol-
lowed by chlorogenic acid, the causal agent of excessively sensitive inflammation of the skin 
(dermatitis) among humans [27]. Phenolics are natural antioxidants functioning as nutra-
ceuticals and available in red wine, apples, and green tea. They serve as anticancer and 
 anti-inflammatory agents as well as prevent heart diseases.

Phytochemicals - Source of Antioxidants and Role in Disease Prevention18

1.17. Steroids

Plant steroids also known as cardiac or steroid glycosides are one of the most naturally occur-
ring plant phytoconstituents that are applied therapeutically as cardiac drugs or arrow poi-
sons [21]. The cardiac glycosides are majorly steroids having a natural ability to exert specific 
and powerful action on the cardiac muscle mainly when injected into animal or man. Steroids 
(anabolic steroids) have the ability to promote nitrogen retention in osteoporosis (a disease 
following menopause in women causing bones to be porous and subjected to fracture) and 
in animals with wasting illness [36, 23]. Steroids have the ability to exhibit activities such as 
antifungal, antiviral, antileukemic, hypnotic, antipyretic, and muscle-relaxant activities and 
are found in large quantities in many plants [44].

1.18. Carotenoids

Carotenoids are coloring pigments in plants especially fruits and vegetables; these act as anti-
oxidants to protect the body against the activities of free radicals [45].

1.18.1. Mechanism of action of phytochemicals

Phytochemicals may inhibit microorganisms, may interfere with some metabolic processes, or 
may modulate gene expression and signal transduction pathways [46–48]. Among the many 
uses, phytochemicals may either be used as chemotherapeutic or chemopreventive agents. 
Chemoprevention refers to the use of agents to inhibit, reverse, or retard tumorigenesis. In 
this sense chemopreventive phytochemicals are applicable to cancer therapy, and molecular 
mechanisms may be common to both chemoprevention and cancer therapy [49, 50].

The mechanism of action of phytochemicals in general is attributed to proton-motive force 
disruption, active transport, cytoplasmic membrane disturbance, electron flow, and cell con-
tents’ coagulation [51]. There are different modes of action of phytoconstituents which could 
be anticancer, anti-inflammatory, antioxidant, anti-ulcer, antidiabetic and may be a multi-
functional target.

2. Conclusion

God is the creator of all things that are in existence of which plants which are in abundance 
and of various diversities are among. He put plants in place to serve man especially for food 
and medicine to heal their diseases. It is therefore imperative to search more into medicinal 
plants for phytochemicals which can provide a clue in terms of lead (active) compound dis-
covery for the cure of many so-called incurable diseases like cancer, diabetes, hypertension, 
ulcer, and other degenerative diseases that are just being managed by medical practitioners 
till the patient passes on. It is realized that many natural remedies carry their cures along with 
them; therefore, it could be concluded that botanists (plant scientists), pharmacists, pharma-
cognosists, pharmacologists, chemists, biochemists, and all other fields related to the science 
of drug discovery should rise up to these challenges of sourcing from plant alternative medi-
cines which God had placed into our hands only left to be discovered.

Phytochemicals—God’s Endowment of Curative Power in Plants
http://dx.doi.org/10.5772/intechopen.77423

19



Author details

Olayinka Temitayo Ogunmefun

Address all correspondence to: yinkatayo_08@yahoo.com

Department of Biological Sciences, Afe Babalola University, Ado-Ekiti, Nigeria

References

[1] Version KJ. Life Application Study Bible (the Holy Bible). Carol Stream: Illinois: Tyndale 
House Publishers, Inc.; 2004. 2143p

[2] Thomson WAR. Herbs that Heal. London: A and C Black; 1976. 184p

[3] Morton AG. History of Botanical Science: An Account of the Development of Botany 
from Ancient Times to the Present Day. London: Academic Press; 1981. 474p

[4] Reed HS. A Short History of the Plant Sciences. New York: Ronald Press Company; 1942. 330p

[5] Needham J, Lu G-d, Huang H-T. Science and Civilisation in China Vol. 6; Part 1 Botany. 
Cambridge: Cambridge University Press; 1986

[6] Singer C. Herbals. The Edinburgh Review. 1923;237:95-112

[7] Sachs J. History of Botany (1530-1860). Translated by Garnsey, H.E.F., revised by Balfour, 
I.B. Oxford University Press: London; 1890. Retrieved 13 December, 2015

[8] Oliver FW. Makers of British Botany. Cambridge: Cambridge University Press; 1913. 
pp. 146-246 Retrieved 2010-01-12

[9] Gijtenbeek JMM, Vanden Bent MJ, Vent CJ. Cyclosporine neurotoxicity. Journal of 
Neurology 1999;246:339-346

[10] Johnson WC, William OW. Warfarin toxicity. Journal of Vascular Surgery. 2002;35:413-421

[11] Dubey NK, Kumar R, Tripathi P. Global promotion of herbal medicine: India’s opportu-
nity. Current Science. 2004;86(1):37-41

[12] Farnsworth NR. In: Wilson EO, editor. Biodiversity. Washington DC: National Academy 
Press; 1988. 419p

[13] Pezzuto JM. Plant-derived anticancer agents. Biochemical Pharmacology. 1997;53(2):121-133

[14] Cragg GM, Newman DJ, Snader KM. Natural products in drug discovery and develop-
ment. Journal of Natural Products. 1997;60:52-60

[15] Duke JA, Bogenschutz-Godwin MJ. Natural Products from Plants. Boca Raton, FI, USA: 
CRC Press; 1999. 632p

[16] Whitley D. In: Evans WC, editor. CNS Drugs in: Trease and Evans Pharmacognosy. 
Edinburgh, London: W.B. Saunders; 2002. p. 52

Phytochemicals - Source of Antioxidants and Role in Disease Prevention20

[17] Miaorong P, Jing L. Proceedings of the 40th Annual Conference on Chinese Medicine. 
Beijing University; 1996. pp. 28-30

[18] Glaser TS, Doss LE, Shih G, et al. The Association of Dietary Lutein plus Zeaxanthin 
and B vitamins with cataracts in the age-related eye disease study AREDS report no.37. 
Ophtalmology. 2015;122(7):1471-1479

[19] Edeoga HO, Okwu DE, Mbaebie BO. Phytochemical constituents of some Nigerian 
medicinal plants. African Journal of Biotechnology. 2005;4(7):685-688

[20] Peteros NP, Uy MM. Antioxidant and Cytotoxic activities and Phytochemical screening 
of four Philippine medicinal plants. Journal of Medicinal Plants Research. 2010;4:407-414

[21] Firn R. Nature’s Chemicals. Oxford: Oxford University Press; 2010. pp. 74-75

[22] Sarker SD, Nahar L. Chemistry for Pharmacy Students General, Organic and Natural 
Product Chemistry. England: John Wiley and Sons; 2007. 396p

[23] Madziga HA, Sanni S, Sandabe UK. Phytochemical and elemental analysis of Acalypha 
wilkesiana leaf. Journal of American Science. 2010;6(11):510-514

[24] Kokate P, Purohit AP, Gokhale SB. Pharmacognosy. 20th ed. India: Nirali Publication; 
2002. pp. 1-14

[25] Kathie E, Ferrelli T, Richard W. Squirrels; The Animal Answer Guide. Baltimore: Johns 
Hopkins University press; 2006. 91p

[26] McGee H. On Food and Cooking? The Science and Lore of the Kitchen. NewYork: 
Scribner; 2004. 714p

[27] Kar A. Pharmaocgnosy and Pharmacobiotechnology (Revised-Expanded Second 
Edition). New Delhi, India: New Age International Limted Publishers; 2007. 898p

[28] Scalbert A. Antimicrobial properties of tannin. Phytochemistry. 1991;30(12):3875-3883

[29] Dharmananda S. Gall nuts and the uses of tannins in Chinese medicine. In: Proceedings 
of Institute for Traditional Medicine. Portland, Oregon; 2003. p. 26

[30] Burkill HM. The Useful Plants of West Tropical Africa. 2nd ed. Royal Botanic Gardens: 
Kew, UK; 1985. 960p. http://plants.jstor.org/upwta/2_580

[31] Harborne JB. Phytochemical Methods – A Guide to Modern Techniques of Plant Analysis. 
London: Chapman and Hall; 1998. pp. 182-190

[32] Trease GE, Evans WC. A Text Book of Pharmacognosy. 16th ed. London: Saunders Ltd; 
2009. 616p

[33] Hostettmann K, Marson A. Chemistry and Pharmacology of Natural Products: Saponins. 
Cambridge: Cambridge University press; 2008. 562p

[34] Just MJ, Recsio MG, Gner RM, Cuellar MJ, Marez S, Bilia AR, Rios J. Anti-inflammatory 
activity of unusual lupine saponins from Bupleurum fruiticescens. Planta Medica. 
1998;64(5):404-407

Phytochemicals—God’s Endowment of Curative Power in Plants
http://dx.doi.org/10.5772/intechopen.77423

21



Author details

Olayinka Temitayo Ogunmefun

Address all correspondence to: yinkatayo_08@yahoo.com

Department of Biological Sciences, Afe Babalola University, Ado-Ekiti, Nigeria

References

[1] Version KJ. Life Application Study Bible (the Holy Bible). Carol Stream: Illinois: Tyndale 
House Publishers, Inc.; 2004. 2143p

[2] Thomson WAR. Herbs that Heal. London: A and C Black; 1976. 184p

[3] Morton AG. History of Botanical Science: An Account of the Development of Botany 
from Ancient Times to the Present Day. London: Academic Press; 1981. 474p

[4] Reed HS. A Short History of the Plant Sciences. New York: Ronald Press Company; 1942. 330p

[5] Needham J, Lu G-d, Huang H-T. Science and Civilisation in China Vol. 6; Part 1 Botany. 
Cambridge: Cambridge University Press; 1986

[6] Singer C. Herbals. The Edinburgh Review. 1923;237:95-112

[7] Sachs J. History of Botany (1530-1860). Translated by Garnsey, H.E.F., revised by Balfour, 
I.B. Oxford University Press: London; 1890. Retrieved 13 December, 2015

[8] Oliver FW. Makers of British Botany. Cambridge: Cambridge University Press; 1913. 
pp. 146-246 Retrieved 2010-01-12

[9] Gijtenbeek JMM, Vanden Bent MJ, Vent CJ. Cyclosporine neurotoxicity. Journal of 
Neurology 1999;246:339-346

[10] Johnson WC, William OW. Warfarin toxicity. Journal of Vascular Surgery. 2002;35:413-421

[11] Dubey NK, Kumar R, Tripathi P. Global promotion of herbal medicine: India’s opportu-
nity. Current Science. 2004;86(1):37-41

[12] Farnsworth NR. In: Wilson EO, editor. Biodiversity. Washington DC: National Academy 
Press; 1988. 419p

[13] Pezzuto JM. Plant-derived anticancer agents. Biochemical Pharmacology. 1997;53(2):121-133

[14] Cragg GM, Newman DJ, Snader KM. Natural products in drug discovery and develop-
ment. Journal of Natural Products. 1997;60:52-60

[15] Duke JA, Bogenschutz-Godwin MJ. Natural Products from Plants. Boca Raton, FI, USA: 
CRC Press; 1999. 632p

[16] Whitley D. In: Evans WC, editor. CNS Drugs in: Trease and Evans Pharmacognosy. 
Edinburgh, London: W.B. Saunders; 2002. p. 52

Phytochemicals - Source of Antioxidants and Role in Disease Prevention20

[17] Miaorong P, Jing L. Proceedings of the 40th Annual Conference on Chinese Medicine. 
Beijing University; 1996. pp. 28-30

[18] Glaser TS, Doss LE, Shih G, et al. The Association of Dietary Lutein plus Zeaxanthin 
and B vitamins with cataracts in the age-related eye disease study AREDS report no.37. 
Ophtalmology. 2015;122(7):1471-1479

[19] Edeoga HO, Okwu DE, Mbaebie BO. Phytochemical constituents of some Nigerian 
medicinal plants. African Journal of Biotechnology. 2005;4(7):685-688

[20] Peteros NP, Uy MM. Antioxidant and Cytotoxic activities and Phytochemical screening 
of four Philippine medicinal plants. Journal of Medicinal Plants Research. 2010;4:407-414

[21] Firn R. Nature’s Chemicals. Oxford: Oxford University Press; 2010. pp. 74-75

[22] Sarker SD, Nahar L. Chemistry for Pharmacy Students General, Organic and Natural 
Product Chemistry. England: John Wiley and Sons; 2007. 396p

[23] Madziga HA, Sanni S, Sandabe UK. Phytochemical and elemental analysis of Acalypha 
wilkesiana leaf. Journal of American Science. 2010;6(11):510-514

[24] Kokate P, Purohit AP, Gokhale SB. Pharmacognosy. 20th ed. India: Nirali Publication; 
2002. pp. 1-14

[25] Kathie E, Ferrelli T, Richard W. Squirrels; The Animal Answer Guide. Baltimore: Johns 
Hopkins University press; 2006. 91p

[26] McGee H. On Food and Cooking? The Science and Lore of the Kitchen. NewYork: 
Scribner; 2004. 714p

[27] Kar A. Pharmaocgnosy and Pharmacobiotechnology (Revised-Expanded Second 
Edition). New Delhi, India: New Age International Limted Publishers; 2007. 898p

[28] Scalbert A. Antimicrobial properties of tannin. Phytochemistry. 1991;30(12):3875-3883

[29] Dharmananda S. Gall nuts and the uses of tannins in Chinese medicine. In: Proceedings 
of Institute for Traditional Medicine. Portland, Oregon; 2003. p. 26

[30] Burkill HM. The Useful Plants of West Tropical Africa. 2nd ed. Royal Botanic Gardens: 
Kew, UK; 1985. 960p. http://plants.jstor.org/upwta/2_580

[31] Harborne JB. Phytochemical Methods – A Guide to Modern Techniques of Plant Analysis. 
London: Chapman and Hall; 1998. pp. 182-190

[32] Trease GE, Evans WC. A Text Book of Pharmacognosy. 16th ed. London: Saunders Ltd; 
2009. 616p

[33] Hostettmann K, Marson A. Chemistry and Pharmacology of Natural Products: Saponins. 
Cambridge: Cambridge University press; 2008. 562p

[34] Just MJ, Recsio MG, Gner RM, Cuellar MJ, Marez S, Bilia AR, Rios J. Anti-inflammatory 
activity of unusual lupine saponins from Bupleurum fruiticescens. Planta Medica. 
1998;64(5):404-407

Phytochemicals—God’s Endowment of Curative Power in Plants
http://dx.doi.org/10.5772/intechopen.77423

21



[35] Francis G, Kerem Z, Makkar HP, Becker K. The biological action of saponins in ani-
mal systems: A review. British Journal of Nutrition. 2002;88(6):587-605. DOI: 10.1079/
BJN2002725

[36] Maurya R, Singh G, Yadav PP. Antiosteoporotic agents from natural sources. In: Rahman 
A-u, editor. Studies in Natural Products Chemistry. Vol. 35. Elsevier Publication; 2008. 
pp. 517-545

[37] Bien HS, Stawitz J, Wunderlich K. Anthraquinone dyes and intermediates in: 
Ullmann's Encyclopedia of Industrial Chemistry. Weinheim: Wiley-VCH; 2005; 2745. 
DOI:10.1002/14356007.a02_355

[38] Dewick PM. Medicinal Natural Products: A Biosynthetic Approach. 2nd ed. England: 
John Willey & Sons Limited; 2002. 241-244, 455-456

[39] Colin B, Shelia J. Cardiac glycosides. The Oxford Companion to the Body. Encyclopedia.
com. 2001. http://www.encyclopedia.com

[40] Odugbemi T. A Textbook of Medicinal Plants from Nigeria. Akoka, Yaba – Lagos, 
Nigeria: © Tolu Odugbemi University of Lagos Press; 2008. 628p

[41] Rice-Evans CA, Miller NJ, Paganga G. Structure–antioxidant activity relationships of 
flavonoids and phenolic acids. Free Radical Biology and Medicine. 1996;20(7):933-938

[42] Houghton PJ, Hylands PJ, Mensah AY, Hensel A, Deters AM. In vitro tests and ethnophar-
macological investigations: Wound healing as an example. Journal of Ethnopharmacology. 
2005;100:100-107

[43] Puupponen-Pimiä R, Nohynek L, Alakomi H, Oksman-Caldentey K. The action of berry 
Phenolics against human intestinal pathogens. BioFactors. 2008;23(4):243-251

[44] Kokpol U, Chittawong V, Mills HD. Chemical constituents of the roots of Acanthus illici-
folius. Journal of Natural Product. 1984;49:355-356

[45] Sims J, Odle T. Carotenoids. Gale Encyclopedia of Alternative Medicine. Encyclopedia.
com. 2005. http://www.encyclopedia.com

[46] Kris-Etherton PM, Hecker KD, Bonanome A, Coval SM, Binkoski AE, Hilpert KF, Griel 
AE, Etherton TD. Bioactive compounds in foods: Their role in the prevention of cardio-
vascular disease and Cancer. American Journal of Medicine. 2002;113:71S-88S

[47] Manson MM. Cancer prevention – The potential for diet to modulate molecular 
Signalling. Trends in Molecular Medicine. 2003;9:11-18

[48] Surh YJ. Cancer chemoprevention with dietary Phytochemicals. Natural Reviews in 
Cancer. 2003;3:768-780

[49] D‘Incalci M, Steward WP, Gescher AJ. Use of Cancer Chemopreventive Phytochemicals 
as Antineoplastic agents. Lancet Oncology. 2005;6:899-904

[50] Sarkar FH, Liu Y. Using Chemopreventive agents to enhance the efficacy of Cancer ther-
apy. Cancer Research. 2006;66:3347-3350

Phytochemicals - Source of Antioxidants and Role in Disease Prevention22

[51] Kotzekidou P, Giannakidis P, Boulamatsis A. Antimicrobial activity of some plant 
extracts and essential oils against food borne pathogens in vitro and on the fate of inocu-
lated pathogens in chocolate. LWT Food Science and Technology Journal. 2008;41:119-127

[52] Ngondi JL, Oben JE, Minka SR. The effect of Irvingia gabonensis seeds on body weight 
and blood lipids of obese subjects in Cameroon. Lipids in Health and Disease. 2005;4:12

[53] Ngondi JL, Etoundi BC, Nyangono CB, Mbofung CM, Oben JE. IGOB 131, a novel seed 
extract of the west African plant Irvingia gabonensis significantly reduces body weight 
and improves metabolic parameters in overweight humans in a randomized double – 
Blind placebo controlled investigation. Lipids in Health and Disease. 2009;8:7

Phytochemicals—God’s Endowment of Curative Power in Plants
http://dx.doi.org/10.5772/intechopen.77423

23



[35] Francis G, Kerem Z, Makkar HP, Becker K. The biological action of saponins in ani-
mal systems: A review. British Journal of Nutrition. 2002;88(6):587-605. DOI: 10.1079/
BJN2002725

[36] Maurya R, Singh G, Yadav PP. Antiosteoporotic agents from natural sources. In: Rahman 
A-u, editor. Studies in Natural Products Chemistry. Vol. 35. Elsevier Publication; 2008. 
pp. 517-545

[37] Bien HS, Stawitz J, Wunderlich K. Anthraquinone dyes and intermediates in: 
Ullmann's Encyclopedia of Industrial Chemistry. Weinheim: Wiley-VCH; 2005; 2745. 
DOI:10.1002/14356007.a02_355

[38] Dewick PM. Medicinal Natural Products: A Biosynthetic Approach. 2nd ed. England: 
John Willey & Sons Limited; 2002. 241-244, 455-456

[39] Colin B, Shelia J. Cardiac glycosides. The Oxford Companion to the Body. Encyclopedia.
com. 2001. http://www.encyclopedia.com

[40] Odugbemi T. A Textbook of Medicinal Plants from Nigeria. Akoka, Yaba – Lagos, 
Nigeria: © Tolu Odugbemi University of Lagos Press; 2008. 628p

[41] Rice-Evans CA, Miller NJ, Paganga G. Structure–antioxidant activity relationships of 
flavonoids and phenolic acids. Free Radical Biology and Medicine. 1996;20(7):933-938

[42] Houghton PJ, Hylands PJ, Mensah AY, Hensel A, Deters AM. In vitro tests and ethnophar-
macological investigations: Wound healing as an example. Journal of Ethnopharmacology. 
2005;100:100-107

[43] Puupponen-Pimiä R, Nohynek L, Alakomi H, Oksman-Caldentey K. The action of berry 
Phenolics against human intestinal pathogens. BioFactors. 2008;23(4):243-251

[44] Kokpol U, Chittawong V, Mills HD. Chemical constituents of the roots of Acanthus illici-
folius. Journal of Natural Product. 1984;49:355-356

[45] Sims J, Odle T. Carotenoids. Gale Encyclopedia of Alternative Medicine. Encyclopedia.
com. 2005. http://www.encyclopedia.com

[46] Kris-Etherton PM, Hecker KD, Bonanome A, Coval SM, Binkoski AE, Hilpert KF, Griel 
AE, Etherton TD. Bioactive compounds in foods: Their role in the prevention of cardio-
vascular disease and Cancer. American Journal of Medicine. 2002;113:71S-88S

[47] Manson MM. Cancer prevention – The potential for diet to modulate molecular 
Signalling. Trends in Molecular Medicine. 2003;9:11-18

[48] Surh YJ. Cancer chemoprevention with dietary Phytochemicals. Natural Reviews in 
Cancer. 2003;3:768-780

[49] D‘Incalci M, Steward WP, Gescher AJ. Use of Cancer Chemopreventive Phytochemicals 
as Antineoplastic agents. Lancet Oncology. 2005;6:899-904

[50] Sarkar FH, Liu Y. Using Chemopreventive agents to enhance the efficacy of Cancer ther-
apy. Cancer Research. 2006;66:3347-3350

Phytochemicals - Source of Antioxidants and Role in Disease Prevention22

[51] Kotzekidou P, Giannakidis P, Boulamatsis A. Antimicrobial activity of some plant 
extracts and essential oils against food borne pathogens in vitro and on the fate of inocu-
lated pathogens in chocolate. LWT Food Science and Technology Journal. 2008;41:119-127

[52] Ngondi JL, Oben JE, Minka SR. The effect of Irvingia gabonensis seeds on body weight 
and blood lipids of obese subjects in Cameroon. Lipids in Health and Disease. 2005;4:12

[53] Ngondi JL, Etoundi BC, Nyangono CB, Mbofung CM, Oben JE. IGOB 131, a novel seed 
extract of the west African plant Irvingia gabonensis significantly reduces body weight 
and improves metabolic parameters in overweight humans in a randomized double – 
Blind placebo controlled investigation. Lipids in Health and Disease. 2009;8:7

Phytochemicals—God’s Endowment of Curative Power in Plants
http://dx.doi.org/10.5772/intechopen.77423

23



Chapter 3

Introduction to Phytochemicals: Secondary Metabolites
from Plants with Active Principles for Pharmacological
Importance

Nadia Mendoza and Eleazar M. Escamilla Silva

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.78226

Provisional chapter

DOI: 10.5772/intechopen.78226

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons  
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,  
distribution, and reproduction in any medium, provided the original work is properly cited. 

Introduction to Phytochemicals: Secondary 
Metabolites from Plants with Active Principles for 
Pharmacological Importance

Nadia Mendoza and Eleazar M. Escamilla Silva

Additional information is available at the end of the chapter

Abstract

Phytochemicals are substances produced mainly by plants, and these substances have 
biological activity. In the pharmaceutical industry, plants represent the main source to 
obtain various active ingredients. They exhibit pharmacological effects applicable to the 
treatment of bacterial and fungal infections and also chronic-degenerative diseases such 
as diabetes and cancer. However, the next step in science is to find new ways to obtain 
it. In this chapter, we discuss about the main groups of phytochemicals, in addition to 
presenting two case studies. One of the most important secondary metabolites is cur-
rently Taxol, which is a natural compound of the taxoid family and is also known for 
its antitumor activity against cancer located in breasts, lungs, and prostate and is also 
effective with Kaposi’s sarcoma. Our case studies will be about Taxol, extracted from an 
unexplored plant species, and the production of Taxol by its endophytic fungi.

Keywords: phytochemicals, biosynthesis, alkaloids, flavonoids, taxoids, Taxol, Taxodium 
mucronatum

1. Introduction

In the history of humanity, plants have always been present as a source of health. The knowl-
edge of the various healing properties of plants has been transmitted in an empirical way. 
However, over time, man has been interested in knowing where the properties of plants come 
from. In the process of knowledge generation, man has developed many methodologies to 
know the structures of organic compounds responsible for the healing properties of plants. 
This is the birth of phytochemistry that is defined as the science responsible for the study of 
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the compounds contained in plants. In this field, various techniques have been developed, 
ranging from the preparation of the plant tissue sample to sophisticated techniques for 
the elucidation of organic structures. The search for new products for the pharmaceutical 
and agrochemical industries is an ongoing process that requires continual optimization [1]. 
Previously, the screening of 10,000 natural products resulted in one commercial product. In 
the advent of combinatorial chemistry, this relationship changed. Presently, the screening 
of 100,000 structures day−1 from combinatorial chemistry together with the natural products 
screened yields less than one commercial product year−1 (F. Hansske, pers. comm.). Its devel-
opment takes approximately 12 years and costs ~$350 M [2]. Considering that 6 out of 20 of 
the most commonly prescribed medications are of fungal origin [3] and only ~5% of the fungi 
have been described [4], fungi offer an enormous potential for new products.

Endophytic fungi, a polyphyletic group of highly diverse, primarily ascomycetous fungi defined 
functionally by their occurrence within asymptomatic tissues of plants, are found in aboveground 
tissues of liverworts, hornworts, mosses, lycophytes, equisetopsids, ferns, and seed plants from 
the arctic to the tropics, and from agricultural fields to the most biotically diverse tropical forests. 
Their cryptic lifestyle, ubiquity and richness within individual plants, coupled with emerging evi-
dence of their often overlooked ecological importance, have inspired growing enthusiasm regard-
ing these little known fungi over the past four decades. In particular, David Hawksworth’s much 
discussed estimates of fungal diversity at a global scale [4, 5] engendered tremendous enthusiasm 
for understanding endophyte diversity. Comprising interactions that range from mutualism to 
antagonism, fungal symbioses with plants are key determinants of biomass, nutrient cycling and 
ecosystem productivity in terrestrial habitats from the poles to the equator [6, 7]. Most plant-
associated fungi catalogued to date have been recognized because of the fruitbodies they produce 
in association with their hosts (e.g., plant pathogens, mycorrhizal fungi). Yet plants in all major 
lineages, including liverworts, mosses, seed free vascular plants, conifers, and angiosperms, also 
form cryptic symbioses with fungi that penetrate and persist within healthy aboveground tis-
sues such as leaves. Foliar fungal endophytes (i.e., endophylls or mycophyllas) are a fundamental 
but frequently overlooked aspect of plant biology: all plant species surveyed thus far harbor one 
or more endophytic symbionts in their photosynthetic tissues [8]. Plants live in association with 
microorganisms with different levels of interaction. This assumption stimulates insights on plant 
microbiome, intended as the collective genome of microorganisms living in contact with plants 
[9], and new concepts in plant evolution have been developed considering a basic role of the 
associated fungal endophytes [10]. Regarded as an underexplored niche of chemo diversity [11], 
endophytic fungi have a recognized ability to produce bioactive compounds which may play a 
role in plant protection against pathogens and pests [12, 13]. Colonization by endophytes may 
offer significant benefits to their host plants by producing various metabolites that protect against 
pathogen attack, promote plant (or vegetative) growth, improve crop yields, show herbicide 
activity and induce resistance. Fungal natural products are currently used in agriculture as active 
ingredients of different bioformulates [14] and several endophytes are known to have anti-insect 
properties [15]. Although bioinsecticides currently occupy only a small amount of the market, 
these compounds are very interesting and their use is constantly increasing [16].

In 1991, researchers began studying the microbial endophytes of the Northwest Pacific yew 
tree Taxus brevifolia, in search for a fungus or bacterium that could produce paclitaxel in de 
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novo fashion [17]. At that time, there were few reports describing the chemistry of plant endo-
phytes, although there was a rich literature cataloguing the secondary metabolism of plant 
pathogenic fungi and bacteria. Phytotoxins, secondary metabolites produced by plant patho-
genic microorganisms, have been studied for almost a century as virulence factors and the 
initiators of diseases in susceptible plants. Three well-known examples are the host-specific 
toxins produced by three different Cochliobolus species, all of which caused severe blight dis-
eases of economically important crops [18]. C. carbonum (Helminthosporium carbonum) produces 
host-specific HC-toxin, which causes Northern leaf blight of maize and inhibits maize histone 
deacetylase [18]. C. heterostrophus (H. maydis) produces T-toxin which caused Southern Corn 
Leaf Blight, one of the worst plant disease epidemics in modern history, and which was espe-
cially virulent toward maize carrying Texas male sterile cytoplasm [18]. C. victoriae produces 
victorin which caused a devastating epidemic in the Victoria race of oats that was developed 
by plant breeders in an effort to produce oats that were resistant to crown rust [18].

Plant endophytes are subtler, however, rarely causing problems and coexisting with their hosts 
under most circumstances. Hirsch and Braun provided an inclusive and widely accepted defi-
nition of endophytes: “microbes that colonize living, internal tissues of plants without causing 
any immediate, overt negative effects” [19, 20]. They are generally nonpathogenic in nature, 
but may produce secondary metabolites that enable them to survive in the competitive world 
of plant interstitial space without harming their host. Microorganisms in most ecosystems 
establish and define their ecological niches by their ability to control fellow microbes with 
only their cell walls or membranes and chemical arsenals to defend them. But these chemical 
arsenals have provided many of the important chemotherapeutics used to date. The potent 
antifungal agent griseofulvin is of fungal origin [21] and both the antibiotic streptomycin [21] 
and the anticancer agent calicheamycin are produced by actinomycetes [22].

Plant endophytes, however, received less attention until the discovery of a Taxol-producing fun-
gus in the bark and needles of the Northwest Pacific yew tree. In 2011, we published a review 
of cytotoxic or anticancer compounds produced by plant endophytes [23]. Over 100 compounds 
with demonstrated cytotoxicity or anticancer activity had been isolated from endophytic fungi—
including several compounds originally isolated from higher plants [8]. Less than 10% of these 
compounds were isolated from coniferous species [24]. Our own work with the fungal endo-
phytes of conifers has shown them to be rich producers of bioactive secondary metabolites.

Two reasons led us to start this research project: produce secondary metabolites of pharmaceuti-
cal application to reduce a type of cancer and reduce the cutting of trees and apply biotechnology 
to produce taxanes by endophytic microorganisms. The main aim of this book chapter is to pres-
ent case studies of isolation, characterization and application of secondary metabolites: Taxoles.

2. Metabolism

Metabolism is a set of chemical reactions carried out by the cells of living beings, to synthesize 
complex substances from simpler ones, or to degrade complexes and obtain simple ones [25]. 
Plants, autotrophic organisms, have two metabolisms, the primary metabolism present in 
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all living beings and a secondary metabolism that allows them to produce and accumulate 
compounds of diverse chemical nature (Figure 1).

Most of the carbon, nitrogen and energy ends up in common molecules to all the cells, which 
are necessary for their functioning and the organisms they belong [26]. These are amino acids, 
nucleotides, sugars and lipids, present in all plants and performing the same functions. They 
are called primary metabolites.

Plants allocate a significant amount of assimilated carbon and energy to the synthesis of a 
wide variety of organic molecules, that do not seem to have a direct function in photosyn-
thetic, respiratory processes, nutrient assimilation, solute transport or protein synthesis, car-
bohydrates or lipids, and which are called secondary metabolites (also called by-products, 
natural products) [27].

Secondary metabolites are characteristic of superior plants. The essential characteristic of 
the superior plants is that they possess flower and, consequently, seeds. Its reproductive 
mechanism is different from that of the inferior ones. They are also called spermatophytes 
because their reproductive organs are visible and they are subdivided into gymnosperms and 
angiosperms.

Natural products have biological properties, and they are characterized by their different uses 
and applications as medicines, insecticides, herbicides, perfumes or dyes, among others. The 
biosynthesis of secondary metabolites is usually restricted to specific stages of plant develop-
ment and periods of stress [25]. Some plant cells produce important secondary metabolites of 
the interactions of the plant with the environment (protection against predators, pathogens or 
environmental stress) or some related to the reproductive mechanism of the plant (attraction 
of insects for the promotion of pollination) (Figure 2).

Figure 1. The metabolism of plants.
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3. Phytochemistry

The discipline whose main objective is the study of the chemical constituents of plants is 
Phytochemistry. The study of such compounds includes: their chemical structures, metabo-
lism (biosynthesis and degradation), natural distribution, biological function, extraction and 
qualitative-quantitative evaluation. Before starting, any phytochemical analysis is important 
to have an adequate preparation of our plant material. A practical and simple way of stabiliza-
tion is by heat treatment, applied, for example, in an oven at a reference temperature of 60°C 
until the samples reach constant weight; this way, we will make sure that our compounds will 
be in the optimal conditions to be analyzed.

Phytochemical research of a plant includes several aspects:

• Extraction of the compounds to be analyzed from a sample or specimen.

• Separation and isolation of them.

• Identification and/or characterization of the isolated compounds.

• Investigation of the biosynthetic routes of a certain molecule.

• Determination or quantitative assessment.

In the extraction and purification of organic compounds through the use of solvents, usually 
follows certain rules based on structural analogies between the substance to be extracted and 
the solvent that will be used for that purpose.

Figure 2. Production of secondary metabolites.
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wide variety of organic molecules, that do not seem to have a direct function in photosyn-
thetic, respiratory processes, nutrient assimilation, solute transport or protein synthesis, car-
bohydrates or lipids, and which are called secondary metabolites (also called by-products, 
natural products) [27].

Secondary metabolites are characteristic of superior plants. The essential characteristic of 
the superior plants is that they possess flower and, consequently, seeds. Its reproductive 
mechanism is different from that of the inferior ones. They are also called spermatophytes 
because their reproductive organs are visible and they are subdivided into gymnosperms and 
angiosperms.

Natural products have biological properties, and they are characterized by their different uses 
and applications as medicines, insecticides, herbicides, perfumes or dyes, among others. The 
biosynthesis of secondary metabolites is usually restricted to specific stages of plant develop-
ment and periods of stress [25]. Some plant cells produce important secondary metabolites of 
the interactions of the plant with the environment (protection against predators, pathogens or 
environmental stress) or some related to the reproductive mechanism of the plant (attraction 
of insects for the promotion of pollination) (Figure 2).

Figure 1. The metabolism of plants.
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3. Phytochemistry

The discipline whose main objective is the study of the chemical constituents of plants is 
Phytochemistry. The study of such compounds includes: their chemical structures, metabo-
lism (biosynthesis and degradation), natural distribution, biological function, extraction and 
qualitative-quantitative evaluation. Before starting, any phytochemical analysis is important 
to have an adequate preparation of our plant material. A practical and simple way of stabiliza-
tion is by heat treatment, applied, for example, in an oven at a reference temperature of 60°C 
until the samples reach constant weight; this way, we will make sure that our compounds will 
be in the optimal conditions to be analyzed.

Phytochemical research of a plant includes several aspects:

• Extraction of the compounds to be analyzed from a sample or specimen.

• Separation and isolation of them.

• Identification and/or characterization of the isolated compounds.

• Investigation of the biosynthetic routes of a certain molecule.

• Determination or quantitative assessment.

In the extraction and purification of organic compounds through the use of solvents, usually 
follows certain rules based on structural analogies between the substance to be extracted and 
the solvent that will be used for that purpose.

Figure 2. Production of secondary metabolites.
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The polarity of the compounds is another element to be taken into account, when considering 
the solubility of a solute in a given solvent. Thus, strongly polar solvents dissolve ionic or 
highly polar solutes, while low-polar solvents do not efficiently dissolve ionic solutes but do 
dissolve low-polarity solutes.

The extraction of the vegetal material is done consecutively using solvents, from a low polar-
ity until reaching the water, which is the most polar solvent.

The obtained extracts can be clarified by filtration through celite with a vacuum pump and 
then concentrated under reduced pressure. This is generally carried out in a rotary evapora-
tor, in which the solutions are concentrated until a volume reduction is achieved, at tempera-
tures between 30 and 50°C. The concentrated extracts must be stored refrigerated.

In the separation and identification of natural products, different techniques for isolation and 
identification have been developed, in Table 1 is a summary of the main techniques.

4. Families of phytochemicals

To establish an ordering, these compounds will be classified considering some characteristics 
like: their biosynthetic origin, the common structural characteristics and the solubility properties.

Some large groups of secondary metabolites are:

• Nitrogen and sulfur compounds, characterized by possessing nitrogen and/or sulfur in 
their structure, of solubility and diverse biosynthetic origin, but mostly derived from 
amino acids. Example of these compounds are the cyanogenic glycosides are nitrogen com-
pounds, which are not toxic by themselves but degrade when the plant is crushed releasing 
toxic volatile substances such as hydrogen cyanide (HCN). An example is the amygdalin 
(Figure 3), found in the seeds of almond, apricot, cherry or peach.

Chromatography Thin-layer chromatography (TLC)

Gas chromatography (GC)

High-resolution liquid chromatography (HPLC)

Capillary liquid chromatography (u-LC)

Electrophoresis Thin-layer electrophoresis (TLE)

Isotachophoresis (ITP) (electrophoresis at uniform speed)

Capillary electrophoresis (CE)

Spectroscopic techniques UV spectroscopy

Infrared spectroscopy (IR)

Near infrared spectroscopy (NIR)

Nuclear magnetic resonance spectroscopy (NMR)

Mass spectroscopy (MS)

Table 1. Separation and identification techniques.
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Other natural nitrogenated products with an important biological activity are alkaloids; some 
examples of alkaloids are in Figure 4. Alkaloids are a large family of more than 15,000 second-
ary metabolites that have these three characteristics in common: they are soluble in water, 
contain at least one nitrogen atom in the molecule and exhibit biological activity. The majority 
of them are heterocyclic although some are aliphatic (noncyclic) nitrogen compounds such as 
mescaline or colchicine, for example [28].

• Phenolic compounds, with at least one hydroxyl group attached to one or more aromatic 
rings in its chemical structure, most of which are water-soluble and biosynthetically 
derived from shikimic acid.

• Terpenoids, with the isoprene molecule as a structural unit, liposoluble, and biosyntheti-
cally associated to the mevalonic acid pathway or to the glyceraldehyde phosphate-pyruvic 

Figure 3. Structure of the amygdalin.

Figure 4. Alkaloid structures.
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Figure 5. Examples of terpenoid structures.

acid pathway, depending on the class of terpenoids in question [29]. Table 2 shows the 
classification of the terpenoids, with respect to the number of isoprene units they contain, 
as well as an example of each type of terpenoid and Figure 5 shows some structures of 
terpenoids.

5. Case 1. Exploring new ways: Taxol

5.1. Taxol

Among the metabolites with greater interest are the toxoids, these are secondary metabolites 
that are synthesized by the Taxus spp. They are found in the foliage and bark of this tree. 
The main taxoid of pharmacological interest is Taxol; a polyoxygenated diterpene alkaloid 
approved by the Office of the Administration of Drugs and Foods. This taxoid is used in the 

Table 2. Classification of terpenoids.
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treatment of breast, ovarian, lung and Kaposi’s sarcoma related to HIV. Hence, the impor-
tance of knowing everything related to the production of this powerful medicine.

5.2. Biosynthesis of Taxol

Several studies have been conducted on the biosynthesis of taxoids, especially Taxol. In 
Figure 6, it is one of the biosynthetic routes for the production of Taxol. Biosynthesis is a 
process that requires knowing the mainly enzymatic reactions that involve the construction 
of the skeleton and the addition of various oxygen and acyl functional groups. The central 
skeleton of the Taxol molecule is a taxane ring of isoprenoid nature and is derived from 
geranylgeranyl diphosphate (GGPP). What is the common precursor of 20 carbon atoms 
isoprenoids (diterpenes), among which compounds such as carotenoids can be found. The 
phytol chain of chlorophylls or gibberellins participates in the growth and development of 
plants. However, all of them are formed in the same way precursors, isopentenyl diphosphate 
(IPP) and dimethylalyl diphosphate (DMAPP) are formed. However, and despite the studies 
carried out, no biosynthetic route of Taxol has been reached. In Figure 2, there is one of the 
different proposed schemes for Taxol biosynthesis.

5.3. Research carried out

Several researches have been developed with the aim of finding new sources to obtain Taxol. 
But it has only been isolated from trees of the Taxus species. Table 3 shows the percentage of 
yield obtained from the Taxol extractions of the different species of the Taxus spp., as well as 
the analysis of the different parts of the species.

Based on the previous table of contents, another taxonomic species was investigated such 
as Taxodium mucronatum. The Taxodium mucronatum belongs to the Cupressacea which is a 
gymnosperm. They are large trees over 25 m in height and 1.5 m in diameter from the trunk at 
chest height. Its leaves are small, elongated and grouped in twigs, in autumn the leaves turn 
reddish and fall.

The new shoots appear in spring. They can be distinguished at a distance by their dense 
foliage and their hanging branches, and they are always close to the water or in places with 
shallow water table (Figure 7).

They are distributed from Texas (USA) to Guatemala, but its presence is larger in Mexico. 
Best known as Ahuehuete tree, which comes from Nahuatl “atl” which means water and 
“huehuetl” which means old or grandfather, so the whole meaning is “old” of the water” 
[29–31]. The reason to choose this species, in addition to being abundant from North America 
to South America, this tree species has many similar characteristics to the species of Taxus, 
which makes it a potential source of Taxol.

The plant material from Taxodium mucronatum was collected by members of the Biotechnology 
laboratory of the Technological Institute of Celaya, from the community of Chamacuaro 
located on the outskirts of the municipality of Salvatierra in the state of Guanajuato, on the 
banks of the Lerma river. We proceeded to separate the plant material (branches, fruits and 
leaves), then dried under pressure and room temperature.

Introduction to Phytochemicals: Secondary Metabolites from Plants with Active Principles…
http://dx.doi.org/10.5772/intechopen.78226

33



Figure 5. Examples of terpenoid structures.

acid pathway, depending on the class of terpenoids in question [29]. Table 2 shows the 
classification of the terpenoids, with respect to the number of isoprene units they contain, 
as well as an example of each type of terpenoid and Figure 5 shows some structures of 
terpenoids.

5. Case 1. Exploring new ways: Taxol

5.1. Taxol

Among the metabolites with greater interest are the toxoids, these are secondary metabolites 
that are synthesized by the Taxus spp. They are found in the foliage and bark of this tree. 
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treatment of breast, ovarian, lung and Kaposi’s sarcoma related to HIV. Hence, the impor-
tance of knowing everything related to the production of this powerful medicine.

5.2. Biosynthesis of Taxol

Several studies have been conducted on the biosynthesis of taxoids, especially Taxol. In 
Figure 6, it is one of the biosynthetic routes for the production of Taxol. Biosynthesis is a 
process that requires knowing the mainly enzymatic reactions that involve the construction 
of the skeleton and the addition of various oxygen and acyl functional groups. The central 
skeleton of the Taxol molecule is a taxane ring of isoprenoid nature and is derived from 
geranylgeranyl diphosphate (GGPP). What is the common precursor of 20 carbon atoms 
isoprenoids (diterpenes), among which compounds such as carotenoids can be found. The 
phytol chain of chlorophylls or gibberellins participates in the growth and development of 
plants. However, all of them are formed in the same way precursors, isopentenyl diphosphate 
(IPP) and dimethylalyl diphosphate (DMAPP) are formed. However, and despite the studies 
carried out, no biosynthetic route of Taxol has been reached. In Figure 2, there is one of the 
different proposed schemes for Taxol biosynthesis.

5.3. Research carried out

Several researches have been developed with the aim of finding new sources to obtain Taxol. 
But it has only been isolated from trees of the Taxus species. Table 3 shows the percentage of 
yield obtained from the Taxol extractions of the different species of the Taxus spp., as well as 
the analysis of the different parts of the species.

Based on the previous table of contents, another taxonomic species was investigated such 
as Taxodium mucronatum. The Taxodium mucronatum belongs to the Cupressacea which is a 
gymnosperm. They are large trees over 25 m in height and 1.5 m in diameter from the trunk at 
chest height. Its leaves are small, elongated and grouped in twigs, in autumn the leaves turn 
reddish and fall.

The new shoots appear in spring. They can be distinguished at a distance by their dense 
foliage and their hanging branches, and they are always close to the water or in places with 
shallow water table (Figure 7).

They are distributed from Texas (USA) to Guatemala, but its presence is larger in Mexico. 
Best known as Ahuehuete tree, which comes from Nahuatl “atl” which means water and 
“huehuetl” which means old or grandfather, so the whole meaning is “old” of the water” 
[29–31]. The reason to choose this species, in addition to being abundant from North America 
to South America, this tree species has many similar characteristics to the species of Taxus, 
which makes it a potential source of Taxol.

The plant material from Taxodium mucronatum was collected by members of the Biotechnology 
laboratory of the Technological Institute of Celaya, from the community of Chamacuaro 
located on the outskirts of the municipality of Salvatierra in the state of Guanajuato, on the 
banks of the Lerma river. We proceeded to separate the plant material (branches, fruits and 
leaves), then dried under pressure and room temperature.
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Figure 6. Taxol biosynthetic pathway.
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Species of Taxus Trivial name Part of the tree Taxol (% of dry weight) Year

T. brevifolia Yew of the pacific Cortex 0.0075–0.01 1986

T. brevifolia Yew of the pacific Leaves 0.0081 1992

T. wallichiana Yew of the Himalayas Cortex 0.0108 1981

T. baccata European yew Cortex 0.0165 1984

T. baccata European yew Leaves 0.0088 1992

T. cuspidata Japanese shuffle Leaves 0.0077 1992

T. media Yew of Sumatra Leaves 0.0056 1992

T. floridiana Florida yew Leaves 0.006 1992

T. globosa Mexican Tejo Cortex 0.0085 2000

T. globosa Mexican Tejo Leaves 0.013 2000

T. globosa Mexican Tejo Stem 0.0064 2000

T. globosa Mexican Tejo Sheet 0.0121 2003

Table 3. Obtaining Taxol from the different species of Taxus [6].

Figure 7. Taxodium mucronatum.

Introduction to Phytochemicals: Secondary Metabolites from Plants with Active Principles…
http://dx.doi.org/10.5772/intechopen.78226

35



Figure 6. Taxol biosynthetic pathway.

Phytochemicals - Source of Antioxidants and Role in Disease Prevention34

Species of Taxus Trivial name Part of the tree Taxol (% of dry weight) Year

T. brevifolia Yew of the pacific Cortex 0.0075–0.01 1986

T. brevifolia Yew of the pacific Leaves 0.0081 1992

T. wallichiana Yew of the Himalayas Cortex 0.0108 1981

T. baccata European yew Cortex 0.0165 1984

T. baccata European yew Leaves 0.0088 1992

T. cuspidata Japanese shuffle Leaves 0.0077 1992

T. media Yew of Sumatra Leaves 0.0056 1992

T. floridiana Florida yew Leaves 0.006 1992

T. globosa Mexican Tejo Cortex 0.0085 2000

T. globosa Mexican Tejo Leaves 0.013 2000

T. globosa Mexican Tejo Stem 0.0064 2000

T. globosa Mexican Tejo Sheet 0.0121 2003

Table 3. Obtaining Taxol from the different species of Taxus [6].

Figure 7. Taxodium mucronatum.

Introduction to Phytochemicals: Secondary Metabolites from Plants with Active Principles…
http://dx.doi.org/10.5772/intechopen.78226

35



They were used 300 g of dry leaves of Taxodium mucronatum. Milled with methanol, which 
were later packed for extraction in a glass column, where methanol was passed until the 
material was used up.

The study was also carried out with fruit, for which 467 g of fresh fruits of Taxodium muncro-
natum (Figure 8) were milled with methanol, which were subsequently packed for extrac-
tion in a glass column, where methanol was passed until the material was exhausted. The 
extractives were evaporated at reduced pressure in a rotary rotator at a temperature of 50°C.

5.4. Column chromatography

Column chromatography was used to separate the compounds. For this purpose, 1 g of 
sample was taken as a result of the rotations of the extracts and placed in a column (measures 
20 cm long, 3 cm in diameter), prepacked with 30 g suspended in hexane. Silica gel was used 
to complete the separation of the components of the sample.

Three solutions were prepared at different proportions of hexane and ethyl acetate. The first solu-
tion containing 40 ml of hexane plus 10 ml of ethyl acetate, the second 20 ml of hexane plus 20 ml 
of ethyl acetate, and the third 10 ml of hexane plus 40 ml of ethyl acetate. To pack the column, 
30 g silica gel were mixed with 100 ml of hexane, then poured into the column. Hexane is passed 
through the column to have a uniform packing. Then it was proceeded to repeat this operation 
several times to achieve a homogeneous packing. 3 ml of hexane was left on the surface of the silica, 
and then the sample was prepared. It is homogenized with 2 g of silica and rotavapor for a few min-
utes to evaporate solvent residues, and is added little by little to the column, leaving at least 1 ml of 
hexane remaining on the surface. Elute with the prepared solutions. Collect in a flask each fraction 
of the column (different color layers), evaporate each of the fractions in a rotavapor under reduced 
pressure and at a temperature of 50°C. Seven fractions of each of the columns were obtained for 
both the fruits and leaves. These were analyzed by thin-layer chromatography and HPLC.

5.5. Thin-layer chromatography

The technique of column chromatography helps us to know if the fractions recovered from 
the column chromatography are pure, otherwise it tells us how many components we 

Figure 8. Fruits and leaves of Taxodium mucronatum.
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have in these fractions. Column chromatography also helps us to know the polarity of 
our compounds present in the sample, and therefore it is necessary to make several dif-
ferent solvent systems, this is vitally important because the good or bad purification of 
our compounds will depend on it. For thin-layer chromatography, the following compo-
nents were used: A stationary phase: Silica gel 60F 254 Merk 0.25 mm thick, with a ceric 
sulfate developer solution, and the following solvent systems were tested: chloroform-
methanol (7:3) (9:1) (1:9) (5:5), hexane-ethyl acetate (9:1) (5:5) (1:9), methanol-acetone (4:6) 
(9:1) (3:9), chloroform-ethyl acetate (3:7), methanol-hexane (3:7), chloroform-acetone (9:1), 
and ternary systems were also tested: ethyl acetate-chloroform-methanol (2:7:1), acetone-
chloroform-methanol (2:7:1).

In Figure 9, the separation of components of the fruit extract is observed, where at least six com-
ponents are distinguished, the solvent mixture was hexane/ethyl acetate in a 9:1 ratio. Figure 10 
shows the results for the leaf extract, where at least three main components are identified.

In Figure 11, other plates are shown chromatography’s with a different mixture of solvents, 
without success in the separation of components. Observing the results of the chromatog-
raphy, we know that most of our compounds have an intermediate polarity, this based on 
our solvent system that is the best for the separation of compounds. Another interesting fact 
about our results is that we have several compounds with very similar characteristics, this is 
deductible because although you can see spots individually (each corresponding to a differ-
ent compound) they are too close together.

Figure 9. Chromatographic plates of the fruit extract.
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Figure 11. Chromatographic plates with other solvent mixtures.

5.6. High-resolution liquid chromatography

The identification of compounds is a task for liquid chromatography of high resolution, as 
long as our sample meets the necessary characteristics. The extracts obtained by means of col-
umn chromatography were analyzed by means of HPLC, in a Varian chromatograph with a 
C18 column an isocratic development acetonitrile-water was made 70:30 at a rate of 1 ml/min, 
and the injection volume was 20 μl. The identification of Taxol, in this case our metabolite of 
interest, was carried out by means of an external standard from the Taxus brevifolia (Figure 12), 
a retention time of 4.65 min is observed.

Figure 10. Chromatographic plates of the leaf extract.
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Figure 12. Taxol standard.

Figure 13. Fraction 4 of the preparative column of silica with leaf extract of Taxodium mucronatum.
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Figure 14. Fraction 5 of the silica preparative column with leaf extract of Taxodium mucronatum.

In Figure 13, it is the chromatogram of the analysis of fraction 4 of the column of silica gel of 
1 g of the leaf extract of Taxodium mucronatum, in it a peak is observed with the same retention 
time with the standard which indicates us Taxol inside the leaves. Observing the distance that 
exists between the signals that are close to the retention time characteristic of Taxol, one of 
these signals could also be about a mixture of taxoids. Figure 14, corresponding to fraction 5 
of the extract of the leaves shows a characteristic retention time of Taxol, but as in fraction 4, 
it also presents signals with times very close to the retention time of Taxol, which is why we 
can also deduce that there is presence of other taxoids.

6. Case study 2: alternative for obtaining natural products

Secondary metabolites can also be produced by endophytic fungi, and this feature has opened 
the door to new research. Some of the most important advantages of this find are that no 
plant species will be threatened. The process for the production of natural products can be 
industrialized. Therefore, the following research is about the production of Taxol by means of 
endophytic fungi of Taxodium mucronatum.

The main source of obtaining Taxol until now is the extraction of trees of the genus Taxus 
(Tejo); however, it is estimated that the amount of purified Taxol required to treat only 500 
patients with cancer is 1 kg, equivalent to the performance of near of 10 tons of bark or the 
felling of 700 trees. Therefore, the next step for science is to find new ways to obtain this drug. 
Some of the sources to obtain this medicine, are the semi-synthesis, from other Taxanes being 
the most used the 10-Deacetilbaccatina III obtained from the leaves of Taxus, the disadvantage 
that this method has, is the low yield and the high cost; by total synthesis of plant cell cultures 
of Taxus and cultures of microorganisms such as fungi and bacteria (Table 4). The production 
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of Taxol, by means of microorganisms, represents a potential source of Taxol; due to its mul-
tiple advantages among them that no plant species is affected, the process is reproducible and 
controllable, which is important for its industrial scaling.

For this reason, the main purpose of this project is to isolate and select strains of endophyte 
microorganisms capable of producing Taxol and also develop a biotechnological process that 
allows the production.

The proceeding of isolating the fungi associated with Taxodium mucronatum was made by getting a 
collection of samples of microorganisms than was carried out in test tubes with nutritious broth, at 
room temperature. A short and deep cut was made in the bark of the selected tree; in the cut with 
an applicator, three samples were taken. Later in the laboratory, the preparation of five culture 
media was made: Czapeck medium, Sabourod, PDA, YPD, Agar Plate count; microorganisms 
were seeded from each in tubes in five different culture media. This was realized with the purpose 
of observing in which agar these microorganisms grow better and make a cellular differentiation.

Then proceeded to cultivate the fungi; using 2 ml of saline containing the contents of a fungal 
Petri dish in 250 ml of PDA were inoculated and incubated in a shaker at 250 rpm and 27°C for 
7 days. After this time, the culture broths were filtered to remove the biomass, and extractions 
of each Erlenmeyer flask were carried out with ethyl acetate. The organic phase was separated 
and dried with anhydrous sodium sulfate and filtered; then the organic phase was evaporated 
in a rotatory evaporator until the solvent was removed at 50°C and in vacuum. The extract was 
resuspended in 1 ml of acetonitrile HPLC grade with 0.01% acetic acid to avoid esterification 
of Taxol and was placed in Bakelite tubes and kept in refrigeration at 4°C for future analysis.

6.1. High-resolution liquid chromatography

All the extracts were analyzed in HPLC, in a Varian chromatograph 8090 mod. (USA) with 
a C18 column under isocratic conditions and in an 80:20 acetonitrile-water mixture at a flow 
rate of 1 ml/min, the injection volume was 20 μl. The identification of Taxol was carried out 

Isolation source Fungus Concentration (μg/L) Year

T. brevifolia T. andrene 0.024–0.025 1993

T. wallaiciana Pestalotiopsis. Microespora 60–70 1996

T. baccata Monochaetia sp. 0.102 1996

T. baccata Fusarium lateritium 0.13 1996

T. cuspidata Alternaria sp. 0.157 1996

T. cuspidata Pestalotiopsis. Microespora 0.268 1996

T. wallaiciana Pestalotiopsis. Microespora 0.5 1996

T. Sumatrana Phitomyces sp. 0.095 1996

T. baccata Pestalotia bicilia 1.081 1996

Wollemia nobilis P. guepinii 0.481 1997

Pestalotiopsis. Microespora 1.487 1998

Table 4. Production of Taxol by endophytic fungi [32].
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Figure 14. Fraction 5 of the silica preparative column with leaf extract of Taxodium mucronatum.
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Figure 15. Chromatogram of the culture extract of strain 1.

by means of a Taxol standard of sigma Aldrich (Toluca, México) from Taxus brevifolia which 
presented a retention time of 4.65 min.

Figure 12 shows the chromatogram corresponding to the Taxol standard of Sigma Aldrich 
from Taxus brevifolia. Figure 15 is the chromatogram corresponding to strain 1, and this strain 
is matter of interest because it produces very few natural products, although it does not 
show any time characteristic of Taxol. Therefore, the purification process would be easier and 
identify these products. Figure 16 shows the chromatogram corresponding to strain 17, in 
which we observe a signal with the same retention time as the characteristic signal of Taxol.

Based on our chromatogram of the extract of strain 17 and identifying Taxol in our extract, we 
conducted another experiment in which we enriched our culture medium using brown sugar, 
which contains different types of salts as well as different carbon sources (sucrose, glucose, etc.). 
In the chromatogram of Figure 17, we observe the effect of enrichment of the medium, our cor-
responding to Taxol increases its area and volume; however, the rest of our compounds also 
increase significantly. The result of Taxol production was confirmed by adding 0.5 ml of standard 
as internal control To 0.5 ml of sample  Figure 18.

In the identification of the Taxol-producing endophytic fungus, lacto phenol blue staining 
was performed for its microscopic morphological structure. Figure 19 shows the endophytic 
fungus with Taxol production capacity, in the image, the growth in petri box and its micro-
scopic view is appreciated.
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Figure 16. Chromatogram of the culture extract of strain 17 in potato broth.

Figure 17. Chromatogram of extract of strain 17.
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Figure 18. Chromatography of the extract of strain 17 with the addition of 0.5 ml of standard.

Figure 19. Image of the Taxol producing endophytic fungus.

7. Conclusion

Natural products (secondary metabolites) are important sources for the cure against many of 
the diseases that humans are currently fighting. However, it is necessary to conduct research 
whose objective is the production of natural products through biotechnological routes, pro-
tecting plant species. One of the clear examples is Taxol, which can be obtained through its 
endophytic fungi; the production of Taxol was achieved by the submerged fermentation of 
one of the native strains of Taxodium mucronatum, identifying it by means of high-resolution 
chromatography. In the production of Taxol by fermentation it is possible that the processes 
must be sought by which other secondary metabolites can be obtained for conservation of 
plant species. As is the case of Taxol, there are other substances that can be obtained by fer-
mentative routes, always protecting our plant species.

Phytochemicals - Source of Antioxidants and Role in Disease Prevention44

Author details

Nadia Mendoza and Eleazar M. Escamilla Silva*

*Address all correspondence to: eleazar@iqcelaya.itc.mx

Department of Chemical Engineering, Technological Institute of Celaya, Celaya, Guanajuato, 
Mexico

References

[1] Dreyfuss MM, Chapela IH. Potential of fungi in the discovery of novel, low-molecular 
weight pharmaceuticals. In: Gullo VP, editor. The Discovery of Natural Products with 
Therapeutic Potential. Stoneham, MA: Butterworth-Heinemann; 1994

[2] Barengo N, Sieber TN, Holdenrieder O. Diversity of endophytic mycobiota in leaves and 
twigs of pubescent birch (Betula pubescens). Sydowia. 2000;52:305-320

[3] Gloer JB. Applications of fungal ecology in the search for new bioactive natural prod-
ucts. In DT Wicklow, BE Soderstrom, editors. The Mycota. Environmental and Microbial 
Relationships. Vol. IV. New York: Springer-Verlag; 1997

[4] Hawksworth DL. The fungal dimension of biodiversity: Magnitude, significance, and 
conservation. Mycological Research. 1991;95:641-655

[5] Hawksworth DL. The magnitude of fungal diversity: The 1.5 million species estimate 
revisited. Mycological Research. 2001;105:1422-1432

[6] Clay K, Holah J. Fungal endophyte symbiosis and plant diversity in successional fields. 
Science. 1999;285:1742-1744

[7] Gilbert GS. Evolutionary ecology of plant diseases in natural ecosystems. Annual Review 
of Phytopathology. 2002;40:13-43

[8] Stone JK, Bacon CW, White JF Jr. An overview of endophytic microbes: Endophytism 
defined. In: Bacon CW, White JF, editors. Microbial Endophytes. New York, NY, USA: 
Marcel Dekker; 2000. pp. 3-29

[9] Schlaeppi K, Bulgarelli D, Schulz B, Haas S, Junker C, Andrée N, Schobert M.  The plant 
microbiome at work. Molecular Plant-Microbe Interactions. 2015;28:212-217

[10] Schulz B, Haas S, Junker C, Andrée N, Schobert M. Fungal endophytes are involved in 
multiple balanced antagonisms. Current Science. 2015;109:39-45, 2015

[11] Hardoim PR, van Overbeek LS, Berg G, Pirttilä AM, Compant S, Campisano A, Döring 
M, Sessitsch A. The hidden world within plants: Ecological and evolutionary consider-
ations for defining functioning of microbial endophytes. Microbiology and Molecular 
Biology Reviews. 2015;79:293-320

Introduction to Phytochemicals: Secondary Metabolites from Plants with Active Principles…
http://dx.doi.org/10.5772/intechopen.78226

45



Figure 18. Chromatography of the extract of strain 17 with the addition of 0.5 ml of standard.

Figure 19. Image of the Taxol producing endophytic fungus.
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their deficiency in electron and instability, attack electron rich centers such as lipid membranes, 
proteins and nucleic acids thereby damaging cells and tissues in the body. Eventual, the human 
body is adapted to remove these unstable molecules by a myriad of molecules including certain 
enzymes collectively known as antioxidants. This antioxidant defense system reduces the level of 
these free radicals in the body and maintains the homeostatic balance for proper functioning of 
the body. However, when these reactive species are overwhelming high in the body, it surpasses 
the capacity of the antioxidant defense system leading to a condition known as oxidative stress. 
This imbalance between antioxidant and proxidants is characteristic of certain disease conditions 
such as diabetes, atherosclerosis, cardiovascular diseases, cancer etc. One of the possible remedy 
for this condition is to supplement the endogenous antioxidant defense system with exogenous 
antioxidants. Plants have gained considerable interest in recent time in managing oxidative stress 
related diseases; firstly, because of their ethnopharmacological uses in managing diseases and 
secondly, due to their richness in phytochemicals which possess antioxidant properties. Hence, 
this chapter is aimed to give an overview of free radicals, their sources of origin and processes of 
generation in the environment and body. Also, it will highlight on the various mechanisms of free 
radical induced cellular damage and the associated diseases due to oxidative stress. The various 
mechanisms of the antioxidant defense system; both enzymatic and non-enzymatic antioxidants 
will be described as well as the contribution of plant phytochemicals as antioxidants. Emphasis 
will be laid on some plants and phytochemicals with antioxidant activities stating their mode of 
scavenging free radicals and prevention of oxidative stress-related diseases.

2. Free radicals

Free radicals are molecular species with unpaired electrons in their atomic orbital capable of 
independent existence. As such, these radicals are highly reactive and can either extract an 
electron from molecules or donate an electron to other molecules thus acting as a reductant or 
an oxidant. Though free radicals have high reactivity, most of them have a very short half-life 
of less than 10−6 s in biological systems [1]. Some oxygen species known as reactive oxygen 
species (ROS) are non-reactive in their natural state but are capable of generating free radicals.

The idea of free radicals began in chemistry around the beginning of the twentieth century, 
where chemists initially described them as intermediate organic and inorganic compounds 
with several suggested definitions. A clear understand of these radicals was then proposed 
based on the work of Daniel Gilbert and Rebecca Gersham in 1954 [2] in which these radicals 
were suggested to play important roles in biological environments but also responsible for cer-
tain deleterious processes in the cell. Thereafter by 1956, Herman Denham further suggested 
that these reactive species may play critical roles in physiological process particularly aging 
process [3]. This hypothesis on the theory of free-radical on aging, inspired numerous research 
and studies which significantly contributed to the understanding of radicals and other related 
species such as ROS, reactive nitrogen species (RNS) and non-radical reactive species [4].

2.1. Types of free radicals or reactive oxygen species

ROS are classified into two major categories of compounds which includes the free radicals 
and the non-reactive radicals. The free radical includes nitric oxide radical (NO•), hydroxyl 
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radical (OH•), superoxide ion radical (O•
2), peroxyl (ROO•), alkoxyl radicals (RO•), and one 

form of singlet oxygen (1O2) as shown in Table 1 [5]. These species are considered as free radi-
cals since they contain at least one unpaired electron in the shells around the atomic nucleus 
which makes them unstable and therefore can easily donate or obtain another electron to 
attain stability. As such, they are highly reactive and capable of independent existence [6, 7]. 
On the other hand, the non-reactive radicals are a group of compounds which are not radicals 
but are extremely reactive or can easily be converted to reactive species. Examples of these 
substances include hypochlorous acid (HClO), hydrogen peroxide (H2O2), organic peroxides, 
aldehydes, ozone (O3), and O2 as shown in Table 1.

2.2. Sources of free radicals

As reviewed from Sultan [8], free radicals can originate either from the environment, 
physiological processes or endogenous sources.

External sources: Certain organic compounds in the atmosphere can react non-enzymatically 
with oxygen to generate free radicals. Also, reactions initiated by ionizing radiations in the 
environment can generate free radicals. Thus, some external sources of free radicals include 
environmental pollutant, cigarette smoke, alcohol, radiations, ozone, ultraviolet light, pesti-
cides, anesthetic, certain drugs, industrial solvents etc.

Endogenous sources: This includes processes in living organisms that necessitates enzymatic 
reactions to generate free radicals. These include reactions involved in the respiratory chain, 

Free radicals Name Symbol

Oxygen radicals

Oxygen (bi-radical) O•
2

Superoxide ion O•
2

Hydroxyl OH•

Peroxyl ROO•

Alkoxyl RO•

Nitric oxide NO•

Non-reactive oxygen radical

Hydrogen peroxide H2O2

Organic peroxide ROOH

Hypochlorous acid HOCL

Ozone O3

Aldehydes HCOR

Singlet oxygen 1O2

Peroxynitrite ONOOH

Table 1. Free radicals and non-reactive radicals of oxygen species.
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cytochrome P450 system, phagocytosis and prostaglandin synthesis. Some of these endog-
enous sources of free radicals generation include reactions in the mitochondria, phagocytes, 
inflammation, arachidonate pathways, etc. Also, reactions involving iron and other transition 
metals, peroxisomes, xanthine oxidase, etc. are also endogenous sources of free radicals.

Physiological sources: Certain physiological state or processes like stress, emotion, aging, etc. 
mental status and disease conditions are also responsible for the formation of free radicals. 
For example, hyperglycemia is a major source of free radicals in diabetes patients through 
various metabolic pathways which include increase flux of glucose through the polyol path-
way, increase formation of advanced glycation end-products (AGEs) and activation of their 
receptors, activation of protein kinase C (PKC) isoforms, activation of overactivity of hexos-
amine pathway and decrease antioxidant defense [9].

2.3. Generation and chemical reactions of free radicals

Free radicals are generated through various physiological processes in living organisms. 
Once generated, they can react with other biomolecules to attain stability.

Superoxide (O•
2) is generally produced when a single electron is added unto oxygen. In liv-

ing systems, superoxide can be generated through several mechanisms [10]. Several mole-
cules such as flavine nucleotides, adrenaline, thiol compounds, glucose, etc. can be oxidized 
in the presence of oxygen to generate superoxide and these reactions are greatly accelerated 
by the presence of transition metals such as iron or copper. During the electron transport 
chain in the inner mitochondrial membrane, oxygen is reduced to water thereby producing 
free radical intermediates that subsequently reacts with free electrons to produce superox-
ide [11]. Certain reactions by enzymes such as cytochrome p450 oxidase in the liver releases 
free electrons that can react with oxygen to produce superoxide. Other enzymes can neutral-
ize nitric oxide thereby producing superoxide [12]. Also, phagocytic cells during respiratory 
burst can generate superoxide [13].

Hydrogen peroxide (H2O2): Hydrogen peroxide is mostly produced from the spontaneous dis-
mutation reaction of superoxide in biological systems. Also, several enzymatic reactions includ-
ing those catalyzed by D-amino acid and glycolate oxidases can directly produce H2O2 [14].  
Generally, H2O2 is not a free radical but it is considered as a reactive oxygen species (ROS) 
because it can be transformed to other free radicals such as hydroxyl radical which mediate 
most of the toxic effects ascribed to H2O2. Myeloperoxidase can decompose H2O2 into singlet 
oxygen and hypochlorous acid, a mechanism which phagocytes utilize to kill bacteria [15]. 
However, H2O2 is a weak oxidizing agent that might directly damage enzymes and proteins 
which contain reactive thiol groups. One of the most vital properties of H2O2 over superoxide 
is its ability to freely traverse cell membranes [16].

Hydroxyl radical (OH•) is one of the most important free radicals as it is extremely reactive 
with almost all type of biomolecules including amino acids, sugars, lipids and nucleotides. 
Most ROS are usually converted to hydroxyl radical. Thus, it is usually the final mediator of 
most free radical induced tissue damage [17]. Hydroxyl radical is generated by various mecha-
nisms but the most important is the in vivo mechanism due to decomposition of superoxide 
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and hydrogen peroxide catalyzed by transition metals [18]. Transition metals generally con-
tain one or more unpaired electrons and thus are capable to transfer a single electron. Iron and 
copper are the most common transition metals capable of generating free radicals and much 
implicated in human diseases. As shown by Fenton [19], hydrogen peroxide can react with 
iron II (or copper I) to generate hydroxyl radical:

   Fe   2+  +  H  2    O  2   →  Fe   3+  +  OH   •  +  OH   − .  (1)

At physiological pH, iron is usually oxidized to Fe3+ and chelates to biological molecules. 
Thus, for Fenton reaction to occur, iron must be converted to its reduced form Fe2+. Superoxide 
radicals can reduce Fe3+ to Fe2+ ions thereby enabling the Fenton reaction.

   Fe   3+  +   O  2     −  →  Fe   2+  +  O  2  .  (2)

net reaction (Haber-Weiss reaction):

    O  2     −  +  H  2    O  2   →  OH   −  +  OH   •  +  O  2  .  (3)

Figure 1. Reactive oxygen species (ROS)-induced oxidative damage. Source: Kohen and Nyska [21].
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Nitric oxide (NO•) otherwise known as nitrogen monoxide is a radical produced by the oxi-
dation of one of the terminal guanido nitrogen atoms of L-arginine catalyzed by the enzyme 
nitric oxide synthase (NOS) [6]. L-arginine and L-citrulline are both converted to nitric oxide. 
Nitric oxide can further react with superoxide to form peroxynitrite.

   NO   •  +    O   •   2     −  →  ONOO   − .  (4)

Protonated form of peroxynitrite (ONOOH) acts as a powerful oxidizing agent to sulfhydryl 
(SH) groups thereby causing oxidation of many molecules and proteins leading to cellular 
damage [20]. It can also cause DNA damage such as breaks, protein oxidation and nitration of 
aromatic amino acid residues in proteins. Reactive oxygen species and their oxidative stress 
induced damaged is summarized in Figure 1.

3. ROS induced oxidative damage

Continual influx and generation of ROS from endogenous and exogenous sources lead to 
oxidative damage of cellular components and may impair many cellular functions [22]. The 
most vulnerable biological targets to oxidative damage include proteins, enzymes, lipidic 
membranes and DNA [5].

Lipids: All cellular membranes are generally vulnerable to oxidative damage since they are 
highly rich in unsaturated fatty acid. The lipid damage due to ROS usually known as lipid per-
oxidation occurs in three stages [23]. The first stage, known as initiation involves the attack of a 
reactive oxygen metabolite capable of abstracting a hydrogen atom from a methylene group in 
the lipid due to the presence of a weak double bond. As such, the remaining fatty acid radical 
retains one electron and stabilizes by rearrangement of the molecular structure to form a con-
jugated diene. In the propagation stage, the fatty acid radical reacts with oxygen to form ROO•. 
The ROO• is capable of abstracting another hydrogen atom from a neighboring fatty acid mol-
ecule, which again leads to the production of fatty acid radicals. These propagation reactions 
occur repeatedly leading to the peroxidation of several unsaturated lipid in the membrane. 
The ROO• becomes a lipid hydroperoxide which can further be decomposed to an aldehyde or 
form cyclic endoperoxide, isoprotans, and hydrocarbons. The last stage which is chain termi-
nation occurs following interaction of one ROO• with another radical or antioxidants.

Initiation:

  RH +  R   •  →  L   •  + RH  (5)

Propagation:

   R   •  +  O  2   →  LOO   •   (6)

   LOO   •  + LH → LOOH +  L   •   (7)
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  LOOH →  LO   •  +  LOO   •  + aldehydes  (8)

Termination by another radical:

   LOO   •  +  OH   •  → LOOH +  O   •   (9)

Termination by an antioxidant:

   LOO   •  + α − tocopherol − OH → LOOH + α − tocopherol −  O   •   (10)

Proteins: Proteins are major targets for attack by ROS predominantly by the OH•, RO• and 
nitrogen-reactive radicals causing damage. Hydrogen peroxide and superoxide radicals have 
weak effects on proteins except for proteins containing SH groups. Following interaction with 
ROS, proteins can undergo direct damages such as damaging specific amino acid residues 
and changing their tertiary structures and indirect damages such as peroxidation, degrada-
tion and fragmentation. The consequences of protein damage include loss of enzymatic activ-
ity and altered cellular functions. Protein oxidation products are usually keto, aldehydes and 
carbonyls compounds. Oxidation of tyrosine by ONOO• and other nitrogen reactive radi-
cals leads to the formation of 3-nitrotyrosine which is a detectable marker for protein oxida-
tion. Oxidation of proline and glutamate by OH• radicals usually leads to the formation of 
hydroxyproline and glutamyl semialdehyde. Following protein oxidation, proteins are sus-
ceptible to many changes in their function which include inactivation, chemical fragmenta-
tion and increased proteolytic degradation [24].

Nucleic acid: Though DNA is a stable molecule, ROS can interact with it to cause several 
types of damages which include double- and single- DNA breaks, modification of DNA 
bases, loss of purines (apurinic sites), DNA-protein cross-linkage, damage to the deoxyribose 
sugar and damage to the DNA repair system. Hydroxyl radical is the most detrimental ROS 
that affects nucleic acids [25]. For example, OH• can attack guanine and adenine to yield an 
oxidation product, 8-hydroxydeoxyguanosine [26] and hydroxyadenine respectively. Also, 
hydroxyl radicals can attack pyrimidines leading to the formation of thymine peroxide, thy-
mine glycols, 5-(hydroxymethyl) uracyl, and other such products. ROS such as O•

2 and H2O2 
do not have direct interaction with DNA and hence do not lead to damage at their physiologi-
cal concentrations. Transition metals such as iron that have high-binding affinity to DNA sites 
can catalyze the production of OH• which in turns attack DNA.

4. Oxidative stress and human diseases

When the concentration of ROS exceeds those of antioxidant neutralizing species, a condition 
known as oxidative stress occurs. As reviewed from Rahman et al. [27], oxidative stress has 
been implicated in several diseases including atherosclerosis, cancer, malaria, rheumatoid 
arthritis, chronic fatigue syndrome, and neurodegenerative diseases such as Alzheimer’s dis-
ease, Parkinson’s disease and Huntington’s disease [28]. Evidence via monitoring biomarkers 
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occur repeatedly leading to the peroxidation of several unsaturated lipid in the membrane. 
The ROO• becomes a lipid hydroperoxide which can further be decomposed to an aldehyde or 
form cyclic endoperoxide, isoprotans, and hydrocarbons. The last stage which is chain termi-
nation occurs following interaction of one ROO• with another radical or antioxidants.

Initiation:

  RH +  R   •  →  L   •  + RH  (5)

Propagation:

   R   •  +  O  2   →  LOO   •   (6)

   LOO   •  + LH → LOOH +  L   •   (7)
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  LOOH →  LO   •  +  LOO   •  + aldehydes  (8)

Termination by another radical:

   LOO   •  +  OH   •  → LOOH +  O   •   (9)

Termination by an antioxidant:

   LOO   •  + α − tocopherol − OH → LOOH + α − tocopherol −  O   •   (10)

Proteins: Proteins are major targets for attack by ROS predominantly by the OH•, RO• and 
nitrogen-reactive radicals causing damage. Hydrogen peroxide and superoxide radicals have 
weak effects on proteins except for proteins containing SH groups. Following interaction with 
ROS, proteins can undergo direct damages such as damaging specific amino acid residues 
and changing their tertiary structures and indirect damages such as peroxidation, degrada-
tion and fragmentation. The consequences of protein damage include loss of enzymatic activ-
ity and altered cellular functions. Protein oxidation products are usually keto, aldehydes and 
carbonyls compounds. Oxidation of tyrosine by ONOO• and other nitrogen reactive radi-
cals leads to the formation of 3-nitrotyrosine which is a detectable marker for protein oxida-
tion. Oxidation of proline and glutamate by OH• radicals usually leads to the formation of 
hydroxyproline and glutamyl semialdehyde. Following protein oxidation, proteins are sus-
ceptible to many changes in their function which include inactivation, chemical fragmenta-
tion and increased proteolytic degradation [24].

Nucleic acid: Though DNA is a stable molecule, ROS can interact with it to cause several 
types of damages which include double- and single- DNA breaks, modification of DNA 
bases, loss of purines (apurinic sites), DNA-protein cross-linkage, damage to the deoxyribose 
sugar and damage to the DNA repair system. Hydroxyl radical is the most detrimental ROS 
that affects nucleic acids [25]. For example, OH• can attack guanine and adenine to yield an 
oxidation product, 8-hydroxydeoxyguanosine [26] and hydroxyadenine respectively. Also, 
hydroxyl radicals can attack pyrimidines leading to the formation of thymine peroxide, thy-
mine glycols, 5-(hydroxymethyl) uracyl, and other such products. ROS such as O•

2 and H2O2 
do not have direct interaction with DNA and hence do not lead to damage at their physiologi-
cal concentrations. Transition metals such as iron that have high-binding affinity to DNA sites 
can catalyze the production of OH• which in turns attack DNA.

4. Oxidative stress and human diseases

When the concentration of ROS exceeds those of antioxidant neutralizing species, a condition 
known as oxidative stress occurs. As reviewed from Rahman et al. [27], oxidative stress has 
been implicated in several diseases including atherosclerosis, cancer, malaria, rheumatoid 
arthritis, chronic fatigue syndrome, and neurodegenerative diseases such as Alzheimer’s dis-
ease, Parkinson’s disease and Huntington’s disease [28]. Evidence via monitoring biomarkers 
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such as the presence of ROS and RNS as well as antioxidant defense has indicated oxida-
tive damage may be implicated in the pathogenesis of these diseases [29]. Elevated levels of 
free radicals such as 4-hydroxy-2,3-nonenal (HNE), acrolein, malondialdehyde (MDA) and 
F2-isoprostanes have been observed in Alzheimer’s disease [30, 31]. Oxidative stress also 
contributes to tissue injury following hyperoxia and irradiation. Evidence from studies have 
shown oxidative stress to play an important role in the pathogenesis and development of 
metabolic syndrome related disorders such as obesity, hypertension, diabetes, dyslipidemia 
etc. as well as in cardiovascular related diseases such as myocardial infarction, aortic valve 
stenosis, angina pectoris, atherosclerosis and heart failure [32–35]. Cancer is another disease 
associated with ROS as ROS have been suggested to stimulate oncogenes such as Jun and Fos 
whose overexpression is directly associated with lung cancer [36]. In lung cancers, p53 can be 
mutated by ROS thereby losing its function of apoptosis and functioning as an oncogene [37]. 
Also, the development of gastric cancer has been thought to be due to increase production of 
ROS and RNS by Helicobacter pylori infection in human stomach [29]. Excess ROS in human 
kidney leads to urolithiasis [29]. ROS have also been reported to damage cellular components 
in cartilage leading to osteoarthritis [38] and has been shown to be involved in damaging 
the islets cells of the pancreas [39]. More so, hyperglycemia triggers ROS production in both 
tubular and mesangial cells of human kidney, making functional and structural changes in 
glomeruli causing diabetic nephropathy [40].

5. Defense mechanism against free radicals

In response to the prevailing level of free radicals both from exogenous and endogenous 
sources, the human body developed a defense mechanism for protection against cellular 
damages. These may involve direct and indirect mechanisms put in place by the body.

5.1. Indirect defense mechanisms

Firstly, the indirect mechanisms are those mechanisms that do not directly act on the free radi-
cals to eliminate them or convert them to less reactive forms. Rather this indirect system can act 
in several ways. Certain regulatory mechanisms can control and regulate processes that lead to 
the endogenous production of ROS [41]. This may be transcriptional control of the enzymes that 
are involved in the generation of endogenous ROS. Another indirect approach consists of certain 
molecules and enzymes that are transported to oxidative-damage sites for repair of macromol-
ecules. This may include repair of damage DNA, protein or lipids. For examples damage oxidized 
adducts of DNA such as 8-hydroxy-2-deoxyguanosine, thiamine glycol, and apurinic can be 
removed from a nucleotide sequence and replaced by a normal nucleotide base [42]. Also, certain 
molecules that can donate hydrogen atoms to damaged molecules are also considered as repair 
compounds. Molecules such as ascorbate or tocopherol can donate hydrogen atom to a fatty acid 
radical on cell membrane thereby repairing the membrane. Certain natural cellular or surface bar-
riers such as the skin or cell membranes act as indirect defense system against ROS by preventing 
exogenous ROS from entering the body or preventing certain endogenous ROS from reaching the 
target macromolecules. Though these indirect defense mechanisms are helpful against ROS, they 
are usually non-specific and do not act directly on the ROS.
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5.2. Direct defense mechanism

This category of defense system which constitutes the antioxidant system is the most impor-
tant because they directly act on free radicals either by decomposing, scavenging or convert-
ing free radicals to less reactive forms. This defense mechanism constitute two groups; the 
enzymatic and non-enzymatic antioxidants.

5.2.1. Enzymatic antioxidants

The enzymatic antioxidants include superoxide dismutase (SOD), catalase, glutathione reduc-
tase (GRx) and glutathione peroxidase (GPx).

Superoxide dismutase (SOD): SOD is an enzymatic antioxidant that exists in three forms in 
mammalian tissues and differs on their cofactor, subcellular location and tissue distribution. 
1. Copper zinc superoxide dismutase (CuZnSOD) is present in the cytoplasm and organelles 
of almost all mammalian cells [43]. This enzyme has a molecular mass of about 32,000 kDa 
with two protein subunits, each containing a catalytically active copper and zinc atom. 2. 
Manganese superoxide dismutase (MnSOD) has a molecular mass of 40,000 kDa and is found 
in the mitochondria of almost all cells [44]. It consists of four protein subunits, each contain-
ing a single manganese atom. 3. Extracellular superoxide dismutase (ECSOD) is a secretory 
copper and zinc containing SOD which is different from CuZnSOD [45]. It is synthesized 
only in fibroblasts and endothelial cells and expressed on the cell surface where it binds to 
heparan sulfates. Following its release from heparin, it is secreted into extracellular fluids and 
enters into the circulation. Superoxide dismutase catalyzes the dismutation of superoxide to 
hydrogen peroxide:

    O  2     −  +   O  2     −  +  2H   +  →  H  2    O  2   +  O  2  .  (11)

The hydrogen peroxide can then be removed by catalase or glutathione peroxidase.

Catalase: Catalase was the first antioxidant enzyme to be characterized. It is located mostly 
within the peroxisomes of cells which contain most of the enzymes capable of generating 
hydrogen peroxide. It consists of four protein subunits, each containing a haem group and 
a molecule of NADPH [46]. Catalase is mostly present in liver and erythrocytes showing the 
greatest activities but is found in other tissues. It catalyzes the conversion of hydrogen perox-
ide to water and oxygen in two stages:

Stage 1:  Catalase–Fe (III)  +  H  
2
    O  

2
   → compound I 

Stage 2:  Compound I +  H  
2
    O  

2
   → catalase–Fe (III)  +  2H  

2
   O +  O  

2
   

Glutathione peroxidases (GPx): Glutathione peroxidase is an enzyme which is synthesized 
mainly in the kidney and found in almost all tissues although it is highly found in the liver [47]. 
Its subcellular location is usually the cytosol and mitochondria. Selenium serves as its cofactor 
located at the active site of the enzyme and deficiency of selenium greatly affects the activity 
of the enzyme [48]. Glutathione peroxidases catalyze the oxidation of reduced glutathione 
(GSH) decomposing hydrogen peroxide or another species such as a lipid hydroperoxide:
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such as the presence of ROS and RNS as well as antioxidant defense has indicated oxida-
tive damage may be implicated in the pathogenesis of these diseases [29]. Elevated levels of 
free radicals such as 4-hydroxy-2,3-nonenal (HNE), acrolein, malondialdehyde (MDA) and 
F2-isoprostanes have been observed in Alzheimer’s disease [30, 31]. Oxidative stress also 
contributes to tissue injury following hyperoxia and irradiation. Evidence from studies have 
shown oxidative stress to play an important role in the pathogenesis and development of 
metabolic syndrome related disorders such as obesity, hypertension, diabetes, dyslipidemia 
etc. as well as in cardiovascular related diseases such as myocardial infarction, aortic valve 
stenosis, angina pectoris, atherosclerosis and heart failure [32–35]. Cancer is another disease 
associated with ROS as ROS have been suggested to stimulate oncogenes such as Jun and Fos 
whose overexpression is directly associated with lung cancer [36]. In lung cancers, p53 can be 
mutated by ROS thereby losing its function of apoptosis and functioning as an oncogene [37]. 
Also, the development of gastric cancer has been thought to be due to increase production of 
ROS and RNS by Helicobacter pylori infection in human stomach [29]. Excess ROS in human 
kidney leads to urolithiasis [29]. ROS have also been reported to damage cellular components 
in cartilage leading to osteoarthritis [38] and has been shown to be involved in damaging 
the islets cells of the pancreas [39]. More so, hyperglycemia triggers ROS production in both 
tubular and mesangial cells of human kidney, making functional and structural changes in 
glomeruli causing diabetic nephropathy [40].

5. Defense mechanism against free radicals

In response to the prevailing level of free radicals both from exogenous and endogenous 
sources, the human body developed a defense mechanism for protection against cellular 
damages. These may involve direct and indirect mechanisms put in place by the body.

5.1. Indirect defense mechanisms

Firstly, the indirect mechanisms are those mechanisms that do not directly act on the free radi-
cals to eliminate them or convert them to less reactive forms. Rather this indirect system can act 
in several ways. Certain regulatory mechanisms can control and regulate processes that lead to 
the endogenous production of ROS [41]. This may be transcriptional control of the enzymes that 
are involved in the generation of endogenous ROS. Another indirect approach consists of certain 
molecules and enzymes that are transported to oxidative-damage sites for repair of macromol-
ecules. This may include repair of damage DNA, protein or lipids. For examples damage oxidized 
adducts of DNA such as 8-hydroxy-2-deoxyguanosine, thiamine glycol, and apurinic can be 
removed from a nucleotide sequence and replaced by a normal nucleotide base [42]. Also, certain 
molecules that can donate hydrogen atoms to damaged molecules are also considered as repair 
compounds. Molecules such as ascorbate or tocopherol can donate hydrogen atom to a fatty acid 
radical on cell membrane thereby repairing the membrane. Certain natural cellular or surface bar-
riers such as the skin or cell membranes act as indirect defense system against ROS by preventing 
exogenous ROS from entering the body or preventing certain endogenous ROS from reaching the 
target macromolecules. Though these indirect defense mechanisms are helpful against ROS, they 
are usually non-specific and do not act directly on the ROS.
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5.2. Direct defense mechanism

This category of defense system which constitutes the antioxidant system is the most impor-
tant because they directly act on free radicals either by decomposing, scavenging or convert-
ing free radicals to less reactive forms. This defense mechanism constitute two groups; the 
enzymatic and non-enzymatic antioxidants.

5.2.1. Enzymatic antioxidants

The enzymatic antioxidants include superoxide dismutase (SOD), catalase, glutathione reduc-
tase (GRx) and glutathione peroxidase (GPx).

Superoxide dismutase (SOD): SOD is an enzymatic antioxidant that exists in three forms in 
mammalian tissues and differs on their cofactor, subcellular location and tissue distribution. 
1. Copper zinc superoxide dismutase (CuZnSOD) is present in the cytoplasm and organelles 
of almost all mammalian cells [43]. This enzyme has a molecular mass of about 32,000 kDa 
with two protein subunits, each containing a catalytically active copper and zinc atom. 2. 
Manganese superoxide dismutase (MnSOD) has a molecular mass of 40,000 kDa and is found 
in the mitochondria of almost all cells [44]. It consists of four protein subunits, each contain-
ing a single manganese atom. 3. Extracellular superoxide dismutase (ECSOD) is a secretory 
copper and zinc containing SOD which is different from CuZnSOD [45]. It is synthesized 
only in fibroblasts and endothelial cells and expressed on the cell surface where it binds to 
heparan sulfates. Following its release from heparin, it is secreted into extracellular fluids and 
enters into the circulation. Superoxide dismutase catalyzes the dismutation of superoxide to 
hydrogen peroxide:

    O  2     −  +   O  2     −  +  2H   +  →  H  2    O  2   +  O  2  .  (11)

The hydrogen peroxide can then be removed by catalase or glutathione peroxidase.

Catalase: Catalase was the first antioxidant enzyme to be characterized. It is located mostly 
within the peroxisomes of cells which contain most of the enzymes capable of generating 
hydrogen peroxide. It consists of four protein subunits, each containing a haem group and 
a molecule of NADPH [46]. Catalase is mostly present in liver and erythrocytes showing the 
greatest activities but is found in other tissues. It catalyzes the conversion of hydrogen perox-
ide to water and oxygen in two stages:
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Glutathione peroxidases (GPx): Glutathione peroxidase is an enzyme which is synthesized 
mainly in the kidney and found in almost all tissues although it is highly found in the liver [47]. 
Its subcellular location is usually the cytosol and mitochondria. Selenium serves as its cofactor 
located at the active site of the enzyme and deficiency of selenium greatly affects the activity 
of the enzyme [48]. Glutathione peroxidases catalyze the oxidation of reduced glutathione 
(GSH) decomposing hydrogen peroxide or another species such as a lipid hydroperoxide:
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  ROOH + 2GSH → GSSG +  H  2   O + ROH.  (12)

The fact that GPx also acts on lipid hydroperoxides suggest it may be involved in repairing 
cellular damages due lipid peroxidation [49]. The activity of GPx is dependent on the constant 
availability of reduced glutathione which is regenerated from oxidized glutathione (GSSG).

Glutathione reductase (GRx): GRx is a flavine nucleotide dependent enzyme and has a simi-
lar tissue distribution to glutathione peroxidase [49]. The role of GRx is to generate GSH from 
GSSG using NADPH in order to increase the ratio of reduced to oxidized glutathione:

  GSSG + NADPH +  H   +  → 2GSH +  NADP   + .  (13)

The NADPH required by this enzyme to replenish the supply of reduced glutathione is pro-
vided by Glucose-6-phosphate dehydrogenase (G-6-PD) in the pentose phosphate pathway. 

Figure 2. Oxidative stress defence mechanism.
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Competing pathway that utilizes NADPH such as the aldose reductase pathway may lead 
to a deficiency of reduced glutathione thereby limiting the action of glutathione peroxidase.

5.2.2. Non-enzymatic antioxidants

The non-enzymatic antioxidants are usually low-molecular-weight antioxidant (LMWA) com-
pounds capable of preventing oxidative damage either by directly interacting with ROS or indi-
rectly by chelating metals [50]. Transition metals are directly chelated by some of this LMWA 
thereby preventing them from participating in metal-mediated Haber-Weiss reaction [51].  
Other direct acting LMWA molecules scavenge free radicals by donating electrons to free 
radicals to make them stable thereby preventing attacks of biological targets. These LMWA 
molecules also called scavengers may be advantageous over enzymatic antioxidants as they 
can penetrate cellular membranes and be localized in close proximity to the biological target 
due to their small size. More so, these non-enzymatic antioxidants can interact together to 
scavenge free radicals and their scavenging activity may be synergic. Most scavengers origi-
nate from endogenous sources, such as biosynthetic processes and waste-product generation 
by the cell. However, the number of LMWA synthesized by the living cell or generated as 
waste products such as histidine dipeptides, glutathione, uric acid, lipoic acid and bilirubin 
is limited [52]. More so, the concentration of scavenger must be sufficiently high to compete 
with the biological target on the deleterious species [50]. As such, exogenous sources of non-
enzymatic antioxidants especially from plant diet and phytochemicals are needed to supple-
ment the endogenous non-enzymatic antioxidants. The oxidative stress defense mechanism 
in humans is summarized in Figure 2.

6. Plants as source of antioxidants

Plants have long been consumed as food which is rich in vitamins and other nutrients that are 
useful for the body. Also, various plants were used in folk medicine for various therapeutic 
purposes. Though these uses, the notion of plant as a source of antioxidant became more 
evident in recent time as oxidative stress was considered a major attribute to most diseases 
in humans and the antioxidant defense system in human was usually not sufficient to over-
come the free radical level in the body. As such, plants have gained considerable interest as a 
source of antioxidants and so much research has been done to identify plants substances with 
antioxidant activities.

Like other humans, plants do have enzymatic and non-enzymatic antioxidant defense systems 
to protect them against free radicals. The enzymatic system includes catalase, SOD, glutathione 
peroxidase(GPx), and glutathione reductase (GRx) [7], while non-enzymatic systems consist of 
low molecular weight antioxidants (LMWA) such as ascorbic acid, proline, glutathione, carot-
enoids, flavonoids, phenolic acids, etc. and the high molecular weight antioxidants (HMWA) 
which are mostly secondary metabolites such as tannins [53]. The possible reason for the pres-
ence of these antioxidants in plants is that plants lack an immune system unlike animals thus, 
utilize the antioxidant defense system to protect them against microbial pathogens and animal 
herbivores. Also, these phytochemicals serve as a defense system against environmental stress.
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with the biological target on the deleterious species [50]. As such, exogenous sources of non-
enzymatic antioxidants especially from plant diet and phytochemicals are needed to supple-
ment the endogenous non-enzymatic antioxidants. The oxidative stress defense mechanism 
in humans is summarized in Figure 2.
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useful for the body. Also, various plants were used in folk medicine for various therapeutic 
purposes. Though these uses, the notion of plant as a source of antioxidant became more 
evident in recent time as oxidative stress was considered a major attribute to most diseases 
in humans and the antioxidant defense system in human was usually not sufficient to over-
come the free radical level in the body. As such, plants have gained considerable interest as a 
source of antioxidants and so much research has been done to identify plants substances with 
antioxidant activities.

Like other humans, plants do have enzymatic and non-enzymatic antioxidant defense systems 
to protect them against free radicals. The enzymatic system includes catalase, SOD, glutathione 
peroxidase(GPx), and glutathione reductase (GRx) [7], while non-enzymatic systems consist of 
low molecular weight antioxidants (LMWA) such as ascorbic acid, proline, glutathione, carot-
enoids, flavonoids, phenolic acids, etc. and the high molecular weight antioxidants (HMWA) 
which are mostly secondary metabolites such as tannins [53]. The possible reason for the pres-
ence of these antioxidants in plants is that plants lack an immune system unlike animals thus, 
utilize the antioxidant defense system to protect them against microbial pathogens and animal 
herbivores. Also, these phytochemicals serve as a defense system against environmental stress.
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6.1. Non-enzymatic plant antioxidants and their mode of action

Though plants have enzymatic antioxidants, it is usually difficult to isolate these enzymes for 
therapeutic uses in humans. Also, they are usually denatured during food processing, prepa-
ration and not sufficiently present in diets such as fruits and vegetables. On the contrary, 
non-enzymatic antioxidants are readily present in plants leaves, fruits and food in sufficient 
amounts and can easily be extracted from plants. For these reasons, this section will focus on 
the non-enzymatic plant antioxidants.

Glutathione: Glutathione is a low-molecular-weight, tripeptide of glutamic acid-cysteine-
glycine containing a thiol. It exist as GSH in its reduced form and 2 GSH molecules can be 
joined via oxidation at their SH groups of the cysteine residue into a disulfide bridge to form 
GSSG which is the oxidized form.

GSH generally acts as a cofactor for glutathione peroxidase, thus serving as an indirect anti-
oxidant by donating the necessary electrons for the decomposition of H2O2. GSH can directly 
scavenge ROS such as ROO•, OH• and RO• radicals as well as •O2 and HCLO•. Upon reacting 
with ROS, GSH becomes a glutathione radical, which can be reconverted to its reduced form 
[54]. Glutathione also has other cellular functions such metabolism of ascorbic acid [55]. Also, 
glutathione prevents the oxidation of SH protein groups and acts as a chelating agent for cop-
per preventing its participation in the Haber-Weiss reaction [54].

Vitamin E (α-tocopherol): Vitamin E is a lipid soluble antioxidant that functions as an effi-
cient ‘chain breaker’ during lipid peroxidation in cell membranes and various lipid particles 
including low-density lipoprotein (LDL). Its role is to scavenge lipid peroxyl radicals (LOO•) 
and to terminate the lipid peroxidation chain reactions [56].

   LOO   •  + α − tocopherol–OH → LOOH + α − tocopherol–  O   • .  (14)

Also, α-tocopherol can scavenge other ROS, such as •O2 to become tocopherolquinone and 
subsequently tocopherylquinone. However, it is not an efficient scavenger of OH• and alkoxyl 
(•OR) radicals in vivo [57]. The resultant tocopheroxyl radical in these reactions can be recy-
cled to its active form but this radical is relatively stable in normal circumstances and insuf-
ficiently reactive to initiate lipid peroxidation itself, which makes it a good antioxidant [58].

Ascorbic acid (Vitamin C): Ascorbic acid is a water-soluble antioxidant. It also functions as a 
chain breaker to terminate the lipid peroxidation chain reaction. In this reaction, it donates an 
electron to the lipid radical (LOO•) to become ascorbate radical. Two molecules of ascorbate 
radicals can react rapidly to produce a molecule of ascorbate and a molecule of dehydro-
ascorbate which do not have any scavenging activity. Dehydroascorbate can be reconverted 
to ascorbate by the addition of two electrons catalyzed by oxidoreductase. More so, ascorbate 
can react with GSH to regenerate vitamin E in cell membranes [59].

Vitamin A: Though not fully understood, vitamin A is considered as a vital antioxidant that 
prevents humans LDL against copper stimulated oxidation [60]. The antioxidant potential 
of vitamin A was first revealed by Monaghan and Schmitt who showed that vitamin A can 
protect lipids against rancidity [61].
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Bioflavonoids: This is a group of natural benzo-γ-pyran derivatives which are widely distributed 
in fruits and vegetables. They are the most abundant polyphenols found to possess strong antiox-
idant activities in scavenging free radicals. They have generally been reported to protect against 
hydroxyl radical induced DNA damage [62]. Also, bioflavonoids are capable of chelating metal 
ions, such as copper or iron thereby preventing the generation of ROS [63]. These bioflavonoids 
include flavonol, flavones, flavonolols, flavan-3-ols, flavonone, anthocyanidin, isoflavone, etc.

Flavonoids: In plants, most flavonoids are attached to sugars (glycosides), although they are 
occasionally found as aglycones. Most flavonoids are not completely absorbed and reach the 
circulatory system except for some flavan-3-ols and proanthocyanidins. Quercetin is a flavo-
nol, known to protect DNA from oxidative damage resulting from the attack of •OH, H2O2, 
and O2

• on DNA oligonucleotides. However, at high concentrations of cupric ion, quercetin is 
reported to be a carcinogenic agent by enhancing DNA damage via ROS [64]. Therefore, it is 
very important to consider the concentration of the chelating metal ions such as copper or iron 
while evaluating the protective or degenerative effects of quercetin and other bioflavonoids. 
Anthocyanidin is a class of flavonoids with antioxidant potentials. They are effective in the 
inhibition of lipid oxidation due to their metal ion-chelating activity.

In general, flavonoids are oxidized by radicals, resulting in a more stable, less-reactive radical. 
In this reaction, flavonoids stabilize the ROS by reacting with them to become a flavonoids 
radical. This is achieved due to high reactive hydroxyl group of the flavonoids as shown below.

  Flavonoid (OH)  +  R   •  → flavonoid ( O   • )  + RH  (15)

where R• is a free radical and O• is an oxygen free radical.

As reviewed from Nijveldt et al. [65], certain flavonoids can directly scavenge superoxides 
as well as peroxynitrite. Other flavonoids may act as antioxidants by inhibiting the activ-
ity of free radical generating enzymes such as xanthine oxidase and nitric-oxide synthase. 
Quercetin, rutin and silibin have shown to inhibit xanthine oxidase activity while silibin has 
been reported to inhibit nitric` oxide dose dependently. By scavenging radicals, flavonoids 
can inhibit LDL oxidation in vitro. This action protects the LDL particles and, theoretically, 
flavonoids may have preventive action against atherosclerosis.

Carotenoids: Carotenoids are among the common lipid soluble phytonutrients synthesized 
from phytoene. They include Xanthophyll (zeaxanthine, lutein) and Carotines (lycopene, 
b-carotene), the latter been the most abundant. Carotenoids are generally known to scav-
enge peroxyl radicals which are generated during the process of lipid peroxidation of cell 
membrane. As such, scavenging of peroxyl radicals prevents cellular lipids and membrane 
damage. Carotenoids are highly lipophilic and are known to play an important role in the 
protection of cellular membranes and lipoproteins against ROS due to their peroxyl radical 
scavenging activity [66]. Lycopene is the most potent antioxidant naturally present in many 
fruits and vegetables. The high number of conjugated double bonds in lycopene endows it 
with singlet oxygen quenching ability. Lycopene demonstrate the strongest singlet oxygen 
quenching ability as compared to α-tocopherol or β-carotene [67]. β-carotene is a naturally 
occurring orange-colored carotenoid, abundantly found in yellow orange fruits and in dark-
green leafy vegetables [68]. Just like lycopene, β-carotene is well-known to quench singlet 
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6.1. Non-enzymatic plant antioxidants and their mode of action

Though plants have enzymatic antioxidants, it is usually difficult to isolate these enzymes for 
therapeutic uses in humans. Also, they are usually denatured during food processing, prepa-
ration and not sufficiently present in diets such as fruits and vegetables. On the contrary, 
non-enzymatic antioxidants are readily present in plants leaves, fruits and food in sufficient 
amounts and can easily be extracted from plants. For these reasons, this section will focus on 
the non-enzymatic plant antioxidants.

Glutathione: Glutathione is a low-molecular-weight, tripeptide of glutamic acid-cysteine-
glycine containing a thiol. It exist as GSH in its reduced form and 2 GSH molecules can be 
joined via oxidation at their SH groups of the cysteine residue into a disulfide bridge to form 
GSSG which is the oxidized form.

GSH generally acts as a cofactor for glutathione peroxidase, thus serving as an indirect anti-
oxidant by donating the necessary electrons for the decomposition of H2O2. GSH can directly 
scavenge ROS such as ROO•, OH• and RO• radicals as well as •O2 and HCLO•. Upon reacting 
with ROS, GSH becomes a glutathione radical, which can be reconverted to its reduced form 
[54]. Glutathione also has other cellular functions such metabolism of ascorbic acid [55]. Also, 
glutathione prevents the oxidation of SH protein groups and acts as a chelating agent for cop-
per preventing its participation in the Haber-Weiss reaction [54].

Vitamin E (α-tocopherol): Vitamin E is a lipid soluble antioxidant that functions as an effi-
cient ‘chain breaker’ during lipid peroxidation in cell membranes and various lipid particles 
including low-density lipoprotein (LDL). Its role is to scavenge lipid peroxyl radicals (LOO•) 
and to terminate the lipid peroxidation chain reactions [56].

   LOO   •  + α − tocopherol–OH → LOOH + α − tocopherol–  O   • .  (14)

Also, α-tocopherol can scavenge other ROS, such as •O2 to become tocopherolquinone and 
subsequently tocopherylquinone. However, it is not an efficient scavenger of OH• and alkoxyl 
(•OR) radicals in vivo [57]. The resultant tocopheroxyl radical in these reactions can be recy-
cled to its active form but this radical is relatively stable in normal circumstances and insuf-
ficiently reactive to initiate lipid peroxidation itself, which makes it a good antioxidant [58].

Ascorbic acid (Vitamin C): Ascorbic acid is a water-soluble antioxidant. It also functions as a 
chain breaker to terminate the lipid peroxidation chain reaction. In this reaction, it donates an 
electron to the lipid radical (LOO•) to become ascorbate radical. Two molecules of ascorbate 
radicals can react rapidly to produce a molecule of ascorbate and a molecule of dehydro-
ascorbate which do not have any scavenging activity. Dehydroascorbate can be reconverted 
to ascorbate by the addition of two electrons catalyzed by oxidoreductase. More so, ascorbate 
can react with GSH to regenerate vitamin E in cell membranes [59].

Vitamin A: Though not fully understood, vitamin A is considered as a vital antioxidant that 
prevents humans LDL against copper stimulated oxidation [60]. The antioxidant potential 
of vitamin A was first revealed by Monaghan and Schmitt who showed that vitamin A can 
protect lipids against rancidity [61].
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Bioflavonoids: This is a group of natural benzo-γ-pyran derivatives which are widely distributed 
in fruits and vegetables. They are the most abundant polyphenols found to possess strong antiox-
idant activities in scavenging free radicals. They have generally been reported to protect against 
hydroxyl radical induced DNA damage [62]. Also, bioflavonoids are capable of chelating metal 
ions, such as copper or iron thereby preventing the generation of ROS [63]. These bioflavonoids 
include flavonol, flavones, flavonolols, flavan-3-ols, flavonone, anthocyanidin, isoflavone, etc.

Flavonoids: In plants, most flavonoids are attached to sugars (glycosides), although they are 
occasionally found as aglycones. Most flavonoids are not completely absorbed and reach the 
circulatory system except for some flavan-3-ols and proanthocyanidins. Quercetin is a flavo-
nol, known to protect DNA from oxidative damage resulting from the attack of •OH, H2O2, 
and O2

• on DNA oligonucleotides. However, at high concentrations of cupric ion, quercetin is 
reported to be a carcinogenic agent by enhancing DNA damage via ROS [64]. Therefore, it is 
very important to consider the concentration of the chelating metal ions such as copper or iron 
while evaluating the protective or degenerative effects of quercetin and other bioflavonoids. 
Anthocyanidin is a class of flavonoids with antioxidant potentials. They are effective in the 
inhibition of lipid oxidation due to their metal ion-chelating activity.

In general, flavonoids are oxidized by radicals, resulting in a more stable, less-reactive radical. 
In this reaction, flavonoids stabilize the ROS by reacting with them to become a flavonoids 
radical. This is achieved due to high reactive hydroxyl group of the flavonoids as shown below.

  Flavonoid (OH)  +  R   •  → flavonoid ( O   • )  + RH  (15)

where R• is a free radical and O• is an oxygen free radical.

As reviewed from Nijveldt et al. [65], certain flavonoids can directly scavenge superoxides 
as well as peroxynitrite. Other flavonoids may act as antioxidants by inhibiting the activ-
ity of free radical generating enzymes such as xanthine oxidase and nitric-oxide synthase. 
Quercetin, rutin and silibin have shown to inhibit xanthine oxidase activity while silibin has 
been reported to inhibit nitric` oxide dose dependently. By scavenging radicals, flavonoids 
can inhibit LDL oxidation in vitro. This action protects the LDL particles and, theoretically, 
flavonoids may have preventive action against atherosclerosis.

Carotenoids: Carotenoids are among the common lipid soluble phytonutrients synthesized 
from phytoene. They include Xanthophyll (zeaxanthine, lutein) and Carotines (lycopene, 
b-carotene), the latter been the most abundant. Carotenoids are generally known to scav-
enge peroxyl radicals which are generated during the process of lipid peroxidation of cell 
membrane. As such, scavenging of peroxyl radicals prevents cellular lipids and membrane 
damage. Carotenoids are highly lipophilic and are known to play an important role in the 
protection of cellular membranes and lipoproteins against ROS due to their peroxyl radical 
scavenging activity [66]. Lycopene is the most potent antioxidant naturally present in many 
fruits and vegetables. The high number of conjugated double bonds in lycopene endows it 
with singlet oxygen quenching ability. Lycopene demonstrate the strongest singlet oxygen 
quenching ability as compared to α-tocopherol or β-carotene [67]. β-carotene is a naturally 
occurring orange-colored carotenoid, abundantly found in yellow orange fruits and in dark-
green leafy vegetables [68]. Just like lycopene, β-carotene is well-known to quench singlet 
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Oxidative stress 
diseases

Plant Phytochemical Mechanism of action References

Cardiovascular 
disease

Euterpe oleracea Flavonoids In vitro atheroprotective 
effects

[92]

Flos chrysanthemi Flavonoids Vasodilating effects and 
protected vasodilator 
reactivity

[93]

Gnetum macrostachyum Stilbenoids Antioxidant and anti-
inflammation activities

[94]

Polyphenols Crocin, carotenoid protected oxidative stress-
induced apoptosis of 
platelets

[95]

Anti-obesity Vaccinium floribundum

Aristotelia chilensis

Anthocyanins, 
proanthocyanidins

Limits adipogenesis and 
inflammatory pathways 
in vitro

[96]

Grape products Polyphenol Antioxidant action, 
blocking proinflammatory 
cytokines

[97]

Diabetes Ascophyllum nodosum Phenolics Antioxidant activity and 
anti-diabetic effect

[98]

Chrysobalanus icaco Polyphenolics Strong antioxidant action 
and reduction of glycemia 
in rats

[99]

------------------ Curcumin Anti-inflammatory and 
anti-oxidant activities

[100]

Polyphenol Butein Inhibit formation of 
nitric oxide in vitro and 
protecting pancreatic β-cells 
against cytokine-induced 
toxicity

[101]

Cancer Polyphenols Ellagitannins and 
epicatechin

Anticarcinogenic properties [102]

Green tea, grape seeds Polyphenols, 
proanthocyanidins

Protect the skin from the 
adverse effects of UV 
radiation preventing risk of 
skin cancers

[103]

Aging Elaeis guineensis leaves Methanol extract High antioxidant activities 
and potential ability as an 
anti-aging agent

[104]

Epigallocatechin gallate Crude extract Extended lifespan of 
healthy rats by reducing 
the damage of liver and 
kidney and improving age-
associated inflammation 
and oxidative stress 
through inhibiting NF-β 
signaling

[105]

Alzheimer’s 
disease

Crataegus pinnatifida 
fruit

Crude extract Potential neuroprotective 
activity for preventing 
oxidative-related disorders 
in vitro

[106]

Free Radicals and the Role of Plant Phytochemicals as Antioxidants Against Oxidative Stress-Related Diseases
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Oxidative stress 
diseases

Plant Phytochemical Mechanism of action References

Cardiovascular 
disease

Euterpe oleracea Flavonoids In vitro atheroprotective 
effects

[92]

Flos chrysanthemi Flavonoids Vasodilating effects and 
protected vasodilator 
reactivity

[93]

Gnetum macrostachyum Stilbenoids Antioxidant and anti-
inflammation activities

[94]

Polyphenols Crocin, carotenoid protected oxidative stress-
induced apoptosis of 
platelets

[95]

Anti-obesity Vaccinium floribundum

Aristotelia chilensis

Anthocyanins, 
proanthocyanidins

Limits adipogenesis and 
inflammatory pathways 
in vitro

[96]

Grape products Polyphenol Antioxidant action, 
blocking proinflammatory 
cytokines

[97]

Diabetes Ascophyllum nodosum Phenolics Antioxidant activity and 
anti-diabetic effect

[98]

Chrysobalanus icaco Polyphenolics Strong antioxidant action 
and reduction of glycemia 
in rats

[99]

------------------ Curcumin Anti-inflammatory and 
anti-oxidant activities

[100]

Polyphenol Butein Inhibit formation of 
nitric oxide in vitro and 
protecting pancreatic β-cells 
against cytokine-induced 
toxicity

[101]

Cancer Polyphenols Ellagitannins and 
epicatechin

Anticarcinogenic properties [102]

Green tea, grape seeds Polyphenols, 
proanthocyanidins

Protect the skin from the 
adverse effects of UV 
radiation preventing risk of 
skin cancers

[103]

Aging Elaeis guineensis leaves Methanol extract High antioxidant activities 
and potential ability as an 
anti-aging agent

[104]

Epigallocatechin gallate Crude extract Extended lifespan of 
healthy rats by reducing 
the damage of liver and 
kidney and improving age-
associated inflammation 
and oxidative stress 
through inhibiting NF-β 
signaling

[105]

Alzheimer’s 
disease

Crataegus pinnatifida 
fruit

Crude extract Potential neuroprotective 
activity for preventing 
oxidative-related disorders 
in vitro

[106]
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oxygen with higher efficiency as compared to the α-tocopherol. More so, β-carotene can 
be cleaved by β-carotene-15,150-dioxygenase into the two molecules of vitamin A, another 
antioxidant.

Hydroxycinnamates: Hydroxycinnamic acids which include ferulic acid, caffeic acid, 
p-coumaric acid, sinapic acid are another category of dietary antioxidants that are known 
to protect LDL from oxidation and can prevent coronary heart disease and atherosclerosis 
[69]. In vitro studies involving human LDL as the oxidizing substrate have shown hydroxy-
cinnamic acids to have higher antioxidant activity than hydroxybenzoic acids [70].

6.2. Plants with antioxidant properties

Several plants are known to possess antioxidant properties due to the presence of certain 
phytochemicals that have been shown to exhibit antioxidant activities in in vitro and in vivo 
studies as well as in humans. Consumption of vegetables and fruits rich in antioxidant phy-
tochemicals has proven to increase the antioxidant capacity of serum/plasma. For example, 
consumption of strawberries, red wine, vitamin C or spinach in elderly women significantly 
increased the total antioxidant capacity of serum as well as plasma vitamin C levels [71]. 
Also, another study showed the plasma antioxidant capacity to significantly increase after 
consuming 10 servings of fruits and vegetables per day for 15 days [72]. Apart from vitamins 
present in these fruits and vegetables, other plant phytochemicals could be accountable for 
the increased total antioxidant capacity in serum as other studies have shown the presence 
of anthocyanins in human serum [73]. More so, apples are highly rich in phenolics and fla-
vonoids thus polyphenols may also be accountable for total antioxidant activity in serum. As 
such, phytochemicals in fruits and vegetables could interact together such that their additive 
and synergistic effects could potentiate their antioxidant activities [74]. The pathogenesis of 
some chronic diseases such as cardiovascular diseases, type 2 diabetes, cancer etc. is accom-
panied by chronic inflammation which is mediated by the release of free radicals by inflam-
matory cells [75, 76]. Several antioxidant phytochemicals including resveratrol, anthocyanins, 
and curcumin, have been found to have anti-inflammatory action via inhibition of prosta-
glandin production, enzyme inhibition and nuclear factor-kB activity, as well as increase of 
cytokine production [77]. This section highlights on some plants which have shown to possess 
antioxidant activities in vitro and in vivo as well as antioxidant phytochemicals against certain 
oxidative stress diseases with their mode of action as summarized in Tables 2 and 3.

Oxidative stress 
diseases

Plant Phytochemical Mechanism of action References

Aegle marmelos Ethyl acetate extract Antioxidant activity 
as well as potential 
acetylcholinesterase 
inhibitory property

[107]

Curcumin Reduced levels of 
oxidative stress and 
attenuated increased 
acetylcholinesterase in mice

[108]

Table 3. Some plants/phytochemicals with therapeutic effects on oxidative stress-related diseases and possible 
mechanism of action.
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7. Conclusion

Obvious deleterious effects of free radicals as regards man’s heath cannot be over emphasized. 
Oxidative stress due to overwhelming levels of free radicals has promoted the progression of dis-
eases such as diabetes, cancer, cardiovascular diseases, atherosclerosis etc. and even aging. Plants 
phytochemicals and some vitamins have shown to possess antioxidant properties capable of scav-
enging free radicals, preventing cellular damages and related diseases via several mechanisms. 
As such, plants phytochemicals are now being considered as the most sustainable alternative 
source of antioxidants to supplement the endogenous oxidative stress defense system in humans. 
Continuous efforts are needed to characterize plants phytochemicals for their antioxidant poten-
tials and mode of action for various therapeutic uses against oxidative stress-related diseases while 
regular consumption of fruits and vegetables are encouraged for the prevention of these diseases.
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Abstract

Anthocyanins are one of the most widespread natural pigments in the plant kingdom. 
Being surrounded by so many fruits and vegetables rich in anthocyanins, it is recom-
mended to consume a relatively large amount of them. A daily intake of anthocyanins 
has a certain demonstrated benefits: lowers the risk of cardiovascular disease, diabetes, 
arthritis, and cancer due, at least in part, to their antioxidant and anti-inflammatory 
activities. Lately, great attention is paid to their anticancer properties due to the need for 
user-friendly approaches to improve the treatment. So far, cancer had been nominated to 
be the second in top 10 diseases of the twenty-first century. Those colorful pigments have 
the ability to modulate the activity of multiple targets involved in carcinogenesis through 
direct interaction or modulation of gene expression and can also inhibit the growth of 
cancer cells. However, the main concern related to the use of anthocyanins as anticancer 
agents is their poor bioavailability, more specific poor absorption, and biodistribution. In 
this chapter, the anticancer activities of anthocyanins or anthocyanin-rich extracts in vitro 
or in vivo were reviewed.

Keywords: anthocyanins, berries, cancer

1. Introduction

Anthocyanins are cell vacuole components, abundant flavonoid constituents, which are 
responsible for the varied colors (red, purple, and blue) of flowers, vegetables, or fruits. 
Apart from fruits and flowers, anthocyanins also are also accumulated in vegetative tissues 
where they are considered to confer protection against various biotic and abiotic stresses 
[1–4]. They are the largest and the most important group of water-soluble plant pigments. 
Berries, grapes, apples, purple cabbage, black soybean, and black rice are some examples of 

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Chapter 5

Anthocyanins-Smart Molecules for Cancer Prevention

Zorița M. Diaconeasa, Alexandra D. Frond,
Ioana Ştirbu, Dumitrița Rugina and Carmen Socaciu

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.79613

Provisional chapter

DOI: 10.5772/intechopen.79613

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons  
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,  
distribution, and reproduction in any medium, provided the original work is properly cited. 

Anthocyanins-Smart Molecules for Cancer Prevention

Zorița M. Diaconeasa, Alexandra D. Frond, 
Ioana Ştirbu, Dumitrița Rugina and Carmen Socaciu

Additional information is available at the end of the chapter

Abstract

Anthocyanins are one of the most widespread natural pigments in the plant kingdom. 
Being surrounded by so many fruits and vegetables rich in anthocyanins, it is recom-
mended to consume a relatively large amount of them. A daily intake of anthocyanins 
has a certain demonstrated benefits: lowers the risk of cardiovascular disease, diabetes, 
arthritis, and cancer due, at least in part, to their antioxidant and anti-inflammatory 
activities. Lately, great attention is paid to their anticancer properties due to the need for 
user-friendly approaches to improve the treatment. So far, cancer had been nominated to 
be the second in top 10 diseases of the twenty-first century. Those colorful pigments have 
the ability to modulate the activity of multiple targets involved in carcinogenesis through 
direct interaction or modulation of gene expression and can also inhibit the growth of 
cancer cells. However, the main concern related to the use of anthocyanins as anticancer 
agents is their poor bioavailability, more specific poor absorption, and biodistribution. In 
this chapter, the anticancer activities of anthocyanins or anthocyanin-rich extracts in vitro 
or in vivo were reviewed.

Keywords: anthocyanins, berries, cancer

1. Introduction

Anthocyanins are cell vacuole components, abundant flavonoid constituents, which are 
responsible for the varied colors (red, purple, and blue) of flowers, vegetables, or fruits. 
Apart from fruits and flowers, anthocyanins also are also accumulated in vegetative tissues 
where they are considered to confer protection against various biotic and abiotic stresses 
[1–4]. They are the largest and the most important group of water-soluble plant pigments. 
Berries, grapes, apples, purple cabbage, black soybean, and black rice are some examples of 

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



rich anthocyanins fruits and vegetables. In their natural environments, plants are vulner-
able because of multiple attacks by many different species of herbivores and also pathogens 
[5]. A vast spectrum of secondary metabolites have been demonstrated to act against their 
predators [6]. Among them are the phenolics, a large group of structurally diverse com-
pounds, as well as certain flavonoids such as the anthocyanins. There are several ways 
anthocyanins assist plants in their defense against other organisms, such as chemical repel-
lents and visual signals [7]. Along with other flavonoids, certain anthocyanins have demon-
strable antiviral, antibacterial, and fungicidal activities. Also, it is generally accepted that 
the colors of flowers and fruits enhance reproductive success by facilitating communication 
between plants, their pollinators, and seed-dispersers [8]. Another positive propriety of 
anthocyanins is that they have demonstrated to exhibit antioxidant potential in vitro and in 
vivo. The antioxidant potential of anthocyanins have been demonstrated in vitro using sev-
eral cell culture lines including ovarian, colon, endothelial liver, breast, leukemic cells, and 
keratinocytes [9–17]. Applied in vitro as treatment, anthocyanins have exhibited multiple 
antiproliferative and anticarcinogenic effects [18, 19]. The antioxidant activity of anthocya-
nins is a great property and was demonstrated that their chemical structure seems to be 
responsible for that [20–23].

2. Chemical structure of anthocyanins

Anthocyanins occur naturally in fruits and vegetables as glycosides, having one or more 
sugar attached to an aglycone nucleus (anthocyanidin). Their aglycones share a C6-C3-C6 
carbon skeleton, characterized by the presence of two benzyl rings (A and B) and a heterocy-
clic ring (C) [24].

Figure 1. Chemical structure of the six most common anthocyanidins.
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According to hydroxylation and methylations on the different positions of the rings, there 
are close to 25 different aglycones [25]. They exist in natural products, mainly in a form com-
bined with glucose, galactose, and rhamnose, the more common sugar moieties attached 
to the aglycone but others sugars are also frequently found, and can be divided into at 
least six common types, such as pelargonidin, cyanidin, delphinidin, peonidin, petunidin, 
and malvidin, according to the different substituent groups on flavylium B-ring (Figure 1) 
[26, 27]. The sugars attached to the aglycone may in turn be further linked to other sugars 
through glyosidic bonds or acylated with organic aromatic or aliphatic acids [28]. One of 
the most striking properties linked to their chemical structure is that their color changes 
depending on the pH. They are natural pH indicators; they appear pink at low pH, purple 
in neutral conditions, and greenish-yellow in basics but the most stable form dominates at 
low pH [26].

3. Anthocyanins’ potential health benefits

Since we consume a great amount of fruits, the daily intake of anthocyanins is highly variable 
and dependent on eating habits. Residents of the United States consume about 12.5 mg/day 
while in Europe, a highest consumption was found in Italy, about 64.9 mg/day [29, 30]. Many 
studies have suggested that anthocyanins have antioxidant, anti-inflammatory, and anti-
carcinogenic properties and lower the risk of cardiovascular disease, diabetes, arthritis, and 
cancer due, at least in part, to their antioxidant and anti-inflammatory activities (Figure 2) 
[19, 26, 31, 32].

Figure 2. Anticancer properties of anthocyanins.
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Reactive oxygen species (ROS) are produced by all aerobic cells and are important to the 
immune system, cell signaling, and many other normal body functions. They can elicit cel-
lular damage, leading to degenerative diseases such as inflammation, cardiovascular disease, 
cancer, and aging if ROS are excessively produced [33–35]. As we mention previously, antho-
cyanins are potent antioxidants and their effectiveness has been tested in vitro and in vivo. 
They quench free radicals and terminate the chain reaction that is responsible for the oxida-
tive damage. Because of the pH in the human body, their antioxidant activity at a neutral pH 
has a particular importance [36]. To assess the in vivo antioxidant activity of anthocyanins, 
an anthocyanin mixture was administered to mice/rats that were subjected to psychological 
stress [37, 38]. It was noticed that anthocyanins have similar antioxidant potency as vitamin E 
(α-tocopherol). Dietary anthocyanins have the potential to increase serum antioxidant capac-
ity and thereby protect against LDL oxidation and prevent cardiovascular diseases as dem-
onstrated in a human trial [39]. Deposits oxidized cholesterol into the artery wall can lead to 
atherosclerosis and eventually cardiovascular diseases [40]. Several studies have shown that 
anthocyanins have anti-obesity effect on high-fat diets and consequently may contribute to 
the prevention of type 2 diabetes. One of the studies demonstrates that black soybean antho-
cyanins were found to effectively reverse the weight gain of high-fat diet group rats [41]. 
Moreover, a number of different reports indicate that consumption of fruits and vegetables, 
especially rich in polyphenols, decrease the incidence of type-2 diabetes, a condition associ-
ated with insulin resistance [42, 43]. Nevertheless, evidence in the use of anthocyanins to 
improve night vision was also revealed in other scientific articles [44, 45].

4. Anticancer properties of anthocyanins

The uncontrolled growth of cells which can invade and spread to distant sites of the body is 
a global health problem, called cancer, with high mortality. Prevention and routine monitor-
ing are critical to early and accurate diagnosis. Most therapeutic options do not offer cure 
but rather a deceleration of cancer progression. They not only aim at life extension and the 
improvement of patients’ life quality but also often they have multiple side effects. In recent 
years, fruit and vegetables, including soft fruits such as berries, may represent a valid alterna-
tive than drugs with undesirable side and adverse effects, because of their chemopreventive 
or chemotherapeutic properties against certain diseases, such as cancer. Recent studies on the 
cancer preventative activities of the anthocyanins include results from in vitro cell culture and 
in vivo animal model tumor systems, as well as data from human epidemiological studies. 
Cancer cells differ from normal cells by a number of characteristics, thus being different in 
morphology and function. Anthocyanins can attack cancer cells due to these differences and 
cause a number of effects. A significant characteristic of cancer cells is their uncontrolled cell 
cycle, which leads to continuous division and proliferation. Pure anthocyanins and anthocy-
anin-rich extracts have demonstrated to inhibit cell proliferation by the ability of anthocya-
nins to block various stages of the cell cycle [46, 47]. Moreover, they can selectively inhibit 
the proliferation of cancer cells, but have little influence on the proliferation of normal cells 
[48, 49]. Anthocyanins have demonstrated to induce the apoptosis of cancer cells through the 
internal mitochondrial pathway and the external death receptor pathway. Usually, apoptosis, 
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the programed cell death, in tumor cells is not present; therefore, dead cells cannot be elimi-
nated normally. Cancer cells have deregulated several genes to avoid the apoptosis, such as 
p53, and these cells have high resistance to death compared with normal cells. In the intrinsic 
pathway, cytochrome c release and modulation of caspase-dependent anti- and proapoptotic 
proteins appear as an increase in mitochondrial membrane potential, because of anthocy-
anin treatment on cancer cells. In the extrinsic pathway, the expression of FAS and FASL is 
modulated by anthocyanins resulting apoptosis in cancer cells [50–52]. Lately, anthocyanins 
have been shown to suppress angiogenesis through several mechanisms such as: inhibition 
of H2O2 and tumor necrosis factor alpha (TNF-α)-induced VEGF expression in epidermal 
keratinocytes and by reducing VEGF and VEGF receptor expression in endothelial cells [53]. 
Angiogenesis is the physiological process of forming new blood vessels from the existing 
vascular network for the growth and metastasis of malignant tumors. The process of angio-
genesis is controlled by multiple cytokines, of which the most important factor is vascular 
endothelial growth factor (VEGF); therefore, inhibiting the receptor of angiogenesis vascular 
endothelial growth factor receptor (VEGFR) could inhibit the metastasis of tumors effectively 
[18]. Anthocyanins were found to inhibit cancer cell invasion by reducing the expression of 
matrix metalloproteinase (MMP) and urokinase plasminogen activator (u-PA), both of which 
degrade extracellular matrix as part of the invasive process and, by stimulating the expres-
sion of inhibitors, both of which counteract the action of MMP and uPA [54]. There are two 
main aspects of cancer cells that threaten patient’s health and life: invasion and metastasis. 
Successful tumor cell extravasation is successful by facilitating degradation of the extracellu-
lar matrix barriers. The balance of activated proteases and their naturally occurring inhibitors 
determine the degradation of the basement membrane [55].

5. In vivo studies

In carcinogen-treated animals and also animals with a hereditary predisposition to cancer, 
anthocyanins have been shown to inhibit the development of cancer. Moreover, they have 
been proven effective in: esophageal cancer, colon cancer, skin cancer, and lung cancer. After 
treatment, administration in different forms, such as anthocyanin-rich tart cherry extract, 
black raspberry powder, lyophilized black raspberries or ethanol: H2O extract from berries, 
certain effects, were observed. All diets were equally effective in preventing the development 
of tumors, reducing tumor numbers by 42–47%, suggesting that anthocyanins in the fruits are 
important for their chemopreventive activity. A small summary of several types of cancer will 
be discussed further.

5.1. Colon cancer

Colon cancer is one of the most prevalent diseases across the world. In the United States, colon 
cancer is the second most prevalent cause of death from cancer in men and women after lung 
cancer, with approximately 50,310 causes of death [56]. In Europe, colorectal cancer is the 
second most common cancer, with 50,000 new cases diagnosed in 2012 [57]. The development 
of colon cancer is associated with high alcohol consumption, high-fat diet poor in fiber, red 
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meat, obesity, smoking, lack of physical exercise, diabetes, inflammatory bowel disease, and 
some genetic and epigenetic alterations as: microsatellite instability, chromosomal instability, 
mutation of p53 gene is one of the familiar genetic changes in the development of colon cancer, 
and several others [58]. A very recent study published in 2017, used a mouse model, which 
treated them comparatively with azoxymethan (AOM)/dextran sodium sulfate (DSS) and 
anthocyanin-rich extract from bilberries for colon cancer development [59]. The anthocyanin 
extract administered to mice resulted in less inflammation of the colon and a reduced number 
of tumors than the control group. The formation and the growth of colorectal cancer in AOM/
DSS-treated Balb/c mice were prevented by anthocyanins. Another in vivo study investigated 
the chemopreventive activity of commercially available anthocyanin-rich extracts of bilberry, 
chokeberry, and grape prepared for the food industry [60] Colon cancer male rats treated 
with a colon carcinogen, azoxymethane, had multiple biomarkers investigated such as: the 
number and multiplicity of colonic aberrant crypt foci, colonic cell proliferation, urinary lev-
els of oxidative DNA damage, and expression of cyclooxygenase (COX) genes. Compared to 
the control group, rats fed with different extracts showed several changes. In rats fed with 
bilberry, chokeberry, and grape extracts, the number of large aberrant crypt foci was reduced. 
The bilberry and chokeberry diet decreased the colonic cellular proliferation, and the grape 
and bilberry diets had lower COX-2 mRNA expression of gene. These results clearly support 
the chemopreventive activity of tested extracts.

5.2. Breast cancer

Breast cancer is the second most common cause of cancer-associated mortalities in women. 
The American Cancer Society estimated that 60,290 new cases of breast carcinoma in situ were 
expected to be diagnosed among women in the United States during 2015 [61]. Understanding 
the biology of the human epidermal growth factor receptor 2 (HER2) helps with the classi-
fication, prognosis, and treatment of breast cancer because of the overexpression of HER2 
identified in 15–20% cases. HER2 is involved in proliferation, angiogenesis, invasion, and 
metastasis [62]. A group of scientists have used injection of cyaniding-3-glucoside and 
peonidin-3-glucoside to evaluate the effect on the tumors of the rats used in the experiments 
[63]. Compared with the control group, the tumors treated with cyanidin-3-glucoside and 
peonidin-3-glucoside expressed lower levels of HER2 as well as Ki67, a proliferation marker, 
demonstrated with histopathological studies. Also, the treated tumors expressed higher lev-
els of caspase 3, showing the apoptotic effect of the treatment. A recent published study [64] 
evaluated the cytotoxicity of an anthocyanin-rich extract from black rice (AEBR) on breast 
cancer cells in vitro and in vivo. This study demonstrated that black rice extract has promising 
roles against breast cancer. The oral administration of anthocyanin-rich extract from black rice 
(100 mg/kg/day) on nude mice bearing MDAMB-453 cell xenografts, significantly suppressed 
tumor growth and angiogenesis, as well as antagonized VEGF activity.

5.3. Lung cancer

Lung cancer emerged as the most common cancer worldwide, with 1.8 million new cases 
in 2012 [57]. The treatment and prevention for lung cancer remains scarce, comparing too 
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many other types of cancer (e.g., breast and prostate). Also, there are no standard practices 
for the prevention of lung cancer recurrence and metastasis, so there is a great need for some 
unconventional, user-friendly approaches to improve the treatment and prevent or delay 
the recurrent lung disease. A recent study published in 2016, investigated the tumor inhibi-
tory activity of diet supplemented with blackberry, alone and in combination with black 
raspberry, against lung tumor xenograft using nude mice [65]. Their findings indicated that 
the mixture of blackberry and black raspberry resulted in higher inhibition of tumor growth 
vs. blackberry alone. Also, the combination between delphinidin (bioactive in blackberries) 
and punicalagin (bioactive in black raspberry, which gets converted to ellagic acid in vivo) 
determined a higher tumor growth inhibition than delphinidin alone. In another study, two 
bioactive compounds, peonidin 3-glucoside and cyanidin 3-glucoside, were isolated and 
identified the from Oryza sativa L. Moreover, those compounds were used to treat various 
cancer cells. They have demonstrated the inhibition on the growth of Lewis lung carcinoma 
cells in vivo [66].

5.4. Skin cancer

Malignant melanoma of skin accounted for 232,000 new cases, and the regions affected are 
largely those with white populations [57]. Melanoma skin cancer originates in melanocytes, 
specialized pigment-producing cells found in both the basal layer of the epidermis. Solar 
UVB radiation has been implicated as the main cause for skin cancer [67]. Early diagnosis 
is the key for curing this potentially deadly disease. Also prevention is playing a crucial 
role in spotting melanomas at earlier and more curable stages [68]. Biochemotherapy, 
the coadministration of traditional chemotherapeutic drugs and biological agents, show 
a higher response rate for patients than classical treatments that are based only on che-
motherapy alone [69–72]. Most anticancer treatments are derived from natural resources 
such as marine, microbial, and botanical sources [72]. Natural supplements, a rich diet in 
antioxidants used as a complementary medication, become a common field of research 
in order to develop new products originating from natural sources with antioxidant and 
chemopreventive properties. The ability of anthocyanins to influence parameters of skin 
tumor development on mice was demonstrated in various studies. SKH-1 hairless mouse 
was used in order to investigate the photo-chemopreventive effect of delphinidin on UVB-
induced biomarkers of skin cancer development [17]. After the treatment, the results sug-
gest that delphinidin inhibited UVB-mediated oxidative stress and reduced DNA damage, 
thereby protecting the cells from UVB-induced apoptosis. The antitumor activity of the 
anthocyanins extract from Fructus Sorbi aucupariae on B-16 melanoma in C57BI/6 mice was 
also demonstrated [73]. The study revealed an increase in the counts of stromal progenitor 
cells in the tumor node and their accelerated maturation. The potentiation of the antimeta-
static activity of the cytostatic was demonstrated as well. The inhibitory effects of mulberry 
anthocyanins on the metastasis of B16-F1 cells under noncytotoxic concentrations were 
investigated. The findings of the study have demonstrated that mulberry anthocyanins 
have strong anticancer effects by inhibiting the metastasis ability of B16-F1 cells. Further 
investigations revealed that the antimetastatic effect of these compounds was also evident 
in a C57BL/6 mice model.
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meat, obesity, smoking, lack of physical exercise, diabetes, inflammatory bowel disease, and 
some genetic and epigenetic alterations as: microsatellite instability, chromosomal instability, 
mutation of p53 gene is one of the familiar genetic changes in the development of colon cancer, 
and several others [58]. A very recent study published in 2017, used a mouse model, which 
treated them comparatively with azoxymethan (AOM)/dextran sodium sulfate (DSS) and 
anthocyanin-rich extract from bilberries for colon cancer development [59]. The anthocyanin 
extract administered to mice resulted in less inflammation of the colon and a reduced number 
of tumors than the control group. The formation and the growth of colorectal cancer in AOM/
DSS-treated Balb/c mice were prevented by anthocyanins. Another in vivo study investigated 
the chemopreventive activity of commercially available anthocyanin-rich extracts of bilberry, 
chokeberry, and grape prepared for the food industry [60] Colon cancer male rats treated 
with a colon carcinogen, azoxymethane, had multiple biomarkers investigated such as: the 
number and multiplicity of colonic aberrant crypt foci, colonic cell proliferation, urinary lev-
els of oxidative DNA damage, and expression of cyclooxygenase (COX) genes. Compared to 
the control group, rats fed with different extracts showed several changes. In rats fed with 
bilberry, chokeberry, and grape extracts, the number of large aberrant crypt foci was reduced. 
The bilberry and chokeberry diet decreased the colonic cellular proliferation, and the grape 
and bilberry diets had lower COX-2 mRNA expression of gene. These results clearly support 
the chemopreventive activity of tested extracts.

5.2. Breast cancer

Breast cancer is the second most common cause of cancer-associated mortalities in women. 
The American Cancer Society estimated that 60,290 new cases of breast carcinoma in situ were 
expected to be diagnosed among women in the United States during 2015 [61]. Understanding 
the biology of the human epidermal growth factor receptor 2 (HER2) helps with the classi-
fication, prognosis, and treatment of breast cancer because of the overexpression of HER2 
identified in 15–20% cases. HER2 is involved in proliferation, angiogenesis, invasion, and 
metastasis [62]. A group of scientists have used injection of cyaniding-3-glucoside and 
peonidin-3-glucoside to evaluate the effect on the tumors of the rats used in the experiments 
[63]. Compared with the control group, the tumors treated with cyanidin-3-glucoside and 
peonidin-3-glucoside expressed lower levels of HER2 as well as Ki67, a proliferation marker, 
demonstrated with histopathological studies. Also, the treated tumors expressed higher lev-
els of caspase 3, showing the apoptotic effect of the treatment. A recent published study [64] 
evaluated the cytotoxicity of an anthocyanin-rich extract from black rice (AEBR) on breast 
cancer cells in vitro and in vivo. This study demonstrated that black rice extract has promising 
roles against breast cancer. The oral administration of anthocyanin-rich extract from black rice 
(100 mg/kg/day) on nude mice bearing MDAMB-453 cell xenografts, significantly suppressed 
tumor growth and angiogenesis, as well as antagonized VEGF activity.

5.3. Lung cancer

Lung cancer emerged as the most common cancer worldwide, with 1.8 million new cases 
in 2012 [57]. The treatment and prevention for lung cancer remains scarce, comparing too 
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many other types of cancer (e.g., breast and prostate). Also, there are no standard practices 
for the prevention of lung cancer recurrence and metastasis, so there is a great need for some 
unconventional, user-friendly approaches to improve the treatment and prevent or delay 
the recurrent lung disease. A recent study published in 2016, investigated the tumor inhibi-
tory activity of diet supplemented with blackberry, alone and in combination with black 
raspberry, against lung tumor xenograft using nude mice [65]. Their findings indicated that 
the mixture of blackberry and black raspberry resulted in higher inhibition of tumor growth 
vs. blackberry alone. Also, the combination between delphinidin (bioactive in blackberries) 
and punicalagin (bioactive in black raspberry, which gets converted to ellagic acid in vivo) 
determined a higher tumor growth inhibition than delphinidin alone. In another study, two 
bioactive compounds, peonidin 3-glucoside and cyanidin 3-glucoside, were isolated and 
identified the from Oryza sativa L. Moreover, those compounds were used to treat various 
cancer cells. They have demonstrated the inhibition on the growth of Lewis lung carcinoma 
cells in vivo [66].

5.4. Skin cancer

Malignant melanoma of skin accounted for 232,000 new cases, and the regions affected are 
largely those with white populations [57]. Melanoma skin cancer originates in melanocytes, 
specialized pigment-producing cells found in both the basal layer of the epidermis. Solar 
UVB radiation has been implicated as the main cause for skin cancer [67]. Early diagnosis 
is the key for curing this potentially deadly disease. Also prevention is playing a crucial 
role in spotting melanomas at earlier and more curable stages [68]. Biochemotherapy, 
the coadministration of traditional chemotherapeutic drugs and biological agents, show 
a higher response rate for patients than classical treatments that are based only on che-
motherapy alone [69–72]. Most anticancer treatments are derived from natural resources 
such as marine, microbial, and botanical sources [72]. Natural supplements, a rich diet in 
antioxidants used as a complementary medication, become a common field of research 
in order to develop new products originating from natural sources with antioxidant and 
chemopreventive properties. The ability of anthocyanins to influence parameters of skin 
tumor development on mice was demonstrated in various studies. SKH-1 hairless mouse 
was used in order to investigate the photo-chemopreventive effect of delphinidin on UVB-
induced biomarkers of skin cancer development [17]. After the treatment, the results sug-
gest that delphinidin inhibited UVB-mediated oxidative stress and reduced DNA damage, 
thereby protecting the cells from UVB-induced apoptosis. The antitumor activity of the 
anthocyanins extract from Fructus Sorbi aucupariae on B-16 melanoma in C57BI/6 mice was 
also demonstrated [73]. The study revealed an increase in the counts of stromal progenitor 
cells in the tumor node and their accelerated maturation. The potentiation of the antimeta-
static activity of the cytostatic was demonstrated as well. The inhibitory effects of mulberry 
anthocyanins on the metastasis of B16-F1 cells under noncytotoxic concentrations were 
investigated. The findings of the study have demonstrated that mulberry anthocyanins 
have strong anticancer effects by inhibiting the metastasis ability of B16-F1 cells. Further 
investigations revealed that the antimetastatic effect of these compounds was also evident 
in a C57BL/6 mice model.
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5.5. Prostate cancer

Prostate cancer is the most common malignancy in men and affects most men over the age of 
50 and also presents one of the main causes of mortality. For the in vivo study, athymic nude 
mice are used. To highlight the effects of anthocyanins on tumor growth in vivo, DH145 tumor 
xenograft have been established in these mice. The group of animals treated with anthocya-
nins received an oral dose of 8 mg/kg per day. The effects of treatment were analyzed every 4 
weeks. In the first 4 weeks after incubation, the difference between the control and the treated 
group was insignificant. In the second set of analyses (8 weeks), the difference between the 
groups was very clear, the control group tumors being much bigger. These differences were 
observed until the end of the experiment, demonstrating the ability of anthocyanins to reduce 
tumor growth [74]. Another study has found that delphinidin is effective in vitro on PC3 cells 
and has determined whether these results are also visible in in vivo models. The delphinidin 
doses were not toxic to the animals because they did not lose weight and did not affect the 
amount of food they consumed. After measurements for 12 weeks, the differences between 
the tumors of the two groups (control and treated) each week were significant, suggesting an 
antiangiogenic effect on tumor cells. At the end of the experiment, tumors were extirpated and 
analyzed, where effects similar to in vitro studies were observed [75].

5.6. Leukemia

Acute myeloid leukemia is a hematological malignancy that has numerous causes such as 
chromosomal abnormalities and various gene mutations. Fifty years ago, this type of cancer 
was incurable, but now around 35–40% of the cases is treatable [85]. Mice Balc/c has been 
used to identify in vivo benefits of mulberry anthocyanins. Leukemia mice treated with antho-
cyanins had a higher survival rate than the untreated ones, this survival being correlated 
with the concentration of treatment. All leukemia-induced mice had the spleen and liver 
measured at autopsy, indicating splenomegaly and hepatomegaly. The size of these organs 
was significantly reduced for those treated compared to the control group. The organs were 
evaluated histopathologically as well and again the treated group had less infiltrated tissue 
with leukemic cells. Taken all this into consideration, we can say that mulberry anthocyanins 
can improve or eliminate the leukemic mice disorder [86].

6. In vitro studies

6.1. Colon cancer

Based on the substitution pattern of anthocyanidins, a recent study reported that growth inhi-
bition of HT29 cells (human colon cancer) was highly affected by delphinidin and malvidin, 
while pelargonidin exhibited the lowest growth inhibitory potential. Moreover, same study 
reported that malvidin could inhibit the activity of phosphodiesterase (PDE) and the hydro-
lysis of cAMP effectively in HT29 cells thereby inhibiting the MAPK signaling pathway [76]. 
Another research paper [77] investigated anthocyanin-rich extracts from grape (Vitis vinifera), 
bilberry (Vaccinium myrtillus L.), and chokeberry (Aronia melanocarpa E.) for their potential 
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chemopreventive activity against colon cancer. The growth of colon-cancer-derived HT-29 
and nontumorigenic colonic NCM460 cell lines exposed to semipurified anthocyanin-rich 
extracts (AREs) was monitored for up to 72 h. All extracts inhibited the growth of HT-29 
cells, chokeberry extract being the most potent inhibitor. Most importantly, the growth of 
NCM460 cells was not inhibited at lower concentrations of all three extracts, illustrating better 
inhibition of colon cancer, as compared to nontumorigenic colon cells. Lately, another study 
[78] investigated and observed the effects of extracts from five cultivars of strawberries on the 
proliferation of colon cancer cells HT29 and breast cancer cells MCF-7. Using strawberry as a 
source of anthocyanins, they demonstrated that strawberry extracts decreased the prolifera-
tion of two cell lines in a dose-dependent manner.

6.2. Breast cancer

Human epidermal growth factor 2 (HER2) is a member of the epidermal growth factor recep-
tor family which is overexpressed in breast cancer, and to study the in vitro effect of anthocya-
nins, the cell lines in breast cancer are usually HER2 positive; unfortunately, there are many 
other types of breast cancer that occur due to other causes. Regarding potential chemopreven-
tive effects of anthocyanins, recently, it was demonstrated that black rice anthocyanins reduce 
the adhesion, migration, and invasion of HER2 MDA-MB-453 cells. The morphology of these 
cells was significantly altered, moving from a mesenchymal to an epithelial state. The west-
ern blot analysis shows an increase of the epithelial marker, E-cadherin, and decreased the 
expression of the mesenchymal markers, fibronectin and vimentin; this shows the effect that 
BRAC has on epithelial mesenchymal transition (EMT). EMT is a process by which epithelial 
cells lose their cell polarity and cell-cell adhesion, and gain migratory and invasive properties 
which occurs in the initiation of metastasis in cancer progression [4]. An important role in 
the metastasis of MDA-MB-453 cells is the focal adhesion kinase (FAK)-signaling pathway. 
FAK promotes the increased expression of transcription factors associated with EMT. The 
cells used in certain analysis were treated with Y15 (FAK inhibitor) that inhibits the auto-
phosphorylation site of FAK. The study shows that BRAC has a similar effect to Y15, and also 
BRAC decreases the activation and transduction of FAK signaling [79].

6.3. Lung cancer

Inhibitory effect of anthocyanins on the migration and invasion of lung cancer was also stud-
ied. A previous study reported that glycosylated cyanidins isolated from mulberry exerted a 
dose-dependent inhibitory effect on the migration and invasion of metastatic A549 human lung 
carcinoma cells. Their results showed that the applied treatments could decrease the expres-
sions of matrix matalloprotinase-2 (MMP-2) and urokinase plasminogen activator (u-PA) in a 
dose-dependent manner and also enhance the expression of tissue inhibitor of matrix matallo-
protinase-2 (TIMP-2) and plasminogen activator inhibitor (PAI). Moreover, Western blot analysis 
revealed that anthocyanins treatment to A549 cells inhibited the activation of c-Jun (p48) and 
NF-kB (p65). Further, another study using anthocyanins from fruits of Vitis coignetiae Pulliat 
(AIMs) reported their anticancer effects on lung cancer cells. AIMs inhibited the growth; migra-
tion and invasion of A549 cells; and also some proteins involved with cancer effects are inhib-
ited. AIMs suppressed MMP-2 (gelatinase-A) and MMP-9 (gelatinase-B), both involved in the 

Anthocyanins-Smart Molecules for Cancer Prevention
http://dx.doi.org/10.5772/intechopen.79613

83



5.5. Prostate cancer

Prostate cancer is the most common malignancy in men and affects most men over the age of 
50 and also presents one of the main causes of mortality. For the in vivo study, athymic nude 
mice are used. To highlight the effects of anthocyanins on tumor growth in vivo, DH145 tumor 
xenograft have been established in these mice. The group of animals treated with anthocya-
nins received an oral dose of 8 mg/kg per day. The effects of treatment were analyzed every 4 
weeks. In the first 4 weeks after incubation, the difference between the control and the treated 
group was insignificant. In the second set of analyses (8 weeks), the difference between the 
groups was very clear, the control group tumors being much bigger. These differences were 
observed until the end of the experiment, demonstrating the ability of anthocyanins to reduce 
tumor growth [74]. Another study has found that delphinidin is effective in vitro on PC3 cells 
and has determined whether these results are also visible in in vivo models. The delphinidin 
doses were not toxic to the animals because they did not lose weight and did not affect the 
amount of food they consumed. After measurements for 12 weeks, the differences between 
the tumors of the two groups (control and treated) each week were significant, suggesting an 
antiangiogenic effect on tumor cells. At the end of the experiment, tumors were extirpated and 
analyzed, where effects similar to in vitro studies were observed [75].

5.6. Leukemia

Acute myeloid leukemia is a hematological malignancy that has numerous causes such as 
chromosomal abnormalities and various gene mutations. Fifty years ago, this type of cancer 
was incurable, but now around 35–40% of the cases is treatable [85]. Mice Balc/c has been 
used to identify in vivo benefits of mulberry anthocyanins. Leukemia mice treated with antho-
cyanins had a higher survival rate than the untreated ones, this survival being correlated 
with the concentration of treatment. All leukemia-induced mice had the spleen and liver 
measured at autopsy, indicating splenomegaly and hepatomegaly. The size of these organs 
was significantly reduced for those treated compared to the control group. The organs were 
evaluated histopathologically as well and again the treated group had less infiltrated tissue 
with leukemic cells. Taken all this into consideration, we can say that mulberry anthocyanins 
can improve or eliminate the leukemic mice disorder [86].

6. In vitro studies

6.1. Colon cancer

Based on the substitution pattern of anthocyanidins, a recent study reported that growth inhi-
bition of HT29 cells (human colon cancer) was highly affected by delphinidin and malvidin, 
while pelargonidin exhibited the lowest growth inhibitory potential. Moreover, same study 
reported that malvidin could inhibit the activity of phosphodiesterase (PDE) and the hydro-
lysis of cAMP effectively in HT29 cells thereby inhibiting the MAPK signaling pathway [76]. 
Another research paper [77] investigated anthocyanin-rich extracts from grape (Vitis vinifera), 
bilberry (Vaccinium myrtillus L.), and chokeberry (Aronia melanocarpa E.) for their potential 
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chemopreventive activity against colon cancer. The growth of colon-cancer-derived HT-29 
and nontumorigenic colonic NCM460 cell lines exposed to semipurified anthocyanin-rich 
extracts (AREs) was monitored for up to 72 h. All extracts inhibited the growth of HT-29 
cells, chokeberry extract being the most potent inhibitor. Most importantly, the growth of 
NCM460 cells was not inhibited at lower concentrations of all three extracts, illustrating better 
inhibition of colon cancer, as compared to nontumorigenic colon cells. Lately, another study 
[78] investigated and observed the effects of extracts from five cultivars of strawberries on the 
proliferation of colon cancer cells HT29 and breast cancer cells MCF-7. Using strawberry as a 
source of anthocyanins, they demonstrated that strawberry extracts decreased the prolifera-
tion of two cell lines in a dose-dependent manner.

6.2. Breast cancer

Human epidermal growth factor 2 (HER2) is a member of the epidermal growth factor recep-
tor family which is overexpressed in breast cancer, and to study the in vitro effect of anthocya-
nins, the cell lines in breast cancer are usually HER2 positive; unfortunately, there are many 
other types of breast cancer that occur due to other causes. Regarding potential chemopreven-
tive effects of anthocyanins, recently, it was demonstrated that black rice anthocyanins reduce 
the adhesion, migration, and invasion of HER2 MDA-MB-453 cells. The morphology of these 
cells was significantly altered, moving from a mesenchymal to an epithelial state. The west-
ern blot analysis shows an increase of the epithelial marker, E-cadherin, and decreased the 
expression of the mesenchymal markers, fibronectin and vimentin; this shows the effect that 
BRAC has on epithelial mesenchymal transition (EMT). EMT is a process by which epithelial 
cells lose their cell polarity and cell-cell adhesion, and gain migratory and invasive properties 
which occurs in the initiation of metastasis in cancer progression [4]. An important role in 
the metastasis of MDA-MB-453 cells is the focal adhesion kinase (FAK)-signaling pathway. 
FAK promotes the increased expression of transcription factors associated with EMT. The 
cells used in certain analysis were treated with Y15 (FAK inhibitor) that inhibits the auto-
phosphorylation site of FAK. The study shows that BRAC has a similar effect to Y15, and also 
BRAC decreases the activation and transduction of FAK signaling [79].

6.3. Lung cancer

Inhibitory effect of anthocyanins on the migration and invasion of lung cancer was also stud-
ied. A previous study reported that glycosylated cyanidins isolated from mulberry exerted a 
dose-dependent inhibitory effect on the migration and invasion of metastatic A549 human lung 
carcinoma cells. Their results showed that the applied treatments could decrease the expres-
sions of matrix matalloprotinase-2 (MMP-2) and urokinase plasminogen activator (u-PA) in a 
dose-dependent manner and also enhance the expression of tissue inhibitor of matrix matallo-
protinase-2 (TIMP-2) and plasminogen activator inhibitor (PAI). Moreover, Western blot analysis 
revealed that anthocyanins treatment to A549 cells inhibited the activation of c-Jun (p48) and 
NF-kB (p65). Further, another study using anthocyanins from fruits of Vitis coignetiae Pulliat 
(AIMs) reported their anticancer effects on lung cancer cells. AIMs inhibited the growth; migra-
tion and invasion of A549 cells; and also some proteins involved with cancer effects are inhib-
ited. AIMs suppressed MMP-2 (gelatinase-A) and MMP-9 (gelatinase-B), both involved in the 
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proteolytic digestion of the ECM (extracellular matrix) and cell migration through the basement 
membranes to reach the circulatory system. Through the immunoblotting results, a large num-
ber of proteins have been demonstrated to be suppressed by AIMs. A couple of these proteins are 
involved in cancer proliferation (COX-2, cyclin D1), migration and invasion (MMP-2, MMP-9), 
as mentioned before, anti-apoptosis (XIAP), adhesion, and angiogenesis (VEGF). However, they 
were not able to identify in which signaling pathway is AIMs mainly involved. This study identi-
fies that AIMs might have anticancer effects on human lung cancer [80].

6.4. Skin cancer

Several studies have demonstrated that flavonoids are one of the candidates for prevention 
of the adverse effects of UV radiation due to their UV absorbing property, and antioxidant 
properties. In this context, a published study revealed that grape seed proanthocyanidins 
(GSP) inhibits cell growth, induces G1-phase arrest, promotes apoptosis in human epider-
moid carcinoma A431 cells through alterations in Cdki-Cdk-cyclin cascade, and caspase-3 
activation via loss of mitochondrial membrane potential [81]. Many other studies have also 
proved the antiproliferative and proapoptotic effects of anthocyanins on melanoma or others 
skin diseases [82–84]. Our latest published revealed that anthocyanins may inhibit melanoma 
cell proliferation, increase the level of oxidative stress, and diminished mitochondrial mem-
brane potential [84].

6.5. Prostate cancer

Cyanidin-3-O-β-glucopyranoside (C3G) is well known to be found in a lot of anthocyanin-
rich fruits, like berries. To study its effect on cancer, two cells lines were used, LnCap and 
DU145. These cell lines were chosen because DU145 is a tumor cell line androgen-indepen-
dent and LnCap is androgen-dependent. Androgen-dependent prostate cancer is character-
ized by the absence of the androgen receptor due to promoter methylation. In this case, the 
treatment is based on hormone elimination, yet other approaches are needed if the amount 
of hormones does not affect the development of cancer [79]. C3G causes a decrease in cell 
viability in both cell lines, and apoptosis is also induced, DU145 being more responsive in 
this aspect. The positive effect of treatment is demonstrated by the activation of caspase 3 
and a significant increase in expression of p21 protein, evidence that cells undergo apop-
tosis [80]. Another study focuses on proteins that indicate the presence of apoptosis such 
as p53 and Bax. P53, or “the guardian of the genome” is a suppressor tumor protein that 
initiates apoptosis in degraded DNA cells, and Bax is a pro-apoptotic protein of the Bcl-2 
family [81].

6.6. Leukemia

An bilberry extract (Antho 50) was used to determine its effect on Jurkat cells. The main 
interest of this study is the result of Antho 50 on certain proteins, polycomb group (PcG), 
which are epigenetic regulators. These proteins reduce the expression of suppressor tumor 
genes, promoting the survival of tumor cells [81]. The aim is to see if the extract is able to 
inhibit these PcG proteins. The extract was able to downregulate the PcG and related proteins 
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and induces apoptosis. All these events have an effect on the intracellular ROS formation, 
causing an increase, resulting in the death of tumor cells [82]. In another study, delphinidin 
and cyanidin, two major compounds in Hibiscus sabdariffa, were investigated. They are able to 
induce cell cycle arrest in human leukemia cell line HL-60. This effect occurs because of their 
action on signaling pathways whose role is to induce cell cycle arrest. This indicates promis-
ing anticarcinogenic effects [83].

7. Conclusions

Interests in anthocyanins have increased substantially during the past two decades. In this 
review, we discussed at what level anthocyanins act when talking about anticancer effects. 
In vitro, we saw that anthocyanins affect: the proliferation of the cancer cells, inhibiting of 
the ability of cancer cells to divide uncontrollably, the induction of apoptosis, the process of 
angiogenesis where tumors form new blood vessels, and the cancer cells invasion through 
healthy tissue. Also, a few of the in vivo studies demonstrate that dietary anthocyanins inhibit 
the growth of different types of tumors, angiogenesis, and show apoptotic effect against the 
cancer cells. It remains to be determined whether the anticancer activity of anthocyanins is 
due to anthocyanins or their metabolites.
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proteolytic digestion of the ECM (extracellular matrix) and cell migration through the basement 
membranes to reach the circulatory system. Through the immunoblotting results, a large num-
ber of proteins have been demonstrated to be suppressed by AIMs. A couple of these proteins are 
involved in cancer proliferation (COX-2, cyclin D1), migration and invasion (MMP-2, MMP-9), 
as mentioned before, anti-apoptosis (XIAP), adhesion, and angiogenesis (VEGF). However, they 
were not able to identify in which signaling pathway is AIMs mainly involved. This study identi-
fies that AIMs might have anticancer effects on human lung cancer [80].

6.4. Skin cancer

Several studies have demonstrated that flavonoids are one of the candidates for prevention 
of the adverse effects of UV radiation due to their UV absorbing property, and antioxidant 
properties. In this context, a published study revealed that grape seed proanthocyanidins 
(GSP) inhibits cell growth, induces G1-phase arrest, promotes apoptosis in human epider-
moid carcinoma A431 cells through alterations in Cdki-Cdk-cyclin cascade, and caspase-3 
activation via loss of mitochondrial membrane potential [81]. Many other studies have also 
proved the antiproliferative and proapoptotic effects of anthocyanins on melanoma or others 
skin diseases [82–84]. Our latest published revealed that anthocyanins may inhibit melanoma 
cell proliferation, increase the level of oxidative stress, and diminished mitochondrial mem-
brane potential [84].

6.5. Prostate cancer

Cyanidin-3-O-β-glucopyranoside (C3G) is well known to be found in a lot of anthocyanin-
rich fruits, like berries. To study its effect on cancer, two cells lines were used, LnCap and 
DU145. These cell lines were chosen because DU145 is a tumor cell line androgen-indepen-
dent and LnCap is androgen-dependent. Androgen-dependent prostate cancer is character-
ized by the absence of the androgen receptor due to promoter methylation. In this case, the 
treatment is based on hormone elimination, yet other approaches are needed if the amount 
of hormones does not affect the development of cancer [79]. C3G causes a decrease in cell 
viability in both cell lines, and apoptosis is also induced, DU145 being more responsive in 
this aspect. The positive effect of treatment is demonstrated by the activation of caspase 3 
and a significant increase in expression of p21 protein, evidence that cells undergo apop-
tosis [80]. Another study focuses on proteins that indicate the presence of apoptosis such 
as p53 and Bax. P53, or “the guardian of the genome” is a suppressor tumor protein that 
initiates apoptosis in degraded DNA cells, and Bax is a pro-apoptotic protein of the Bcl-2 
family [81].

6.6. Leukemia

An bilberry extract (Antho 50) was used to determine its effect on Jurkat cells. The main 
interest of this study is the result of Antho 50 on certain proteins, polycomb group (PcG), 
which are epigenetic regulators. These proteins reduce the expression of suppressor tumor 
genes, promoting the survival of tumor cells [81]. The aim is to see if the extract is able to 
inhibit these PcG proteins. The extract was able to downregulate the PcG and related proteins 
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and induces apoptosis. All these events have an effect on the intracellular ROS formation, 
causing an increase, resulting in the death of tumor cells [82]. In another study, delphinidin 
and cyanidin, two major compounds in Hibiscus sabdariffa, were investigated. They are able to 
induce cell cycle arrest in human leukemia cell line HL-60. This effect occurs because of their 
action on signaling pathways whose role is to induce cell cycle arrest. This indicates promis-
ing anticarcinogenic effects [83].

7. Conclusions

Interests in anthocyanins have increased substantially during the past two decades. In this 
review, we discussed at what level anthocyanins act when talking about anticancer effects. 
In vitro, we saw that anthocyanins affect: the proliferation of the cancer cells, inhibiting of 
the ability of cancer cells to divide uncontrollably, the induction of apoptosis, the process of 
angiogenesis where tumors form new blood vessels, and the cancer cells invasion through 
healthy tissue. Also, a few of the in vivo studies demonstrate that dietary anthocyanins inhibit 
the growth of different types of tumors, angiogenesis, and show apoptotic effect against the 
cancer cells. It remains to be determined whether the anticancer activity of anthocyanins is 
due to anthocyanins or their metabolites.
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Abstract

Flavonoids are found as the most abundant bioactive compounds all around the world. 
It is found in a number of medicinal plants that are used as wound healing agents in tra-
ditional medicinal uses such as Buddleja globosa, Moringa oleifera, Lam, Butea monosperma, 
Parapiptadenia rigida and Ononis spinosa. Flavonoids nowadays are being used in different 
formulation and wound healing dressings. Inflammation, proliferation and reepithelializa-
tion are involved in wound healing. Most of the wound healing medicinal plants possess 
multiple flavonoids that act as synergistic effect or combined effect. This chapter briefly 
reviews the role of flavonoids as wound healing agent in traditional and modern medicine.

Keywords: medicinal plants, flavonoids, wound healing, mechanism of flavonoids in 
wound healing

1. Introduction

The care of acute and chronic wound is the biggest challenges worldwide [1]. There are differ-
ent kind of wounds, among them burns remain a major public health problem in developing 
countries [2]. There are different ways to heal the wound such as nano dressing [3], nega-
tive pressure [4], medicinal plants [5], synthetic polymers [6], gene therapy [7], stem cell [8], 
growth factors [9] and Functionalized Silk Biomaterials [10]. Flavonoids is one of an impor-
tant bioactive source from medicinal plants that possess different pharmacological activities 
such as antioxidant, free radical scavenging capacity, coronary heart disease prevention, 
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hepatoprotective, anti-inflammatory, anticancer activities, growth regulators [11]. Wound 
results in edema, redness followed by pain. Inflammation is the major characteristics as a 
result of wound due to the release of eicosanoids, prostaglandins, leukotrienes and reactive  
oxygen species. By controlling all these factors will result in healing the wound faster. Recent 
students on Buddleja species and three Ghanaian species Spathodea campanulata, Commelina 
diffusa and Secamone afzelii showed antioxidant and anti-inflammatory properties. These anti-
oxidant and anti-inflammatory properties were due to the presence of flavonoids and other 
bioactive compounds that works in combination to heal the wound [12]. The chapter deals 
with the study of role of flavonoids, mechanism of action that involves in healing the wound.

2. Wound healing medicinal plants

Healing the wound with medicinal plants is an alternative method of treatment used by tra-
ditional wound healer. The most commonly used plants all over the world is Curcuma longa. 
In Malaysia, there are few more species that act as wound healing such as Elephantopus scaber, 
Centella asiatica, Clinacanthus nutans and Aloe barbadensis. List of famous medicinal plants that 
plays an important role in wound healing is mentioned in Table 1.

Medicinal plants Pharmacological uses Reference

Aloe barbadensis miller Anti-oxidant, anti-inflammatory, wound healing, antimicrobial [13–16]

Azadirachta indica Anti-malarial, wound healing, antiseptic, febrifuge, antihelminthic, 
anti-microbial

[17, 18]

Curcuma longa Linn. Hepatoprotective, nephroprotective, anticoagulant, wound healing, anti-HIV 
to combat AIDS, anti-microbial

[19, 20]

Clinacanthus nutans Anti-papillomavirus infectivity, anti-viral activity on varicella-zoster virus, 
anti-inflammatory activity, anti-herpes simplex virus type 1 and type 2 
activity, anti-oxidant and protective effect against oxidative induced hemolysis

[21]

Chromolaena odorata Wound healing, analgesic, anti-inflammatory and antipyretic activities [22, 23]

Centella asiatica Antimicrobial activity, anticancer activity, wound healing activity, 
neuroprotective activity, immunomodulatory activity, anti-inflammatory 
activity, hepatoprotective activity, insecticidal activity, and antioxidant activity

[24, 25]

Elephantopus scaber Antimicrobial, hepatoprotective, antioxidant, antidiabetic, anti-inflammatory, 
analgesic, antiasthmatic, antiplatelet, and wound healing

[26]

Euphorbia neriifolia Analgesic, hepatoprotective, immunostimulant, anti-inflammatory, mild CNS 
depressant, wound healing, radioprotective

[27, 28]

Lantana camara Anticancer activity, wound healing, anti-inflammatory activity, 
antidiabetic activity, anthelmintic, antibacterial activity, antifungal activity, 
hepatoprotective activity, antioxidant activity, larvicidal activity

[29, 30]

Tridax procumbens Hepatoprotective activity, anti-inflammatory, wound healing, antidiabetic 
activity, hypotensive effect, immunomodulating property, bronchial catarrh, 
dysentery, diarrhea and to prevent falling of hair promotes the growth of hair, 
and antimicrobial activity

[31]

Table 1. List of medicinal plants in healing the wound.
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3. What is the role of flavonoids on human health?

Flavonoids are phenolic substances isolated from a wide range of vascular plants, with over 
8000 individual compounds known [32]. They possess wide variety of activities such as anti-
microbial [33], anti-oxidant [34], anti-cancer [35], anti-inflammatory [36] and wound healing 
[37]. Among all flavonoids there are some flavonoids such as flavan-3-ols and flavonols, possess 
a wide spectrum due to suppress a number of microbial virulence factors and show synergism 
with antibiotics [38]. While there has been a major focus on the antioxidant properties, there 
is an emerging view that flavonoids, and their in vivo metabolites, do not act as conventional 
hydrogen-donating antioxidants but may exert modulatory actions in cells through actions at 
protein kinase and lipid kinase signaling pathways. Flavonoids, and more recently their metab-
olites, have been reported to act at phosphoinositide 3-kinase (PI 3-kinase), Akt/protein kinase 
B (Akt/PKB), tyrosine kinases, protein kinase C (PKC), and mitogen activated protein kinase 
(MAP kinase) signaling cascades. Inhibitory or stimulatory actions at these pathways are likely 
to affect cellular function profoundly by altering the phosphorylation state of target molecules 
and by modulating gene expression [39]. In many molecular mechanisms of action for preven-
tion against cancer, flavonoids play a major role by interacting between different types of genes 
and enzymes. Many mechanisms of action have been identified, including carcinogen inacti-
vation, antiproliferation, cell cycle arrest, induction of apoptosis, inhibition of angiogenesis, 
antioxidation, and reversal of multidrug resistance or a combination of these mechanisms [40].

4. Flavonoids and wound healing

Catechins are one of the most widely tested classes of flavonoids for their wound healing 
modulation [41]. Lastly, considering that the delay in wound healing is due to insufficient 
or excessive fibroblast activity, some authors suggest that inhibition of fibroblast growth by 
flavonoids such as apigenin is beneficial for the treatment of skin injuries. Luteolin is another 
famous flavonoid present in medicinal plants, vegetables and fruits. It was also found as 
wound healing agent in different wound models [42]. Rutin which is found in many medicinal 

Medicinal plants Flavonoids isolated Wound healing model Reference

Buddleja globosa Linarin (acacetin-7-O-rutinoside), 
luteolin and 6-hydroxyluteolin

Fibroblast growth stimulation [44]

Moringa oleifera Lam Vicenin-2, kaempferol and 
quercetin

Cell viability, proliferation, and wound 
scratch test assays.

[45]

Butea monosperma Genistein and prunetine Excision wound model, Incision wound 
model, Dead space wound model

[46]

Parapiptadenia rigida Catechin Fibroblast proliferation assay [41]

Ononis spinosa L Ononin, sativanone-7-O-glucoside Linear incision and circular excision 
wound models and hydroxyproline 
estimation assay

[47]
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hepatoprotective, anti-inflammatory, anticancer activities, growth regulators [11]. Wound 
results in edema, redness followed by pain. Inflammation is the major characteristics as a 
result of wound due to the release of eicosanoids, prostaglandins, leukotrienes and reactive  
oxygen species. By controlling all these factors will result in healing the wound faster. Recent 
students on Buddleja species and three Ghanaian species Spathodea campanulata, Commelina 
diffusa and Secamone afzelii showed antioxidant and anti-inflammatory properties. These anti-
oxidant and anti-inflammatory properties were due to the presence of flavonoids and other 
bioactive compounds that works in combination to heal the wound [12]. The chapter deals 
with the study of role of flavonoids, mechanism of action that involves in healing the wound.
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Healing the wound with medicinal plants is an alternative method of treatment used by tra-
ditional wound healer. The most commonly used plants all over the world is Curcuma longa. 
In Malaysia, there are few more species that act as wound healing such as Elephantopus scaber, 
Centella asiatica, Clinacanthus nutans and Aloe barbadensis. List of famous medicinal plants that 
plays an important role in wound healing is mentioned in Table 1.

Medicinal plants Pharmacological uses Reference
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[19, 20]
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[21]
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[24, 25]
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dysentery, diarrhea and to prevent falling of hair promotes the growth of hair, 
and antimicrobial activity

[31]

Table 1. List of medicinal plants in healing the wound.
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is an emerging view that flavonoids, and their in vivo metabolites, do not act as conventional 
hydrogen-donating antioxidants but may exert modulatory actions in cells through actions at 
protein kinase and lipid kinase signaling pathways. Flavonoids, and more recently their metab-
olites, have been reported to act at phosphoinositide 3-kinase (PI 3-kinase), Akt/protein kinase 
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Catechins are one of the most widely tested classes of flavonoids for their wound healing 
modulation [41]. Lastly, considering that the delay in wound healing is due to insufficient 
or excessive fibroblast activity, some authors suggest that inhibition of fibroblast growth by 
flavonoids such as apigenin is beneficial for the treatment of skin injuries. Luteolin is another 
famous flavonoid present in medicinal plants, vegetables and fruits. It was also found as 
wound healing agent in different wound models [42]. Rutin which is found in many medicinal 
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plants also possess wound healing activities [43]. List of medicinal plants possessing flavo-
noids in healing the wound is mentioned in Table 2.

5. Flavonoids in fruits and vegetables

Flavonoids found in number of fruits and vegetable. A study indicates a number of vegetable 
(28) and fruits (9) that possess anti-carcinogenic flavonoids [48]. Fruits such as apple, berries, 
and onions possess cardioprotective properties and bring a positive impact on blood pres-
sure, vascular function and serum lipid levels [49].

6. Conclusion

Flavonoids is an essential bioactive compounds found in our daily life in the form of fruits and 
vegetable. It possesses wound healing properties. There are number of research that showed 
the importance of flavonoids as wound healing agent. For example the flowers of Ipomoea  carnea 
belong to family Convolvulaceae. The isolated bioactive compounds such as Kaempferol, 
Kaempferol-3-O-β-D-glucoside confirm the wound healing activities on all animal models [50]. 
There is yet to explore its structure activity relationship on different wound models. Furthermore, 
there is little knowledge about mechanism involve in wound healing. Optimization use of flavo-
noids and their dosage as wound healing is another aspect that yet to explore.
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Abstract

This chapter presents information obtained from experiments involving male Ross 308 
broiler chickens on the effects of a standardised combination of plant extracts (PE) includ-
ing carvacrol, cinnamaldehyde and capsicum oleoresin, on bird performance, hepatic 
antioxidant concentration and immunomodulation. Birds were reared under industry-
recognised environments and were fed one of four diets. There were two control diets 
based on either wheat or maize, formulated to be iso-energetic and iso-nitrogenic. The 
other two diets were the control diets supplemented with 100 g per tonne of PE, respec-
tively. Feeding PE improved dietary feed efficiency, dietary net energy and hepatic anti-
oxidant contents of the birds, but did not change dietary metabolisable energy (ME). 
Overall, feeding PE reduced the mRNA transcript levels of three cytokines (IL-12B, IFN-
G, and IL-6) and the marker CD 40 LG in caecal tonsils. Dietary PE may maximise the 
nutritional value of feed through improving gut health by reducing intestinal inflam-
mation. Their mode of action is associated with improved dietary energy availability, 
immune status and hepatic antioxidant contents of the birds. However, studies that have 
focused solely on the effect of PE on ME alone may not have detected their full benefit to 
improve the efficiency of broiler meat production.
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to exhibit growth promoting and/or therapeutic properties [1, 2]. Initially, PE were extensively 
studied because of the adverse effects they have when ingested by animals [3]. However, the 
use of PE as an alternative to in-feed antibiotics to prevent the risk of developing pathogens 
resistant to antibiotics and to satisfy consumer demand for a poultry food chain free of drug 
residues has gained recent interest [4]. Antibiotics have been added to poultry diets to maintain 
health and production efficiency in the last few decades [5]. The withdrawal of in-feed antibiot-
ics as growth promoters have increased the risk of bacterial disease, especially in growing poul-
try [6]. The ability of PE to contribute to the health of the host is well documented [1]; however, 
the exact mechanisms by which PE exerts its effects remain speculative. As documented, PE are 
composed of a diverse group of natural products [7]. However, while some are nutritionally 
valuable, others have no nutritional value or even possess antinutritional properties. This is 
likely due to PE varying widely in their chemical structures [3]. Since the effects of PE depend 
to a great extent on the chemistry of the compounds, it is impossible to have a uniform expla-
nation of their mode of action. This chapter provides a brief overview of the main benefits of 
adding selective PE to poultry diets. Specifically, it describes the mode of action of carvacrol, 
cinnamaldehyde and capsaicin when fed to broiler chickens as a standardised commercial mix.

2. Effects of dietary plant extracts when fed to poultry

2.1. Bird growth performance and dietary available energy

It has been hypothesised that PE additives may stabilise overall digestive functions in the gas-
trointestinal tract of poultry, however, the available literature does not provide a consistent 
picture. Numerous feeding trials involving dietary supplementation with various PE have 
been reviewed [1, 6]. Regarding growth performance (assessed primarily as feed efficiency) 
and nutrient digestibility, the effect of added PE was beneficial in 11 of the studies; no effects 
were observed in 17 and there was a detrimental effect in 18 of the reviewed studies.

The information on the effect of PE on dietary metabolisable energy (ME) is also inconsistent. 
Some authors found an increase in dietary ME in response to PE [8, 9], others [10, 11] did not. 
There is also a discrepancy in the published data in the differences in ME and growth perfor-
mance of birds fed dietary PE. Recent studies [10, 11, 8] found an improvement in bird growth 
performance but not in dietary ME when various PE were fed to poultry. It has been reported 
[9] that there is a parallel improvement in dietary ME and feed efficiency when feeding a 
standardised commercial mix of carvacrol, cinnamaldehyde and capsaicin to broiler chickens.

2.2. Antioxidant status

Due to the general consumer rejection of synthetic food additives there is a growing interest in 
studies of natural additives as potential antioxidants. Research on the antioxidative properties 
of herbs and spices showed that they are effective in retarding the process of lipid peroxida-
tion in oils and fatty foods (summarised by [12]). Herbal phenolic compounds also improved 
the oxidative stability of animal derived products such as poultry meat, pork,  rabbit meat and 
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eggs (reviewed by [1]). Furthermore, research with rats [13] and poultry [14] suggested that 
dietary phytogenic supplements may improve the antioxidative status of the animals, reduc-
ing intestinal cell damage and sustaining the integrity of the intestinal mucosal layer. These 
supplements acted as effective free radical scavengers and also influenced the in vivo antioxi-
dant defence systems in the animal. In addition, diets supplemented with turmeric, curcumin, 
green tea, grape seed proanthocyanidins and society garlic, which all possess antioxidative 
properties, reduced small intestinal lesion scores, lowered oxidative stress and improved 
weight gains during coccidial infection (summarised by [6]). All these compounds may exert 
their anticoccidial activity by protecting infected tissues from oxidative damage and therefore 
reducing the severity of coccidiosis.

2.3. Immune status

Immunomodulation is described as a change of the indicators of cellular and humoral immu-
nity and nonspecific defence factors [15]. Immunomodulation can present as immunosup-
pression (substances that inhibit the immune system) or immunostimulation (substances that 
activate or induce the mediators or components of the immune system), thus regulating or 
altering the scope, type, duration or competency of the immune response [16, 17].

It has been speculated that the benefit of using PE in animal diets is associated with reduced 
intestinal inflammation in part from a reduction of proinflammatory cytokines. One study 
[18] reported that cinnamaldehyde suppressed the lipopolysaccharide-induced production 
of tumour necrosis factor (TNF), interleukin 6 (IL-6) and IL-1, thus suggesting that the inclu-
sion of cinnamaldehyde could show suppressive effects on the production of various types of 
inflammatory cytokines. Similarly, [19] also found that a mixture of capsicum and turmeric 
oleoresins was an effective phytonutrient against clinical signs of experimental avian necrotic 
enteritis when supplied in dietary form. Research by Lee et al. [20] suggested that immu-
nomodulatory effects are responsible for improved weight gain, oocyst shedding, increased 
interferon gamma (IFN-γ) and IL-15, when powder from oriental plum (a plant rich in phe-
nolic compounds) was fed to coccidia challenged birds. Furthermore, supplementation with 
Chinese mushroom and herb extracts resulted in enhancement of both cellular and humoral 
immune responses in Eimeria tenella infected chickens [21].

There is strong evidence that PE have antimicrobial properties, being able to reduce the pro-
liferation of pathogenic organisms at minimal inhibitory concentrations of 0.05–5 microliters 
per millilitre in vitro, and at higher concentrations (0.5–20 microliters per gram) in food [22]. 
While these levels are unlikely to be met in animal feedstuffs, and therefore not the primary 
use of PE in feed, there is evidence that PE have effective antimicrobial action against patho-
gens common in poultry production. These include Escherichia coli and Clostridium perfrin-
gens [23–25]. Pathogenic microorganisms in the gut are able to trigger immune responses in 
the gastrointestinal tract. This results in inflammation of the intestine contributing to poor 
gut health. In addition to reducing pathogenic challenge, PE may also possess direct immu-
nomodulation properties. For example, it is known that cinnamaldehyde in particular is 
involved in gene regulation, including antigen presentation, humoral immune response and 
inflammatory disease [26].
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2.4. Chemical structure and properties of carvacrol, cinnamaldehyde and capsaicin

Carvacrol (C10H14O) is a chemical (see Figure 1) found in several plants including: wild ber-
gamot, thyme and pepperwort, but it is most abundant in oregano (Origanum vulgare) oil 
[27]. Carvacrol gives oregano a slightly spicy flavour, is colourless, and has a distinct warm 
odour. Overall, carvacrol has a promising antibacterial, antiviral, antioxidant, and antifun-
gal impact. Carvacrol also demonstrated significant anti-cancer effects when tested against 
breast cancer, prostate, lung and mouth cancer cells [28].

Cinnamaldehyde (C9H8O) is a chemical (see Figure 1) that naturally occurs in the inner bark 
of several tree species from the genus Cinnamomum. Cinnamaldehyde, the principal com-
ponent of the essential oil of cinnamon bark, gives the cinnamish odour responsible for the 
characteristic taste and odour of cinnamon spice. Cinnamaldehyde has strong antimicrobial, 
antifungal and anticorrosion properties [29].

Capsaicinoids (C18H27NO3) are produced by peppers as a protection against certain mammals 
and fungi (see Figure 1). They have no flavour or odour, but act directly on the pain receptors 
in the mouth and throat. Capsaicin, the most common capsaicinoid, is an irritant for most 
mammals, including humans, and produces a sensation of burning in any tissue with which it 
comes into contact [30]. However, birds are not sensitive to the capsaicin [31] and can benefit 
from the nutritional value of the chilli peppers. Capsicum oleoresin (active ingredient capsa-
icin) is found in pepper fruits and has antifungal and antibacterial activity [32].

3. Poultry experiments (methodology)

The experiments described in this chapter followed internationally recognised guidelines for 
work with poultry. All birds were cared for according to laws and regulations detailed in UK 
guidelines. Data from four experiments performed under similar environmental and dietary 
conditions were used in this chapter.

Figure 1. Chemical structure (2-D) of (left to right) carvacrol, cinnamaldehyde and capsaicin.
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3.1. Dietary formulation, husbandry and sample collection

The four experiments employed the same dietary formulations (Table 1). Birds were fed one 
of four diets. There were two control diets based on either wheat (WC) or maize (MC) which 
were formulated to be iso-energetic (12.13 MJ/kg AME) and iso-nitrogenic (215 g/kg CP). 

Dietary ingredients Wheat-based diet Maize-based diet

kg/100 kg kg/100 kg

Maize — 52.86

Wheat 54.68 —

Soybean meal (48) 27.49 31.30

Vegetable oil 3.50 1.00

Barley 5.84 6.33

Rye 5.00 5.00

Monodicalcium phosphate 1.43 1.43

Limestone 1.15 1.15

NaCl 0.27 0.33

Lysine 0.15 0.15

Methionine 0.39 0.35

Vitamin mineral premix1 0.10 0.10

100 100

Calculated analysis (as fed)

Crude Protein, g/kg 215 215

ME, MJ/kg 12.12 12.13

Crude Fat, g/kg 47 34

Ca, g/kg 8.4 8.3

Available P, g/kg 4.5 4.4

Lysine, g/kg 12.3 12.3

Methionine + Cysteine, g/kg 9.5 9.5

ME = metabolisable energy.
1The Vitamin and mineral premix contained vitamins and trace elements to meet the requirements specified by the 
National research Council (1994). The premix provided (units/kg diet): retinol, 12,000 IU; cholecalciferol, 5000 IU; 
α-tocopherol, 34 mg; menadione, 3 mg; thiamine, 2 mg; riboflavin, 7 mg; pyridoxine, 5 mg; cobalamin, 15 μg; nicotinic 
acid, 50 mg; pantothenic acid, 15 mg; folic acid, 1 mg; biotin, 200 μg; 80 mg iron as iron sulphate (30%); 10 mg copper 
as a copper sulphate (25%); 100 mg manganese as manganous oxide (62%); 80 mg zinc as zinc oxide (72%); 1 mg iodine 
as calcium iodate (52%); 0.2 mg selenium as sodium selenite (4.5%); 0.5 mg molybdenum as sodium molybdate (40%).

Table 1. Composition of the control diets.
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as calcium iodate (52%); 0.2 mg selenium as sodium selenite (4.5%); 0.5 mg molybdenum as sodium molybdate (40%).

Table 1. Composition of the control diets.
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The other two diets were the control diets supplemented with a standardised combination 
of PE (XTRACT 6930; Pancosma S.A., Geneva, Switzerland) including 5% carvacrol, 3% cin-
namaldehyde and 2% capsicum oleoresin (100 grams per tonne, respectively, i.e. WC + PE; 
MC + PE). The PE was added in powder form to the diets and all diets were fed as mash. The 
diets did not contain any coccidiostat or antimicrobial growth promoters, prophylactic or 
other similar additives.

Day old male Ross 308 broiler chickens were purchased from a commercial hatchery and 
reared in floor pens littered with wood shavings. The temperatures were kept at 32°C during 
the first 2 days on birds arrival and were gradually reduced to 20°C by 21 days of age. A stan-
dard lighting programme following breeder’s recommendations (Aviagen Ltd., Edinburgh, 
UK) for broilers was used. Access to the feed and the water was ad libitum. At 17 days of age, 
two birds from each pen were transferred to a pen with wire mesh floor and excreta samples 
were collected for four consecutive days from each pen, immediately dried at 60°C and then 
milled for further analyses. The birds were weighed on a per-pen basis and the average bird 
feed intake (FI), weight gain (WG) and gain: feed ratio (GF) were determined.

In the experiments where dietary net energy (NE) was determined, at the end of the study, 
all chickens were killed by cervical dislocation and the carcass of the birds, including intes-
tine, blood and feather, from each pen were frozen and then minced, thoroughly mixed and 
sampled, and used for following analysis and calculations.

In the experiments where the hepatic antioxidant content was determined, at 21 days of age, 
one bird from each pen was randomly selected, stunned/killed and the liver was collected and 
stored at –20°C prior to analysis of antioxidant contents.

In the experiments where the gene expression was measured, at 21 days of age one bird from 
each pen was randomly selected, stunned/killed and the left caecal tonsil was collected and 
stored in RNAlater® (Sigma-Aldrich, USA) at −70°C prior to analysis of the relative expres-
sion of selected genes.

3.2. Chemical analysis of diets and excreta

The experimental diets and the excreta were milled (0.75 mm mesh) and analysed further. Dry 
matter (DM) was determined by drying samples in a forced draft oven at 105°C to a constant 
weight. Crude protein (6.25 × N) in samples was determined by dry combustion method [33] 
using a LECO (FP-528 N, Leco Corp., St. Joseph, MI). Oil (as ether extract) was extracted with 
diethyl ether by the ether extraction method [33], using a Soxtec system (Foss UK Ltd.). The 
GE value of the samples was determined in a bomb calorimeter (model 6200; Parr Instrument 
Co., Moline, IL), using benzoic acid as the standard.

3.3. Dietary available energy determination

The N-corrected apparent metabolisable energy (AMEn) of the diets was calculated as 
described by [34].
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A comparative slaughter technique [35] was used to determine the energy retained in the 
carcase of birds. In brief, dietary NE was calculated using the following equation:

  NE  (MJ / kg)  =  (REc + FHP)  / FI.  

Where: FI is the dry matter (kg) consumed for the experimental period. REc is the total energy 
retained in the carcass (see [50]).

The fasting heat production (FHP MJ/bird) was estimated to be 0.450 MJ/d per kg of metabolic 
body weight (BW)0.70 per day, which correspond to the asymptotic heat production at zero 
activity (as proposed by [36]).

3.4. Determination of hepatic antioxidant concentration

Concentration of antioxidants in liver was determined by high-performance liquid chroma-
tography (HPLC) [37, 38]. In brief: approximately 300 mg of liver samples were mixed in 
0.7 ml 5% sodium chloride solution, then 1 ml ethanol was added and samples homogenised. 
During homogenisation, 2 ml hexane was added. Then samples were centrifuged and the 
hexane phase, containing the vitamin E and coenzyme Q10 were collected. Extraction with 
hexane was performed twice, and the combined phase was evaporated under nitrogen and 
re-dissolved in a mixture of dichloromethane–methanol (1:1, v/v).

Vitamin E (α-, γ- and ϭ-tocopherols) was determined as previously described [39] using an 
HPLC system (Shimadzu Liquid Chromatograph, LC-10 AD, Japan Spectroscopic Co Ltd., 
with a Jasco Intelligent Spectrofluorometer 821-FP) fitted with a Spherisorb, type S30DS2, 
3 mm C18 reverse phase HPLC column, 15 cm × 4.6 mm (Phase Separations Limited, UK). 
Chromatography was performed using a mobile phase of methanol–water (97:3, v/v) at a flow 
rate of 1.05 ml/min. Fluorescence detection of tocopherols and tocotrienols involved excitation 
and emission wavelengths of 295 and 330 nm, respectively. Standard solutions of tocopherols 
in methanol were used for instrument calibration and tocol was used as an internal standard.

Coenzyme Q10 was analysed in the same extract by injecting 50 ml into the same HPLC sys-
tem, but using a Vidac 201TP54 column (5 μm, 25 cm × 4.6 mm) and mobile phase ethanol–
methanol–2-propanol (70:15:15, v/v) and flow rate of 1.5 ml/min with a diode array detection 
at 275 nm [40]. Coenzyme Q10 (Sigma, Poole, UK) standard was used for calibration.

3.5. Gene expression analysis

The analyses of relative expression of genes of interest (GOI) in the caecal tonsils were per-
formed by qStandard (Middlesex, UK).

3.5.1. Total RNA extraction and reverse transcription

Approximately 30 mg of macro-dissected caecal tonsil tissue per sample (previously submerged 
in RNAlater® (Sigma-Aldrich, USA) and stored frozen at -80°C) was homogenised in 500 uL  
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all chickens were killed by cervical dislocation and the carcass of the birds, including intes-
tine, blood and feather, from each pen were frozen and then minced, thoroughly mixed and 
sampled, and used for following analysis and calculations.

In the experiments where the hepatic antioxidant content was determined, at 21 days of age, 
one bird from each pen was randomly selected, stunned/killed and the liver was collected and 
stored at –20°C prior to analysis of antioxidant contents.

In the experiments where the gene expression was measured, at 21 days of age one bird from 
each pen was randomly selected, stunned/killed and the left caecal tonsil was collected and 
stored in RNAlater® (Sigma-Aldrich, USA) at −70°C prior to analysis of the relative expres-
sion of selected genes.

3.2. Chemical analysis of diets and excreta

The experimental diets and the excreta were milled (0.75 mm mesh) and analysed further. Dry 
matter (DM) was determined by drying samples in a forced draft oven at 105°C to a constant 
weight. Crude protein (6.25 × N) in samples was determined by dry combustion method [33] 
using a LECO (FP-528 N, Leco Corp., St. Joseph, MI). Oil (as ether extract) was extracted with 
diethyl ether by the ether extraction method [33], using a Soxtec system (Foss UK Ltd.). The 
GE value of the samples was determined in a bomb calorimeter (model 6200; Parr Instrument 
Co., Moline, IL), using benzoic acid as the standard.

3.3. Dietary available energy determination

The N-corrected apparent metabolisable energy (AMEn) of the diets was calculated as 
described by [34].
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retained in the carcass (see [50]).

The fasting heat production (FHP MJ/bird) was estimated to be 0.450 MJ/d per kg of metabolic 
body weight (BW)0.70 per day, which correspond to the asymptotic heat production at zero 
activity (as proposed by [36]).
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During homogenisation, 2 ml hexane was added. Then samples were centrifuged and the 
hexane phase, containing the vitamin E and coenzyme Q10 were collected. Extraction with 
hexane was performed twice, and the combined phase was evaporated under nitrogen and 
re-dissolved in a mixture of dichloromethane–methanol (1:1, v/v).

Vitamin E (α-, γ- and ϭ-tocopherols) was determined as previously described [39] using an 
HPLC system (Shimadzu Liquid Chromatograph, LC-10 AD, Japan Spectroscopic Co Ltd., 
with a Jasco Intelligent Spectrofluorometer 821-FP) fitted with a Spherisorb, type S30DS2, 
3 mm C18 reverse phase HPLC column, 15 cm × 4.6 mm (Phase Separations Limited, UK). 
Chromatography was performed using a mobile phase of methanol–water (97:3, v/v) at a flow 
rate of 1.05 ml/min. Fluorescence detection of tocopherols and tocotrienols involved excitation 
and emission wavelengths of 295 and 330 nm, respectively. Standard solutions of tocopherols 
in methanol were used for instrument calibration and tocol was used as an internal standard.

Coenzyme Q10 was analysed in the same extract by injecting 50 ml into the same HPLC sys-
tem, but using a Vidac 201TP54 column (5 μm, 25 cm × 4.6 mm) and mobile phase ethanol–
methanol–2-propanol (70:15:15, v/v) and flow rate of 1.5 ml/min with a diode array detection 
at 275 nm [40]. Coenzyme Q10 (Sigma, Poole, UK) standard was used for calibration.

3.5. Gene expression analysis

The analyses of relative expression of genes of interest (GOI) in the caecal tonsils were per-
formed by qStandard (Middlesex, UK).

3.5.1. Total RNA extraction and reverse transcription

Approximately 30 mg of macro-dissected caecal tonsil tissue per sample (previously submerged 
in RNAlater® (Sigma-Aldrich, USA) and stored frozen at -80°C) was homogenised in 500 uL  
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QIAzol lysis reagent for 10 min at 30 Hz in a Tissuelyzer LT (Qiagen, UK). Lysates were mixed 
with 100 μL chloroform, transferred to pegGold PhaseTrap tubes (PeqLab, UK) and centri-
fuged for 5 mins at room temperature. The aqueous phase was poured into fresh tubes, mixed 
with 1.5 volumes of ethanol and applied to Qiagen RNeasy columns (Qiagen, UK). RNA 
was purified according to the manufacturer’s instructions (Qiagen, UK). RNA integrity was 
assessed using an Agilent Bioanalyzer and RIN was >8 for all samples. Purity and quantity 
were measured using a NanoDrop spectrophotometer; for all samples the absorbance peak 
was at 260 nm, A260/280 > 2 and A260/230 > 1. About 800 ng of RNA were reverse transcribed 
using a Quantitect reverse transcription kit (Qiagen, UK) in a 10 μL reaction according to 
the manufacturer’s instructions. This RT kit includes a mandatory gDNA wipe out step. The 
completed reaction was diluted 10-fold with 5 μg/mL tRNA in water.

3.5.2. Quantitative real-time PCR

Two microlitres of cDNA were amplified in a 10 μL reaction using Agilent Brilliant III SYBR 
Ultra-Fast SYBR Green mix with each primer at a final concentration of 500 nmol/L. The no-
template control reaction contained 2 μL of tRNA (0.5 μg/mL). DNA standards (10^7–10^1 
copies/rxn) for each gene were included in each run. Reactions were pipetted robotically 
using a Qiagility (Qiagen, UK). Amplification parameters were: 95°C for 3 min followed by 
40 cycles of 95°C for 5 sec, 57°C for 1 sec in a Rotor-Gene 6000. Melt curves were checked 

Figure 2. The effect of dietary plant extracts (PE) on the normalised mRNA copy number (per reaction) of (a) CD40 LG, 
(b) IL-12B, (c) INFG, (d) IL-6 in chicken caecal tonsils. Error bars represent ±1 pooled SEM.
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for product specificity (single peak) and the presence of primer dimers. All primers were 
designed to be intron-spanning so that any residual gDNA present could not be detected and 
avoided known SNP and secondary structure. Assays were designed by qStandard (www.
qstandard.co.uk) and were tested for specificity by electrophoresis, efficiency >95%, sensitiv-
ity to 10 copies/rxn, and linearity over 7 log by qPCR. Copy numbers/reaction were derived 
from the standard curves using the Rotor-Gene software. The four reference genes identi-
fied as the most stable using geNorm software were B2M, GAPDH, PPIA and YWHAZ. The 
normalisation factor for each sample was used to normalise GOI copy numbers per reaction.

3.6. Statistical analysis of data

Data were statistically analysed by two way analysis of variance (ANOVA) using a 2 × 2 fac-
torial arrangement of treatments, blocked by experiment. The main effects were the cereals 
(maize and wheat) and additives (with and without PE). All data were processed using the 
procedure of Genstat (18th Edition) statistical software (IACR, Rothamstead, Hertfordshire, 
UK). In all instances, differences were reported as significant at P < 0.05. Graphics (Figure 2) 
were produced in “ggplot2” package version 2.2.1. [41] using R version 3.4.1. [42].

4. Effect of PE on bird growth performance and dietary available 
energy

Dietary PE supplementation significantly improved (P < 0.05) gain to feed (G:F) ratio by 2 
points and dietary NE by 0.34 MJ (Table 2). No changes (P > 0.05) were observed in dietary 
ME due to PE supplementation. The increase in feed efficiency is in agreement with the abil-
ity of spices and mixtures of spices to increase bile secretion, activity of the pancreatic, and 
brush border enzymes [43, 44]. Maize based diets produced higher (P < 0.05) daily FI and 
ME, although wheat based diets had higher NE (P < 0.001). The values of ME and NE were 
in similar to previous reports [9, 45]. In agreement with [24], there were dietary type x PE 
interactions (P < 0.05) observed in bird growth, as birds fed wheat diets did not respond 
(P > 0.05) to PE supplementation. Similar tendency (P = 0.074) was observed for daily feed 
intake. Compared to maize, wheat contains more water-soluble non-starch polysaccharide 
(NSP), a carbohydrate complex possessing antinutrient activity, which may reduce dietary 
nutrient availability [46], thus explaining the reduced performance of birds fed wheat based 
diets. The observed interaction may also be due to the relatively high fat content of the wheat 
compared to maize based diets, and not to the cereals alone. Widening the dietary ME to pro-
tein ratio is likely to affect body fat retention more than bird growth performance, suggesting 
an explanation for the inconsistency between weight gain and NE of birds fed wheat based 
diets. However, the impact of dietary formulation (cereals, protein sources, fat content etc.) 
on the effectiveness of supplementary PE in poultry nutrition warrants further investigation.

Although there is a lack of consistency between growth performance and dietary ME, this 
is in agreement with many studies [8, 10, 11] but is in disagreement with others [9]. The 
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ME due to PE supplementation. The increase in feed efficiency is in agreement with the abil-
ity of spices and mixtures of spices to increase bile secretion, activity of the pancreatic, and 
brush border enzymes [43, 44]. Maize based diets produced higher (P < 0.05) daily FI and 
ME, although wheat based diets had higher NE (P < 0.001). The values of ME and NE were 
in similar to previous reports [9, 45]. In agreement with [24], there were dietary type x PE 
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(P > 0.05) to PE supplementation. Similar tendency (P = 0.074) was observed for daily feed 
intake. Compared to maize, wheat contains more water-soluble non-starch polysaccharide 
(NSP), a carbohydrate complex possessing antinutrient activity, which may reduce dietary 
nutrient availability [46], thus explaining the reduced performance of birds fed wheat based 
diets. The observed interaction may also be due to the relatively high fat content of the wheat 
compared to maize based diets, and not to the cereals alone. Widening the dietary ME to pro-
tein ratio is likely to affect body fat retention more than bird growth performance, suggesting 
an explanation for the inconsistency between weight gain and NE of birds fed wheat based 
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on the effectiveness of supplementary PE in poultry nutrition warrants further investigation.
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results show an improvement in feed efficiency in association with improved NE but not with 
ME. The beneficial effects of supplementary PE to poultry diets may therefore be mediated 
via a decrease in the energy required for maintenance, thereby providing more energy for 
growth. The improvement in feed efficiency is likely explained by increases in dietary NE, 
suggesting that PE may be improving the metabolic efficiency of the conversion of energy 
into tissue. Usually NE is described as the ME of the diet corrected for the energy losses that 
result from the heat released during absorption of the dietary nutrients and accretion of body 
mass [35]. Changes in maintenance energy are more likely to be detected by determination 
of NE but not ME. Thus confirming that dietary ME may not be the most sensitive method to 

Items treatment factor FI1

(g DM/b/d)

WG1

(g/b/d)

G:F1

(g/g)

ME1

(MJ/kg 
DM)

NE1

(MJ/kg 
DM)

Vit E2

(μg/g)

CoQ10
2

(μg/g)

Cereals

W 42.1 31.7 0.753 14.05 10.00 82.4 91.4

M 43.6 32.6 0.747 14.23 9.47 86.7 79.4

PE

no 42.1 31.1 0.739 14.08 9.56 72.5 74.7

yes 43.6 33.2 0.762 14.05 9.90 96.7 96.1

SEM 0.496 0.460 0.0064 0.061 0.092 7.03 9.80

Cereals & PE

W + 0 42.0 31.4 0.746 13.93 9.76 63.7 77.1

W + PE 42.2 32.0 0.760 14.16 10.23 101.2 105.8

M + 0 42.3 30.8 0.732 14.22 9.37 81.3 72.3

M + PE 45.0 34.4 0.763 14.24 9.57 92.2 86.4

SEM 0.702 0.651 0.0091 0.087 0.127 9.95 13.85

Probabilities of statistical differences

Cereals 0.030 0.166 0.499 0.037 <0.001 0.542 0.221

PE 0.037 0.002 0.015 0.159 0.008 <0.001 0.032

Cereals x PE 0.074 0.030 0.347 0.211 0.309 0.062 0.458

Source: adapted from [47–51].
W, wheat-based diet; M, maize-based diet; PE, supplemental plant extracts (100 g PE/t).
1There were 38 observations per treatment (three experiments involving male Ross 308 broilers).
2There were 24 observations per treatment (two experiments involving male Ross 308 broilers).

Table 2. The effect of supplemental plant extracts in wheat and maize based diets on broilers daily feed intake (FI), 
daily weight gain (WG), gain to feed (G:F) ratio, dietary apparent metaboilisable energy (ME), dietary net energy (NE), 
concentration of hepatic vitamin E and coenzyme Q10.
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evaluate the feeding quality of supplementary PE. This is in agreement with previous reports 
suggesting that NE is a more meaningful measure of energy utilisation with regard to predic-
tion of the nutritive value of poultry diets [35].

5. Effect of PE on hepatic antioxidant content

Dietary PE supplementation significantly improved hepatic vitamin E (P < 0.001) by 33.4% 
and coenzyme Q10 (P < 0.05) by 28.6% (Table 2). No changes (P > 0.05) were observed in 
hepatic antioxidants content due to dietary type (P > 0.05), although the response of wheat 
based diets tended (P = 0.062) to be higher compared to maize based diets. More importantly, 
the increase in G:F and NE is coupled with the increase in the hepatic concentrations of vita-
min E and coenzyme Q10 [48].

Infectious diseases have been demonstrated to reduce tissue antioxidants [52], suggesting that 
higher concentrations of vitamin E and coenzyme Q10 in liver may decrease the challenge 
provoked by infectious diseases. In addition, feeding a combination of PE in the current study 
resulted in not only improved feed efficiency, but also increased hepatic antioxidants retention 
compared with the non-supplemented diet. When birds are reared under commercial farm 
conditions, where the potential for challenge is greater, and fed diets supplemented with PE, 
then there may be improvements to their overall nutrition, antioxidant and health status, and 
resistance to diseases [48]. The improvements observed may indicate that vitamin E and coen-
zyme Q10 may be effective at reducing production and effects of free radicals [53]. Coenzyme 
Q10 is provided by the diet, however significant levels are also produced in the body. Increased 
concentration of coenzyme Q10 in the liver of the growing chickens is therefore likely the result 
of dietary PE supplementation and dietary sources should thus be considered beneficial at 
improving the antioxidant status. It has also been reported [13] that PE, increased the activity 
of the antioxidant enzymes of the mucosal cells of rats, thus reducing the intestinal cell dam-
age and cell turnover and sustaining the integrity of the intestinal mucosal layer.

6. Effect of PE on the immune status of birds

As shown in Figure 2 the expression of CD 40 LG, IFN-G, and IL-6 was reduced (P < 0.001 and 
P < 0.05, respectively) in birds fed PE compared to the control fed chickens in accordance with 
other reports [18, 19]. There was a cereal X PE interaction for IL12B, showing that dietary PE 
reduced IL-12B expression in a wheat but not in a maize based diet (P < 0.05). Both, IL-6 and 
IFN-G, are major pro-inflammatory cytokines, so if the levels of these cytokines are decreased 
this would indicate that there are lower levels of inflammation than in the other groups, pre-
sumably due to plant extracts. Birds fed with diets supplemented with the same PE mixture 
also reduced the expression of CD40LG and IL-12B genes. The IFN-G cytokine belongs to the 
T helper (Th) type 1 response and is driven by IL-12 production. Th1 type response drives the 
cell mediated inflammatory responses largely to intracellular pathogens [54] but chronically 
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results show an improvement in feed efficiency in association with improved NE but not with 
ME. The beneficial effects of supplementary PE to poultry diets may therefore be mediated 
via a decrease in the energy required for maintenance, thereby providing more energy for 
growth. The improvement in feed efficiency is likely explained by increases in dietary NE, 
suggesting that PE may be improving the metabolic efficiency of the conversion of energy 
into tissue. Usually NE is described as the ME of the diet corrected for the energy losses that 
result from the heat released during absorption of the dietary nutrients and accretion of body 
mass [35]. Changes in maintenance energy are more likely to be detected by determination 
of NE but not ME. Thus confirming that dietary ME may not be the most sensitive method to 
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M + 0 42.3 30.8 0.732 14.22 9.37 81.3 72.3

M + PE 45.0 34.4 0.763 14.24 9.57 92.2 86.4

SEM 0.702 0.651 0.0091 0.087 0.127 9.95 13.85

Probabilities of statistical differences

Cereals 0.030 0.166 0.499 0.037 <0.001 0.542 0.221

PE 0.037 0.002 0.015 0.159 0.008 <0.001 0.032

Cereals x PE 0.074 0.030 0.347 0.211 0.309 0.062 0.458

Source: adapted from [47–51].
W, wheat-based diet; M, maize-based diet; PE, supplemental plant extracts (100 g PE/t).
1There were 38 observations per treatment (three experiments involving male Ross 308 broilers).
2There were 24 observations per treatment (two experiments involving male Ross 308 broilers).

Table 2. The effect of supplemental plant extracts in wheat and maize based diets on broilers daily feed intake (FI), 
daily weight gain (WG), gain to feed (G:F) ratio, dietary apparent metaboilisable energy (ME), dietary net energy (NE), 
concentration of hepatic vitamin E and coenzyme Q10.
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evaluate the feeding quality of supplementary PE. This is in agreement with previous reports 
suggesting that NE is a more meaningful measure of energy utilisation with regard to predic-
tion of the nutritive value of poultry diets [35].

5. Effect of PE on hepatic antioxidant content

Dietary PE supplementation significantly improved hepatic vitamin E (P < 0.001) by 33.4% 
and coenzyme Q10 (P < 0.05) by 28.6% (Table 2). No changes (P > 0.05) were observed in 
hepatic antioxidants content due to dietary type (P > 0.05), although the response of wheat 
based diets tended (P = 0.062) to be higher compared to maize based diets. More importantly, 
the increase in G:F and NE is coupled with the increase in the hepatic concentrations of vita-
min E and coenzyme Q10 [48].

Infectious diseases have been demonstrated to reduce tissue antioxidants [52], suggesting that 
higher concentrations of vitamin E and coenzyme Q10 in liver may decrease the challenge 
provoked by infectious diseases. In addition, feeding a combination of PE in the current study 
resulted in not only improved feed efficiency, but also increased hepatic antioxidants retention 
compared with the non-supplemented diet. When birds are reared under commercial farm 
conditions, where the potential for challenge is greater, and fed diets supplemented with PE, 
then there may be improvements to their overall nutrition, antioxidant and health status, and 
resistance to diseases [48]. The improvements observed may indicate that vitamin E and coen-
zyme Q10 may be effective at reducing production and effects of free radicals [53]. Coenzyme 
Q10 is provided by the diet, however significant levels are also produced in the body. Increased 
concentration of coenzyme Q10 in the liver of the growing chickens is therefore likely the result 
of dietary PE supplementation and dietary sources should thus be considered beneficial at 
improving the antioxidant status. It has also been reported [13] that PE, increased the activity 
of the antioxidant enzymes of the mucosal cells of rats, thus reducing the intestinal cell dam-
age and cell turnover and sustaining the integrity of the intestinal mucosal layer.

6. Effect of PE on the immune status of birds

As shown in Figure 2 the expression of CD 40 LG, IFN-G, and IL-6 was reduced (P < 0.001 and 
P < 0.05, respectively) in birds fed PE compared to the control fed chickens in accordance with 
other reports [18, 19]. There was a cereal X PE interaction for IL12B, showing that dietary PE 
reduced IL-12B expression in a wheat but not in a maize based diet (P < 0.05). Both, IL-6 and 
IFN-G, are major pro-inflammatory cytokines, so if the levels of these cytokines are decreased 
this would indicate that there are lower levels of inflammation than in the other groups, pre-
sumably due to plant extracts. Birds fed with diets supplemented with the same PE mixture 
also reduced the expression of CD40LG and IL-12B genes. The IFN-G cytokine belongs to the 
T helper (Th) type 1 response and is driven by IL-12 production. Th1 type response drives the 
cell mediated inflammatory responses largely to intracellular pathogens [54] but chronically 
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high levels of these cytokines in the intestine may have a damaging effect on the gut integrity, 
compromising nutrient absorption and overall gut health. The results of this study suggest 
that feeding PE may dampen chronic gut inflammation that may be partially attributed to the 
improved feed efficiency and dietary net energy.

7. Conclusions

Plant extracts can be used as growth promoters in poultry production independent of 
enzyme supplementation. Dietary PE may maximise the nutritional value of feed through 
improving gut health by reducing intestinal inflammation. Their mode of action may there-
fore be associated with improved immune status of the birds. This immune modulating 
effect of PE may explain improvements in growth performance and dietary NE seen in the 
present study. However, dietary supplementation with PE may improve bird growth per-
formance without corresponding improvements in dietary ME. Studies that have focused 
solely on the effect of PE on ME alone, may not have detected their full benefit to improve 
the efficiency of broiler meat production. More research is needed to study the effect of sup-
plementary PE on immune status of birds in relation to dietary available energy and growth 
performance of birds in commercial conditions using different practical feed formulations.
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Abstract

Medicinal plant Opuntia elatior Mill., family Cactaceae, was studied for its nutritional value 
and health benefited properties from fruit. The fruit of the plants was extracted in sequential 
manner using methanol, hexane and distilled water. Out of these, maximum extract yield 
present in the methanolic extract was 36.84%. Nutritional value present in the 100 g of metha-
nolic extracts of fruit was 1.02, 0.60, 63.26, and 0.11 mg of carbohydrates, protein, vitamin 
C and fat, respectively. Methanolic extract exhibits the highest antioxidant activity that is 
54.10% and the lowest antioxidant activity is exhibited by the hexanoic extract at 45.66% and 
the distilled water at 50.40% of antioxidant activity. The anti-inflammation activity, the abil-
ity of protein denaturation in different fruit extracts of the maximum percentage of inhibition 
of 37.49% was observed from methanol extract followed by distilled water at 34.15% and 
then hexane at 30.38%. Phytochemical constituents present in the methanolic extract are alka-
loids and phytosterols compound. High-performance thin-layer chromatography (HPTLC) 
analysis of methanolic extract showed the presence of three bands. Gas Chromatography-
Mass Spectroscopy (GC-MS) analysis of methanolic extracts 19 characterization of bioactive 
compound. The methanolic extracts of fruits containing high content of protein, vitamin-C 
and carbohydrates provide good nutritional potential value and antioxidant activity and 
antiinflammation activity that may be possibly contribute to the treatment of arthritic disease.

Keywords: Opuntia elatior, nutritive elements, antioxidant activity, anti-inflammation 
activity, phytochemical constituents, bioactive compounds, HPTLC, GC-MS

1. Introduction

Traditionally useful medicinally important plants and health benefits foods related material 
last few years have more focused by common human population. The prevention of disease 
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and medical professionals very great demand for improving overall life. In this line, all types 
of wild fruits and vegetables have been recognized as valuable sources of nutraceuticals. The 
large number of natural product presents the chemically useful active compound and their 
multifunctional properties present. Opunitia sp. fruits and cladodes perfect member of tradi-
tionally useful for the health-prevention. The present research data show the high content of 
natural chemical constituents, which can give more added values to this fruit. High levels of 
some of chemical compounds like betalains, taurine, calcium, magnesium, and antioxidants 
present are very useful [1].

1.1. Nutrition

Human body requires the proper nutrition for growth, maintenance of body, reproduction, 
and health of organism is the science that interprets the interaction of nutrients and other 
substances [2]. It includes food intake, absorption, assimilation, biosynthesis, catabolism 
and excretion. Essential nutrient includes protein, carbohydrate, fat, vitamins, minerals and 
electrolytes. Human body normally requires 85% of energy for daily use from fat and carbo-
hydrates and 15% from protein. In humans, nutrition is mainly achieved by the process of 
taking foods into our mouths, chewing, swallowing and digesting it. Nutrition is an essential 
component for marinating the immune system, proper growth and development of cell, tis-
sue and organ of human body. Eating a nutritional diet contributes to prevent the future 
disease, improves the quality of life and provides long lasting life. Your nutritional status 
is the state of your health determined by what you eat. Some of the minerals necessary for 
health are as follows: (1) Calcium: Calcium is a very important mineral in the diet. The major 
function of calcium is to build and help maintain strong bones. It is involved in blood clotting. 
(2) Iron: Iron in food exists as haem and nonhaem iron. In red meat, the haem iron is found, 
and 20–30% of this is relatively well absorbed. In cereals, pulses, certain vegetables and eggs, 
nonhaem iron is mostly found and is generally less well absorbed. (3) Zinc: It is essential 
for synthesizing protein, DNA and RNA in human body. Only 0.003% of zinc is present in 
the human body. It is required for growth in all stages of life. (4) Sodium: Sodium helps to 
maintain fluid volume outside of the cells and helps cells to function normally. (5) Potassium: 
Potassium maintains fluid volume inside and outside of cells and prevents the excess rise of 
blood pressure with increased sodium intake.

1.2. Essential nutrient requirements

In human body, essential element is not synthesized in the adequate amount and body cannot 
synthesize on its own and must be provided by the nutritional diet. The chemical components 
present in the food are classified into six major groups like protein, fats, carbohydrates, miner-
als, vitamins and water. Utilization of nutrients as an essential component requires water. In 
our body, nutrients are required for the various functions like respiration, digestion, growth 
and development. The amounts of the essential nutrients required differ by age and the state 
of the body [3].

1.3. Use of fruits as nutritional and medicinal source

Fruits are considered in dietary guidance because of their high concentration of dietary fibers, 
vitamins, minerals, electrolytes, phytochemicals, and especially antioxidants. Various reviews 
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have been associated with the low intake of fruits include chronic diseases such as cardiovas-
cular diseases, blood pressure, hypercholesterolemia, many cancers, respiratory problems as 
well as mental health. Traditionally many fruits reported have been useful in many non-
communicable diseases and reduce the risk of epidemiologically. Nowadays, people are more 
interested in the prevention of health-related diseases which is that vital role of antioxidants. 
This fruit of bright color act as scavengers clean up free radicals before they cause any health 
effects.

In this fruit, more amount of the fibers are present and are helpful in reducing intestinal 
passage rates resulting in a more amount of nutrient absorption and hence prevent the consti-
pation. It increases the concentration of short chain fatty acids because of fermented in colon 
that having maintained gut health and anti-carcinogenic properties. Recent report shows that 
fruits containing high number of anthocyanins, flavanols, and procyanidins, such as berries, 
grapes, and pomegranate are effective at decreasing cardiovascular risks while citrus fruit 
and apples had a moderate effect on blood pressure and blood lipid level [4].

Fruits have also been suggested to prevent osteoporosis in adults mainly due to their rich 
source of calcium and other vitamins present in them, which are vital for bone health. The 
high fiber content of fruit may play a major role in the reduction of acid load of the diet and 
in enhancing bone formation through calcium absorption. Interestingly, phytochemicals in 
fruits have been found to act as antiobesity agents because they also play a role in suppressing 
growth of adipose tissue. Fruits have been suggested to prevent obesity since they add up to 
dietary variety.

1.4. Opuntia elatior Mill. Fruit

1.4.1. Classification

Kingdom: plantae; Division: Magnoliophyta (Angiosperms); Class: Magnoliopsida (Dicotyledons); 
Subclass: Archichlamydeae; Order: Caryophyllales (cactales); Family: Cactaceae; Subfamily: 
Opuntiodeae; Tribe: Opuntieae; Genus: Opuntia; Species: elatior Mill.

Opuntia elatior plant is scrubby, 3–4 m height (Figure 1). Leaves 6–7 mm long, recurved and 
reddish at the tops. Joints are 18–30 cm size in height by 10–18 cm in width, obovate, thin and 
dull bluish green color. Small area spike bearing is about 4–5 cm and increase up to 10 cm, 
rather slender straight prickles which are, grey and opaque except when quite young, the 
largest of around 3–5 cm long. Flower is 5 cm across, yellow or orange in color. The perianth 
rotate, with the outer segments short, ovate, acute, they are red in the center, yellow at the 
edges, and the inner spatulate is acute. Stamens are a little shorter than the perianth. Style 
exceeds the stamens; stigmas six in numbers. Berry pyriform are, bearing tufts of glochidia 
and a few prickles, reddish purple color when ripe [5].

1.5. Medicinal properties

Cactus have been used in treating several diseases, such as rheumatic disease, hypertension, 
diabetes, asthma and gastric mucosa diseases traditionally use as medicine in many coun-
tries over the world. This plant contains bioactive molecules that are well known for their 
health-related properties present in the cactus fruits and cladodes that is the reason for the 
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more focus of many studies. It has been shown that there is a positive correlation between a 
nutritional rich in prickly pear cactus and a reduced risk of diseases associated with such as 
diabetes, cancer, cardiovascular and neurodegenerative diseases [6].

Opuntia traditionally used as a valuable health supporting nutrient, the vegetative parts of 
Opuntia spp. is scarcely used in modern nutrition and medicine. It is suggested that Opuntia 
spp. could be considered as a new approach in treating noninsulin dependent diabetes mel-
litus. Prickly pear is widely used as folk medicine for burned wound and indigestion and 
it is found that the effect of fruit extract is better than those of stem extract. Fruits are rec-
ommended as an expectorant and remedy for whooping cough, asthma, gonorrhea, ulcers, 
tumors, treatment of diarrhea and syphilis [7].

The presence of potentially active nutrients and their multifunctional properties make fruits 
and cladodes of Opuntia spp. ideal candidates to produce nutraceutical products. In India, 
traditionally acceptable for its pharmacological properties of prickly pear, but insufficient 
scientific information and knowledge on these plants is still rarely available. Opuntia species 
in the last several years have been used as antidiabetic, antihyperlipidemic, antioxidant, anti-
ulcer, antiviral, diuretic, immunomodulatory, analgesic and anti-inflammatory, anticancer 
and neuroprotective. It is also used to improve platelet function, promote wound healing and 
is nutritionally important [8–11]. A novel food product which is a mixture of both soluble and 
insoluble fibers made from dehydrated leaves of the cactus Opuntia is found to have hypoli-
paemic properties and hence useful for patients with lipid metabolism disorders.

Opuntia elatior (prickly pear) uses as a highly nutritive food. These people are interested in 
healthy, prevention disease, natural life-style often promote prickly pear fruit used as a nutri-
tional fruit. The fruit reported the anticlotting, anti-inflammatory and antiviral properties. In 
India, ethno- medicine, the cactus pulp and juice are used to treat the urinary tract infection, 
skin wounds, digestive problem and stomach swelling. The natural extract is a useful for 
alcohol hangovers, and the plant’s gel-like sap is often used as a hair conditioner.

This fruit is used commonly by tribal people of the Kachchh region of Gujarat, India. This fruit has 
high medicinal properties. But information about this fruit regarding the chemical constitutes, 
nutritional value of fruit and medicinal properties, primary and secondary metabolites unknown 
is lacking. Thus, this fruit was analyzed for its nutritional value and medicinal properties.
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2. Materials and Methods

2.1. Collection of raw material

Opuntia elatior Mill plant species fruits were selected and collected between May and June 
2017, from the surrounding areas Jamnagar city of Gujarat (Figure 2). These fruits were 
healthy and disease free and were used to check nutritional value and medicinal properties.

2.2. Drying and grinding the plant material

The fruits were collected and sliced into small pieces and distributed evenly for homogeneous 
drying. They were kept to dry at ambient temperature with adequate ventilation. Dry condi-
tion is required to prevent microbial contamination and subsequent degradation of metabo-
lites. These fruits were kept away from direct sunlight to minimize chemical reaction which 
is caused by ultraviolet rays. After drying the fruits, they were grounded into a fine powder 
and passed through 60 mm mesh, this is then stored in an air tight container, in a dry and cool 
place. Grinding the fruits into a fine powder, for the extraction procedure, helps increase the 
surface area thus making it more homogeneous, and therefore making it easy for the solvent 
to penetrate the cells.

2.3. Preparation of fruit extract

2.3.1. Soxhlet extraction method

An extract is prepared using the soxhlet extraction method. In this method, “thimble” made 
up of cellulose or cloth placed put up the material to be extracted is placed in a central com-
partment, lower compartment connected with a siphon device and side-arm both. The solvent 
is placed in the lower compartment, and a reflux condenser is attached above the central 
sample compartment. It is made sure that all the components of the setup are assembled 
together with appropriate contents to complete the apparatus [12]. For the extraction proce-
dure, three different solvents were used, one after another, they were methanol, hexane and 
distilled water, respectively. Each extraction procedure took around 6 h. For each extraction, 
230 ml of the solvent was placed in the lower compartment. A sample of 25 g of the fruit 

Figure 2. Opuntia elatior Mill. fruits.

Evaluation of Nutritional and Medicinal Properties of Opuntia elatior Mill
http://dx.doi.org/10.5772/intechopen.77081

125



more focus of many studies. It has been shown that there is a positive correlation between a 
nutritional rich in prickly pear cactus and a reduced risk of diseases associated with such as 
diabetes, cancer, cardiovascular and neurodegenerative diseases [6].
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and neuroprotective. It is also used to improve platelet function, promote wound healing and 
is nutritionally important [8–11]. A novel food product which is a mixture of both soluble and 
insoluble fibers made from dehydrated leaves of the cactus Opuntia is found to have hypoli-
paemic properties and hence useful for patients with lipid metabolism disorders.

Opuntia elatior (prickly pear) uses as a highly nutritive food. These people are interested in 
healthy, prevention disease, natural life-style often promote prickly pear fruit used as a nutri-
tional fruit. The fruit reported the anticlotting, anti-inflammatory and antiviral properties. In 
India, ethno- medicine, the cactus pulp and juice are used to treat the urinary tract infection, 
skin wounds, digestive problem and stomach swelling. The natural extract is a useful for 
alcohol hangovers, and the plant’s gel-like sap is often used as a hair conditioner.

This fruit is used commonly by tribal people of the Kachchh region of Gujarat, India. This fruit has 
high medicinal properties. But information about this fruit regarding the chemical constitutes, 
nutritional value of fruit and medicinal properties, primary and secondary metabolites unknown 
is lacking. Thus, this fruit was analyzed for its nutritional value and medicinal properties.
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2017, from the surrounding areas Jamnagar city of Gujarat (Figure 2). These fruits were 
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drying. They were kept to dry at ambient temperature with adequate ventilation. Dry condi-
tion is required to prevent microbial contamination and subsequent degradation of metabo-
lites. These fruits were kept away from direct sunlight to minimize chemical reaction which 
is caused by ultraviolet rays. After drying the fruits, they were grounded into a fine powder 
and passed through 60 mm mesh, this is then stored in an air tight container, in a dry and cool 
place. Grinding the fruits into a fine powder, for the extraction procedure, helps increase the 
surface area thus making it more homogeneous, and therefore making it easy for the solvent 
to penetrate the cells.

2.3. Preparation of fruit extract

2.3.1. Soxhlet extraction method

An extract is prepared using the soxhlet extraction method. In this method, “thimble” made 
up of cellulose or cloth placed put up the material to be extracted is placed in a central com-
partment, lower compartment connected with a siphon device and side-arm both. The solvent 
is placed in the lower compartment, and a reflux condenser is attached above the central 
sample compartment. It is made sure that all the components of the setup are assembled 
together with appropriate contents to complete the apparatus [12]. For the extraction proce-
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powder was placed in a porous thimble and kept in the middle compartment. For the proce-
dure, the solvent in the lower container is heated to its boiling temperature (different solvents 
have different boiling temperature to maintain), and reflux condenser vapor passes through 
the side arm up. The thimble containing the material to be extracted using the vapor liquefies 
and drips. Here, central compartment extract gradually collects from warm water percolates 
through the material and the wall of the thimble. The entire liquid in the central compartment 
flows through the side tube and back into the lower solvent container of the height of the 
extract reaches to the top of the siphon. The extract removed in a petri dish and left aside to 
evaporate. After evaporation of solvent, the leftover extract was filled in the eppendorf tube. 
This process is then repeated with the other solvents.

2.4. Analysis of nutritional value

2.4.1. Sample preparation and nutritive analysis

Stock solution is prepared by dissolving 30 mg of methanolic, hexanoic and distilled water 
extract in to 30 ml of methanol, hexane and distilled water respectively to give the concentra-
tion of 1 mg/1 ml [13].

2.4.2. Estimation of moisture

(1) Ten grams of fruit sample were taken in a Petri dish and kept in a hot air oven at 90–100°C 
for 5–6 h. (2) Weight of the fruit was measured after it was completely dry. (3) Loss in weight 
was regarded as a measure of moisture content.

2.4.3. Estimation of fat content

(1) A mixture of 50 ml of methanol and diethyl ether were taken in 1:1 concentration. (2) From 
30 ml of stock solution, 1 ml of test sample was added in the mixture and few drops of phe-
nolphthalein as an indicator. (3) The solution was titrated with 0.1 N NaOH. (4) The change in 
color was observed from light yellow to a brownish coffee color.

Calculation

   Acid value  (mg / L)  =    (Test − Blank) X0.1X254  ____________________  Sampled used  (ml)     

2.4.4. Estimation of crude protein

The biuret test is a chemical test used to detect the presence of peptide bonds. In the presence 
of peptides (–CO-NH- groups), a copper (II) ion forms violate coordination complexes in 
an alkaline solution. Copper (II) reduces to copper (I). The intensity of the color complex is 
measured by colorimetrically at 520 nm.

Reagents: (1) Biuret reagent: Dissolve 3 g of CuSO4.5H2O and 9 g of sodium potassium tar-
trate in 500 ml of 0.2 N NaOH solutions. To this solution, add 5 g of potassium iodide and 
make about 1 L with 0.2 N NaOH. (2) Standard protein solution: 5 mg of bovine serum albu-
min/ml water. Prepare fresh.
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Method: (1) From 30 ml of stock solution, take 1 ml of sample and make volume of up to 4 ml 
with distilled water. (2) Add 6 ml of biuret reagent to it and mix well. (3) Heat the mixture at 
37°C for 10 min. (4) Cool the tubes and read the absorbance at 520 nm against a reagent blank. 
(Prepare similarly with 4 ml of distilled water). (5) Draw the standard graph by pipetting 
out 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0 ml, of standard protein solution into a series of test tubes and 
make volume of up to 4 ml with distilled water in each. Carry out steps 2 to 4. (6) Calculate 
the protein content in the sample using a standard graph.

2.4.5. Estimation of carbohydrate by Anthrone method

Carbohydrates are first hydrolyzed into simple sugars using hydrochloric acid to form furfu-
ral. This compound condenses with anthrone to form a green colored complex which can be 
measured by using colorimetrically at 620 nm.

Procedure: (1) From 30 ml of stock solution, take 0.5 ml of test sample in a test tube. (2) 
Make up volume of 1 ml with distilled water then add 4 ml of Anthrone reagent. (3) Heat 
the tubes in a boiling water bath for 10 min, the color changes from blue to green after 
boiling. (4) Prepare the working standards by taking 0, 0.2, 0.4, 0.6, 0.8 and 1 ml, where ‘0’ 
serves as blank. (5) All the tubes including the sample tubes by adding distilled water and 
make up the total volume to 1 ml. (6) After adding the 4 ml of anthrone reagent. (7). Ten 
minutes of heat is provided in a boiling water bath. (8) After the tube is cooled rapidly and 
read the absorbance at 620 nm the green to dark green color. (9) The plotting concentra-
tion of the standard on the X-axis versus absorbance on the Y-axis and draw the standard 
graph. (10) The amount of carbohydrates present in the sample tube find out from the 
graph calculate.

2.4.6. Determination of vitamin-C

Preparation of standard solution: 5 mg of ascorbic acid was taken and dilute in 5 ml of dis-
tilled water to give concentration of 1 mg/1 ml.

Procedure: (1) Take 25 ml of test sample and add 25 ml of 20% Meta phosphoric acid. (2) 
Dilute it to 100 ml with distilled water. (3) Take 10 ml of aliquot from the above solution 
and add 2.5 ml of acetone. (4) Titrate it with 0.05% dye solution till a pink color persist for 
15 s (V1). (5) For the standard readings take 0.05 g of vitamin C (ascorbic acid) (A). (6) Add 
60 ml of 20% Metaphosphoric acid and dilute it to 50 ml with distilled water. (7) Titrate the 
known volume of the above solution with 0.05% dye solution till a pink color persist for 
15 s (V2).

Calculation:

   Amount of ascorbic acid  (mg / 100ml)  =   
 (A mg) X  (V2) X250 X100

  ______________________________________________________    (V1 ml) X  (B) X  ( wt of Sampled )     

A mg = Std. vitamin C taken; V1 ml = Vol. of dye taken to titrate the sample; V2 ml = Vol. of 
dye taken to titrate std. vitamin C; B = Total vol. of std. solution taken which is to be titrated 
against 0.05% dye; 250 = Total vol. of std. solution made after dilution.
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powder was placed in a porous thimble and kept in the middle compartment. For the proce-
dure, the solvent in the lower container is heated to its boiling temperature (different solvents 
have different boiling temperature to maintain), and reflux condenser vapor passes through 
the side arm up. The thimble containing the material to be extracted using the vapor liquefies 
and drips. Here, central compartment extract gradually collects from warm water percolates 
through the material and the wall of the thimble. The entire liquid in the central compartment 
flows through the side tube and back into the lower solvent container of the height of the 
extract reaches to the top of the siphon. The extract removed in a petri dish and left aside to 
evaporate. After evaporation of solvent, the leftover extract was filled in the eppendorf tube. 
This process is then repeated with the other solvents.

2.4. Analysis of nutritional value

2.4.1. Sample preparation and nutritive analysis

Stock solution is prepared by dissolving 30 mg of methanolic, hexanoic and distilled water 
extract in to 30 ml of methanol, hexane and distilled water respectively to give the concentra-
tion of 1 mg/1 ml [13].

2.4.2. Estimation of moisture

(1) Ten grams of fruit sample were taken in a Petri dish and kept in a hot air oven at 90–100°C 
for 5–6 h. (2) Weight of the fruit was measured after it was completely dry. (3) Loss in weight 
was regarded as a measure of moisture content.

2.4.3. Estimation of fat content

(1) A mixture of 50 ml of methanol and diethyl ether were taken in 1:1 concentration. (2) From 
30 ml of stock solution, 1 ml of test sample was added in the mixture and few drops of phe-
nolphthalein as an indicator. (3) The solution was titrated with 0.1 N NaOH. (4) The change in 
color was observed from light yellow to a brownish coffee color.

Calculation

   Acid value  (mg / L)  =    (Test − Blank) X0.1X254  ____________________  Sampled used  (ml)     

2.4.4. Estimation of crude protein

The biuret test is a chemical test used to detect the presence of peptide bonds. In the presence 
of peptides (–CO-NH- groups), a copper (II) ion forms violate coordination complexes in 
an alkaline solution. Copper (II) reduces to copper (I). The intensity of the color complex is 
measured by colorimetrically at 520 nm.

Reagents: (1) Biuret reagent: Dissolve 3 g of CuSO4.5H2O and 9 g of sodium potassium tar-
trate in 500 ml of 0.2 N NaOH solutions. To this solution, add 5 g of potassium iodide and 
make about 1 L with 0.2 N NaOH. (2) Standard protein solution: 5 mg of bovine serum albu-
min/ml water. Prepare fresh.

Phytochemicals - Source of Antioxidants and Role in Disease Prevention126

Method: (1) From 30 ml of stock solution, take 1 ml of sample and make volume of up to 4 ml 
with distilled water. (2) Add 6 ml of biuret reagent to it and mix well. (3) Heat the mixture at 
37°C for 10 min. (4) Cool the tubes and read the absorbance at 520 nm against a reagent blank. 
(Prepare similarly with 4 ml of distilled water). (5) Draw the standard graph by pipetting 
out 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0 ml, of standard protein solution into a series of test tubes and 
make volume of up to 4 ml with distilled water in each. Carry out steps 2 to 4. (6) Calculate 
the protein content in the sample using a standard graph.

2.4.5. Estimation of carbohydrate by Anthrone method

Carbohydrates are first hydrolyzed into simple sugars using hydrochloric acid to form furfu-
ral. This compound condenses with anthrone to form a green colored complex which can be 
measured by using colorimetrically at 620 nm.

Procedure: (1) From 30 ml of stock solution, take 0.5 ml of test sample in a test tube. (2) 
Make up volume of 1 ml with distilled water then add 4 ml of Anthrone reagent. (3) Heat 
the tubes in a boiling water bath for 10 min, the color changes from blue to green after 
boiling. (4) Prepare the working standards by taking 0, 0.2, 0.4, 0.6, 0.8 and 1 ml, where ‘0’ 
serves as blank. (5) All the tubes including the sample tubes by adding distilled water and 
make up the total volume to 1 ml. (6) After adding the 4 ml of anthrone reagent. (7). Ten 
minutes of heat is provided in a boiling water bath. (8) After the tube is cooled rapidly and 
read the absorbance at 620 nm the green to dark green color. (9) The plotting concentra-
tion of the standard on the X-axis versus absorbance on the Y-axis and draw the standard 
graph. (10) The amount of carbohydrates present in the sample tube find out from the 
graph calculate.

2.4.6. Determination of vitamin-C

Preparation of standard solution: 5 mg of ascorbic acid was taken and dilute in 5 ml of dis-
tilled water to give concentration of 1 mg/1 ml.

Procedure: (1) Take 25 ml of test sample and add 25 ml of 20% Meta phosphoric acid. (2) 
Dilute it to 100 ml with distilled water. (3) Take 10 ml of aliquot from the above solution 
and add 2.5 ml of acetone. (4) Titrate it with 0.05% dye solution till a pink color persist for 
15 s (V1). (5) For the standard readings take 0.05 g of vitamin C (ascorbic acid) (A). (6) Add 
60 ml of 20% Metaphosphoric acid and dilute it to 50 ml with distilled water. (7) Titrate the 
known volume of the above solution with 0.05% dye solution till a pink color persist for 
15 s (V2).

Calculation:

   Amount of ascorbic acid  (mg / 100ml)  =   
 (A mg) X  (V2) X250 X100

  ______________________________________________________    (V1 ml) X  (B) X  ( wt of Sampled )     

A mg = Std. vitamin C taken; V1 ml = Vol. of dye taken to titrate the sample; V2 ml = Vol. of 
dye taken to titrate std. vitamin C; B = Total vol. of std. solution taken which is to be titrated 
against 0.05% dye; 250 = Total vol. of std. solution made after dilution.
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2.5. Antioxidant activity by DPPH method

This method is simple and sensitive. The assay is based on the theory of hydrogen donor is an 
antioxidant. It measures compounds that are total radicle scavengers. DPPH accept hydrogen 
from an antioxidant. The antioxidant effect is proportional to disappearance of DPPH in the 
test sample. These methods involve measurement of decrease in absorbance of DPPH at its 
absorption maxima of 516 nm, which is proportional to concentration of free radicle scaven-
ger added to DPPH reagent solution [14].

2.5.1. Preparation of standard solution, test sample and DPPH solution

Standard solution is prepared by dissolving 10 mg of ascorbic acid in 10 ml of methanol to 
give the concentration of 1 mg/1 ml. Stock solution is prepared by dissolving 5 mg of metha-
nolic, hexanoic and distilled water extract in to 5 ml of methanol, hexane and distilled water 
respectively to give the concentration of 1 mg/1 ml. 0.1 mM DPPH is prepared by dissolving 
11 mg of DPPH in 8.46 ml of distilled water. It is protected from light by covering the tubes by 
aluminum foil. Procedure: (1) In 3 ml of methanol, 150 μl DPPH is added and reading is taken 
at 516 nm as control. (2) 0.2, 0.4, 0.6, 0.8, and 1.0 ml aliquots are taken from the test sample. (3) 
The test sample is diluted by adding methanol up to 3 ml. (4) 150 μl DPPH is added to each 
of the tubes. (5) Absorbance is taken by UV–visible spectrophotometer at 516 nm. (6) The % of 
antiradical activity is calculated by using the following equation.

Calculation

   % of antiradical activity =   
Control absorbance − Sample absorbancex

   ________________________________   Control absorbance !   × 100  

2.6. Anti-inflammatory activity by antidenaturation activity

The anti-inflammatory activity of Opuntia elatior was studied by using inhibition of albumin 
denaturation technique [15].

2.6.1. Preparation of test sample and standard solution

Stock solution is prepared by dissolving 5 mg of methanolic, hexanoic and distilled water 
extract in to 5 ml of methanol, hexane and distilled water respectively to give the concentra-
tion of 1 mg/ 1 ml. From this stock solution 100, 200, 300, 400, 500 μl of each solution was taken 
and added in to 900, 800, 700, 600, 500 μl of their respective solvents, to make 1 ml of working 
standard solution. 5 mg of Diclofen tablet was dissolved in 5 ml of methanol water to make 
1 mg/ 1 ml of concentration. From this stock solution 100, 200, 300, 400, 500 μl of solution was 
taken and added in to 900, 800, 700, 600, 500 μl of methanol respectively to make 1 ml of work-
ing standard. Procedure: 0.05 μl of test samples were taken from working stand and 0.45 ml of 
5% BSA solution was added to it. The tubes were incubated for 30 min at 37°C in an incubator. 
A 2.5 ml of PBS buffer was then added and the O.D was taken at 660 nm. Distilled water was 
served as a blank. Distilled water and BSA solution was taken as a control.
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Calculation

  % of anti − denaruration activity =   
Control absorbance − Sample absorbancex

   ________________________________   Control absorbance !   × 100  

2.7. Qualitative phytochemical analysis

The qualitative phytochemical analysis of test for alkaloids, test for flavonoids, test for phy-
tosterols, test for saponin, test for phenol and test for tannin perform by standard method 
reported by Parekh and Chanda (2008) [16].

2.8. Thin Layer chromatography

The separate chemical mixtures using the thin layer chromatography (TLC). TLC is performed 
on a sheet of aluminum foil, thin layer coated with of adsorbent material use the silica gel. This 
thin layer of adsorbent is known as the stationary phase. The solvent mixture (mobile phase) 
is drawn up the plate via capillary action and after the sample has been applied on the plate. 
Separation is achieved based on the different ascends the TLC plate at different rates [17]. 
Procedure: 10 ml of Methanol: chloroform (6: 4) was taken in glass beaker as a stationary 
phase. Test sample was applied on thin layer of absorbent material using capillary tube. This 
absorbent sheet was placed in beaker containing methanol: chloroform solvents and allowing 
it to run. After running of sample with solvent mixture absorbent sheet was removed from the 
beaker and was allowed it to dry. After drying of sheet, it was observed in UV light at high 
and short wavelength. Spray of concentrated sulfuric acid was applied to it to detect presence 
of alkaloids in the sample.

Calculation

   Rf value =   
Distance travelled by solute

   ________________________________   Distance travelled by solvent    

2.9. HPTLC analysis

HPTLC analysis based on the principles of adsorption the separation of compound. The 
mobile phase solvent flows based upon the principle of capillary action. The chemical com-
ponents separation according to their affinities toward the absorbent. The stationary phase 
travels slower because component with more affinity. Travels faster the chemical molecule 
component with lesser chemical charge toward the stationary phase. Thus, the component 
separated on a chromatographic plate. A 10 mg of methanolic extract was dissolved in 1 ml 
of methanol. This test solution was used for HPTC analysis. HPTLC aluminum sheet pre-
coated with silica gel was used as the adsorbent. The chromatographic development chamber 
was saturated with mobile phase to place the plates. The plates were run and derivatized. 
The derivatized plates were heated, bands were observed and scanned at 254 nm and photo-
graphs were taken for record.
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2.5. Antioxidant activity by DPPH method

This method is simple and sensitive. The assay is based on the theory of hydrogen donor is an 
antioxidant. It measures compounds that are total radicle scavengers. DPPH accept hydrogen 
from an antioxidant. The antioxidant effect is proportional to disappearance of DPPH in the 
test sample. These methods involve measurement of decrease in absorbance of DPPH at its 
absorption maxima of 516 nm, which is proportional to concentration of free radicle scaven-
ger added to DPPH reagent solution [14].

2.5.1. Preparation of standard solution, test sample and DPPH solution

Standard solution is prepared by dissolving 10 mg of ascorbic acid in 10 ml of methanol to 
give the concentration of 1 mg/1 ml. Stock solution is prepared by dissolving 5 mg of metha-
nolic, hexanoic and distilled water extract in to 5 ml of methanol, hexane and distilled water 
respectively to give the concentration of 1 mg/1 ml. 0.1 mM DPPH is prepared by dissolving 
11 mg of DPPH in 8.46 ml of distilled water. It is protected from light by covering the tubes by 
aluminum foil. Procedure: (1) In 3 ml of methanol, 150 μl DPPH is added and reading is taken 
at 516 nm as control. (2) 0.2, 0.4, 0.6, 0.8, and 1.0 ml aliquots are taken from the test sample. (3) 
The test sample is diluted by adding methanol up to 3 ml. (4) 150 μl DPPH is added to each 
of the tubes. (5) Absorbance is taken by UV–visible spectrophotometer at 516 nm. (6) The % of 
antiradical activity is calculated by using the following equation.

Calculation

   % of antiradical activity =   
Control absorbance − Sample absorbancex

   ________________________________   Control absorbance !   × 100  

2.6. Anti-inflammatory activity by antidenaturation activity

The anti-inflammatory activity of Opuntia elatior was studied by using inhibition of albumin 
denaturation technique [15].

2.6.1. Preparation of test sample and standard solution

Stock solution is prepared by dissolving 5 mg of methanolic, hexanoic and distilled water 
extract in to 5 ml of methanol, hexane and distilled water respectively to give the concentra-
tion of 1 mg/ 1 ml. From this stock solution 100, 200, 300, 400, 500 μl of each solution was taken 
and added in to 900, 800, 700, 600, 500 μl of their respective solvents, to make 1 ml of working 
standard solution. 5 mg of Diclofen tablet was dissolved in 5 ml of methanol water to make 
1 mg/ 1 ml of concentration. From this stock solution 100, 200, 300, 400, 500 μl of solution was 
taken and added in to 900, 800, 700, 600, 500 μl of methanol respectively to make 1 ml of work-
ing standard. Procedure: 0.05 μl of test samples were taken from working stand and 0.45 ml of 
5% BSA solution was added to it. The tubes were incubated for 30 min at 37°C in an incubator. 
A 2.5 ml of PBS buffer was then added and the O.D was taken at 660 nm. Distilled water was 
served as a blank. Distilled water and BSA solution was taken as a control.
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Calculation

  % of anti − denaruration activity =   
Control absorbance − Sample absorbancex

   ________________________________   Control absorbance !   × 100  

2.7. Qualitative phytochemical analysis

The qualitative phytochemical analysis of test for alkaloids, test for flavonoids, test for phy-
tosterols, test for saponin, test for phenol and test for tannin perform by standard method 
reported by Parekh and Chanda (2008) [16].

2.8. Thin Layer chromatography

The separate chemical mixtures using the thin layer chromatography (TLC). TLC is performed 
on a sheet of aluminum foil, thin layer coated with of adsorbent material use the silica gel. This 
thin layer of adsorbent is known as the stationary phase. The solvent mixture (mobile phase) 
is drawn up the plate via capillary action and after the sample has been applied on the plate. 
Separation is achieved based on the different ascends the TLC plate at different rates [17]. 
Procedure: 10 ml of Methanol: chloroform (6: 4) was taken in glass beaker as a stationary 
phase. Test sample was applied on thin layer of absorbent material using capillary tube. This 
absorbent sheet was placed in beaker containing methanol: chloroform solvents and allowing 
it to run. After running of sample with solvent mixture absorbent sheet was removed from the 
beaker and was allowed it to dry. After drying of sheet, it was observed in UV light at high 
and short wavelength. Spray of concentrated sulfuric acid was applied to it to detect presence 
of alkaloids in the sample.

Calculation

   Rf value =   
Distance travelled by solute

   ________________________________   Distance travelled by solvent    

2.9. HPTLC analysis

HPTLC analysis based on the principles of adsorption the separation of compound. The 
mobile phase solvent flows based upon the principle of capillary action. The chemical com-
ponents separation according to their affinities toward the absorbent. The stationary phase 
travels slower because component with more affinity. Travels faster the chemical molecule 
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2.10. Gas chromatography-mass spectroscopy

The GC-MS method separates different chemical compound and correct identifies the compo-
nent of chemical constitute. It is one of the most accurate tools for analyzing environmental 
samples. The GC works on the principle that a mixture will separate in to individual sub-
stances when heated. Mass spectroscopy identifies the compound by the mass of the analyte 
compounds is stored on a computer. A 1 ml of test sample of methanolic extract of Opuntia 
elatior fruit was analyzed by GC-MS. Concentration of the test sample was 10 mg/ml. The 
GC-MS analysis was done by electron impact ionization (EI) method on Auto system XL 
gas chromatography, coupled to a Turbo Mass Spectrophotometer at, Sophisticated and 
Instrumentation Centre for Applied Research and Training (SICART), Vallabh Vidyanagar, 
Gujarat. The column was a fused silica capillary column.

3. Result and discussion

Medicinal plants due to therapeutic values have long been used to address human diseases. 
From as early as 800 Before Common Era, plants and herbs were used for their medicinal 
properties. In ancient Indochina culture, herbal remedies were part of the day to day usage. 
India has a long history of safe and continuous usage of plant originated drugs. Officially 
recognize systems of medicine such as Ayurveda, unani, homeopathy and so on. Constantly 
use herbal drugs to cure illnesses. Today, these ancient practices of Southern Asia are widely 
growing and highly valued field of the medical industry.

Opuntia elatior (prickly pear) uses as a highly nutritional rich food. These people are interested 
in healthy body and illness from disease often uses the prickly pear fruit. This fruit present the 
many medicinal properties in the fruit. In Mexican and India folk medicine, the cactus pulp 
and juice are used to treat many diseases like skin wounds, stomach swelling and digestive 
problems. The natural extract is a useful for alcohol hangovers, and the plant’s gel-like sap is 
often used as a hair conditioner.

This fruit is widely used in America, Mexico and many other counties. This fruit is part of their 
daily diet as it is highly nutritious but, not many people are aware about this fruit in India. It 
grows best in hot and dry regions and therefore can be easily cultivated in the north-western 
regions of India. Thus, this fruit was used to analyze its nutritional and medicinal properties.

3.1. Extract yield (%) of Opuntia elatior Mill

Pharmaceutical industries prefer plants that yield higher extract and are rich in their potency. 
Therefore, the work was carried out with yield calculation. We have selected hexane, metha-
nol and distilled water solvent for extracting the plant constituents. A 36.84% of extract was 
produced by methanol, 15.79% extract was produced by distilled water and 3.40% of extract 
was produced by hexane from 25 g of powder by using 230 ml of solvents shown in Figure 3. 
Maximum extract was produced by methanol and minimum extract was produced by hexane.
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3.2. Nutritive value of Opuntia elatior fruit extract

Appropriate knowledge about the nutritive value of fruit may enhance utility of the fruit. 
With the aim of increasing the utility, we have selected this fruit based on the ethno-botanical 
information and medicinal properties. For determination of nutritive value, various param-
eters were studied using fruit extract. Opuntia elatior fruit contained 84% moisture, as com-
pared to Opuntia ficus-indica which had 87.07% moisture [18]. This shows that both the fruits 
have close moisture content and therefore are both great sources for reducing dehydration. 
This plant an indication of the stems adapted the storing water nature of the fruit pericarp. 
The small variation may result from difference in season whether wet or dry. Sample was 
collected during the driest month of the region when temperatures were over 35°C during 
May and June.

The percentage of various nutritional parameters that are analyzed in methanolic extract, dis-
tilled water extract and hexanoic extract of fruit are summarized in Table 1. Nutritive value 
of methanolic extract is higher than distilled water and hexanoic extract. As compared to 
Feugang et al. report Opuntia spp. contained 0.21–1.6% of protein, 0.09–0.7% of fat and 12–17% 
of carbohydrates whereas Opuntia elatior has 0.60%, 0.11% and 1.02% of protein, fat and car-
bohydrates respectively [19]. This shows that Opuntia elatior has an average protein and fat 
content and very low carbohydrate content.

Opuntia elatior fruit extract showed highest presence of vitamin C in distilled water extract 
that is 63.29 mg/ml. Hydrophilic extract of purple cactus pear fruit contains 36.6 mg/100 g of 
vitamin C [20]. From this we can say that Opuntia elatior is a rich source of vitamin C; this can 
help to reduce the oxidative stress in the human body. From the abovementioned, it can be 
seen that Opuntia elatior is a good source of nutrients.

3.3. Antioxidant activity of different extracts of Opuntia elatior fruit

3.3.1. DPPH Method (1, 1diphenyl 2, picryl hydrazyl)

In a living organism, free radicals are constantly generated; few amongst those remain as the 
unregulated radicals, which can cause extensive damage to tissue and biomolecules leading 
to various disease conditions, especially degenerative diseases and extensive lysis. This is the 
most widely reported method for screening of antioxidant activity. The lipophilic radical uses 
the model of DPPH radical. The lipid autoxidation was initiated by chain of lipophilic radi-
cals. The stable free radical of DPPH at room temperature and stable diamagnetic molecule 
accepts an electron or hydrogen radical. The DPPH reducing capacity was observed by the 
decrease in its absorbance at 516 nm, which is induced by antioxidants. The suggested that the 
samples were free radical scavengers the DPPH test positive.

The best antioxidant activity was exhibited by the methanolic extract compared to hexanoic 
and distilled water extract. Methanolic extract exhibit the highest antioxidant activity that is 
54.10% and the lowest antioxidant activity was exhibit by the hexanoic extract at 45.66% and 
the distilled water at 50.40% of antioxidant activity. The data obtained for different solvent 
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extracts using DPPH method are shown in Figure 4. DPPH radical scavenging activity of 
methanolic extract of Cantaloupe (muskmelon) pulp shows 48.55% [18] (Ibrahim et al., 2016), 
and Opuntia shows 57.37% activity. This shows that Opuntia has a good antioxidant potential.

Itankar et al. reported that Opuntia elatior fruit has 64.14% of activity which is close to metha-
nolic extract of Opuntia elatior [21]. Opuntia is a good source of vitamin C this helps increase 
antioxidant properties and reduces the risk of diseases such as atherosclerosis and cancer. 
Vitamin C is an electron donor. As an electron donor, it helps stabilize unpaired electrons in 
the body and reduces oxidative stress.

3.4. Anti-inflammatory properties of Opuntia elatior extract

Inflammation in the body acts as a defense mechanism. When a foreign substance enters 
in the body, it causes infection and injury. To protect our body from this, the infected area 
swells. The purpose of inflammation is to localize and eliminate the foreign substances so that 
the body can heal itself. Inflammation prevents excess blood flow to rich the site of damage.

The anti-inflammatory activity of Opuntia elatior was studied using inhibition of protein 
denaturation method. Protein denaturation means the loss of biological properties of protein 
molecules. Denaturation of proteins is responsible for the cause of inflammation and its con-
ditions like rheumatoid, arthritis, diabetes, cancer, and so on. Hence, prevention of protein 
denaturation may also help in preventing inflammatory conditions.

Figure 3. Extract yielded (%) of Opuntia elatior fruit.

Nutrients Methanolic extract Hexanoic extract Distilled water extract

Protein (%) 0.60 0.42 0.40

Carbohydrate (%) 1.02 0.66 0.91

Fat (%) 0.11 0.08 0.05

Vitamin C (mg/100 g) 63.29 31.64 45.21

Table 1. Nutritional value of Opuntia elatior fruit extract.
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As a part of the investigation on the mechanism of the anti-inflammation activity, the ability 
of protein denaturation in different fruit extracts with different solvents was studied. The 
maximum percentage of inhibition of 37.49% was observed from methanol extract followed 
by distilled water at 34.15% and then hexane at 30.38%. All the solvent extract inhibited the 
albumin denaturation. The methanol extract shows the highest inhibition and distilled water 
extract shows the lowest inhibition. Diclofen, a standard anti-inflammatory drug, showed the 
maximum inhibition of 63.33%.

Several anti-inflammatory drugs have shown dose-dependent ability to inhibit protein 
denaturation. Opuntia fruit has more than 50% of protein denaturation inhibition proper-
ties present in anti-inflammation drugs. This shows that Opuntia can be used as a natural 
source of anti-inflammatory activities. The ability of Opuntia elatior extract to bring down 
denaturation of protein is a contributing factor for its anti-inflammatory activity. The data of 
this study suggest that Opuntia elatior shows significant anti-inflammatory activity with the 
tested in vitro methods. The data collected by protein denaturation method for inflammation 
are given in Figure 5.

3.5. Qualitative phytochemical analysis of Opuntia elatior fruit extract

The phytochemical constituents present in the methanolic extract of Opuntia elatior are phy-
tosterols and alkaloid compounds. The presence of yellow color precipitates of test sample 
by Mayer’s reagent shows the presence of alkaloids. The presence of golden yellow color of 
test sample by adding conc. H2SO4 shows the presence of phytosterols. Flavanoids, saponin, 
phenol and tannin are absent in methanolic extract of Opuntia elatior. Phytochemical constitu-
ents of the methanolic extract of Opuntia elatior were qualitatively tested for their presence as 
depicted in Table 2.

The presence of these phytochemicals in the plants extract enhances their pharmaceutical and 
therapeutic potentials. Alkaloid is reported to carry antimicrobial activities [22]. The presence 
of alkaloids in the investigated plants of the wild cucurbits indicates that they have medicinal 
values. Alkaloids have a powerful effect on the physiology of animals [23]. Sterols in modern 
clinical studies have shown that they play an important role as anti-inflammatory and anal-
gesic agents [24].

Figure 4. Antioxidant activity of different extract of Opuntia elatior fruit.
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3.6. Thin layer chromatography of Opuntia elatior fruit extract

Methanolic extract obtained from Opuntia elatior fruit was carried out to thin layer chroma-
tography to establish the purity and composition of materials. The component present in 
methanolic fruit extract was identified by the concentrated H2SO4 test. After separation of 
methanolic fruit extract, one band was observed. The band observed under UV light is shown 
in figure–3.8. Rf value of the band was measured that is 0.85. After application of H2SO4 band, 
H2SO4 was applied to the band to check the presence of compound. Brownish color of the 
band was observed after applying of H2SO4. This brownish color of the band shows the pres-
ence of alkaloid in the methanolic extract of Opuntia elatior.

3.7. HPTLC analysis of methanolic extract of Opuntia elatior fruit

For the HPTLC analysis the extract of Opuntia elatior was run in a mobile phase of 
methanol:chloroform (8:2). The plate was visualized at 254 nm. HPTLC profile of methanolic 
extract of Opuntia elatior shows three bands at 254 nm, it is shown in Figure 6. Maximum Rf 
values were obtained by track 1. Different peak spectral comparison of methanolic extract is 
shown in Figure 5. This shows the different compounds present in the sample. Each com-
pound has its own unique pattern. Determination of the peak height of chromatographic peak 

Phytochemical constituent Color observed Methanolic extract Distilled water 
extract

Hexanoic extract

Alkaloids Yellow color ppt + — +

Flavanoids Purple to cherry red — — —

Saponin Presence of foam — — —

Phytosterols Golden yellow + + +

Phenol Blue green — — —

Tannin White ppt — — —

Table 2. Phytochemical constituents of Opuntia elatior fruit extract.

Figure 5. Inhibition of protein denaturation, of different extract of Opuntia elatior fruit.
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gives quantitative assessment of a compound. Peak size of the area is nearly equal to the 
amount of the substance present in the mixture. For the identification of the chemical profile, 
the sample was subjected to further characterization and isolation of compound. In this study, 
total nine bands were obtained in the sample.

3.8. GC-MS analysis of methanolic extract of Opuntia elatior fruit

GC-MS analysis of methanolic extract of Opuntia elatior is shown in Figure 7. The separation 
techniques coupled with GC-MS allowed separation of constituents as shown in the GCMS 

Figure 6. HPTLC profile and chromatogram of methanolic extract of Opuntia elatior fruit.

Figure 7. GC-MS chromatogram of methanolic extracts of Opuntia elatior.
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trace in Figure 7. Compounds are not separated properly because of its higher background 
value. Because of higher background peaks are not seen clearly. The peaks start forming at 70% 
and continued for minutes. The identifications of phytochemical compound were based on the 
peak area, retention time and molecular formula. The GC-MS data can be used to identify 
major bioactive, phytochemical constituent. The GC-MS analysis of the fruit sample revealed 
the presence of 19 compounds. Thus, the presence of unidentified compound initiated further 
investigation on the fruits of Opuntia elatior. Further analysis of the fruit extract is being done 
for the NMR studies for structural analysis of the compound. Thus, the presence of alkaloids 
and phytosterols present in the methanolic fruit extract of Opuntia elatior open ample scope for 
further investigations. Thus, chemical present of alkaloids and phytosterols present give activ-
ity of antioxidant and anti-inflammatory. The different author reported the ethanolic extracts 
present the 14 compounds compared to the methanolic extracts 19 chemical compound pres-
ents. This indication more support to the further analysis of the fruit extract is required for 
the NMR studies for structural analysis of the compound identification. It gives better idea of 
which chemical compound is responsible for the antioxidant and anti-inflammatory activity.

4. Conclusion

This study shows the analysis of nutritional and medicinal properties of Opuntia elatior fruit. 
From the study, it is seen that the Opuntia fruit was rich in nutrients. It also has antioxidant 
and anti-inflammatory properties that can be useful in the medical stream. The intake of 
proper nutrients helps increase your daily metabolism, improves the strength of your bones, 
increases blood flow to the brain and helps maintain a healthy life style. To date, around 
25% of drugs that have alkaloid agent come from plant origin. Through the Qualitative 
phytochemical analysis of this fruit, alkaloids and phytosterols were found. TLC analysis of 
methanolic extract of Opuntia elatior exhibits the one band. The brownish color of band shows 
the presence of alkaloid. The alkaloid acts as a phytoprotective agent against invading micro-
organisms. These phytosterols play an important role in cell membrane function. This helps 
reduce blood cholesterol levels in the body. HPTLC analysis of methanolic extract showed the 
presence of three bands. From this result we can conclude that three different components are 
present in the Opuntia elatior fruit extract. By the analysis of GC-MS of Opuntia, fruit extract 
peaks were not shown clearly. It may be because of high background values that the peaks of 
the compounds were not seen.
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trace in Figure 7. Compounds are not separated properly because of its higher background 
value. Because of higher background peaks are not seen clearly. The peaks start forming at 70% 
and continued for minutes. The identifications of phytochemical compound were based on the 
peak area, retention time and molecular formula. The GC-MS data can be used to identify 
major bioactive, phytochemical constituent. The GC-MS analysis of the fruit sample revealed 
the presence of 19 compounds. Thus, the presence of unidentified compound initiated further 
investigation on the fruits of Opuntia elatior. Further analysis of the fruit extract is being done 
for the NMR studies for structural analysis of the compound. Thus, the presence of alkaloids 
and phytosterols present in the methanolic fruit extract of Opuntia elatior open ample scope for 
further investigations. Thus, chemical present of alkaloids and phytosterols present give activ-
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4. Conclusion
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presence of three bands. From this result we can conclude that three different components are 
present in the Opuntia elatior fruit extract. By the analysis of GC-MS of Opuntia, fruit extract 
peaks were not shown clearly. It may be because of high background values that the peaks of 
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Abstract

Twenty-four soybean genotypes collected from different regions and origin were evaluated 
for their quality performance to explore their nutritional and medicinal values. The proxi-
mate compositions showed considerable variations among soybean genotypes. The USA 
genotypes recorded the highest values for protein (43.1 g/100 g), total fat (23.61 g/100 g), 
phenolic content and flavonoids (1.77 and 2.13 mg/g). Using GC-MS analyses of methanolic 
extracts, a total of 88 compounds were identified in the genotypes and were classified to: 19 
heterocyclic compounds, 13 compounds for ketones and esters, 9 for phenolic compound, 7 
compounds for carboxylic acids and sugar moiety, 5 compounds for aldehydes and alcohols, 
4 ether compounds, 3 amide, 2 alkanes and one alkene and one fatty acid ester. Indonesian 
genotypes recorded the highest number of phenolic and the Australian genotype A-1 had 
the maximum number of esters. Genotypes showed high levels of proximate compositions 
and pharmaceutical components, offering potential candidates for improving those traits in 
adapted genotypes through breeding program, as well as serving as a good source of mass 
production of pharmaceutical and medicinal components either through classical or in vitro 
production. Furthermore, platform was set for isolating and understanding the characteris-
tics of each compound for it pharmacological properties.
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1. Introduction

Soybean (Glycine max (L.) Merr) considered among ancient cultivated crops, it was domesti-
cated in the 11th century BC around Northeast of China. It is one of the most widely grown 
leguminous crops in the world. Its cultivated area was recorded in 95 countries more than 
121 million hectare that produced 335 million tons of dry seeds [1] (FAOSTAT, 2016). Soybean 
had a wide variability, the USDA alone maintains more than 15 thousand soybean acces-
sion grouped into 13 maturity classes including both determinate and indeterminate soy-
bean. Early maturing groups are adapted to short summer growing seasons in North USA 
and Canada while late maturity groups are adapted to southern or coastal plain counties [2]. 
Soybean occupies an advanced position among agricultural crops, being the most important 
source of proteins and vegetable oils [3]. Its seeds provided abundant and high quality pro-
tein and oil for human diet and animal feed. Its seeds contain more than 36% protein, 30% 
carbohydrates in addition to fiber, vitamins, and minerals [3]. It also contains about 20% oil, 
which makes soybean one of the most important edible oil crops. Soy oil has used as binding 
additives in manufacturing of papers, inks, paints, varnishes, cosmetics, and plastics. It was 
used also in production of farming pesticides and pharmaceuticals products [4]. Nowadays, 
biodiesel utilizing soy oil become a new industrial renewable sources of energy. Additionally, 
soybean as a nitrogen-fixing legume crop helps in reducing the chemical source of nitrogen 
fertilizers production [4].

Furthermore, tofu, soy milk, soy sauce, miso, etc., have been developed for human con-
sumption, while soya meal (oil extraction by-product) is used as a nutritious animal feed 
[5]. Moreover, soybean is now regarded as a model legume crop owing to the availability 
of genome sequence information [6]. Keeping in mind its vast uses, there is huge num-
ber of justifications for crop improvement programs throughout the world. Having 53% 
global production share of all oilseed crops, USA, China, Brazil, Argentina and India gave 
 soybean much attention in the agricultural production systems. Yield and total produc-
tion of soybean increased over the last two decades due to genetic improvement of this 
crop [7].

In comparison with conventional legume and animal feed sources, soybean is considered 
one of the cheapest food resources with medicinal properties due to their highest protein 
content and no cholesterol due to its contents of Genistein, photochemical and isoflavones [8]. 
It can help in disease fighting due to its pharmacological properties and its phytochemicals 
constitutes, including antioxidant, estrogenic, antidiabetic, anti-hypercholesterolemic, anti-
hyperlipidemic, anti-obesity, antihypertensive, anticancer, anti-mutagenic, hepatoprotective, 
anti-osteoporotic, antiviral, bifidogenic, anti-inflammatory, immunomodulatory, neuropro-
tective, wound healing, antimicrobial, goitrogenic anti-skin aging, anti-photoaging activity 
and the effects of anti-nutritional factors [3]. A 111 volatile compounds in fermented soybean 
curds were reported by Chung [9] and an 83 in commercial plain sufu [10]. Messina [11] 
reported that the presence of isoflavones in soybean is behind the pharmacological attributes 
of this crop. Chemical composition included Phenolic acids, flavonoids, isoflavones, sapo-
nins, phytosterols and sphingolipids were recorded in soybean [12–14]. Due to importance of 
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this crop and its products, this study was amid at estimating the most active constitutes of 24 
soybean genotypes including total phenolic, flavonoid and protein content and phytochemi-
cals using GC-MS.

2. Materials and methods

2.1. Plant materials

Twenty-four soybean genotypes were grown in Dirab Agriculture Research Station, King 
Saud University, Riyadh, Kingdom of Saudi Arabia (24_25049.200 N 46_22012.500E) on 
August, 2014 and were collected from nine countries (Argentina, Australia, China, Egypt, 
India, Indonesia, USA, and Pakistan). The name and geographical origin of these genotypes 
are presented in the Table 1.

2.2. Chemical analysis

2.2.1. Proximate composition

Triplicate sample is used to determine the proximate analysis of soybean genotypes for crude 
proteins, moisture, total ash, fat and carbohydrate by using the methods described in AOAC, 
[15]. Protein content was estimated using Kjeldahl method with titration and percent nitrogen 
was determined using [16] equation.

Entry no. Genotype name Source/origin Entry no. Genotype name Source/origin

1 Admaril Pakistan 13 Giza 111 Egypt

2 Romal-1 Pakistan 14 Clark USA

3 NARC-2 Pakistan 15 3803 Syria

4 Williams 82 USA 15 A-1 Australia

5 X 32 Egypt 17 Ijen Indonesia

6 Giza 22 Egypt 18 Indo-black Indonesia

7 Giza 21 Egypt 29 Indo-I Indonesia

8 X2 L 12 Egypt 20 Indo-II Indonesia

9 Giza 83 Egypt 21 USA-1 USA

10 Crawford USA 22 Indian India

11 Giza 35 Egypt 23 Chinese China

12 X 30 Egypt 24 Argentinian Argentina

Table 1. Name and source of the 24 soybean genotypes invistigated in the study.
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2.2.2. Antioxidants determination

Soybean samples approximately (1 g) were powdered and homogenized in 10 ml 80% methanol. 
The mixture was shaken at 300 rpm at room temperature for 3 h. Then the extract was centri-
fuged for 10 min at 3000 rpm and upper aqueous phase were transferred to new Eppndorf tubes. 
Moreover, the residues were again extracted with 5 ml 80% methanol overnight. The extraction 
was performed in three replicates, later on extracts combined and stored in dark at 4°C. The Folin-
Ciocalteu reagent was used to determine the total phenolic compounds from the extracts using 
gallic acid calibration curve as standard. The total phenolics were expressed as mg/g gallic acid 
equivalents (GAE). An extract was aliquot (50 μl) and mixed with Folin-Ciocalteu reagent of 250 μl 
and 7.5% sodium carbonate of 750 μl. The volume was increased to 5 ml with water and sample 
was incubated for 2 h. The absorbance was measured at 765 nm against distilled water as blank. The 
flavonoid determination was measure by aluminum chloride method with the help of Quercetin 
equivalent as standard. An aliquot of extract (250 μl) was mixed with ddH2O and 5% NaNO2 (15:1, 
v/v). After 6 min, 150 μl of 10% AlCl3 was added to the mixture. A 500 μl of 1 M NaOH was added 
to the mixture at the 5th min, and volume made up to 2.5 ml with distills water and the absorbance 
was measured spectrophotometrically at 410 nm.

2.2.3. Gas chromatography-mass spectroscopy

The GC-MS analysis of fractions were performed using a TSQTM 8000 Evo Triple Quadrupole 
GC-MS/MS (Thermo Fisher Scientific) equipped with an Elite-5 capillary column (length 30 nm 
and inner diameter 0.25 mm and film thickness 0.25 μm) and mass detector was operated in 
electron impact (EI) mode with full scan (50–550 amu). Helium was used as the carrier gas at 
constant flow rate 1 mL/min and an injection volume of 1 μL. The oven injector temperature was 
programmed from 50°C with an increase of 8°C/min to 200°C, then  7°C/min to 290°C/min. The 
results were compared using the database of National Institute Standard and Technology (NIST).

2.3. Data analysis

The data were subjected to descriptive statistics (mean, standard deviation, coefficient of variabil-
ity, minimum and maximum values) and principal component analysis (PCA) using statistical 
software Past3 program [17].

3. Results and discussion

3.1. Proximate analysis

The proximate analysis values of 24 soybean genotypes (crude protein, ash fat, carbohydrate, 
and moisture contents) values and total phenolic and flavonoid contents are shown in Table 2, 
and the detailed proximate analysis estimates are presented in Table S1. The minimum crude 
protein value was recorded for Argentinian (35.63%), while maximum recorded for Clark 
genotypes (43.13%). The genotypes, i.e., Clark, Indo-1, Indo-black, Ijen, Romal-1, X 30 and 
3803 recorded higher than 40% crude protein. The significant variations for crude proteins 
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among genotypes were recorded and that might observed due to differences in genetic back-
ground and/or origin. The higher protein content in the genotypes is also reported previously 
which ranged from 43 to 45% [18]. These results are also in line with Zarkadas et al. [19, 20] 
who reported crude protein contents in soybean ranging from 33.67 to 42.11%. The minimum 
moisture contents were recorded in Giza 83 (3.08%) while maximum was recorded for Indo-1 
(5.88%) with an average (4.90%) mean value showing non-significant difference. Ash contents 
ranged from 4.55 to 6.28% with an average of 5.44%. The maximum was recorded for Giza 
111 (6.28%) genotype while Romal-1 genotype had the lowest (4.55%) of ash contents. The 
moisture and ash contents values were recorded lower than that reported by [21]. Total fat 
ranged from 16.92 to 22.94% with a mean value of 21.16%. The genotype Indo-black contained 
the lowest while the genotype 3803 recorded the highest content. Soybean is considered 
about 47% of its energy value in fat content [22, 23] which is compared to other legumes. Our 
results regarding total fat were in line with that of [24] who reported that that total fat value 
ranged 18 and 22 g/100 g in soybean genotypes. The minimum carbohydrate content in Clark 
(26.11%) while maximum in Argentinian (33.18%), with an average (29.48%) was recorded 
among soybean genotypes.

3.2. Flavonoid and phenolic contents

Flavonoid and phenolic compounds are the important phytochemicals and natural antioxidants 
founds in fruits, vegetable and cereals grains. It serves as multiple biological functions, i.e., defense 
against cardiovascular disease, cancer and aging [25]. The results regarding total phenolic and fla-
vonoids contents for 24 soybean genotypes are presented in Table S1, and significant differences 
were recorded for all soybean genotypes. The seed extracted results indicated that the maximum 
phenolic contents was recorded in Romal-1 (1.7 mg/g) while minimum in Giza 111 (1.15 mg/g) 
with an average 1.45 GAE/g mg/g (Table 2). However, total flavonoid content ranged 0.68 to 
2.13 mg QE/g (Table 2). Phenolic content is strongly linked with antioxidant capacity [26, 27]  
and can contribute towards antioxidants activities [28]. The use and demands of phenolic are 
increasing rapidly in food industry to enhance nutritional value and quality of food [29].

Crude 
protein 
(g/100 g)

Moisture 
(g/100 g)

Ash 
(g/100 g)

Total fat 
(g/100 g)

Carbohydrate 
(g/100 g)

Total 
phenolic 
content 
(TPC)

Total 
flavonoid 
content (TFC)

N 24 24 24 24 24 24 24

Min 35.63 3.08 4.55 16.92 26.11 1.15 0.68

Max 43.13 5.88 6.28 23.61 33.18 1.77 2.13

Mean 39.02 4.90 5.44 21.16 29.48 1.45 1.24

Stand. 
dev.

2.09 0.65 0.33 1.41 1.86 0.16 0.36

Coeff. 
Var.

5.35 13.26 6.11 6.68 6.30 11.58 29.32

Table 2. Descriptive statistics of chemical composition in 24 soybean genotypes.
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the lowest while the genotype 3803 recorded the highest content. Soybean is considered 
about 47% of its energy value in fat content [22, 23] which is compared to other legumes. Our 
results regarding total fat were in line with that of [24] who reported that that total fat value 
ranged 18 and 22 g/100 g in soybean genotypes. The minimum carbohydrate content in Clark 
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founds in fruits, vegetable and cereals grains. It serves as multiple biological functions, i.e., defense 
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were recorded for all soybean genotypes. The seed extracted results indicated that the maximum 
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with an average 1.45 GAE/g mg/g (Table 2). However, total flavonoid content ranged 0.68 to 
2.13 mg QE/g (Table 2). Phenolic content is strongly linked with antioxidant capacity [26, 27]  
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3.3. GC-MS analysis

Methanolic extracts of 24 soybean genotypes using GC-MS analysis were used to identify a 
large number of phytochemical. Based on peak area, retention time and molecular formula, 
about 88 compounds were recognized. A large number of bioactive phytochemicals including 
flavonoids, phenolic acids, saponins, isoflavones, sphingolipids and phytosterols were also 
reported previously for soybean [12–14]. The carbamide was the first compound that identi-
fied at 3.67 min retention time, whereas, last compound identified at 48.53 min retention time 
was methyl 10 Trans, 12-cisoctadecadienoate recognized at 48.53 min retention time (Table 
S2). A wide difference was recorded for composition of phytochemical in 24 soybean geno-
types. The phytocompounds and their biological activities in soybean genotypes were pre-
sented in Table 3. The phytocompounds of the studied soybean genotypes divided into 
different groups (Figure 1). The resulted 88 compounds were categorized into heterocyclic 
compounds (19), aldehydes (5), alcohols (5), esters (13), amide (3), sugar moiety (7), ether (4), 

Compound Other names Nature Activity RT MW

22 2H-1-Benzopyran,3,5,6,8a-
tetrahydro-2,5,5,8a-
tetramethyl-,(2S-cis)-

Edulan II Heterocyclic 
compound

7.58 192

27 1,2-Cyclopentanedione Ketone Antioxidant 7.98 98

28 Pyran-4-Carboxylic acid, 
4-(4-methoxyphenyl)-
tetrahydro-

Heterocyclic 
compound

8.02 236

34 2,4-Dihydroxy-2,5-dimethyl-
3(2H)-furan-3-one

Ketone 9.74 144

36 2H-Pyran-2,6(3H)-dione Glutaconic 
anhydride

Heterocyclic 
compound

10.75 112

39 2-Pyrrolidinone, 1-methyl M-Pyrol Ketone 11.86 99

42 2,5-Dimethyl-4-hydroxy-3(2H)-
furanone

Ketone 12.28 128

44 Phenol, 2-methoxy- Phenolic 
compound

Antimicrobial, 
antioxidant, anti-
inflammatory, analgesic

13.83 124

49 4H-Pyran-4-one,3-hydroxy-2-
methyl-

Maltol Heterocyclic 
compound

Flavor enhancer 14.78 126

50 5-Hepten-3-one, 5-methyl- Ketone 
compound

15.09 126

52 3,5-Dihydroxy-6-methyl-2,3-
dihydro-4H-pyran-4-one

Heterocyclic 
compound

Antimicrobial, 
anti-inflammatory

16.61 144

57 Phenol, 4-ethenyl-, acetate 4-Vinylphenyl 
acetate

Phenolic 
compound

Antimicrobial, 
antioxidant, 
anti-inflammatory

19.29 162

60 Benzofuran, 2,3-dihydro Coumaran Heterocyclic 
compound

Antihelminthic, 
anti-inflammatory, 
antidiarrheal

20.16 120

62 Benzeneacetaldehyde, 3-methyl m-Tolualdehyde Aldehyde Antimicrobial 20.34 120

Phytochemicals - Source of Antioxidants and Role in Disease Prevention144

phenolic compound (9), carboxylic acids (7), ketones (13), alkanes (2), one fatty acid ester and 
one Alkene. A typical chromatogram of one soybean genotype was shown in Figure 2. The 
GC-MS analyses showed that the methanolic extract is largely composed of heterocyclic com-
pound, ester and phenolic compound. Hexadecanoic acid, methyl ester, 2,6-dimethoxy, 
3,5-dimethoxyacetophenone, 2-methoxy-4-vinylphenol, phenol and 1,2-cyclopentanedione 
were noticed in most of the genotypes. These phytochemicals are involved in various pharma-
cological actions, i.e., antioxidants and antimicrobial activities [30]. These chemicals are also 
active in many biological activities that were listed (Table S2). Phytochemicals also possess 
antioxidant activities, anti-cancer, anticarcinogenic, antibacterial, antiviral, or anti-inflamma-
tory activities and play an important role for plant metabolism [30, 31]. The five compounds 
belong to aldehyde group (benzeneacetaldehyde, 3,4-dimethylbenzaldehyde, methoxy-
propanal, p-hydroxyphenyl, glyoxal and propanal, 2-(benzoyloxy)-, benzeneacetaldehyde), 
were detected in 10 genotypes (Table S2). Admiral and Williams 82 contains 3-methoxy-
propanal while indo-black, Indo-1 and Indo-II contains 3,4-dimethylbenzaldehyde, whereas 
Giza 35 and X30 contains p-hydroxyphenyl) glyoxal and propanal, 2-benzoyloxy, respectively. 
The highest number of aldehyde compounds is present in William 82 genotype (2). It is also 
reported that; aldehyde possess powerful antimicrobial activity due to their highly electro-
negative arrangement of conjugated group C=C double bond [32], as the electronegativity 
increase, antimicrobial activity also increases in those genotypes [33, 34]. These compounds 
react with vital nitrogen components such as protein and nucleic acid, consequently inhibit 
microorganism. Thirteen ketone related compounds were identified, i.e., 1-(dimethylamino)-, 

Compound Other names Nature Activity RT MW

61 1,2-Benzenediol,3-methoxy- Pyrocatechol, 
3-methoxy

Phenolic 
compound

Antioxidant 21.01 140

64 2-Methoxy-4-vinylphenol Phenol, 4-ethenyl-
2-methoxy-

Phenolic 
compound

Antimicrobial, 
antioxidant, 
anti-inflammatory

23.35 150

68 Phenol, 2,6-dimethoxy- Pyrogallol 
1,3-dimethyl ether

Phenolic 
compound

Antimicrobial, 
antioxidant, 
anti-inflammatory

24.99 154

70 Phenol,2,6-bis(1,1-
dimethylethyl)-4-methyl-

Butylated 
hydroxytoluene

Phenolic 
compound

Antimicrobial, 
antioxidant, anti-
inflammatory, analgesic

30.99 220

71 Phenol, 
2,4-bis(1,1-dimethylethyl)-

Phenol, 
2,4-di-tert-butyl-

Phenolic 
compound

Antimicrobial, 
antioxidant, 
anti-inflammatory

31.19 206

72 5-tert-Butyl-1,2,3-benzenetriol 5-Tert-
butylpyrogallol

Phenolic 
compound

Antioxidant, antiseptic, 
antibacterial, anti-
dermatitic fungicide, 
pesticide

31.91 182

76 3,5-Dimethoxyacetophenone Ketone Antioxidant 33.65 180

85 Hexadecanoic acid, methyl 
ester

Palmitic acid, 
methyl ester

Ester Antioxidant, flavor, 
hypocholesterolemic, 
nematicide

46.13 270

Table 3. List of important phytocompounds identified in the methanolic seed extract of soybean genotypes by GC-MS.
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3.3. GC-MS analysis
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phenolic compound (9), carboxylic acids (7), ketones (13), alkanes (2), one fatty acid ester and 
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antioxidant activities, anti-cancer, anticarcinogenic, antibacterial, antiviral, or anti-inflamma-
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reported that; aldehyde possess powerful antimicrobial activity due to their highly electro-
negative arrangement of conjugated group C=C double bond [32], as the electronegativity 
increase, antimicrobial activity also increases in those genotypes [33, 34]. These compounds 
react with vital nitrogen components such as protein and nucleic acid, consequently inhibit 
microorganism. Thirteen ketone related compounds were identified, i.e., 1-(dimethylamino)-, 
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1,2-propanone, 1,2-cyclopentanedione and 6-Oxa-bicyclo [3.1.0] hexan-3-one, 2,4-dihydroxy-
2,5-dimethyl-3(2H)-furan-3-one,2-acetyl-2,3,5,6-tetrahydro-1,4-thiazine,butyrolactone, 
2,5-Dimethyl-4-hydroxy-3(2H)-furanone, 5-hepten-3-one, 5-methyl-, dihydroxyacetone, 2-pyr-
rolidinone, 1-methyl, 2,4,6,-cycloheptatrien-1-one,4-methyl-, 3,5-dimethoxyacetophenone. The 
indo-11 and 3803 genotypes recorded highest ketonic compounds (8) followed by present in 
Giza 35 and USA-1 genotypes that contained 6ketonic group each. Ketones might be formed 
by beta-oxidation of fatty acid and have some important flavor compounds [35]. During fatty 

Figure 1. Pie diagram showing the percentage of phytochemical groups identified in 24 soybean genotypes.

Figure 2. A typical GC-MS profile of seeds of soybean genotype.
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acid metabolism, many volatile compounds are also formed, producing alcohols, acids and 
esters. Many alcoholic compounds are derived from bioremediation of unsaturated fatty acids 
and are prerequisite for the formation of long chain esters. These identified compounds in 
soybean genotypes are 4-methyl-2-haptanol, 1,2,3-propanetriol, isosorbide (D-glucitol, 
1,4,3,6-dianhydro), 1-undecanol alcohol, and 1,3-dioxolane-4-methanol (glycerol formal). 
4-Methyl-2-haptanol was present in Genotype Giza 35 while 1,2,3-propanetriol was present in 
nine genotypes and isosorbide was detected in three soybean genotypes. The highest alcoholic 
compounds (3) were detected in Clark genotype as compared to other genotypes. Alcohols 
also possess antibacterial activity against vegetative cell. Glycerol and derivatives also show 
bacterial inhibiting effect [36]. The following seven carboxylic acids namely acetic acid, 2-pyri-
dinecarboxylic acid (also called picolinic acid), 2,2-[oxybis(2,1-ethanediyloxy)]bis, butanoic 
acid, 4-hydroxy-, propyl-(also called 2-propylmalonic acid), propanedioic acid, benzoic acid, 
butanoic acid, 4,4-dithiobis[2-amino-,[S-(R/,R/)] were detected (Table S2). Five genotypes were 
having acetic acid and 2-pyridinecarboxylic acid was present in five genotypes. Three 
genotypes have butanoic acid and 4-hydroxy-was appeared in three genotypes while one 
genotype has benzoic acid. Giza 35, X30, Argentinian and Chinese compassed the maximum 
numbers of carboxylic acids compounds. Thirteen esters were identified. The butyrolactone, 
acetic acid, 2-(dimethylamino)ethyl ester, formic acid, 3-methylbut-2-yl ester, pentanoic acid, 
2-isopropoxyphenyl ester, phthalic acid, hex-3-yl-isobutyl ester, hexadecanoic acid, methyl 
ester, phthalic acid, butyl undecyl ester, 5,8,11-heptadecatriynoic acid methyl ester, methyl 
10-trans, 12-cis-octadecadienoate, 9,12-octadecadienoic acid(Z,Z)-methyl ester, benzoic acid, 
4-ethoxy-, ethyl ester, 1,2-benzenedicarboxylic acid, dibutyl ester, and pentanoic acid, 2,2-4-tri-
methyl-3-carboxyisopropyl, isobutyl, ester were identified. The genotype A-1 had maximum 
six esters compounds followed by others genotypes (Giza 83, Romal-1, Clark, Argentinian and 
3803) having five (5) esters compounds. Hexadecanoic acid ethyl ester shows antioxidant, 
nematicidal activities and hypocholesterolemic [37]. Regarding phenolic compound, a total of 
nine compounds were identified. 1,2-benzenediol,3-methoxy-, 5-tert-butyl-1,2,3-benzenetriol, 
phenol, 4-ethenyl-, acetate, phenol, 2,6-dimethoxy-, 2-methoxy-4-vinylphenol, phenol,2,6-
bis(1,1-dimethylethyl)-4-methy l-, phenol, 2,4-bis(1,1-dimethylethyl)-, and phenol, 2-methoxy. 
The genotypes Indo-1 and Ijen and recorded the highest number of phenolic compounds 
which is five while the genotypes Clark, NARC-2, Giza 35, USA-1 and Indo-11 contained the 
four (4) phenolic compounds each. The plant phenolics compounds are of great interest to 
human due to their anti-oxidative and possible anticarcinogenic activities. The dietary pheno-
lics are considered anti-carcinogens because of antioxidants, but there is no clear proof sup-
porting this supposition [38]. Phenolic may inhibit carcinogenesis by interfering the molecular 
events in initiation, promotion, and progression stages. Isoflavones and lignans from soybean 
may distract tumor formation by mediating estrogen-related activities and also modulate the 
growth of benign and malignant prostatic epithelial cells in vitro [39]. The following sugar 
moiety, L-galactose, 6-deoxy-, 3,4-0-isopropylidene-d-galactose, a-methyl-D-m annopyrano-
side, 3-O-methyl-d-glucose a-D-galactopyranoside, methyl were appeared among soybean 
studied genotypes. The relatively notable amounts of heterocyclic compounds were identified 
including 3,5-dihydroxy-6-methyl-2, 2,6-diisoprpylnapthalene, 4H-pyran-4-one, 3-dihydro-
4Hpyran-4-one, 3-hydroxy-2-methyl-, pyrazine, ethyl-, oxirane, 2-ethyl-2-methyl, 1H-indazole, 
4,5,6,7-tetrahydro, N-aminomorpholine, and benzofuran, 2,3-dihydro. The genotype X30 had 
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1,2-propanone, 1,2-cyclopentanedione and 6-Oxa-bicyclo [3.1.0] hexan-3-one, 2,4-dihydroxy-
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indo-11 and 3803 genotypes recorded highest ketonic compounds (8) followed by present in 
Giza 35 and USA-1 genotypes that contained 6ketonic group each. Ketones might be formed 
by beta-oxidation of fatty acid and have some important flavor compounds [35]. During fatty 

Figure 1. Pie diagram showing the percentage of phytochemical groups identified in 24 soybean genotypes.

Figure 2. A typical GC-MS profile of seeds of soybean genotype.
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The genotypes Indo-1 and Ijen and recorded the highest number of phenolic compounds 
which is five while the genotypes Clark, NARC-2, Giza 35, USA-1 and Indo-11 contained the 
four (4) phenolic compounds each. The plant phenolics compounds are of great interest to 
human due to their anti-oxidative and possible anticarcinogenic activities. The dietary pheno-
lics are considered anti-carcinogens because of antioxidants, but there is no clear proof sup-
porting this supposition [38]. Phenolic may inhibit carcinogenesis by interfering the molecular 
events in initiation, promotion, and progression stages. Isoflavones and lignans from soybean 
may distract tumor formation by mediating estrogen-related activities and also modulate the 
growth of benign and malignant prostatic epithelial cells in vitro [39]. The following sugar 
moiety, L-galactose, 6-deoxy-, 3,4-0-isopropylidene-d-galactose, a-methyl-D-m annopyrano-
side, 3-O-methyl-d-glucose a-D-galactopyranoside, methyl were appeared among soybean 
studied genotypes. The relatively notable amounts of heterocyclic compounds were identified 
including 3,5-dihydroxy-6-methyl-2, 2,6-diisoprpylnapthalene, 4H-pyran-4-one, 3-dihydro-
4Hpyran-4-one, 3-hydroxy-2-methyl-, pyrazine, ethyl-, oxirane, 2-ethyl-2-methyl, 1H-indazole, 
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four sugars compounds while genotypes USA-1, Indo-1, and Indo-11 had three sugars com-
pounds each. Benzofurans are considered to possess anti-oxidant, antimicrobial effect and 
anti-inflammatory [40]. The compounds detected in this study have reported to have poten-
tials as therapeutic agents, antioxidant, antimicrobial, and anti-inflammatory compounds and 
demonstrating that different compounds can exhibit similar activity and this might be due to 
presence of similar functional groups (Table S2). Antioxidant properties of soybean extract 
could be the basis for the presence of various antioxidant and anti-inflammatory compounds.

3.4. Principal component analysis (PCA)

The first three principal components explained 78.64% of total variations among genotypes 
(Table 4 and Figure 3). The first component described 59.65% of total variation, and positively 
correlated with phytochemical classes of ether, alcohol, sugar moiety ketone and phenolic 
compounds. Genotypes Ijen, Clark, A-1, USA-1, Indo-II, 3803, X 30, Giza 35, Indo-black and 
Indo-I showed the most variability according to these components and can be selected for 
these classes. PC2 illustrated 10.63% of the total variance, and the amide, sugar moiety, ether, 
alkane, ketone and carboxylic acid positively correlated with this component. The genotypes 
showed most variability were Giza 111, Giza 35, X 30, X 32, Indo-II and 3803. Alkane, Aldehyde, 
Carboxylic acid and Phenolic compound were positively correlated with the third compo-
nent. The genotypes Giza 35, X 32 showed most variability based on this component. In this 
study, genotypes Giza 35, X 30, Indo-II and genotype 3803 showed positive loading in at least 
two out of the three PCs, which can be utilized in breeding for ceratin class of phytochemi-
cal. Utilizing PCA effectively reduces the number of variables needed to classify cultivars 

PC 1 PC 2 PC 3

Eigen values 0.17 0.03 0.02

Percent of variance 59.65 10.63 8.36

Cumulative percentage 59.65 70.28 78.64

Alcohol 0.42 0.11 −0.12

Aldehyde −0.14 0.00 0.24

Alkane −0.01 0.29 0.75

Amide −0.59 0.67 −0.28

Sugar moiety 0.39 0.44 −0.06

Carboxylic acid 0.03 0.06 0.31

Ester 0.12 −0.25 −0.26

Ether 0.45 0.34 0.02

Heterocyclic compound 0.05 0.14 −0.16

Ketone 0.27 0.21 −0.18

Phenolic compound 0.11 −0.09 0.24

Table 4. Eigen values and proportion of the variance explained for the three principal components of the 24 soybean 
genotypes based on phytochemical components.
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and permitted soybean researchers to more easily develop significant relationships between 
important soybean characteristics. Soybean cultivars have been classified using (PCA) of the 
fatty acid data [41]. The first four principal components generated in total 81.49% of the vari-
ance, where PC1 positively correlated with oleic, linoleic, and gondoic acids, PC2 with stearic, 
linolenic and arachidic acids, PC3 behenic and lignoceric acids, and PC4 by palmitic acid. 
Moreover, due to the ability of PCA to manage and interpret large data sets, it has been used 
in studying relationships that exist in fatty acid characterization [42]. Although soybean oil 
has been included in some chemometric studies comparing vegetable oils, soybean cultivars 
have yet to be extensively classified using multivariate techniques [43, 44].

4. Conclusion

The results revealed that soybean genotypes cover variable patterns of total proteins flavonoids, 
phenolic and various bioactive volatile compounds. The mass spectrometry analysis results demon-
strated that, majority of soybean genotypes are a source bioactive compounds with antioxidant, anti-
inflammatory, antimicrobial and other functions. 2-Methoxy-4-vinylphenol, phenol, 2,6-dimethoxy-, 
3,5-dimethoxyacetophenone, hexadecanoic acid methyl ester, 1,2-cyclopentanedione, and 3,5-dihy 
droxy-6-methyl-2,3-dihydro-4H-pyran-4-one were present in majority of genotypes. However, the 
genotypes Ijen and Indo-1 contributed more phenolic compound than others genotype. Genotype 
A-1 has the maximum compound in esters compounds. The genotypes Indo-11 and 3803 contribute 

Figure 3. Two-dimensional biplot ordination of 24 soybean genotypes on principal component axes according to 11 
phytochemical classes.
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four sugars compounds while genotypes USA-1, Indo-1, and Indo-11 had three sugars com-
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demonstrating that different compounds can exhibit similar activity and this might be due to 
presence of similar functional groups (Table S2). Antioxidant properties of soybean extract 
could be the basis for the presence of various antioxidant and anti-inflammatory compounds.

3.4. Principal component analysis (PCA)
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and permitted soybean researchers to more easily develop significant relationships between 
important soybean characteristics. Soybean cultivars have been classified using (PCA) of the 
fatty acid data [41]. The first four principal components generated in total 81.49% of the vari-
ance, where PC1 positively correlated with oleic, linoleic, and gondoic acids, PC2 with stearic, 
linolenic and arachidic acids, PC3 behenic and lignoceric acids, and PC4 by palmitic acid. 
Moreover, due to the ability of PCA to manage and interpret large data sets, it has been used 
in studying relationships that exist in fatty acid characterization [42]. Although soybean oil 
has been included in some chemometric studies comparing vegetable oils, soybean cultivars 
have yet to be extensively classified using multivariate techniques [43, 44].

4. Conclusion

The results revealed that soybean genotypes cover variable patterns of total proteins flavonoids, 
phenolic and various bioactive volatile compounds. The mass spectrometry analysis results demon-
strated that, majority of soybean genotypes are a source bioactive compounds with antioxidant, anti-
inflammatory, antimicrobial and other functions. 2-Methoxy-4-vinylphenol, phenol, 2,6-dimethoxy-, 
3,5-dimethoxyacetophenone, hexadecanoic acid methyl ester, 1,2-cyclopentanedione, and 3,5-dihy 
droxy-6-methyl-2,3-dihydro-4H-pyran-4-one were present in majority of genotypes. However, the 
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maximum ketone compounds while Giza 111 contributes more in heterocyclic compounds. Some 
genotypes may have good therapeutic potential and could be served as a potential source in drug 
wdevelopment as a health supplement. This study also provides a platform for isolating and under-
standing the properties of each compound for it pharmacological properties.

A. Appendix (supplementary materials)

Genotype name Crude 
protein 
(g/100 g)

Moisture 
(g/100 g)

Ash 
(g/100 g)

Total fat 
(g/100 g)

Carbohydrate 
(g/100 g)

Total 
phenolic 
content 
mg/g

Total 
flavonoid 
content mg/g

Admaril 37.84 4.56 5.27 21.65 30.68 1.30 0.975

Romal-1 40.93 4.79 4.55 20.35 29.38 1.75 1

NARC-2 38.01 4.84 5.79 21.16 30.2 1.50 1.25

Williams 82 38.23 4.97 5.65 22.79 28.36 1.42 1.05

X 32 39.8 4.31 5.54 21.04 29.31 1.25 0.875

Holladay 37.04 4.35 5.55 23.61 29.45 1.35 0.75

Giza 22 39.82 4.45 5.55 21.91 28.27 1.37 0.675

Giza 21 39.84 4.4 5.56 21.72 28.48 1.40 0.8

X2 L 12 38.26 4.26 5.29 21.96 30.23 1.42 1.2

Giza 83 38.29 3.08 5.39 21.42 31.82 1.38 0.925

Crawford 39.43 4.84 5.58 22.38 27.77 1.30 1.125

Giza 35 38.8 3.77 5.49 21.78 30.16 1.32 1.025

X 30 40.05 4.99 5.64 21.78 27.54 1.70 1.0375

Giza 111 36.89 5.34 6.28 22.07 29.42 1.15 1.75

Clark 43.13 5.41 5.77 19.58 26.11 1.35 1.375

3803 40 5.12 5.45 22.94 26.49 1.33 1.625

A − 1 39.01 5.19 4.8 20.69 30.31 1.37 1.45

Ijen 41.7 5.54 5.54 18.66 28.56 1.65 1.25

Indo-black 42.71 5.88 5.36 16.92 29.13 1.65 1.025

Indo-I 42.74 5.88 5.7 19.33 26.35 1.62 1.775

Indo-II 37.87 5.51 5.14 21.17 30.31 1.32 1.375

USA-1 36.89 5.34 5.24 21.34 31.19 1.77 2.125

Indian 36.59 5.43 5.25 20.88 31.85 1.65 1.7625

Chinese 35.98 5.19 5.26 21.06 32.51 1.50 1.35

Argentinian 35.63 5.12 5.3 20.77 33.18 1.37 1.325

Table S1. Proximate analysis, total phenolic and flavonoid in the seeds of 24 soybean genotypes seeds (on a dry weight 
basis).
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maximum ketone compounds while Giza 111 contributes more in heterocyclic compounds. Some 
genotypes may have good therapeutic potential and could be served as a potential source in drug 
wdevelopment as a health supplement. This study also provides a platform for isolating and under-
standing the properties of each compound for it pharmacological properties.

A. Appendix (supplementary materials)

Genotype name Crude 
protein 
(g/100 g)

Moisture 
(g/100 g)

Ash 
(g/100 g)

Total fat 
(g/100 g)

Carbohydrate 
(g/100 g)

Total 
phenolic 
content 
mg/g

Total 
flavonoid 
content mg/g

Admaril 37.84 4.56 5.27 21.65 30.68 1.30 0.975

Romal-1 40.93 4.79 4.55 20.35 29.38 1.75 1

NARC-2 38.01 4.84 5.79 21.16 30.2 1.50 1.25

Williams 82 38.23 4.97 5.65 22.79 28.36 1.42 1.05

X 32 39.8 4.31 5.54 21.04 29.31 1.25 0.875

Holladay 37.04 4.35 5.55 23.61 29.45 1.35 0.75

Giza 22 39.82 4.45 5.55 21.91 28.27 1.37 0.675

Giza 21 39.84 4.4 5.56 21.72 28.48 1.40 0.8

X2 L 12 38.26 4.26 5.29 21.96 30.23 1.42 1.2

Giza 83 38.29 3.08 5.39 21.42 31.82 1.38 0.925

Crawford 39.43 4.84 5.58 22.38 27.77 1.30 1.125

Giza 35 38.8 3.77 5.49 21.78 30.16 1.32 1.025

X 30 40.05 4.99 5.64 21.78 27.54 1.70 1.0375

Giza 111 36.89 5.34 6.28 22.07 29.42 1.15 1.75

Clark 43.13 5.41 5.77 19.58 26.11 1.35 1.375

3803 40 5.12 5.45 22.94 26.49 1.33 1.625

A − 1 39.01 5.19 4.8 20.69 30.31 1.37 1.45

Ijen 41.7 5.54 5.54 18.66 28.56 1.65 1.25

Indo-black 42.71 5.88 5.36 16.92 29.13 1.65 1.025

Indo-I 42.74 5.88 5.7 19.33 26.35 1.62 1.775

Indo-II 37.87 5.51 5.14 21.17 30.31 1.32 1.375

USA-1 36.89 5.34 5.24 21.34 31.19 1.77 2.125

Indian 36.59 5.43 5.25 20.88 31.85 1.65 1.7625

Chinese 35.98 5.19 5.26 21.06 32.51 1.50 1.35

Argentinian 35.63 5.12 5.3 20.77 33.18 1.37 1.325

Table S1. Proximate analysis, total phenolic and flavonoid in the seeds of 24 soybean genotypes seeds (on a dry weight 
basis).
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Abstract

This chapter describes in detail recent research results obtained from the qualitative 
screening of different phytochemicals found in aqueous extracts of sea buckthorn and 
gooseberry, fruits with important pharmacological effects due to their high content in 
vitamin C. Phytochemical investigations reveal the presence of active principles (e.g., 
saponins, flavonoids, alkaloids, carbohydrates, terpenoids, etc.) in sea buckthorn and 
gooseberry and are accomplished by using well-established standard methods. All these 
qualitative determinations rely on the visual color change reaction as a basic response to 
the presence of a specific phytochemical compound. The active principles from sea buck-
thorn and gooseberry are extracted according to a well-settled extraction method, which 
involves infusing the fruits in an aqueous medium, for 24 h, at a constant temperature 
of 4°C.

Keywords: phytochemicals, qualitative screening, sea buckthorn, gooseberry, aqueous 
extracts

1. Introduction

Phytochemistry, basically described as the chemistry of plants and different plant parts, is 
generally considered an early subdivision of organic chemistry and is very important in the 
identification of plant compounds with medicinal properties [1].

Phytochemistry is associated with numerous species of secondary metabolites produced in 
plants by biosynthesis and the natural combination of all these secondary metabolites gives 
the general beneficial therapeutic effects of that specific plant [2, 3].
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Plants biosynthesize phytochemicals to protect themselves from insect attacks and plant 
diseases. Phytochemicals (“Phyto” is the Greek word for plant) are plant chemicals with no 
nutritional value, non-essential nutrients, and with disease preventive properties. Some of the 
most common phytochemicals are lycopene (found in tomatoes), flavonoids (found in fruits), 
and isoflavones (found in soy) [4, 5].

Species belonging even to the same genus can differ one from another in different proportions 
and sometimes these differences are subtle and extremely difficult to determine. Therefore, 
new phytochemical methods quickly developed coming in addition to those that were already 
known and applied [6, 7].

There are many known phytochemicals, and each has its own possible action [8–10]:

• antioxidant: protect human cells from oxidative stress thus considerably reducing the risk of 
developing numerous types of cancer;

• hormonal action: isoflavones are able to imitate human estrogens, reducing the symptoms 
of osteoporosis;

• antibacterial: can be used as alternative therapy against infections caused by different 
bacteria;

• physical action: many phytochemicals physically attach to cell walls thus preventing the 
adhesion of pathogens.

Sea buckthorn (Hippophae rhamnoides L.), an ancient plant with modern attributes, has numer-
ous pharmacological effects: cardioprotective, inhibits platelet aggregation, lowers the levels of 
cholesterol and blood pressure, and provides antioxidant activity. The berries have an orange-
yellowish color (see Figure 1a) and are an important source of vitamin C and A, phenolic com-
pounds (especially flavonoids), and phytosterols [11, 12]. The mineral content (whether it’s the 
fruit itself or the juice) is another important factor, which comes to complete all the beneficial 
properties of sea buckthorn: five essential minerals (calcium, iron, magnesium, sodium, and 
manganese) and four trace elements (chromium, vanadium, selenium, and cobalt) [13].

Gooseberries (Ribes grossularia) are generally divided into two groups, namely European (Ribes 
grossularia var. uva-crispa) and American (Ribes hirtellum) [14]. The fruits (Figure 1b) contain 

Figure 1. (a) Sea buckthorn and (b) gooseberry.
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more than 80% water and important amounts of proteins, fibers, phenolic compounds, miner-
als, and vitamins [15]. Most species of the Ribes genus are rich in prodelphinidin, contain no 
ellagitannins, and are low in carotenoid content [16].

Although both sea buckthorn and gooseberry are used in traditional medicine for the treat-
ment of various diseases, no clear scientific evidence exists to prove their therapeutic benefits 
and, therefore, it is very important to determine the qualitative content of these two fruits.

In this chapter, sea buckthorn and gooseberry dried fruits are used to prepare aqueous extracts 
using a method that involves the cold infusion at a constant temperature of 4°C for 24 h. The 
two aqueous extracts are further used for the qualitative screening of phytochemicals, and 
the most important bioactive chemical constituents that are studied are carbohydrates, flavo-
noids, alkaloids, glycosides, steroids, tannins, proteins, amino acids, and terpenoids. All these 
qualitative studies use standard analytical methods and the results are clearly detailed in the 
present chapter.

2. Preparation of aqueous extracts from sea buckthorn and 
gooseberry

Sea buckthorn (Hippophae rhamnoides L.) and gooseberry (Ribes grossularia) are bought read-
ily dried from local natural shops and are further used to prepare aqueous extracts using a 
method that involves the following steps (Figure 2): grinding the dried fruits into a fine pow-
der, weighting an exact amount of powder, and extracting it using a determined volume of 
distilled water at a constant temperature of 4°C.

The cold infusion takes place in sealed “French press” type coffee filters (Figure 3), one for 
every fruit involved in this research [17].

Figure 2. Preparation of sea buckthorn and gooseberry aqueous extracts.
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The two extracts were left to incubate for 24 h so that as much of sea buckthorn and goose-
berry as possible could be transferred to the aqueous extracts. The aqueous extracts thus 
prepared were separated, filtered, and the volumes of the resulted aqueous extracts were 
measured. An additional vacuum filtration was carried out so that all debris were removed 
from the aqueous extracts.

The sea buckthorn aqueous extract and the gooseberry extract were kept in the refrigerator for 
more than 12 weeks for further use, without any alteration.

The extractive value (yield percentage) of the sea buckthorn and gooseberry samples were 
weighted before and after the preparation of the aqueous extracts and the results are pre-
sented in Table 1 [18]:

  Extract yield % =  [ W  1   /  W  2  ]  × 100  (1)

Crt. no. Aqueous extract Weight before extraction (g) Weight after extraction (g) Yield (%)

1 Sea buckthorn 25 18.66 74.64

2 Gooseberry 25 16.78 67.12

Table 1. Quantities of dry fruit before and after the aqueous extractions.

Figure 3. “French press” type coffee filters used to prepare the aqueous extracts.

Crt. no. Aqueous extract Distilled water (mL) Aqueous extract (mL)

1 Sea buckthorn 100 84

2 Gooseberry 100 92

The pH was measured for the two aqueous extracts and the value was 6.5 for sea buckthorn as well as for gooseberry 
aqueous extracts.

Table 2. Volume of resulted aqueous extracts.
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where W1 = net powder weight (g) resulted after the aqueous extraction and W2 = total pow-
der weight (g) used for the preparation of sea buckthorn and gooseberry aqueous extracts.

The volume of the resulted aqueous extracts was measured (mL) and compared to the initial 
volume of distilled water (Table 2).

3. Qualitative screening of phytochemicals from sea buckthorn and 
gooseberry

Different qualitative phytochemical analyses are known that allow, by using standard ana-
lytical techniques, the determination of chemical groups, or compounds in aqueous extracts 
from different plants. These qualitative tests are based on color or precipitation reactions as a 
positive response to the presence of those specific chemical compounds [19, 20]. All the color 
reactions allow only determining the presence or absence of various chemical groups and not 
the amount in which they are present in different aqueous extracts.

Standard qualitative methods are used to analyze qualitatively the aqueous extract prepared 
from sea buckthorn and gooseberry [21, 22].

3.1. Qualitative screening of carbohydrates

In nature, there are numerous carbohydrate materials that can be generally classified as fol-
lows [23]:

a. Monosaccharides: glucose, fructose, and galactose;

b. Oligosaccharides: sucrose, lactose, and maltose;

c. Polysaccharides: starch, glycogen, and dextrin.

Carbohydrates are usually neutral, water-soluble chemical compounds, but there are some 
exceptions and some, such as pectic acid, gluconic acid, or alginic acid, are acidic in the living 
world.

There are different standard phytochemical methods used for the qualitative screening of 
carbohydrates found in aqueous extracts [24]. The results obtained for sea buckthorn and 
gooseberry aqueous extracts are fully described in Table 3.

3.1.1. General screening of carbohydrates

Experimental: 1 ml Molisch reagent (a solution of α-naphthol in ethanol) is added to 2 ml 
aqueous extract and few drops of concentrated sulfuric acid are slowly dripped and the 
resulted solution is shaken carefully. The appearance of a violet ring at the interface of the 
two liquids indicates the presence of carbohydrates in the aqueous extracts.

In the case of sea buckthorn aqueous extract, the solution turns purple-red and a brown pre-
cipitate is obtained from gooseberry aqueous extract.
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3.1.2. Detection of reducing sugars

The general definition of reducing sugars is any type of sugar that can act as a reducing agent 
due to the free aldehyde or ketone groups. All monosaccharides are reducing sugars, along 
with some di-, oil- and polysaccharides. Several tests are available for detecting reducing sug-
ars in aqueous extracts (Figures 4 and 5) (Table 3) [25].

Phytochemical test Sea buckthorn Gooseberry

Carbohydrates (general)—Molisch Purple red solution Purple coloration

Carbohydrates (reducing sugars)—Benedict Brick-red precipitate Brick-red precipitate

Carbohydrates (reducing sugars)–Fehling A Khaki solution Green-yellow solution

Carbohydrates (reducing sugars)—Fehling B Brown-yellow solution Brown solution

Carbohydrates (monosaccharides)—Barfoed Blue-green solution Brick-red precipitate

Carbohydrates (reducing sugars)—Trommer Red precipitate Red-brown precipitate

Carbohydrates (reducing sugars)—Tollens Black precipitate Silver mirror

Carbohydrates (reducing sugars)—Moore Red-brown solution Red-brown solution

Table 3. Qualitative screening of carbohydrates.

Figure 4. Carbohydrates in sea buckthorn aqueous extract.

Figure 5. Reducing sugars from gooseberry aqueous extract.
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a. Benedict test: to 1 ml of aqueous extract 5 ml Benedict’s reagent (a complex solution of 
sodium carbonate, sodium citrate, and copper sulfate pentahydrate) was added and the 
resulted mixture is boiled for 5 min. Initially, the solution turns green and upon boiling a 
red, yellow, or green precipitate is formed.

b. Fehling A test: to 1 ml aqueous extract few drops of Fehling A reagent (aqueous solution 
of copper sulfate) are added; a green coloration indicates the presence of reducing sugars.

c. Fehling B test: to 1 ml aqueous extract few drops of reagent (a solution of potassium so-
dium tartrate in sodium hydroxide) are added and the formation of a brown coloration is 
a positive response.

d. Barfoed test: this test reveals the presence of reducing monosaccharides. To 1 ml aqueous 
extract, 3 ml Barfoed’s reagent (solution of copper acetate) are added, boiled for 2 min and 
then cooled. A red precipitate is formed.

e. Trommer test: to 3 ml of aqueous extract an ml of 2.5% copper sulfate and 2 ml of 5% so-
dium hydroxide is added and the mixture is boiled for 3 min. Initially, a blue precipitate 
appears which turn red upon heating, thus indicating the presence of reducing sugars.

f. Tollens test: to 4 ml of aqueous extract a drop of dilute NH4OH is added and then a solution 
of 0.1 M silver nitrate is poured to the resulted solution. After 5–10 min of boiling a silver 
mirror is formed (silver precipitates in the presence of reducing sugars).

g. Moore test: this test particularly reveals the presence of glucose. To 2 ml of aqueous extract 
an equal volume of 5% NaOH is added and the mixture is boiled for 5 min with. The solu-
tion has initially a yellow coloration that changer to reddish-brown.

By performing Molisch’s test, it reveals that both aqueous extracts contain different classes of 
carbohydrates. Specific qualitative test for carbohydrates reveals the presence of monosaccha-
rides in gooseberry aqueous extract and of di-, oil- and polysaccharides in both sea buckthorn 
and gooseberry extracts.

3.1.3. Detection of hexose sugars

Hexoses are monosaccharides that contain six carbon atoms and are divided into aldohexoses 
and ketohexoses depending on the functional group [26]. Three qualitative methods reveal 
the presence of hexose sugars and the results are presented in Table 4.

a. Seliwanoff test: to 1 ml of aqueous extract, 3 ml of Seliwanoff’s reagent (a mixture of  
resorcinol in hydrochloric acid) is added and boiled for 2 min. A red solution is obtained 
indicated a positive reaction (Figure 6).

b. Cobalt chloride test: this test indicates the presence of either glucose or fructose or both. 
Three ml aqueous extract are mixed with 2 ml cobalt chloride and the solution in boiled. 
After cooling, few drops of 4% NaOH solution are added and the results are as follows: 
a greenish-blue solution (glucose), purplish-violet solution (fructose), or the upper layer 
turns greenish-blue, while the lower layer purplish (both glucose and fructose).
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Three ml aqueous extract are mixed with 2 ml cobalt chloride and the solution in boiled. 
After cooling, few drops of 4% NaOH solution are added and the results are as follows: 
a greenish-blue solution (glucose), purplish-violet solution (fructose), or the upper layer 
turns greenish-blue, while the lower layer purplish (both glucose and fructose).
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c. Ammonium molybdate test: this test reveals the presence of ketohexozes as follows: to 2 ml 
aqueous extract, 2 ml ammonium molybdate solution are added, the solution is then heat-
ed to form a bluish-green solution.

As it is clear from the Table 4, hexose sugars are present in both sea buckthorn aqueous 
extract as well as in gooseberry aqueous extract.

3.2. Qualitative screening of tannins and phlobatannins

Most of the tannins, a group of phenol compounds usually found in plants, are soluble in 
water. Phlobatannins are considered a novel class of ring-isomerized condensed tannins [17].

The test for tannins is generally described as [27]: to 1 ml aqueous extract 2 ml of 5% ferric 
chloride are added and a dark-blue or greenish-black color appears.

Phlobatannins are tested following a standardized method: to 1 ml aqueous extract of sea 
buckthorn and gooseberry few drops of diluted HCl (1%) is added and a red precipitate 
should appear (Table 5).

Tannins are present in both aqueous extracts, while small traces of phlobatannins can be 
found in gooseberry aqueous extract.

3.3. Qualitative screening of saponins

The general method involved in the qualitative analyze of saponins is: 2 ml of aqueous extract 
and 2 ml of distilled water are shaken for 15 min in a graduated cylinder. A 1 cm foam layer 
is a positive response to the presence of saponins (see Table 6).

Qualitative screening of saponins in aqueous extracts from sea buckthorn and gooseberry 
revealed that only the second one contains saponins.

3.4. Qualitative screening of flavonoids and phenolic flavonoids

Flavonoids have important functions in plants: attract pollinating insects, fight against differ-
ent microbial infections, and control cell growth [28].

Flavonoids are tested according to the following method: 2 ml aqueous extract and 1 ml of 2N 
sodium hydroxide are mixed. A yellow color indicates the presence of flavonoids.

Phytochemical test Sea buckthorn Gooseberry

Carbohydrates (hexose 
sugars)—Seliwanoff

Cognac-red solution Red solution

Carbohydrates (hexose sugars)—cobalt 
chloride

Lower layer-blue precipitate, upper 
layer-pink solution

Reddish solution, yellow-white 
precipitate

Carbohydrates (hexose sugars)—
ammonium molybdate

Blue-green solution Blue-green solution

Table 4. Qualitative screening of hexose sugars.
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The test for phenolic flavonoids (Figure 7): 1 ml aqueous extract is mixed with 2 ml of 10% 
lead acetate solution and a brown precipitate indicates a positive response (see Table 7).

Flavonoids are present in both aqueous extracts (sea buckthorn and gooseberry), while phe-
nolic flavonoids are present as small traces in gooseberry aqueous extract.

3.5. Qualitative screening of alkaloids

Alkaloids are a group of basic plant bioactive compounds that possess an N-containing heterocy-
cle, are generally colorless, crystalline, insoluble in water but soluble in many organic solvents [29].

Phytochemical test Sea buckthorn Gooseberry

Tannins Green-black solution Green-black solution

Phlobatannins Pale pink solution Red-orange solution

Table 5. Qualitative screening of tannins and phlobatannins.

Phytochemical test Sea buckthorn Gooseberry

Saponins 0.2 cm foam layer 1.5 cm foam layer

Table 6. Qualitative screening of saponins.

Figure 6. Hexose sugars in sea buckthorn aqueous extract.

Figure 7. Phenolic flavonoids in sea buckthorn and gooseberry.
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There are three different standard phytochemical methods used to determine the presence of 
tannins in aqueous extracts from sea buckthorn and gooseberry:

a. Wagner test: 1 ml aqueous extract and 1 ml Wagner’s reagent (iodine in potassium iodide 
solution) react and if a reddish-brown precipitate is formed it indicates a positive reaction.

b. Mayer test: to 1 ml aqueous extract, 2 ml concentrated HCl is added followed by few drops of 
Mayer’s reagent (a solution of mercuric chloride and potassium iodide in water); a green color 
or white precipitate indicates the presence of alkaloids (the results are presented in Table 8).

c. Hager test: 2 ml aqueous extract and 2 ml Hager’s reagent (a saturated aqueous solution of 
picric acid) are mixed together and a yellow precipitate indicates a positive test.

According to the results presented in Table 8, alkaloids are absent from all the aqueous 
extracts.

3.6. Qualitative screening of anthraquinones and anthocyanosides

The method used for the qualitative screening of anthraquinone compounds involves the 
reaction of 1 ml aqueous extract with a few drops of 10% ammonia solution with the forma-
tion of a pink precipitate.

Anthocyanosides are present when a pink color appears after the reaction between 1 ml aque-
ous extract with 5 ml dilute hydrochloric acid (1%). The results are detailed in Table 9.

Phytochemical test Sea buckthorn Gooseberry

Alkaloids—Wagner Red-brown solution Red-brown solution

Alkaloids—Mayer Light-yellow solution Red-brown solution

Alkaloids—Hager Clear yellow solution Red-brown solution

Table 8. Qualitative screening of alkaloids.

Phytochemical test Sea buckthorn Gooseberry

Anthraquinones Green-yellow solution Brown-yellow solution

Anthocyanosides Light yellow solution Brown-yellow solution

Table 9. Qualitative screening of anthraquinones and anthocyanosides.

Phytochemical test Sea buckthorn Gooseberry

Flavonoids Green-yellow solution Light brown yellow solution

Phenolic flavonoids Light yellow solution Opalescent brown-yellow solution

Table 7. Qualitative screening of flavonoids and phenolic flavonoids.
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According to the results presented in Table 9, anthraquinones and anthocyanosides are absent 
from both aqueous extracts.

3.7. Qualitative screening of proteins and amino acids

Proteins are involved in all physiological processes that take place in all living cells. Proteins 
are colloidal, do not diffuse through the plasma membrane, are irreversible coagulated upon 
heating and are insoluble in neutral salts [30].

Amino acids are amphoteric phytocompounds, highly reactive, with an amino and carboxylic 
acid moiety, therefore, being mostly water soluble.

3.7.1. General screening of proteins and amino acids

Experimental: 1 ml aqueous extract reacts with 5–6 drops of Millon’s reagent (mixture of mercuric 
nitrate, mercurous nitrate, concentrated nitric acid, and distilled water) and a white precipitate is 
formed that changes its color to red upon heating. Millon’s test is a non-specific test for detecting 
proteins and amino acids (tyrosine) and, therefore, it must be confirmed by other qualitative tests.

The results obtained after the two aqueous extracts react with Millon reagent are as follows: 
an opalescent orange solution in the case of Sea buckthorn and a red-brownish precipitate in 
the case of Gooseberry, therefore confirming the presence of small amounts of proteins and/
or aminoacids in Gooseberry aqueous extract.

3.7.2. Detection of amino acids

There are two different standard methods used (see results in Table 10):

a. Ninhydrin test: take 3 ml aqueous extract and mix it with three drops of 5% lead acetate 
solution then heat the resulted solution. A purple or blue coloration indicates a positive 
reaction (Figure 8).

b. Test for cysteine: 5 ml aqueous extract is boiled with a small amount of 40% NaOH and few 
drops of 5% lead acetate solution are added. A black precipitate is formed.

The test for cysteine gives a positive reaction in the case of sea buckthorn, while ninhydrin test 
is negative for both aqueous extracts.

Phytochemical test Sea buckthorn Gooseberry

Proteins and amino acids—Millon Opalescent orange solution Red-brownish precipitate

Amino acids—ninhydrin test Opalescent white-yellow solution Opalescent orange solution, gray 
precipitate

Amino acids—test for cysteine Red-brown solution, black 
precipitate

Opalescent dark-brown solution

Table 10. Qualitative screening of amino acids.
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3.7.3. Detection of proteins

There are two different standard methods used (see results in Table 11):

a. Biuret test: to 3 ml aqueous extract, 3 ml 4% sodium hydroxide solution, and few drops of 
1% copper sulfate are added to form a purple solution.

b. Xanthoproteic test: to 3 ml aqueous extract, 1 ml of concentrated H2SO4 is slowly dropped. A 
white precipitate appears that turns yellow upon boiling and orange after 1 ml of NH4OH 
solution is added.

3.8. Qualitative screening of steroids and terpenoids

The general procedure to test the presence of steroids is: to 1 ml aqueous extract, 10 ml chlo-
roform is added and then slowly 10 ml sulfuric acid is dripped. Upper layer turns red and 
sulfuric acid layer turns yellow-green.

Terpenoids are analyzed by reacting 1 ml aqueous extract with 2 ml of chloroform and then, 
slowly, few drops of concentrated sulfuric acid. An interface with a reddish-brown coloration 
appears (Table 12). The change in color can be observed in Figure 9.

The qualitative screening of steroids revealed that these phytochemicals are absent from all 
the extracts while very small traces of terpenoids could be visually observed in gooseberry 
aqueous extract.

Phytochemical test Sea buckthorn Gooseberry

Proteins and amino acids—Millon Opalescent orange solution Red-brownish precipitate

Proteins—biuret test Green solution Brown solution

Proteins—xanthoproteic test Opalescent brown solution Dark-brown precipitate

Table 11. Qualitative screening of proteins.

Figure 8. Amino acids in sea buckthorn.
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3.9. Qualitative screening of glycosides

There are three different standard phytochemical methods:

a. FeCl3 reagent: the test is for cardiac glycosides: 1 ml aqueous extract, 1 ml FeCl3 reagent 
(1 ml 5% FeCl3 solution mixed with 99 ml glacial acetic acid) and few drops of concen-
trated H2SO4 gives a greenish-blue color that appears in time.

b. Keller-Killiani test: the test is for cardiac glycosides: 5 ml aqueous extract, 2 ml glacial acetic 
acid, a drop of FeCl3 solution, and 1 ml concentrated H2SO4 form a brown ring and often a 
purple ring appears below (see results in Table 13).

c. Borntrager test: this test reveals the presence of anthraquinonic glycosides: 2 ml aqueous extract 
react upon boiling with 2 ml H2SO4. The solution is filtered, and equal volumes of chloroform 
are added and shaken vigorously, and two layers can be clearly observed. The organic layer 
is separated, and ammonia is added to form a pinkish-red color as a sign of positive reaction.

Phytochemical test Sea buckthorn Gooseberry

Steroids Colorless layer, brown ring, colorless 
upper layer

Pale-yellow layer, thick brown ring, pale-yellow 
upper layer

Terpenoids Colorless Brown interface

Table 12. Qualitative screening of steroids and terpenoids.

Figure 9. Terpenoids in sea buckthorn and gooseberry.

Phytochemical test Sea buckthorn Gooseberry

Glycosides (cardiac)—FeCl3 reagent Orange-yellow solution Red-brown solution

Glycosides (cardiac)—Keller-Killiani test Brown ring at the interface Brown ring at the interface

Glycosides (anthraquinonic)—Borntrager 
test

Colorless lower layer, opalescent 
white upper layer

Colorless lower layer, light-yellow 
upper layer

Table 13. Qualitative screening of glycosides Keller-Killiani test is positive for both aqueous extracts.
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4. Conclusions

This chapter describes the qualitative phytochemical screening of two aqueous extracts pre-
pared from dried fruits of sea buckthorn and gooseberry, plants with the important pharmaco-
logical properties and rich in nutrients. The qualitative screening consists of standard methods 
that are able to determine whether a phytochemical is present or not in the aqueous extracts.

The two aqueous extracts are obtained after a cold infusion at a constant temperature of 4°C 
for 24 h and are kept at the refrigerator for more than 12 weeks without alteration.

The general screening of carbohydrates revealed that, in the case of sea buckthorn aqueous 
extract, the solution turns purple-red and a brown precipitate is obtained from gooseberry 
aqueous extract. Molisch’s test revealed that both aqueous extracts contain different classes of 
carbohydrates. Specific qualitative test for carbohydrates reveal the presence of monosaccha-
rides in gooseberry aqueous extract and of di-, oil- and polysaccharides in both sea buckthorn 
and gooseberry aqueous extracts.

Alkaloids are absent from both extracts, while cardiac glycosides are present. The test for 
cysteine gives a positive reaction in the case of sea buckthorn, while ninhydrin test is negative 
for both aqueous extracts.

The results obtained when aqueous extract from sea buckthorn reacts with Millon reagent is 
an opalescent orange solution and, in the case of gooseberry aqueous extracts, a red-brownish 
precipitate is formed, thus confirming that small amounts of proteins and/or amino acids are 
present in gooseberry.
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4. Conclusions
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logical properties and rich in nutrients. The qualitative screening consists of standard methods 
that are able to determine whether a phytochemical is present or not in the aqueous extracts.

The two aqueous extracts are obtained after a cold infusion at a constant temperature of 4°C 
for 24 h and are kept at the refrigerator for more than 12 weeks without alteration.

The general screening of carbohydrates revealed that, in the case of sea buckthorn aqueous 
extract, the solution turns purple-red and a brown precipitate is obtained from gooseberry 
aqueous extract. Molisch’s test revealed that both aqueous extracts contain different classes of 
carbohydrates. Specific qualitative test for carbohydrates reveal the presence of monosaccha-
rides in gooseberry aqueous extract and of di-, oil- and polysaccharides in both sea buckthorn 
and gooseberry aqueous extracts.

Alkaloids are absent from both extracts, while cardiac glycosides are present. The test for 
cysteine gives a positive reaction in the case of sea buckthorn, while ninhydrin test is negative 
for both aqueous extracts.

The results obtained when aqueous extract from sea buckthorn reacts with Millon reagent is 
an opalescent orange solution and, in the case of gooseberry aqueous extracts, a red-brownish 
precipitate is formed, thus confirming that small amounts of proteins and/or amino acids are 
present in gooseberry.
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Abstract

Alterations in the accumulation of phytochemicals in fruits and vegetables may have 
adverse effects on the health benefits emanating from their consumption. Plants parts 
possess secondary metabolites in addition to their primary metabolites. Plants secondary 
metabolites possess many inherent biological activities that include antimicrobial, anti-
inflammatory, and enzyme inhibitory properties, which are health benefits to humans. 
Accumulation of phytochemicals in plants is reportedly influenced by environmental 
factors or growth conditions such as lack of nutrients, pathogens attack, competitive co-
habitation plant species, insect predation, and herbivorous attack. Human interventions 
such as agricultural practices may affect biochemical processes in plants or crops in a 
manner that may limitations or alterations in the accumulation of phytochemicals. The 
limitation of phytochemicals accumulation in fruits and vegetables may have the adverse 
effect on their health benefits in humans that may explain the high prevalence of life style 
diseases such as diabetes and cancer experienced in today’s world. The proper assess-
ment of the influence on phytochemical responses in crops, fruits, and vegetables by 
modern agricultural practices such as weeding methods, herbicides, insecticides, fertil-
izer application, crop rotation, and co-habitation needs to be carried out. Such assessment 
is important since while crop production may be improved, caution should be exercised 
not to erode, or negatively alter phytochemical biosynthesis in crops.
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1. Introduction

The purpose of this chapter is to highlight the potential adverse effects of phytochemical 
accumulation alterations in fruits and vegetables on the well-being of people. The chapter 
deals with the introduction of plant metabolites with the distinguishing between primary 
and secondary metabolites based on their roles in plants. The chapter also deals with the bio-
synthesis and accumulation of phytochemicals in plants that are based on the effects of differ-
ent environmental factors on phytochemical compositions in plants. This includes the review 
of the effect of pesticides on phytochemicals in agricultural products through comparison 
on products produced by organic farming and conventional farming. The potential adverse 
effect of phytochemical accumulation limitation in fruits and vegetables on the well-being of 
people is also highlighted through the discussion of the health benefits of the actions of phy-
tochemicals in prevention and treatment of diabetes and cancer.

2. Plant metabolites

In addition to nutritional value, consumption of fruits and vegetables also provide health 
benefits to humans due to the nature of their secondary metabolites [1]. Plants of all kinds, 
including fruits and vegetables, possess two types of metabolites with distinct roles known as 
primary and secondary metabolites as shown in Figure 1. Primary metabolites, generally pos-
sessed by all plants, are metabolites that contribute to the plants’ growth [2]. Primary plant 
metabolites include carbohydrates, lipids, proteins, and nucleic acids. Secondary metabo-
lites, sometimes found in specific plants or plants parts, are for the performance of protection 

Figure 1. Plant metabolites and their different roles in plants.
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 functions from threats that emanate mainly from external factors [3]. Secondary plant metab-
olites include alkaloids, phenolic compounds, sterols, steroids, essential oils and lignins, and 
are commonly known or referred to as phytochemicals.

3. Biosynthesis and accumulation of phytochemicals in plants

The biosynthesis of phytochemicals in plants is mainly achieved through the Shikimate and 
the Acetate-Mevalonate pathways [4], as shown in Figure 2. Most end-products of the cata-
bolic metabolism of primary metabolites serve as precursors for the biosynthesis of a range 
of secondary metabolites that are commonly referred to as phytochemicals. Aromatic amino 
acids enter secondary metabolite biosynthesis via the Shikimate pathway. The Shikimate 
pathway leads to the production of simple compounds such as gallic acid and p-coumaric acid 
that are precursors to complex products like tannins and nitrogen-containing phytochemi-
cals [5]. Acetyl-CoA, an end-product of carbohydrate metabolism, leads to the biosynthesis of 
terpenes and steroids through the Acetate-Mevalonate pathway [6].

Figure 2. Biosynthesis of phytochemicals.
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The biosynthesis of phytochemicals in plants, as described above, is reported to be also 
induced by external stimuli [7]. As such, phytochemical compositions of plants are mostly 
found to differ both qualitatively and quantitatively depending on the exposure or suscepti-
bility to the stimuli [8]. The external stimuli that induce phytochemical biosynthesis in plants 
may be summed up through environmental factors under which plants grow. Environmental 
factors under, which plants grow and affect their phytochemical compositions may include 
geographical location parameters such as altitudes and soil types, seasonal variations, and 
exposure to pollution [9]. In the case of fruits and vegetables, such environmental factors 
may also include agricultural practices such as the use of insecticides and herbicides. Some 
findings on the effects of certain agricultural practices on the presence and accumulation of 
phytochemicals in fruits and vegetables, as well as their implications on people’s health are 
discussed below.

3.1. Effects of agricultural practices on phytochemicals in fruits and vegetables

Undisputedly, the introduction of pesticides (synthetic) like insecticides and herbicides in the 
period between 1970 and 1980 contributed to increased agricultural productions. However, this 
intervention in agriculture has had some unintended results toward human life. The criticism 
of the usage of pesticides is mainly based on their direct cause of fatal health challenges and 
chronic diseases due to their poisonous effect upon exposure [10]. However, in addition, the 
potential consequences of the limitations in the phytochemical accumulations by agricultural 
plant products are not being given adequate attention or canvassing in the public discourse.

The effect of pesticide application on the phytochemical accumulation in fruits and vegetables 
could be assessed through the comparison of phytochemical quantities between crop products 
produced through organic farming, which does not involve the use of synthetic pesticides, and 
those produced through conventional farming that uses synthetic pesticides. In this regard, 
organic farming was reported to have been given yield to sweet pepper (Capsicum annum) 
of higher intensities in color (both red and yellow); higher mineral contents and higher total 
carotenoids than those produced through conventional farming [11]. In addition, the same 
study reported that highest antioxidant activity was found in red peppers produced through 
organic farming. In a separate study, a higher ratio of reducing sugars/organic acids, as well 
as high amounts of total sugars, vitamin C, and total flavonoids were recorded in tomato 
fruits produced by organic farming compared to those of conventional farming practice [12]. 
According to Oliveira et al. [13], the accumulation of more phytochemicals such as phenolics 
and vitamin C in tomato fruits from organic farming was a result of the stressing condi-
tions associated with the farming system. It thus follows that conventional farming practice 
reduces or remove stressful growing conditions that then limit the accumulation of important 
phytochemicals in crops. The demonstration through some studies that the production of 
food products through conventional farming methods with the excessive use of insecticides 
and herbicides may limit the accumulation of phytochemicals in fruits and vegetables neces-
sitate the assessment of potential implications of such limitations on people’s health.

The quality and quantity of phytochemicals in plants depend on a number of factors that 
include the growing environment. Organic farming inherently provides a different  growing 
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environment compared to conventional farming, which relies heavily on inputs such as pes-
ticides, synthetic fertilizers, and excessive irrigation. The growing environment in organic 
farming exposes plants and crops to biotic stress due to pests and diseases [14]. Herbivore 
and pathogen attack lead to enhanced biosynthesis and accumulation of defense-related phy-
tochemicals in fruits and vegetables [15]. Deficiency of nitrogen, phosphate, and iron that 
emanate from non-application of synthetic fertilizers in organic farming contribute to the 
accumulation of phenolic compounds in fruits and vegetables [15]. Drought or less irrigation 
associated with organic farming also induce accumulation of polyphenols and total tannins 
in crops through the activation of the phenylalanine ammonia-lyase enzyme that is involved 
in the biosynthesis of phytochemicals in plants [16].

3.2. Potential adverse effects of phytochemical accumulation alterations in plant 
products

In Africa, people have relied on consumption of fruits and vegetables for many years with no 
profound problems of life style diseases. Fruits and vegetables are known to possess phyto-
chemical compounds with biological activities that have the ability to prevent and reverse the 
development of chronic diseases such as diabetes and cancer [17, 18]. Therefore, a question 
arises as to how come the world, Africa in particular, is today burdened with the advent of 
life style diseases such as diabetes and cancer in the midst of massive agricultural production 
of fruits and vegetables. The answer to this imminent question may lie in the understanding 
of the possession or the presence of plant metabolites in fruits and vegetables, more especially 
the accumulation of secondary metabolites that are commonly referred to as phytochemicals.

The secondary metabolites found in different plants parts; including fruits and vegetables, 
possess many biological activities. Amongst the biological activities exerted by different phy-
tochemicals are the enzyme inhibitory properties. There are two enzymes that are reported to 
contribute to the fast postprandial release of glucose from a carbohydrate-rich meal, namely 
the alpha-amylase and alpha-glucosidase. Inhibitory actions of these enzymes that are inher-
ent in some phytochemicals present in plant products such as fruits and leafy vegetables 
contribute to the regulation of blood glucose levels as the slow release of glucose from diet 
sources may afford its proper metabolism, which mitigate against the development of dia-
betes mellitus [19]. Carbohydrates are of course important dietary requirements to supply 
living organisms with the necessary energy for growth. However, malfunctioning or poorly 
regulated carbohydrate metabolism may lead to the rapid postprandial release of glucose into 
the bloodstream with potential discrepancies in its further breakdown. The advent of discrep-
ancies in the breakdown of glucose may result in its accumulation in blood, which gives rise 
to the potential development of diabetes mellitus [20].

In addition, the enzyme inhibitory properties inherent in some phytochemicals may affect 
kinases that are involved in cell cycle progression, which may contribute to the mitigation 
against the development of cancer. Cancer is a disease of uncontrolled cell growth, which is 
propelled through up-normal continuous cell division cycle [21]. Cell division cycle progres-
sion is regulated through the activity of phosphorylation enzymes known as kinases [22]. Cell 
division cycle progression is also depended on the intactness of the DNA that is safeguarded 
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The biosynthesis of phytochemicals in plants, as described above, is reported to be also 
induced by external stimuli [7]. As such, phytochemical compositions of plants are mostly 
found to differ both qualitatively and quantitatively depending on the exposure or suscepti-
bility to the stimuli [8]. The external stimuli that induce phytochemical biosynthesis in plants 
may be summed up through environmental factors under which plants grow. Environmental 
factors under, which plants grow and affect their phytochemical compositions may include 
geographical location parameters such as altitudes and soil types, seasonal variations, and 
exposure to pollution [9]. In the case of fruits and vegetables, such environmental factors 
may also include agricultural practices such as the use of insecticides and herbicides. Some 
findings on the effects of certain agricultural practices on the presence and accumulation of 
phytochemicals in fruits and vegetables, as well as their implications on people’s health are 
discussed below.
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intervention in agriculture has had some unintended results toward human life. The criticism 
of the usage of pesticides is mainly based on their direct cause of fatal health challenges and 
chronic diseases due to their poisonous effect upon exposure [10]. However, in addition, the 
potential consequences of the limitations in the phytochemical accumulations by agricultural 
plant products are not being given adequate attention or canvassing in the public discourse.

The effect of pesticide application on the phytochemical accumulation in fruits and vegetables 
could be assessed through the comparison of phytochemical quantities between crop products 
produced through organic farming, which does not involve the use of synthetic pesticides, and 
those produced through conventional farming that uses synthetic pesticides. In this regard, 
organic farming was reported to have been given yield to sweet pepper (Capsicum annum) 
of higher intensities in color (both red and yellow); higher mineral contents and higher total 
carotenoids than those produced through conventional farming [11]. In addition, the same 
study reported that highest antioxidant activity was found in red peppers produced through 
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as high amounts of total sugars, vitamin C, and total flavonoids were recorded in tomato 
fruits produced by organic farming compared to those of conventional farming practice [12]. 
According to Oliveira et al. [13], the accumulation of more phytochemicals such as phenolics 
and vitamin C in tomato fruits from organic farming was a result of the stressing condi-
tions associated with the farming system. It thus follows that conventional farming practice 
reduces or remove stressful growing conditions that then limit the accumulation of important 
phytochemicals in crops. The demonstration through some studies that the production of 
food products through conventional farming methods with the excessive use of insecticides 
and herbicides may limit the accumulation of phytochemicals in fruits and vegetables neces-
sitate the assessment of potential implications of such limitations on people’s health.

The quality and quantity of phytochemicals in plants depend on a number of factors that 
include the growing environment. Organic farming inherently provides a different  growing 
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betes mellitus [19]. Carbohydrates are of course important dietary requirements to supply 
living organisms with the necessary energy for growth. However, malfunctioning or poorly 
regulated carbohydrate metabolism may lead to the rapid postprandial release of glucose into 
the bloodstream with potential discrepancies in its further breakdown. The advent of discrep-
ancies in the breakdown of glucose may result in its accumulation in blood, which gives rise 
to the potential development of diabetes mellitus [20].

In addition, the enzyme inhibitory properties inherent in some phytochemicals may affect 
kinases that are involved in cell cycle progression, which may contribute to the mitigation 
against the development of cancer. Cancer is a disease of uncontrolled cell growth, which is 
propelled through up-normal continuous cell division cycle [21]. Cell division cycle progres-
sion is regulated through the activity of phosphorylation enzymes known as kinases [22]. Cell 
division cycle progression is also depended on the intactness of the DNA that is safeguarded 
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by the action of tumor suppressor genes. Tumor suppressor genes act by way of effecting 
cell division cycle arrest in case of DNA damage that affords DNA repair or cell death. One 
of the major causes of DNA damage is oxidative stress that emanates from the imbalances 
between reactive oxygen species (ROSs), known as free radicals and antioxidants. In the case, 
where DNA damage results in the malfunctioning of tumor suppressor genes, cell division 
cycle continues even in situations, where it should not of which the result is uncontrolled cell 
growth. Oxidative DNA damage may also affect metabolism regulatory genes that may lead 
to inadequate or impaired insulin. As such, oxidative DNA damage may culminate in the 
development of diseases such as cancer and diabetes mellitus [23]. The continuous supple-
menting of the human body with antioxidants is an important intervention that contributes 
immensely to the attainment of a balance between ROSs and antioxidants, which reduces 
oxidative stress. Consumption of fruits and vegetables contribute to the replenishing of the 
body with antioxidant as they are sources of phytochemicals with antioxidant properties [24].

Explanation of the molecular basis of diseases such as diabetes and cancer brings forth the 
understanding that adequate consumption of fruits and vegetables may result in the preven-
tion and reversal of these conditions [18]. In the case of diabetes, high blood glucose levels, 
complications arise from the accumulation of glycated proteins known as advanced glycation 
end-products (AGEs). Antioxidation, one of the known major biological activities of phyto-
chemicals is reported to contribute to the prevention of the formations of AGEs [25], as well 
as having protective effects against AGEs induced in stem cells [26]. As such, the immediate 
question is what contributes to the escalation of the prevalence of these diseases as well as 
escalated fatalities they cause, in the midst of massive production of fruits and vegetables that 
is taking place. The answer to this question may lie in understanding the biosynthesis and 
accumulation of phytochemicals in fruits and vegetables. The accumulation of phytochemi-
cals in plants parts are reported to be for plants survival or defense mechanism in response 
to adverse environmental influences. Such environmental influences may include pathogens 
attacks, competitive co-habitation plant species, insect predation, and herbivorous attack. 
This exposure to hostile environmental settings mainly occurs in wild set-ups. Plants have 
been shown to have both qualitative and quantitative differences in their phytochemical com-
positions when growing under varying conditions [27]. In today’s world, crops and planta-
tions are shielded from hostile environmental conditions due to modern agricultural practices 
that also include the use of insecticides and chemical weed removals (herbicides). While pro-
duction targets may be improved and attained [10], these modern agricultural practices may 
lead to the alteration of phytochemical compositions accumulation in agricultural products 
such as fruits and vegetables. Phytochemical accumulation alterations in plants may creep in 
since the threat that induces biosynthesis of phytochemicals would have been removed. This 
alteration in the accumulation of phytochemicals in fruits and vegetables may have adverse 
effects on human health such as inadequate availability of phytochemicals with antidiabetic 
and anticancer properties. As such, while production could be optimized through modern 
agricultural practices the quality of the agricultural produce may be negatively affected in 
terms of their phytochemical compositions. Thus, caution should be exercised not to erode or 
negatively alter the phytochemical biosynthesis patterns in fruits and vegetables in pursuit of 
massive production. Alternatively, agricultural practices could include the creation of condi-
tions that will induce bioaccumulation of phytochemicals in fruits and vegetables.
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4. Conclusion

Plants products, including fruits and vegetables, generally possess two types of chemicals 
that play different roles known as primary and secondary metabolites. Secondary metabo-
lites are produced for defense purposes in plants in response to detrimental environmental 
stimuli and contribute to the well-being of humans upon consumption due to their disease 
prevention and reversal properties. However, modern agricultural methods, although with 
improved production yields, may give rise to phytochemical accumulation alterations in 
agricultural products such as fruits and vegetables that eventually have negative effects on 
their health benefits in human beings. The extent, to which modern agricultural practices may 
affect the accumulation of important phytochemicals in fruits and vegetables still needs to be 
fully determined, which presents scope for future research.
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Abstract

Phytochemicals are highly beneficial in lowering the risk of several noncommunicable 
diseases. There is a need to provide novel technologies that can ensure the maintenance 
of desired phytochemicals in fruits and vegetables when compared to the traditional 
chemical or thermal treatments for the preservation of such crops. The development of 
physical nonthermal treatments such as pulsed electric field (PEF), pulsed light (PL), 
ultra sound (US), high pressure processing (HPP) and cold plasma (CP) techniques have 
been promising in maintaining the integrity of phytochemicals and the nutritional qual-
ity of fruits and vegetables. This chapter will focus on the effects such novel technologies 
can have on food quality and stability on phytochemicals in fruit and vegetable products.
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1. Introduction

According to the Centers for Disease Prevention and Control (CDC), presently the most prevent-
able and chronic health conditions are cardiovascular diseases, cancer, type 2 diabetes and obe-
sity [1]. These diet related diseases account for an estimated number of 678,000 deaths annually 
[2]. Consumer demand for high quality, fresh and nutritious foods has increased over the years 
due to the need for a healthy diet and the associated consumption of fruits and vegetables, which 
is required for improved health. Organizations such as the World Health Organization (WHO), 
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the Food and Agriculture Organization (FAO), the United States Department of Agriculture 
(USDA) and the European Food Safety Authority (EFSA) have recommended the consumption 
of fruits and vegetables to lower the risk of cardiovascular diseases and cancer due to their high 
content of micronutrients and fibers [3]. Thus, the main contributor to the protective effect of 
fruits and vegetables against chronic diseases are largely due to their phytochemical content.

Phytochemicals are nonnutrient, biologically active compounds and are commonly found in 
vegetables, fruits, grains and other crop plants. The major groups of phytochemicals based on 
their chemical structure are polyphenols, terpenoids, sulfur compounds, and alkaloids [4]. In 
the fight against diseases, phytochemicals act as antioxidant, antibacterial, antifungals, anti-
virals, anti-inflammatory and cholesterol reducing agents [5]. Studies have shown that poly-
phenols found in potatoes have the ability to inhibit the enzymes responsible for Alzheimer’s 
disease [6]. Consumption of blueberries containing high levels of phenolic acids, flavonols, 
anthocyanins and proanthocyanidins were associated with the prevention of degenerative 
and chronic diseases [7].

In developed countries, approximately 75% of all deaths are due to non–communicable dis-
eases (NCDs) related to an unbalanced diet [8]. Developing countries are also overburdened 
due to over and under nutrition [8]. Associated with an increasing demand for fresh cut fruits 
and vegetables in developed countries, developing countries are now following suit due to 
an increased level of education and awareness for healthy food amongst consumers [3, 7]. 
The need for nutritious, ready to eat convenience foods has thus given rise to minimally pro-
cessed fruits and vegetables (MPVFs) [7, 9], which are mildly processed such that they possess 
“fresh-like” attributes [9]. Some key attributes that ensure the marketability of MPVFs are 
the maintenance of nutritional value especially phytochemical content, flavor, color, texture, 
appearance and shelf life.

Some methods used to minimally process fruits and vegetables, negatively affect its phyto-
chemical content and thus, the consumer does not benefit from the desired health benefits. 
Thermal processing allows for a longer shelf life by reducing microbial load and inhibiting 
enzymes that leads to deterioration, but it also decreases the level of phytochemicals in the 
fruits and vegetables [7, 10, 11]. Thus, this has prompted food scientists and researchers to 
find new ways to process fruits and vegetables without compromising the nutritional content 
and quality. Novel, nonthermal processing such as pulsed electric field (PEF), pulsed light 
(PL), ultra sound (US), high pressure processing (HPP) and cold plasma (CP) techniques have 
been promising in maintaining the integrity of phytochemicals and the nutritional quality 
of fruits and vegetables, inclusive of minimally processed ones [10]. Such technologies have 
the potential to be adapted in developing countries. This chapter will explore the use of non-
thermal processing technologies and their effects on key phytochemicals such as carotenoids, 
flavonoids and phenolic acids in several fruits and vegetables with a focus on health benefits.

2. Sources of phytochemicals and functions

Scientific evidence has shown that phytochemicals are highly beneficial in lowering the risk of 
several noncommunicable diseases [10]. They are known to have the ability to treat diseases 
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such as stroke, cancer and metabolic syndromes. Phytochemicals are grouped based on their 
chemical structure and function. To date thousands of phytochemicals have been identified 
in fruits, vegetables and grains and the most important groups are phenolic compounds, 
nitrogen-containing compounds, alkaloids, organosulfur compounds, phytosterols, and carot-
enoids [11]. The most studied groups of dietary phytochemicals related to human health are 
carotenoids and phenolic acids [11].

2.1. Carotenoids

Carotenoids are the red, yellow and orange color plant pigments of fruits and vegetables. To 
date approximately 600 types of carotenoids have been identified. They are mostly present as fat 
soluble, colored pigments in plants [12]. They can be separated into two groups; carotenes and 
xanthophylls. The two primary forms of carotenoids are β-carotene and α-carotene [12]. Other 
essential carotenoids include zeaxanthin, lutein and lycopene. The health benefits of carotenoids 
are due mainly to their antioxidant effects and physiological functions as provitamins. However, 
post-harvest technologies and processing greatly affect the composition and bioavailability of 
carotenoids in fruits and vegetables. Fruits and vegetables such as papaya, mangoes, carrots, 
sweet potatoes, pumpkin and cantaloupes are rich in β-carotene, whilst tomatoes, pink grape-
fruits, and watermelons contains high levels of lycopene [10]. In a study by Leoung and Oey, it 
was found that the highest content of carotenoids was found in red peppers followed by carrots, 
apricots, plums and peaches, whilst cherries contained the lowest amount of carotenoids [13].

Since carotenoids are a precursor of vitamin A, they have been found to decrease the incidence 
of diseases such as cancer of the lungs, pancreas and gastrointestinal tracts, cardiovascular dis-
eases and eye-related diseases [14]. According to Toniolo et al., a case-control study conducted 
in New York between the years 1985–1994, showed that the carotenoids lutein, zeaxanthin, lyco-
pene, α carotene and β carotene were responsible for decreasing the risk of breast cancer [15]. In 
another study by Giovannucci, it was observed that a decrease in prostate cancer was associated 
with a consumption of tomatoes due to their high lycopene content [16]. With respect to car-
diovascular diseases, studies showed that the blood plasma of patients suffering with coronary 
artery disease, contained lower levels of zeaxanthin, lycopene, β carotene and α carotene [17]. 
This is in agreement with a study conducted by Knekt et al. who showed that a higher intake 
of β carotene and several carotenoids, led to a lower risk of major coronary heart diseases [18].

2.2. Phenolic compounds

Phenolic compounds most commonly occur as antioxidants in fruits, and vegetables. 
Amongst the major classes of phenolic compounds with health benefits are flavonoids such 
as anthocyanins and non-flavonoids such as phenolic acids [19]. The many benefits of pheno-
lic compounds include; antioxidant, anti-carcinogenic, antimutagenic and anti-inflammatory 
effects [20]. Amongst the most common phenolics are flavonoids. These are found in plant 
tissues and are often responsible along with carotenoids and chlorophylls for the blue, purple, 
yellow, orange and red colors in fruits and vegetables [20]. Within the group of flavonoids, are 
anthocyanins, which is responsible for reducing cardiovascular diseases. Anthocyanins are 
mainly found in red fruits like berries and grapes [21]. Non-flavonoid phenolic compounds, 
such as phenolic acids can be grouped into two major constituents; hydroxybenzoic acids 
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(HBAs) and hydroxycinnamic acids (HCAs). Phenolic acids are seldom found in mangoes, 
berries, citrus fruits, red wine and plums. Their main benefits to human health are the preven-
tion of stroke, cancer and coronary heart diseases [22].

2.2.1. Anthocyanins

Anthocyanins belong to the widespread group of plant constituents called flavonoids. In 
fruits and vegetables, they are responsible for the orange, red, purple and blue colors. Such 
dietary antioxidants aid in preventing neuronal diseases, heart diseases, cancer, diabetes 
and inflammation [23]. According to a study by Zhao et al. various commercial extracts of 
anthocyanin rich grapes, bilberry and chokeberry were prepared. When investigated for their 
chemopreventitive effects against colon cancer, it was found that all of the extracts inhibited 
the growth of HT-29 colon cancer cells [24]. In another study conducted by Wang and Mazza 
[25], the inhibitory effects of anthocyanins found in selected berries against nitric oxide (NO) 
were investigated. Since NO is associated with many chronic inflammatory diseases, the 
strong inhibition of anthocyanins on NO production indicated that anthocyanins can aid in 
the prevention of chronic inflammatory diseases [25].

2.2.2. Phenolic acids

Phenolic acids are a major source of dietary phenolics belonging to the non-flavonoid group 
of phytochemicals. Two major groups are HBAs and HCAs as noted above [25]. HCAs are 
found in many conjugated forms, with p-coumaric, caffeic, ferulic and sinapic acids being the 
most common and in HBAs; p-hydroxybenzoic, vanillic, syringic and protocatechuic are the 
most common. Phenolic acids are often found in berries such as strawberries, raspberries and 
blackberries [26]. Studies conducted on caffeic acid have shown that phenolic acids possess 
the ability to inhibit antitumor activity against colon carcinogenesis [27].

3. Advanced nonthermal technologies

Conventional thermal processing such as blanching and pasteurization can result in oxidation 
and other deleterious reactions that lower the levels of phytonutrients in processed foods 
[28–30]. For example, canned fruits and vegetables undergo retort processing temperatures 
in excess of 100°C to obtain commercial sterility. This can lead to significant losses in antho-
cyanin content, up to 70%, observed in the processing of strawberries into jam. Advanced 
nonthermal technologies are able to achieve preserving effects at sub-lethal temperatures (up 
to 40°C). These methods retain higher phytochemical content whilst minimally changing the 
sensorial properties of the food [29]. The stability of phytochemicals in thermally processed 
fruits and vegetables decreases exponentially with a linear increase in both the magnitude 
and duration of the heating process [30]. The use of nonthermal treatments at successfully 
lower temperatures and times provide real alternatives from traditional thermal processing 
through the production of additional health promoting-benefits and maintaining the desired 
”fresh-like” quality of foods for consumers [28, 29]. The present review will focus on the effects 
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of the following novel technologies: pulsed electric field (PEF), high pressure processing 
(HPP), pulsed light (PL), cold plasma (CP) and ultrasound (US) on food quality and stability 
of phytochemicals particularly in fruit and vegetable products. These findings are reported 
below and summarized in Table 1.

Technology and process 
conditions

Food matrix Results Source

Pulsed electric field (PEF)

38 kV/cm, 15–24 μs, 70–120 Hz Mango nectar High retention of carotene (94.2%), 
monoterpene (Z)-Ocimene; 
reduction in HMF; minimal changes 
in TSS, pH, acidity, color

Kumar et al. [33, 44]

35 kV/cm, 59 μs, ≈ 60°C Orange juice Less degradation of vitamin C, 
carotenoid, polyphenol, volatile 
aroma compounds

Cited in Buckow et al. 
[35]

5 kV/cm; 1.8 kJ/kg and 10 kV/cm; 
6.7 kJ/kg

Grape skin Total polyphenols index in PEF-
treated wines was 13.7% higher 
(5 kV/cm treatment) and 29.0% 
higher (10 kV/cm treatment) with 
improved color

Cited in Ricci et al. 
[31]

1–3 kV/cm, 20 μs, 20 Hz; 
mechanical pressing 
(1.32 bar/6 min)

Red raspberries Increase bioaccessibility of total 
phenolics (up to 22%) and total 
anthocyanins (up to 26%); increased 
juice recovery (9–25%)

Lamanauskas et al. 
[36]

0.3–2.5 kV/cm, 20 μs, 100 Hz Sweet cherry Enhanced production of desirable 
C6 aldehyde and alcohol volatiles

Sotelo et al. [37]

High pressure processing (HPP)

Mild-temperature (300, 
600 MPa/15 min)

Strawberry puree Reduction in vitamin C, anthocyanin 
content of 20% and 5% higher at 
600 MPa than at 300 MPa

Marszałek et al. [40]

Combination (300, 600, 900 MPa/60, 
70, 80°C)

Pumpkin puree Higher pressures effective in 
maintaining and/or increasing 
lutein, α-carotene, β-carotene)

Garcia-Parra et al. [42]

Thermal-assisted 
(250 MPa/60°C/3 min)

Grapefruit juice Reduction in PME, PPO activity; 
improvement in total carotenoid, 
anthocyanin, flavanol, flavonoid and 
antioxidant capacity

Aadil et al. [43]

Ultrasound (US)

Combination (blanching 
100°C/4 min + sonication 
20 kHz/70%/2 min)

Carrot juice Significant increase in total 
carotenoid, lycopene, lutein; 
improvement in retention of sucrose, 
fructose, glucose, chlorogenic acid, 
Na, K

Jabbar et al. [45]

25 kHz, 70%, 20°C, 30/60/90 min Apple juice Improved ascorbic acid, phenols, 
antioxidant capacity; no significant 
changes in TSS, pH, TA

Abid et al. [46]
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carotenoid, polyphenol, volatile 
aroma compounds

Cited in Buckow et al. 
[35]

5 kV/cm; 1.8 kJ/kg and 10 kV/cm; 
6.7 kJ/kg

Grape skin Total polyphenols index in PEF-
treated wines was 13.7% higher 
(5 kV/cm treatment) and 29.0% 
higher (10 kV/cm treatment) with 
improved color

Cited in Ricci et al. 
[31]

1–3 kV/cm, 20 μs, 20 Hz; 
mechanical pressing 
(1.32 bar/6 min)

Red raspberries Increase bioaccessibility of total 
phenolics (up to 22%) and total 
anthocyanins (up to 26%); increased 
juice recovery (9–25%)

Lamanauskas et al. 
[36]

0.3–2.5 kV/cm, 20 μs, 100 Hz Sweet cherry Enhanced production of desirable 
C6 aldehyde and alcohol volatiles

Sotelo et al. [37]

High pressure processing (HPP)

Mild-temperature (300, 
600 MPa/15 min)

Strawberry puree Reduction in vitamin C, anthocyanin 
content of 20% and 5% higher at 
600 MPa than at 300 MPa

Marszałek et al. [40]

Combination (300, 600, 900 MPa/60, 
70, 80°C)

Pumpkin puree Higher pressures effective in 
maintaining and/or increasing 
lutein, α-carotene, β-carotene)

Garcia-Parra et al. [42]

Thermal-assisted 
(250 MPa/60°C/3 min)

Grapefruit juice Reduction in PME, PPO activity; 
improvement in total carotenoid, 
anthocyanin, flavanol, flavonoid and 
antioxidant capacity

Aadil et al. [43]

Ultrasound (US)

Combination (blanching 
100°C/4 min + sonication 
20 kHz/70%/2 min)

Carrot juice Significant increase in total 
carotenoid, lycopene, lutein; 
improvement in retention of sucrose, 
fructose, glucose, chlorogenic acid, 
Na, K

Jabbar et al. [45]

25 kHz, 70%, 20°C, 30/60/90 min Apple juice Improved ascorbic acid, phenols, 
antioxidant capacity; no significant 
changes in TSS, pH, TA

Abid et al. [46]
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Technology and process 
conditions

Food matrix Results Source

40 kHz, 0.5Wcm−1, 20/40/60 min Blueberry juice Enhancement of viscosity, color; 
improvement in TSS, polyphenol, 
anthocyanin; increase in antioxidant 
scavenging activity

Zou, Hou [47]

19 kHz, 20–100%, 2–10 min Soursop juice Increasing sonication intensity 
resulted in lower phenolic content, 
ascorbic acid; minimal impact on 
overall color

Dias et al. [48]

200–500 W, 15–90 min Blueberry extract Degradation of cyanidin-3-glucoside 
and antioxidant activity with 
increasing sonication power and 
prolonged treatment time

Yao et al. [49]

Pulsed light (PL)

17.5 J/cm, 0.5 μs, 0.5 Hz Fresh-cut apple Reduction in browning and slight 
retention in firmness during storage 
of irradiated samples

Manzocco et al. [54]

0.7 J/cm, 250 μs, 4 pulses per day Fresh-cut mango Reduced color and fresh mass loss; 
increase in total carotenoid and 
antioxidant activity.

Lopes et al. [55]

2.7, 7.8, 11.7, 15.6 J/cm at 9, 26, 39 
and 52 pulses respectively

Fresh-cut 
cantaloupe

Retention in firmness, pH, TSS, 
TA, color; no significant effect on 
phenols; ascorbic acid content 
decreased significantly on stored 
samples subjected to higher-fluence

Koh et al. [56]

2-4 J/cm, 360 μs, 3 pulses Uncut tomato 
and Annurca 
apple

Significant increase in total 
carotenoid, lycopene, phenolics and 
antioxidant activity noted in both 
fruits

Pataro et al. [57]

Cold plasma (CP)

60 kV, 50 Hz, RH 42% Strawberry Minimal impact on color and 
firmness; significant reduction in 
microbial flora

Misra et al. [63]

30 kV, 50 Hz, RH 45%

7.5–15 kV, 30 s, RH 42%

Uncut cherry; 
uncut tomato

Insignificant changes on pH, color, 
firmness, weight loss in both 
varieties

Misra et al. [61]

Vukic et al. [64]

15 kV, RH 60%, 10/20/30 min for 
apple; 30/60 min for melon

Fresh-cut apple; 
and fresh-cut 
melon

Significant loss in ”crunchiness” in 
apple texture, melons exhibited no 
significant texture impact; linear 
reduction in PPO and POD activity

Tappi et al. [65, 66]

15 kV, RH 60%, 1/5/10 min 
treatment

Fresh-cut 
kiwifruit

Slight initial reduction in 
chlorophyll and carotenoid but 
improved color retention during 
storage; slight reduction in phenols 
but no significant impact on 
antioxidant activity

Ramazinna et al. [67]

Table 1. Impact of nonthermal processes on food quality and phytochemical compounds.
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3.1. Pulsed electric field (PEF)

Pulsed electric field (PEF) involves the direct application of short, high current voltage pulses that 
create an intense electric field, applied to a food matrix placed between two electrodes [31]. PEF 
has been used as an alternative nonthermal treatment in the pasteurization of liquid or pumpable 
foods. Fruit juices, milk, smoothies, yogurt, sauces, wine, and soup-based products contain large 
amounts of water and dipolar molecules making them more conductive for passage of electrical 
currents compared to solid type foods. The PEF system discharges a high voltage pulse uniformly 
throughout the food in a treatment chamber (see Figure 1a) [29, 32]. Typical field strengths varies 
from 0.1 to 80 kV/cm with the time duration of the pulse cycles ranging from μs to ms depend-
ing on the application of PEF. The mechanism of PEF is best explained using the “electropora-
tion” model in which the strong electric fields generated induce either reversible or irreversible 
(depending on electric field intensity) perforation of the cytoplasmic membrane promoting cell 
leakage (see Figure 1b) [31]. This effect has shown inactivation of microorganisms and food spoil-
age enzymes, thereby enhancing food safety, quality and phytochemical yield and extraction.

Kumar et al. on investigating the effect of PEF on carotenoids, microbial stability and different 
physicochemical changes on ready-to-drink (RTD) mango nectar, noted a high retention of 
carotene content (94.2%) and minimal changes in total soluble solids (TSS), pH acidity and 
color [33]. In a separate study [34], a higher retention of volatile monoterpene compounds, in 
particular (Z)-Ocimene, in mango nectar pasteurized at 96°C for 300 and 600 s was observed. 
Sensory scores conducted also found PEF samples to be insignificantly different from control 
samples owing to retention in volatile components and reduction in nonenzymatic 5-hydroxy 
methyl furfural (HMF) brown compounds. As cited in Buckow et al. several studies surveyed 
the effects of PEF on orange juice treated at ≤68°C, resulted in maintenance of vitamin C, 
carotenoid, polyphenol, and volatile aroma compounds compared to thermal pasteurization 
(95°C for 30 s) both after processing and refrigerated storage [35].

PEF is capable of extracting compounds such as pigments, antioxidants and flavors through the 
ability of the electric fields to induce cell membrane breakdown in plant tissue, increasing the 

Figure 1. (a) Configuration of treatment chambers for continuous PEF processing: (i) parallel plate, (ii) coaxial, and 
(iii) co-linear; and (b) effects of exposure of biological cells at different electric field strengths and applications in food. 
Adapted from Toepfl et al. [32].
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Technology and process 
conditions

Food matrix Results Source

40 kHz, 0.5Wcm−1, 20/40/60 min Blueberry juice Enhancement of viscosity, color; 
improvement in TSS, polyphenol, 
anthocyanin; increase in antioxidant 
scavenging activity

Zou, Hou [47]

19 kHz, 20–100%, 2–10 min Soursop juice Increasing sonication intensity 
resulted in lower phenolic content, 
ascorbic acid; minimal impact on 
overall color

Dias et al. [48]

200–500 W, 15–90 min Blueberry extract Degradation of cyanidin-3-glucoside 
and antioxidant activity with 
increasing sonication power and 
prolonged treatment time

Yao et al. [49]

Pulsed light (PL)

17.5 J/cm, 0.5 μs, 0.5 Hz Fresh-cut apple Reduction in browning and slight 
retention in firmness during storage 
of irradiated samples

Manzocco et al. [54]

0.7 J/cm, 250 μs, 4 pulses per day Fresh-cut mango Reduced color and fresh mass loss; 
increase in total carotenoid and 
antioxidant activity.

Lopes et al. [55]

2.7, 7.8, 11.7, 15.6 J/cm at 9, 26, 39 
and 52 pulses respectively

Fresh-cut 
cantaloupe

Retention in firmness, pH, TSS, 
TA, color; no significant effect on 
phenols; ascorbic acid content 
decreased significantly on stored 
samples subjected to higher-fluence

Koh et al. [56]

2-4 J/cm, 360 μs, 3 pulses Uncut tomato 
and Annurca 
apple

Significant increase in total 
carotenoid, lycopene, phenolics and 
antioxidant activity noted in both 
fruits

Pataro et al. [57]

Cold plasma (CP)

60 kV, 50 Hz, RH 42% Strawberry Minimal impact on color and 
firmness; significant reduction in 
microbial flora

Misra et al. [63]

30 kV, 50 Hz, RH 45%

7.5–15 kV, 30 s, RH 42%

Uncut cherry; 
uncut tomato

Insignificant changes on pH, color, 
firmness, weight loss in both 
varieties

Misra et al. [61]

Vukic et al. [64]

15 kV, RH 60%, 10/20/30 min for 
apple; 30/60 min for melon

Fresh-cut apple; 
and fresh-cut 
melon

Significant loss in ”crunchiness” in 
apple texture, melons exhibited no 
significant texture impact; linear 
reduction in PPO and POD activity

Tappi et al. [65, 66]

15 kV, RH 60%, 1/5/10 min 
treatment

Fresh-cut 
kiwifruit

Slight initial reduction in 
chlorophyll and carotenoid but 
improved color retention during 
storage; slight reduction in phenols 
but no significant impact on 
antioxidant activity

Ramazinna et al. [67]

Table 1. Impact of nonthermal processes on food quality and phytochemical compounds.
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3.1. Pulsed electric field (PEF)

Pulsed electric field (PEF) involves the direct application of short, high current voltage pulses that 
create an intense electric field, applied to a food matrix placed between two electrodes [31]. PEF 
has been used as an alternative nonthermal treatment in the pasteurization of liquid or pumpable 
foods. Fruit juices, milk, smoothies, yogurt, sauces, wine, and soup-based products contain large 
amounts of water and dipolar molecules making them more conductive for passage of electrical 
currents compared to solid type foods. The PEF system discharges a high voltage pulse uniformly 
throughout the food in a treatment chamber (see Figure 1a) [29, 32]. Typical field strengths varies 
from 0.1 to 80 kV/cm with the time duration of the pulse cycles ranging from μs to ms depend-
ing on the application of PEF. The mechanism of PEF is best explained using the “electropora-
tion” model in which the strong electric fields generated induce either reversible or irreversible 
(depending on electric field intensity) perforation of the cytoplasmic membrane promoting cell 
leakage (see Figure 1b) [31]. This effect has shown inactivation of microorganisms and food spoil-
age enzymes, thereby enhancing food safety, quality and phytochemical yield and extraction.

Kumar et al. on investigating the effect of PEF on carotenoids, microbial stability and different 
physicochemical changes on ready-to-drink (RTD) mango nectar, noted a high retention of 
carotene content (94.2%) and minimal changes in total soluble solids (TSS), pH acidity and 
color [33]. In a separate study [34], a higher retention of volatile monoterpene compounds, in 
particular (Z)-Ocimene, in mango nectar pasteurized at 96°C for 300 and 600 s was observed. 
Sensory scores conducted also found PEF samples to be insignificantly different from control 
samples owing to retention in volatile components and reduction in nonenzymatic 5-hydroxy 
methyl furfural (HMF) brown compounds. As cited in Buckow et al. several studies surveyed 
the effects of PEF on orange juice treated at ≤68°C, resulted in maintenance of vitamin C, 
carotenoid, polyphenol, and volatile aroma compounds compared to thermal pasteurization 
(95°C for 30 s) both after processing and refrigerated storage [35].

PEF is capable of extracting compounds such as pigments, antioxidants and flavors through the 
ability of the electric fields to induce cell membrane breakdown in plant tissue, increasing the 

Figure 1. (a) Configuration of treatment chambers for continuous PEF processing: (i) parallel plate, (ii) coaxial, and 
(iii) co-linear; and (b) effects of exposure of biological cells at different electric field strengths and applications in food. 
Adapted from Toepfl et al. [32].
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bioaccessibility of phytochemicals [29, 31]. As cited in Ricci et al. investigations using PEF assisted 
maceration on Tempranillo grape skin with treatments of 5 and 10 kV/cm increased the poly-
phenol and anthocyanin extraction in wine processing [31]. Results showed total polyphenols 
index in PEF treated wines was 13.7% higher (5 kV/cm treatment) and 29.0% higher (10 kV/cm 
treatment) with respect to the control after 96 h maceration; and at the end of fermentation color 
intensity also improved of 23.93 (control), 27.04 (5 kV/cm treatment), and 29.33 (10 kV/cm treat-
ment). Increased juice recovery (9–25%) and higher amounts of total phenolics (up to 22%) and 
total anthocyanins (up to 26%) in PEF treated raspberries and press cakes extracts were reported 
[36]. With sweet cherries, PEF applied at low field strengths, increased production of volatiles, 
(aldehydes and alcohols) known to have desirable odors was reported by Sotelo et al. [37].

3.2. High pressure processing (HPP)

High pressure processing (HPP), also known as high-hydrostatic pressure (HHP) or ultra-
high pressure (UHP), is capable of inactivating both pathogenic and vegetative spoilage 
microorganisms by using pressure rather than heat [38]. HPP mainly uses water as a medium 
to transmit pressure ranging from 100 to 800 MPa to foods [29]. The basic components of an 
HPP system include a pressurization vessel, a pressure transmitting fluid, a material handling 
unit, and supporting heating and cooling system components (see Figure 2) [39]. During HPP, 
food in flexible packages/containers is placed in a holding basket and lowered into the reac-
tion chamber. High hydrostatic pressure is generated through the action of a piston or pump, 
which compresses the pressure-transmitting fluid allowing for uniform distribution through-
out the product matrix [29]. Vitamins, flavor compounds and pigments survive the process 
while denaturation of proteins, gelation, hydrophobic reactions, lipid phase changes and 
ionization of molecules is able to modify the integrity of cell walls and membranes [38]. By 
optimizing HPP parameters of pressure (P), temperature (T) and duration time (t); important 
foodborne pathogens can be inactivated whilst preserving and/or enhancing the nutritional 
and organoleptic properties of food and vegetables [29].

On investigating the effects of mild temperature (50°C) and HPP (300 and 600 MPa) on the 
shelf life of strawberry purée, Marszałek et al. showed that higher pressure values resulted in 
prolonging shelf life from 4 to 28 weeks [40]. However, HPP was unable to preserve vitamin 
C and anthocyanin content in the treated purée, resulting in significant degradation of 20 and 
5% higher at 600 than at 300 MPa respectively. The inactivation of endogenous enzymes such 
as β-glucosidase, polyphenol oxidase (PPO) and peroxidase (POD) are mainly responsible for 
anthocyanin degradation during storage. However, other factors such as temperature, light, 
pH, sugars, presence of oxygen, sulfites, ascorbic acid, metal ions and co-pigments may also 
destabilize anthocyanin compounds and accelerate its decomposition [41].

Garcia-Parra et al. investigated the effect of thermal assisted HPP to preserve pumpkin puree 
under varying combinations of pressure and temperature (300, 600, 900 MPa/60, 70, 80°C < 71 min) 
and found that treatments at higher pressures were effective in maintaining and/or increasing 
the individual carotenoids (lutein, α-carotene and β-carotene) [42]. Similar studies on orange, 
carrot and tomato juices/purees also showed significant increases in carotenoid content and 
antioxidant activity [28]. It is believed that the mechanism of pressure-induced disruption of cell 
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walls and membranes, proteins and enzymes also facilitate the release and extraction of bound 
carotenoid from the cellular matrix, increasing its bioaccessibility [29]. Aadil et al. studied the 
effects of thermal-assisted HPP versus thermal processing of grapefruit juice and observed that 
processed juice at 250 MPa/60°C/3 min had an improvement in total carotenoid and anthocyanin 
content compared to control and thermally treated samples [43]. In the same study, ascorbic acid 
contents were reduced from 25.58 to 19.32 (mg/100 ml) in HPP and 17.28 (mg/100 ml) in thermal 
processed samples. While retention of vitamin C was higher under HPP compared to thermal 
processing, the elevated temperatures are most likely responsible for its depletion in both cases.

3.3. Ultrasound (US)

Ultrasound (US) employs mechanical sound waves at frequencies between 20 kHz and 500 MHz, 
and has emerged as an alternative technique, capable of inactivating microorganisms for food 
preservation [29, 44]. US systems are either batch or continuous type, that include sonication 
baths, ultrasonic probes and vibrating systems, and can be applied to liquid foods or solid type 
matrices embedded in a transmitting liquid medium (typically water) (see Figure 3) [45]. US 
mode of action is attributed to the “cavitation” phenomenon in which micro-bubbles generated 
in the transmitting medium by the sonication device, oscillate, grow in size and eventually 
collapse producing shock waves that induce a number of thermal, mechanical and chemical 
effects. As stated by Majid et al. the high temperatures, pressures, shear forces and free radicals 
generated in the cavitation zone affects cell walls and membranes for microbial inactivation, 
whilst retaining sensory, nutritional and functional characteristics of the food [44].

Jabbar et al. in evaluating the combined effects of blanching and sonication (frequency 20 kHz, 
amplitude level 70%) on carrot juice, reported improvements in the retention of chlorogenic acid, 
total carotenoids, lycopene and lutein content [45]. The increase in the bioavailability of these 

Figure 2. Schematic of a batch high pressure processing setup. Adapted from Chakraborty et al. [39].
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bioaccessibility of phytochemicals [29, 31]. As cited in Ricci et al. investigations using PEF assisted 
maceration on Tempranillo grape skin with treatments of 5 and 10 kV/cm increased the poly-
phenol and anthocyanin extraction in wine processing [31]. Results showed total polyphenols 
index in PEF treated wines was 13.7% higher (5 kV/cm treatment) and 29.0% higher (10 kV/cm 
treatment) with respect to the control after 96 h maceration; and at the end of fermentation color 
intensity also improved of 23.93 (control), 27.04 (5 kV/cm treatment), and 29.33 (10 kV/cm treat-
ment). Increased juice recovery (9–25%) and higher amounts of total phenolics (up to 22%) and 
total anthocyanins (up to 26%) in PEF treated raspberries and press cakes extracts were reported 
[36]. With sweet cherries, PEF applied at low field strengths, increased production of volatiles, 
(aldehydes and alcohols) known to have desirable odors was reported by Sotelo et al. [37].

3.2. High pressure processing (HPP)

High pressure processing (HPP), also known as high-hydrostatic pressure (HHP) or ultra-
high pressure (UHP), is capable of inactivating both pathogenic and vegetative spoilage 
microorganisms by using pressure rather than heat [38]. HPP mainly uses water as a medium 
to transmit pressure ranging from 100 to 800 MPa to foods [29]. The basic components of an 
HPP system include a pressurization vessel, a pressure transmitting fluid, a material handling 
unit, and supporting heating and cooling system components (see Figure 2) [39]. During HPP, 
food in flexible packages/containers is placed in a holding basket and lowered into the reac-
tion chamber. High hydrostatic pressure is generated through the action of a piston or pump, 
which compresses the pressure-transmitting fluid allowing for uniform distribution through-
out the product matrix [29]. Vitamins, flavor compounds and pigments survive the process 
while denaturation of proteins, gelation, hydrophobic reactions, lipid phase changes and 
ionization of molecules is able to modify the integrity of cell walls and membranes [38]. By 
optimizing HPP parameters of pressure (P), temperature (T) and duration time (t); important 
foodborne pathogens can be inactivated whilst preserving and/or enhancing the nutritional 
and organoleptic properties of food and vegetables [29].

On investigating the effects of mild temperature (50°C) and HPP (300 and 600 MPa) on the 
shelf life of strawberry purée, Marszałek et al. showed that higher pressure values resulted in 
prolonging shelf life from 4 to 28 weeks [40]. However, HPP was unable to preserve vitamin 
C and anthocyanin content in the treated purée, resulting in significant degradation of 20 and 
5% higher at 600 than at 300 MPa respectively. The inactivation of endogenous enzymes such 
as β-glucosidase, polyphenol oxidase (PPO) and peroxidase (POD) are mainly responsible for 
anthocyanin degradation during storage. However, other factors such as temperature, light, 
pH, sugars, presence of oxygen, sulfites, ascorbic acid, metal ions and co-pigments may also 
destabilize anthocyanin compounds and accelerate its decomposition [41].

Garcia-Parra et al. investigated the effect of thermal assisted HPP to preserve pumpkin puree 
under varying combinations of pressure and temperature (300, 600, 900 MPa/60, 70, 80°C < 71 min) 
and found that treatments at higher pressures were effective in maintaining and/or increasing 
the individual carotenoids (lutein, α-carotene and β-carotene) [42]. Similar studies on orange, 
carrot and tomato juices/purees also showed significant increases in carotenoid content and 
antioxidant activity [28]. It is believed that the mechanism of pressure-induced disruption of cell 
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walls and membranes, proteins and enzymes also facilitate the release and extraction of bound 
carotenoid from the cellular matrix, increasing its bioaccessibility [29]. Aadil et al. studied the 
effects of thermal-assisted HPP versus thermal processing of grapefruit juice and observed that 
processed juice at 250 MPa/60°C/3 min had an improvement in total carotenoid and anthocyanin 
content compared to control and thermally treated samples [43]. In the same study, ascorbic acid 
contents were reduced from 25.58 to 19.32 (mg/100 ml) in HPP and 17.28 (mg/100 ml) in thermal 
processed samples. While retention of vitamin C was higher under HPP compared to thermal 
processing, the elevated temperatures are most likely responsible for its depletion in both cases.

3.3. Ultrasound (US)

Ultrasound (US) employs mechanical sound waves at frequencies between 20 kHz and 500 MHz, 
and has emerged as an alternative technique, capable of inactivating microorganisms for food 
preservation [29, 44]. US systems are either batch or continuous type, that include sonication 
baths, ultrasonic probes and vibrating systems, and can be applied to liquid foods or solid type 
matrices embedded in a transmitting liquid medium (typically water) (see Figure 3) [45]. US 
mode of action is attributed to the “cavitation” phenomenon in which micro-bubbles generated 
in the transmitting medium by the sonication device, oscillate, grow in size and eventually 
collapse producing shock waves that induce a number of thermal, mechanical and chemical 
effects. As stated by Majid et al. the high temperatures, pressures, shear forces and free radicals 
generated in the cavitation zone affects cell walls and membranes for microbial inactivation, 
whilst retaining sensory, nutritional and functional characteristics of the food [44].

Jabbar et al. in evaluating the combined effects of blanching and sonication (frequency 20 kHz, 
amplitude level 70%) on carrot juice, reported improvements in the retention of chlorogenic acid, 
total carotenoids, lycopene and lutein content [45]. The increase in the bioavailability of these 

Figure 2. Schematic of a batch high pressure processing setup. Adapted from Chakraborty et al. [39].
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compounds might be attributed to the breakdown of cell walls and disruption of chromoplasts 
created by cavitation pressures allowing for release of membrane bound carotenoids. These 
results were similar to Abid et al. and Zou and Hou, when investigating US on different quality 
parameters of apple and blue berry juice respectively [46, 47]. Sonication showed increased lev-
els of ascorbic acid, total phenolics, flavanols and flavonoids, and increased antioxidant activity 
due to the extraction and availability of these compounds. In a contrasting study by Dias et al. 
soursop juice subjected to varying levels of sonication energy, showed that increasing US inten-
sity resulted in lower levels of phenols, ascorbic acid and higher levels of total color difference 
between sonicated and untreated samples [48]. The apparent decreases in overall phytonutri-
ent content was attributed to increasing temperature and free radical formation that produced 
strong oxidizing effects during cavitation. Yao et al. investigating the effects of US on cyanidin-
3-glucoside in blueberries, demonstrated that the pathway for degradation was the pyrolysis of 
water molecules creating –OH radicals involved in the opening of anthocyanin ring formation 
[49]. US-assisted extraction of various phytochemicals has grown in interest because of the 
potential industrial application to provide an efficient and energy saving extractive method.

3.4. Pulsed light (PL)

Pulsed light (PL) involves the use of intense, short duration pulses of light over a broad 
spectrum of wavelengths ranging from UV (180–380 nm), visible light (380–700 nm) to near-
infrared (700–1100 nm); mainly used for decontamination of surface microorganisms on food 
and packaging [50, 51]. The basic components of a PL system incorporates three main parts: a 
lamp (xenon gas lamp), a power supply and a pulse configuration device (controller); config-
ured in either batch or continuous flow design depending on the food material to process (see 
Figure 4) [52]. The mechanism of PL on microbial inactivation is attributed to both photochem-
ical and photothermal effects. UV radiation is absorbed by carbon–carbon double bonds in 

Figure 3. Schematic of a probe-type sonication system. Adapted from Jabbar et al. [45].
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nucleic acids and proteins disrupting DNA and RNA structures, as well as rupturing bacterial 
cells due to localized overheating from absorption [50–52]. Similarly, the nonionizing effects 
of UV-C radiation at low doses has been the subject of numerous studies and documented by 
Maharaj et al. as having positive impacts on phytochemicals and sensory properties, either by 
preserving its content in fruits and vegetables or increasing it following treatment [53].

Manzocco et al. on studying the effect of PL on fresh-cut apple of increasing fluence ranges of 0, 8.8 
and 17.5 J/cm2 showed a significant decrease in browning of PL treated samples attributed to the 
modification of metabolic respiration and controlling the formation of brown polyphenols [54]. 
Similar studies on the effects of PL support this theory as observed by Lopes et al. On the effects 
of the exposure mode of light treatment on fresh-cut mangoes. PL treatments of 1 pulse (0.7 J/
cm2), 4 pulses (2.8 J/cm2) and 1 pulse for 4 days (2.8 J/cm2) reduced the respiration rate with posi-
tive impacts on maintenance of yellow color and lower mass loss during storage [55]. Significant 
improvements in firmness were most likely associated with higher levels of UV-C, which either 
directly suppress cell wall hydrolase activity or indirectly via increase polyamine content that 
inhibit the enzyme. In the same study, there were marked increases in carotenoid and ascorbic 
acid content at the higher fluence intensity treatments. The authors noted the increase in the 
biosynthesis of these compounds with antioxidant activity could be an adapted photo-protective 
response to increasing oxidative stresses caused by UV-radiation. Koh et al. demonstrated that 
PL treatment on fresh-cut cantaloupe, a nonacidic fruit, resulted in the retention of phenolic and 
ascorbic acid content, albeit at much lower levels when compared to other studies on acidic types 
[56]. The study also highlighted that at much higher fluence treatments of 11.7 and 15.6 J/cm2 
there was a significant reduction in ascorbic acid content attributed to photothermal degrada-
tion of heat labile ascorbic acid at the higher intensities. At low PL dosage rates of 2 and 4 J/
cm2, Pataro et al. recorded significant increases in total carotenoids, lycopene and phenolics in 
whole, uncut tomatoes and Annurca apples [57]. Investigations on raspberries known to be high 
in antioxidant compounds showed that PL in combination with sanitizer washing was able to 
significantly increase the total phenolic and anthocyanin content both directly after treatment, 

Figure 4. Schematic diagram of a high intensity pulsed-light system. Adapted from Abida et al. [52].
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compounds might be attributed to the breakdown of cell walls and disruption of chromoplasts 
created by cavitation pressures allowing for release of membrane bound carotenoids. These 
results were similar to Abid et al. and Zou and Hou, when investigating US on different quality 
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due to the extraction and availability of these compounds. In a contrasting study by Dias et al. 
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between sonicated and untreated samples [48]. The apparent decreases in overall phytonutri-
ent content was attributed to increasing temperature and free radical formation that produced 
strong oxidizing effects during cavitation. Yao et al. investigating the effects of US on cyanidin-
3-glucoside in blueberries, demonstrated that the pathway for degradation was the pyrolysis of 
water molecules creating –OH radicals involved in the opening of anthocyanin ring formation 
[49]. US-assisted extraction of various phytochemicals has grown in interest because of the 
potential industrial application to provide an efficient and energy saving extractive method.

3.4. Pulsed light (PL)

Pulsed light (PL) involves the use of intense, short duration pulses of light over a broad 
spectrum of wavelengths ranging from UV (180–380 nm), visible light (380–700 nm) to near-
infrared (700–1100 nm); mainly used for decontamination of surface microorganisms on food 
and packaging [50, 51]. The basic components of a PL system incorporates three main parts: a 
lamp (xenon gas lamp), a power supply and a pulse configuration device (controller); config-
ured in either batch or continuous flow design depending on the food material to process (see 
Figure 4) [52]. The mechanism of PL on microbial inactivation is attributed to both photochem-
ical and photothermal effects. UV radiation is absorbed by carbon–carbon double bonds in 

Figure 3. Schematic of a probe-type sonication system. Adapted from Jabbar et al. [45].
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nucleic acids and proteins disrupting DNA and RNA structures, as well as rupturing bacterial 
cells due to localized overheating from absorption [50–52]. Similarly, the nonionizing effects 
of UV-C radiation at low doses has been the subject of numerous studies and documented by 
Maharaj et al. as having positive impacts on phytochemicals and sensory properties, either by 
preserving its content in fruits and vegetables or increasing it following treatment [53].
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Similar studies on the effects of PL support this theory as observed by Lopes et al. On the effects 
of the exposure mode of light treatment on fresh-cut mangoes. PL treatments of 1 pulse (0.7 J/
cm2), 4 pulses (2.8 J/cm2) and 1 pulse for 4 days (2.8 J/cm2) reduced the respiration rate with posi-
tive impacts on maintenance of yellow color and lower mass loss during storage [55]. Significant 
improvements in firmness were most likely associated with higher levels of UV-C, which either 
directly suppress cell wall hydrolase activity or indirectly via increase polyamine content that 
inhibit the enzyme. In the same study, there were marked increases in carotenoid and ascorbic 
acid content at the higher fluence intensity treatments. The authors noted the increase in the 
biosynthesis of these compounds with antioxidant activity could be an adapted photo-protective 
response to increasing oxidative stresses caused by UV-radiation. Koh et al. demonstrated that 
PL treatment on fresh-cut cantaloupe, a nonacidic fruit, resulted in the retention of phenolic and 
ascorbic acid content, albeit at much lower levels when compared to other studies on acidic types 
[56]. The study also highlighted that at much higher fluence treatments of 11.7 and 15.6 J/cm2 
there was a significant reduction in ascorbic acid content attributed to photothermal degrada-
tion of heat labile ascorbic acid at the higher intensities. At low PL dosage rates of 2 and 4 J/
cm2, Pataro et al. recorded significant increases in total carotenoids, lycopene and phenolics in 
whole, uncut tomatoes and Annurca apples [57]. Investigations on raspberries known to be high 
in antioxidant compounds showed that PL in combination with sanitizer washing was able to 
significantly increase the total phenolic and anthocyanin content both directly after treatment, 

Figure 4. Schematic diagram of a high intensity pulsed-light system. Adapted from Abida et al. [52].
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and retain higher levels after 3 months of frozen storage compared to untreated samples [58]. 
Both UV light and thermal stress created by PL induce the production of phenolic compounds 
through increased activity of phenylalanine ammonia lyase (PAL). However, increasing the 
duration of treatment (20–30 s) leads to over dosage of thermal stress producing severe damages 
to plant tissue, discoloration of the fruit skin and loss in bioactive content.

3.5. Cold plasma (CP)

Plasma is a quasi-neutral gas state, considered the ”fourth” state of matter, and composed of a 
mixture of partially ionized gas molecules, ions, atoms and free electrons in their fundamen-
tal or excited state with an overall net neutral charge [59]. Plasma can be generated by using 
several types of energies to excite molecules. In the food industry, the general approach of 
producing plasma is to subject atmospheric air to an electric or electromagnetic field of con-
stant or alternating amplitude, to induce electron collisions and generation of the ionized spe-
cies [60]. The dielectric barrier discharge (DBD) and the plasma jet (see Figure 5) [59] are two 
common design types used to breakdown gas in a stationary electric field between electrodes 
to create the ionizing effect. The term cold plasma (CP) is considered a nonthermal technique 
from the fact that the temperature of electrons (Te) is much higher than the temperature of the 
ions, neutrals and global gas (Tg) in the plasma (Te > > Tg) [61]. Thus the overall temperature 
of CP is at ambient temperature without raising the temperature of the surrounding medium. 
Under Atmospheric cold plasma (ACP), several reactive oxygen species (ROS); as well as reac-
tive nitrogen species (RNS) are formed with high lethal effects, capable of inactivating a wide 
range of microorganisms [62]. The nonthermal nature of CP technology, coupled with its high 
antimicrobial effects, has provided an alternative treatment for the decontamination of fruits 
and vegetables whilst minimizing deleterious quality impacts.

Misra et al. studied the effects of ACP on fresh strawberries and demonstrated significant 
reductions of 2.4 and 3.3 log cycles for mesophiles and surface yeast and mold respectively, 
with minimal impact to color and firmness between treated and control samples [63]. This is in 
agreement with other studies conducted on whole cherry tomatoes where CP did not induce 
metabolic changes that adversely affect critical quality parameters of color, firmness, pH and 
weight loss [61, 64]. Studies conducted by Tappi et al. on the effect of CP on fresh-cut apples 
and melon had variable changes on texture. Whilst apples showed a significant loss in ”crunch-
iness” in texture, melons exhibited no significant differences in the cut fruit [65, 66]. However, 

Figure 5. Schematic diagram of (A) dielectric barrier discharge; and (B) plasma jet system. Adapted from Pankaj et al. [59].
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common to both cut apples and melons, was significant improvement in a reduction in brown 
color formed from enzymatic degradation products. By increasing CP treatment time, an 
observed linear reduction was noted for PPO and POD activity. The inhibitory effect of CP on 
enzyme activity was attributed to chemically reactive oxygen and nitrogen species modifying 
amino acids within the 3-D structure of proteins resulting in loss in enzyme function.

While the effects of CP on phytochemical composition is in its infant stage, Ramazzina et al. 
attempted to evaluate the effects of CP on bioactive compounds in minimally processed kiwifruit 
[67]. In the study, a significant reduction in chlorophyll and carotenoid content was observed in 
CP treated samples followed by better retention in these pigments during storage. This was attrib-
uted to the breakdown and oxidation of chlorophyll and carotenoids mediated by reactive species 
during the initial stage of treatment, followed by a slower rate of deterioration during storage due 
to partial protein denaturation and reduction in enzyme activity as previously described [65]. 
Analysis of health promoting ascorbic acid and phenolic compounds in the same study showed 
no significant changes in their content in the kiwifruit. While the investigators did note a slight 
initial decrease in total phenolic content, it did not significantly affect the overall antioxidant activ-
ity between CP and control treatments. It was noted that plasma induced oxidation of phenols at 
the initial stage of treatment, could be counteracted by tissue response/defense mechanisms that 
synthesize new phenolic compounds through increased activity of the enzyme (PAL) [67].

4. Conclusion

The recent global rise in consumer health awareness has prompted some food producers to 
utilize nonchemical preservation treatments to maintain and enhance the integrity of food 
products. Enhancing the competitiveness of the food industry requires technological innova-
tion for improving quality, nutritious and safe ready to eat foods. Some studies have shown 
that unlike traditional thermal processing, nonthermal alternatives such as pulsed electric field 
(PEF), pulsed light (PL), ultra sound (US), high pressure processing (HPP) and cold plasma 
(CP) techniques have the ability to preserve and in some cases elicit increased phytochemical 
content of some fruits and vegetables. Such novel food preservation technologies have shown 
promising evidence in producing foods capable of reducing noncommunicable diseases with 
benefits to both domestic and export markets. In summary, the review has focused on both 
the application and impact of nonthermal technologies on the bioavailability of phytochemi-
cals in fruits and vegetables which can positively impact the Food and Beverage industry.

Author details

Vishal Ganessingh, Raeesah Sahibdeen and Rohanie Maharaj*

*Address all correspondence to: rohanie.maharaj@utt.edu.tt

Biosciences, Agriculture and Food Technologies (BAFT), ECIAF Campus, The University of 
Trinidad and Tobago, Trinidad & Tobago

An Evaluation of the Impact of Novel Processing Technologies on the Phytochemical…
http://dx.doi.org/10.5772/intechopen.77730

201



and retain higher levels after 3 months of frozen storage compared to untreated samples [58]. 
Both UV light and thermal stress created by PL induce the production of phenolic compounds 
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common design types used to breakdown gas in a stationary electric field between electrodes 
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from the fact that the temperature of electrons (Te) is much higher than the temperature of the 
ions, neutrals and global gas (Tg) in the plasma (Te > > Tg) [61]. Thus the overall temperature 
of CP is at ambient temperature without raising the temperature of the surrounding medium. 
Under Atmospheric cold plasma (ACP), several reactive oxygen species (ROS); as well as reac-
tive nitrogen species (RNS) are formed with high lethal effects, capable of inactivating a wide 
range of microorganisms [62]. The nonthermal nature of CP technology, coupled with its high 
antimicrobial effects, has provided an alternative treatment for the decontamination of fruits 
and vegetables whilst minimizing deleterious quality impacts.

Misra et al. studied the effects of ACP on fresh strawberries and demonstrated significant 
reductions of 2.4 and 3.3 log cycles for mesophiles and surface yeast and mold respectively, 
with minimal impact to color and firmness between treated and control samples [63]. This is in 
agreement with other studies conducted on whole cherry tomatoes where CP did not induce 
metabolic changes that adversely affect critical quality parameters of color, firmness, pH and 
weight loss [61, 64]. Studies conducted by Tappi et al. on the effect of CP on fresh-cut apples 
and melon had variable changes on texture. Whilst apples showed a significant loss in ”crunch-
iness” in texture, melons exhibited no significant differences in the cut fruit [65, 66]. However, 
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common to both cut apples and melons, was significant improvement in a reduction in brown 
color formed from enzymatic degradation products. By increasing CP treatment time, an 
observed linear reduction was noted for PPO and POD activity. The inhibitory effect of CP on 
enzyme activity was attributed to chemically reactive oxygen and nitrogen species modifying 
amino acids within the 3-D structure of proteins resulting in loss in enzyme function.

While the effects of CP on phytochemical composition is in its infant stage, Ramazzina et al. 
attempted to evaluate the effects of CP on bioactive compounds in minimally processed kiwifruit 
[67]. In the study, a significant reduction in chlorophyll and carotenoid content was observed in 
CP treated samples followed by better retention in these pigments during storage. This was attrib-
uted to the breakdown and oxidation of chlorophyll and carotenoids mediated by reactive species 
during the initial stage of treatment, followed by a slower rate of deterioration during storage due 
to partial protein denaturation and reduction in enzyme activity as previously described [65]. 
Analysis of health promoting ascorbic acid and phenolic compounds in the same study showed 
no significant changes in their content in the kiwifruit. While the investigators did note a slight 
initial decrease in total phenolic content, it did not significantly affect the overall antioxidant activ-
ity between CP and control treatments. It was noted that plasma induced oxidation of phenols at 
the initial stage of treatment, could be counteracted by tissue response/defense mechanisms that 
synthesize new phenolic compounds through increased activity of the enzyme (PAL) [67].

4. Conclusion

The recent global rise in consumer health awareness has prompted some food producers to 
utilize nonchemical preservation treatments to maintain and enhance the integrity of food 
products. Enhancing the competitiveness of the food industry requires technological innova-
tion for improving quality, nutritious and safe ready to eat foods. Some studies have shown 
that unlike traditional thermal processing, nonthermal alternatives such as pulsed electric field 
(PEF), pulsed light (PL), ultra sound (US), high pressure processing (HPP) and cold plasma 
(CP) techniques have the ability to preserve and in some cases elicit increased phytochemical 
content of some fruits and vegetables. Such novel food preservation technologies have shown 
promising evidence in producing foods capable of reducing noncommunicable diseases with 
benefits to both domestic and export markets. In summary, the review has focused on both 
the application and impact of nonthermal technologies on the bioavailability of phytochemi-
cals in fruits and vegetables which can positively impact the Food and Beverage industry.
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