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PREFACE 1

Globally, non-communicable diseases (NCDs) like HIV/AIDS and cancer 
are emerging as the most predominant challenges in human health. 
According to the UNAIDS survey of 2017, about 36.9 million people in the 
world live with HIV/AIDS, including 1.8 million children less than 15 years 
of age. Similarly, cancer is another leading cause of suffering and globally 
about 9.6 million people died in 2018, shockingly about 70% of these deaths 
(about 1 in 6) are in the under-developing and developing countries.

Hence any new tool to tackle the NCDs can supplement/supplant in 
the disease management scenario, and the available treatments are often 
symptomatic of the interest in the emerging traditional medicines because 
of low cost and easy availability. The wide variety of potential plant species 
are amazing as about 250,000 higher level and 215,000 lower level plant 
species have been identified. However, only about 6% of these species 
have been screened for their biological properties while about 15% have 
been subjected to phytoconstituent analysis.

Phytoconstituents comprise of chemical bioactive compounds that 
occur naturally in plants, and these are generally called as ‘biologically 
significant chemicals,’ but not essentially are considered as nutrients. The 
plant bioactive compounds (such as flavanones, chromones, benzenoids, 
inositol, pyrimidines, triterpenoids, steroids, etc.) are well-established 
secondary metabolites with complex organic molecules and possess 
several physiological or toxicological effects in humans and animals. 
In the modern era, a number of novel techniques are available for the 
extraction of bioactive components and essential oils from the medicinal 
and aromatic plants. These phytomedicines (phytoconstituents) have 
been used throughout the world as an integral part of our healthcare 
system since a long time ago. Although modern drugs are effective in 
preventing NCDs disorders, yet their use is often limited due to their 
adverse side effects.

The WHO estimated that more than 80% of the human population 
living in developing countries still relies on herbal drugs for their primary 
healthcare. Recent scientific literature has documented the link between 
certain phytoconstituents and inhibition or protection against NCDs. 
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It has been recently estimated that natural products have enjoyed a 100 
times higher hit rate when compared with synthetic drugs. The philosophy 
behind these approaches is the long-standing therapeutic experiences and 
the belief that a complex pathophysiological process can be treated more 
effectively with the combination of low dose extracts due to synergetic 
effects and apparently with fewer side-effects than with a single high 
dosage of an isolated compound.

Several research laboratories are actively involved in phytomedicine 
research, and new chemical entities are being successfully used over the 
years, and many are in the clinical trial phase. Correspondingly, the current 
global trade of herbs has increased to a yearly turnover of US$100 billion. 
In India and China, the medicinal plant trade has increased from about $2 
billion to $5 billion when compared to $1.00 billion annually in Germany.

Under these circumstances, this book volume aims to review the 
therapy with herbal phytoconstituents with special reference to the current 
scenario on the basis of: type of disorders, mode of action, and pharma-
cological screening. This book volume, The Role of Phytoconstituents in 
Health Care: Biocompounds in Medicinal Plants, under the book series 
on Innovations in Plant Science for Better Health: From Soil to Fork 
focuses on: Part I: Herbs and Their Extracts: Scope and Role of Bioactive 
Compounds in Human Health; Part II: Functional Activities of Selected 
Plants. The information in five chapters in this book volume is essential 
for herbal drug researchers and scientists in pharmaceutical industries. The 
collated information will not only provide information on the management 
or prevention of HIV/AIDS and cancer disorders but also pave the way for 
future research.

I am beholden to Dr. Megh R. Goyal for inviting me to join his team 
in publishing this book volume. He is a well-known international scientist 
and engineer with expertise in agricultural and biological engineering, a 
rare blend indeed. He is a patron, leader, mentor, and model for budding 
scientists.

—Ramasamy Harikrishnan, PhD
Editor



PREFACE 2

To be healthy, it is our moral responsibility,
Towards Almighty God, ourselves, our family, and our society;

Eating fruits and vegetables makes us healthy,
Believe and have a faith;

Reduction of food waste can reduce the world hunger and
can make our planet eco-friendly.

—Megh R. Goyal

Medicinal plants contain certain chemicals in leaves, stems, roots, and 
fruits that can provide therapeutic benefits against different kinds of 
diseases. These chemicals are often referred to as “phytochemicals.” The 
word “phyto” is a Greek word that means “plant.” Phytochemicals are 
natural non-essential bioactive compounds found in plants and plant foods. 
In our world today, many commercially available drugs have plant-based 
origins, with more than 30% of modern medicines directly or indirectly 
derived from medicinal plants. The use of medicinal plants has largely 
increased because they are locally accessible, economical, less toxic with 
fewer side-effects, and vital in promoting health. However, scientific data 
and information regarding the safety and efficacy of these medicinal plants 
are inadequate.

The book volume will further encourage the preservation of traditional 
medical knowledge of medicinal plants. These plant products are drawing 
the attention of researchers/policymakers because of their demonstrated 
beneficial effects against diseases with high global burdens. This book 
volume is a treasure house of information and, provides excellent reference 
material for researchers, scientists, students, growers, traders, processors, 
industries, dieticians, medical practitioners, and others. We hope that this 
compendium will be useful for students and researchers as well as those 
working in the food, nutraceutical, and herbal industries.

The contribution of all cooperating authors to this book volume has 
been most valuable in the compilation. Their names are mentioned in each 
chapter and in the list of contributors. We appreciate you all for having 
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patience with our editorial skills. This book would not have been written 
without the valuable cooperation of these investigators, many of whom are 
renowned scientists who have worked in the field of plant science and food 
science throughout their professional career.

The goal of this book volume is to guide the world science community 
on how plant-based secondary metabolites can alleviate us from various 
conditions and diseases.

We thank editorial and production staff, and Ashish Kumar, Publisher 
and President, at Apple Academic Press, Inc., for making every effort to 
publish this book when all are concerned with health issues.

We express our admiration to our families and colleagues for their 
understanding and collaboration during the preparation of this book 
volume. As an educator, I share with you a piece of advice to one and all 
in the world: “Permit that our almighty God, our Creator, provider of all 
and excellent Teacher, feed our life with Healthy Food Products and His 
Grace; and Get married to your profession.”

We request the reader to offer your constructive suggestions that may 
help to improve the next edition.

Megh R. Goyal, PhD, PE
Hafiz Ansar Rasul Suleria, PhD

Editors
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CHAPTER 1

POTENTIAL OF HERBAL EXTRACTS 
AND BIOACTIVE COMPOUNDS FOR 
HUMAN HEALTHCARE

RAMASAMY HARIKRISHNAN and CHELLAM BALASUNDARAM

ABSTRACT

Globally, herbal therapy is still the backbone of about 80% of the popula-
tion in developing countries as essential healthcare, because the herbals 
are cheapest, widely available anywhere, and with no side effects. Many 
of Western medicines have been derived from plant resources, e.g., 
magnaprin from bark of willow, dioxin from foxglove, qualaquin from 
cinchona bark, and zomorph from the opium poppy. Scientists, doctors, 
and pharmaceutical companies have access to information on herbal 
medicines; however, the main issue is the absence of scientific valida-
tion. The mode of action of many plant-derived methodologies can be 
negatively affected by the isolation technique, concentration, time, and 
administrative route, lack of uniform formulation within or among manu-
facturers. In addition, the efficiency of herbal medicine may be due to 
symbiotic activity of multi-pace bio-compounds and antagonist actions, 
so that testing of single bio-compound may not be an appropriate evalu-
ation of the efficiency of the “crude” extracts used by patients. Phyto-
chemicals in the form of dietary supplements, herbs, and spices, comprise 
an unlimited source of molecules available for improving human health. 
The claimed beneficial values of the described species give a sound basis 
for the significant role of folk medicine in the development of new drug.

Further insights on the mechanisms of action for different herbals 
and their bioactive compounds are necessary to discover the molecular 
targets for human diseases. Such mastery will help to enlighten special-
ists, permit them to give exceptional guidance to their patients and thus 
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can support in the improvement of innovative pharmaceuticals via a 
rediscovery of age-old compounds. For example, the biocompounds in 
the fennel plant can be used for different drug formulations, which play a 
significant role in our health. Majority of studies were mainly conducted 
on the anti-oxidant, antimicrobial activities in different animal models. 
Natural products have traditionally been favored for the exploration of 
potential targets for drug production, and its function is still clear today. 
The pharma-industry has been facing a serious threat as the drug discovery 
practice is becoming exceptionally costly, sensitive, and typically ineffec-
tive. Natural materials may serve as the main source of drugs and more 
than half of the pharma preparations in use today are derived from natural 
plant resources. However, careful experimental designs using multidis-
ciplinary pathways together with consistency and assessment of natural 
products are important for the successful production of innovative and 
promising therapies.

1.1 INTRODUCTION

According to the World Health Organization (WHO), about one-third 
of all deaths are due to infectious diseases, and nearly 50,000 people 
die each day globally. Antibiotics continue to be a major therapeutic 
discovery in the effective control of pathogens. Numerous broad spectrum 
and pathogen-specific drugs to control microbes are available today. 
Though the treatment with antibiotics offers significant advantages, yet 
their use is still arbitrary today, thus resulting in an alarming increase in 
antibiotics resistance of virulent strains. The indiscriminate or improper 
usage of antimicrobial drugs has increased drug resistance among 
microorganisms [971]. The high degree of multidrug resistance is due 
to the presence of antibiotic efflux systems, which trigger resistance 
to pathogens [5]. Indeed drug resistance among pathogens poses a 
serious threat throughout the world [5, 210, 751, 878]. Therefore, the 
exploration of a new generation of drugs is a continuous pursuit, because 
the target microorganisms continue to develop new virulent strains that 
have become further resistant to currently existing antimicrobial drugs 
[254, 1031]. Also, new families of antimicrobial drugs frequently have 
short life expectancy [184]. Hence, there is a dire need to explore novel 
groups of antibacterial agents.
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At present, an important challenge is a multidrug resistance, which is 
frequently not controlled to the specific antibiotic but commonly extends 
to other related antimicrobial compounds; also, common microbes can also 
become opportunistic pathogens posing a threat to disease management 
in humans. The future scope of controlling diseases with the wide use of 
antimicrobial drugs is vague. Indiscriminate use of antibiotics is alarming 
in developing and developed countries. Also, the antibiotics are known for 
bioaccumulation, which adversely affects the immunity status of the host 
[249]. In this backdrop, there is an urgent need for alternative antimicrobial 
strategies. In this direction, the emerging focus is now on plant sources since 
natural products are considered safer than the traditional chemotherapeutics 
[19]. This has led to the growing interest in ancient phytotherapy [609], 
since antimicrobials of plant origin have better therapeutic potential with 
few side effects [133, 323].

WHO reports that medicinal plants are the ideal source to develop 
novel drugs [13]. The traditional use of plants and their bioproducts began 
since time immemorial in the form of folk medicine; and over time, its 
application has also been extended into allopathic medicine [233]. Today, 
a number of herbs for use as traditional and folk medicine continue to 
explore further understanding and to document their potentials, protection, 
and effectiveness with modern tools of research. Indeed since antiquity, 
the pharmacological bioproperties of various herbs were documented; 
they possess antimicrobial secondary metabolites, such as: alkaloids, 
amides, glycosides, essential oils, flavonoids, furostanol, phytosterols, 
spirostanol, saponins, steroids, tannins, terpenoids, etc. which are utilized 
against infectious pathogens [69, 79, 288, 309, 386, 433, 487, 723, 970]. 
Many herbal medicines possess immunomodulatory, antibacterial, and 
antimicrobial activities [206, 271, 717, 972].

Various advantages of using plant-based antimicrobial compounds 
include: few side effects, increased patient tolerance, cheaper than allopathy 
drugs, acceptable for long-term use, being eco-friendly, renewable in 
nature [321], increased utilization efficiency, and sustained bioavailability 
[398]. Besides their antimicrobial and immunomodulatory properties, they 
can be gainfully used in the management of non-communicable diseases. 
Indeed a number of recent studies on breast, lung, and colon cancer cell 
lines indicate that herbal extracts have the potential to inhibit the growth 
of pathogens [859]. The combinations of crude herbal extract and protein 
inhibitors exert the highest inhibition against infectious agents. Hence, 
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there is a global awareness to make innovative antimicrobial agents as an 
alternative tool for chemotherapy [26, 737].

Another novel approach is the synergistic effect between antibiotics 
and bioactive plant extracts, which lead to the development of newer, more 
effective complexes either by inhibition of cell-wall synthesis or lyzes or 
leads to the mortality of target microbes. Numerous studies indicated that 
the effects of such drugs in treatment and control of cancer could circum-
vent the adverse effects of synthetic drugs on human health [351].

World’s population will exceed 7.5 billion after 10 to 15 years in the 
developing countries, which impel the need to find alternative methods to 
control multidrug-resistant pathogens; till date about 70 to 80% of world 
population will be using herbal remedies as essential healthcare due to 
cultural suitability and compatibility with least significant side effects on 
human body [392, 790, 959]. In non-industrialized countries, the survival 
of 60 to 90% of the population relies on medicinal plants for family health 
care either totally or partially [1040].

Civilizations (that originated from 3000 BC in Egypt, Middle East, India, 
and China) began using medicinal herbs for health care. The American 
Indians have used herbal medicines for remedy of malaria, mutism, 
abnormalities in menstrual irregularities, menopause, kidney problems, 
sore throat, etc. [92, 98, 497]. Even today, many of these medicinal plants 
are being used to treat diseases in countries like China, Japan, and Korea; 
e.g., Cimicifuga species can be used to treat fever, pain, and inflammation 
[821, 823]. Also, many synthetic drugs cause environmental problems 
since the chemical industries release a large amount of waste by-products 
[835]. Medicinal plants play a unique role in pharmacological research 
and drug discovery; constituents of herbal are used not only directly but 
also pave the way for the biosynthesis of novel drugs or serve as models 
for pharmacological compounds [1106].

Secondary metabolites of plants (viz. alkaloids, essential oils, glyco-
sides, flavonoids, lignins, phenolics, saponins, sterols, terpenes, tannins, 
tirpenes, etc. [238, 385, 434, 513]) are considered as essential for metabo-
lism, but generally they are not implicated in the metabolic function of 
the host; and these are used successfully in traditional and as components 
in allopathic medicine [233]. They provide many biological remedial 
benefits, such as, anti-cancer, anti-microbial, anti-oxidant, anti-diarrheal, 
anti-aging, anti-carcinogen, analgesic, and wound healing compounds 
and protect from Alzheimer’s, brain dysfunctions like Parkinson’s, 
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cardiovascular, Huntington’s diseases, immune/autoimmune diseases, 
etc. [511, 906]; traditionally plants have also been used for anthelmintic, 
antilithic diuretic, stomachic, anti-malarial [214, 1025], and anti-inflam-
matory [997] conditions.

Therefore, the identification of novel compounds in herbals and 
their mode of action are imperative to evaluate their potential for clin-
ical use. Since improper stimulation of NF-κB is implicated in various 
human diseases [146], there is an urgent need for novel therapeutic 
intervention. Although their innovation and effectiveness aim towards 
the arrest of disease development, yet they are costly therapeutic regi-
mens. On the other hand, plant-based natural products and therapies 
have advantages to combat cancer-like diseases; and the search began 
in the 1950s with the exploration and growth of the vinca alkaloids 
(like vinblastine and vincristine) and their successful use in cancer 
management [305].

India is known as the storehouse of herbal plants, out of which many 
have been incorporated in the Ayurvedic, Unani, and Siddha systems to 
prevent or cure various diseases, such as: arthritis, cold, cough, chronic 
fever, convulsions, dysentery, diarrhea, diabetes, malaria, skin diseases, 
respiratory disorder, trauma, and in treatment of internal organ, hepatic, 
vessel, and immunologic disorders [43, 663]. The plant phytoconstituents 
are being exploited in the industrial production of cosmetics, food ingredi-
ents, perfumes, and pharmaceuticals [501].

India has a rich biodiversity that facilitates the discovery of its novel 
bioactive molecules in an effort to discover new drugs [177]. Traditionally, 
herbal-based medicines have been extensively used by Indian people. 
Indeed about 7500 plant species have been used as herbal medicines 
out of which 90% plants are used in formulations; and over 90% of the 
medicinal herbs are wild species [619]. Isolation and characterization 
of plant-derived natural drugs provide new avenues of research in the 
development of drugs to target important enzymes that hinder the onset 
of life-threatening diseases. The expenditures for alternative treatment 
averages to $1127/year/patient, when compared with $1148 for traditional 
treatment [791]. Numerous plant-based natural-product drugs include 
arteether, galanthamine, and triotopium approved recently by the US Food 
and Drug Administration (FDA) for clinical trials.

This chapter focuses on the potential of herbal drugs and bioactive 
compounds for human healthcare.
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1.2 HISTORY OF TRADITIONAL HERBAL MEDICINES

Since time immemorial, traditional medicine continues to remain as the 
most inexpensive and easily available resource in primary healthcare. 
The typical recent example is the widely recommended oral administra-
tion of Andrographis paniculata and Papaya leaf extract as an antidote 
for dengue. The application of herbal dates before middle Paleolithic age 
for health problems by early man, which is documented in fossil records 
found in caves where a Neanderthal man was buried 6,000 years ago.

Ayurveda means “the Science of Life,” as it offers a rich and holistic 
approach to a healthy life. According to Western scholars, Ayurveda 
marked the actual beginning of the ancient Indian medical science from 
2500 to 600 B.C.; it comprises of eight divisions that cover various aspects 
of the science of life and the art of remedial.

At present, the Indian System of medicine has branched into different 
systems, namely: Ayurveda, Siddha, Unani, Homeopathy, and Tibetan. 
Folk traditions and knowledge have codified around 8,000 plant species 
as herbal medicines. However, pollen analysis indicates that the numerous 
medicinal plants with different remedial values for various illnesses about 
4,000 year ago in the Ancient Egyptian civilization have been buried; and 
these plants constitute a record of wealth of information used as remedies 
mainly for pain relief, heart, and circulatory disorders preserved 3,500 
years ago [1064]. Of these, over 12,000 items are commonly used by 
folk therapists till date; while around 500 items are rare. Medicinal herbal 
products are used after several processing methods, such as: shade drying, 
grinding, frizzle with vinegar or wine.

About 5,000 traditional herbal remedies are available and regularly used 
mainly in rural areas of China [557]. Writings on papyrus leaves have been 
found in Ancient China and Egypt thus describing plant-based medicines 
as early as 3,000 B.C. African tribes and Amerindian cultures document the 
use of medicinal herbs in the remedial act; and other traditions developed 
Siddha, Ayurveda, Unani, and traditional Chinese medicines (TCM) [28]. 
However, these traditional medical systems did not gain popularity in the 
West with the development of more well documented synthetic drugs 
that are available commonly. Despite these discoveries from synthetic 
medicines, the traditional systems were used by the majority of people, 
such as: Siddha or Ayurveda remedy in India, Kampo medicines in Japan, 
TCM in China, and Unani remedy Southern Asia [655].
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Many traditional therapies found their origin in China toward the 
Japanese systems of folk therapy in the 9th century [820]. In India, tradi-
tional remedy was found in Vedic Sanskrit text dating back to 1600–3500 
B.C. It was estimated that about 250,000 higher level and 215,000 lower 
level plant species were identified [37]; and total species were as high as 
500,000 at an upper level. However, only about 6% of these have been 
screened for biological properties, and only about 15% were subjected to 
phytochemical research [953].

In India, the ancient physicians recorded the medicinal properties 
and therapeutic uses of herbs empirically in the indigenous medical 
system, which constitutes the foundation of ancient medical science 
[763]. Indeed this information is a rich resource forming the basis 
for natural drug research and development. Chinese, native Egypt, 
Hellenes, Romanian, and Arabian texts are well documented dating 
back to 5,000 years. The Latin Indian texts include Sanskrit and 
Charaka Samhita Ayurveda [993]. In India, still indigenous systems 
follow the tenets envisaged in Ayurveda, Siddha, Unani, Homeopathy, 
Yoga, and Naturopathy [259]. In several developing countries, still 
the majority of people rely on the folk specialist and their techniques 
of medicinal herbs for health care, due to the historical and cultural 
reasons along with allopathy [998].

The value of natural products can be accessed by:

• Introductory price of new chemical material of broad structure 
diversification helps for semi or total synthetic transition;

• Numerous diseases treated with these substances; and
• Their efficacy in the healing of diseases.

In recent years, increased attention has surged in the field of natural 
products attributed to several factors, such as: unmade remedial use, 
discovery of diverse chemical structures and their functions of natural 
secondary metabolites, the efficiency of novel bioactive compounds 
as biochemical exploration, the improvement of perceptive procedure, 
isolation, purification, and characterization to existence of natural 
compounds, etc. Aptly, WHO has constituted design, guidance, and 
specification importance of folk remedy. It has provided the agro-indus-
trial techniques for the cultivation and processing of medicinal plants 
and herbal drugs [1038].
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There is no doubt that the herbal therapy is popular in rural and urban 
Indian communities and other parts of the world; because natural products 
are safe, non-toxic, and have fewer side effects apart from being cost-
effective. Therefore, the demand is continuously broadening in developed 
and developing countries for herbal-based products in healthcare, cosmetics, 
pharma drugs, food ingredient, etc. [259].

1.3 TRADITIONAL HERBAL MEDICINES IN DEVELOPED 
COUNTRIES

Plants and their phytochemical constituents have an ancient history of 
use in certain systems of traditional medicine and in modern (Western) 
medicine. Application of herbal medicines for a health problem in 
developed countries has stretched particularly to the latter half of the 20th 
century. Interest in medicinal plant research has been revived recently 
[965] in European and American countries, where the herbal substance is 
being included in alternative, integral, and holistic system of therapy. Such 
therapy in the Western World has increasing search for primitive interest 
in these resources; and has been accepted by most of the academic and 
manufacturing sectors [937].

In pursuance, a number of monographs is available on selected 
medicinal plants in the European, ESCOP [257], German Commission-E 
[91] and the WHO [1037], which describes similar indigenous names, 
diversity, and mode of actions of the plants in macro or microscopic 
investigation. Methods of purity testing include uses of parts, active 
principles, dosage, and forms of dosing, pharmacology, contraindications, 
adverse reactions, and medicine uses [279]. A number of herbal products 
sold in the European market are still marketed as admixture, tablets, or 
extracts exhibiting anti-oxidant, antiseptic, diuretic, modulation of the 
central nervous system, digestive problem, etc. Such products are believed 
to be safer for a healthy lifestyle than synthetic drugs [847].

The secondary metabolites of plants act as antioxidants; for example, 
the Phenolic compounds are the largest group with significant antioxidant 
potential [196]. Among different species of Thymus to prevent insect bites, 
muscle swelling, rheumatism, pains, etc. [673], the essential oil is a mixture of 
monoterpenes, and it possesses the anti-oxidative, anti-microbial, medicinal 
drug, anti-tissue, anti-spasmodic, and anti-bacterial properties [614].
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1.4 MODERN HERBAL MEDICINES

Medicinal plants play a crucial role in the formulation of innovative 
medicines. Indeed in modern medicine, plant-derived drugs have a long 
record of their use as a whole or parts of the plant that is evidenced in 
folklore or traditional systems. About 100 higher plants based innovative 
drugs have been included in the USA drug market out which examples are: 
canescine, moderil, raudixin, velban, and leurocristine approved during 
1950–1970. Indeed several new drugs are available in the world market, 
such as: etopophos, lectinan, eguggulsterone, vumon, cesamet, kelnac, 
Z-guggulsterone, and ginkgolides between 1971 and 1990. About 2% of 
the drugs introduced in the market include paclitaxel, toptecan, gomishin, 
irinotecan, etc., during 1991 to 1995.

Herbal drug serpentine, derived from Rauwolfia serpentina root in 
1953, is used to reduce hypertension and pressure in blood [914] while 
vinblastine (derived from Catharanthus roseus) is employed to reduce 
choriocarcinoma, Hodgkins, non-Hodgkins lymphomas, leukemia in chil-
dren, testicular, and neck cancer [266].

The phytophyllotoxin isolated from Podophyllum emodi successfully 
treated testicular, lung cancer, and lymphomas. Vincristine isolated from 
C. roseus is recommended in the management of childhood lymphocytic 
leukemia, lung, uterus, and breast cancer [265]. Vumon and Etopophos 
purified from Podophyllum species were able to reduce testis and lung 
cancer [394, 897]. Taxol isolated from Taxus brevifolia is used to treat 
metastatic ovarian and lung cancer [814]. Number of plant-based drugs has 
been commonly used to treat diabetes, hypertension, jaundice, mental, and 
skin problems, TB; and possess anti-bacterial, anti-diabetic, anti-microbial, 
and anti-cancer [745] properties. Triterpenoid extracted from Hemidesmus 
indicus possesses antiodote or anti-venom property to Russell’s viper 
[141]. A recent study on experimental animals indicated that biocompound 
extracted from Strychnus nux-vomica seed inhibit viper venom through 
lipid peroxidation [140]. The mode of action of these herbal compounds 
induces venom neutralization that could be used against snakebite.

1.5 SIGNIFICANCE OF TRADITIONAL HERBAL MEDICINES

Over 80% of peoples in developing countries have been using herbal 
therapy as primary healthcare, which is safe, effective, cultural-privileged, 
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and least side effects. Ancient text also documents the use of herbal 
medicines against age-related diseases like diabetic, immune, and liver 
disorders, memory loss, and osteoporosis. Remarkably, these medicines 
are made from renewable bio-resource through eco-friendly processes; 
therefore, these ensure economic importance to the marginalized farmers 
by growing the raw materials.

1.6 ECONOMIC IMPORTANCE OF TRADITIONAL HERBAL 
MEDICINES

Herbal drugs and natural medicines offer novel and crucial leads against 
diseases, e.g., cardiovascular diseases, cancer, malaria, and neurological 
disorders, etc. [626, 785]. Currently, the global trade of herbs has a yearly 
turnover of US$100 billion. The medicinal plant trade in India and China 
is about $2 billion to $5 billion compared to $1.00 billion annually in 
Germany [882]. Several herbs and herbal extracts are used as prescribed 
drugs in Germany and France, and its sale in the European Union is about 
$20 billion today. The plant-based drugs sold in health food stores in the 
USA were worth about $4 billion in 1996 [795]. In India, the export of 
herbal drugs is about $80 million [85]. Currently, the sale of herbal medi-
cines as health foods or nutraceuticals is valued at about $80 billion to 
$250 billion in the USA and Europe [107]. Since the cost of health care in 
the allopathic system is increasing at an alarming rate, there is a steadily 
growing market for phytopharmaceuticals in the world.

1.7 SIGNIFICANCE OF DRUG DISCOVERY FROM NATURAL 
PRODUCTS

WHO stressed the important role of traditional medicine as herbal drugs 
for therapeutic purposes that continue to be in use till date, thus paving 
the way for the development of modern medicine [1035]. The traditional 
medicine is synthesized with the remedial experience of generations 
through enthusiastic physicians in primitive medicine. The folk measures 
included herbal products, minerals, organic matter, etc. Synthetic drugs 
have been effective in curing many diseases. More than 3 million new 
chemicals developed in pharmaceutical industries have been based on 
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their efforts to produce new drugs. Their victory in developing drugs to 
treat or cure many diseases has been successful and gave desired results 
immediately in AIDS, cancer, diabetes, and heart diseases and has been 
challenging due to their complexity in disease management.

In this context, many societies have their own rich plant pharmacopeias, 
which are on the revival. In consonance, the search for the pharmacological 
properties of higher plants has led to the innovation of different novel 
drugs. Consequently, they still continue to be a potential reservoir to find 
out useful chemical compounds not only as drugs, but also as templates 
for synthetic analogs.

1.8 GLOBAL TRADE OF HERBAL MEDICINES

The importance of medicinal herbs as a viable resource of overseas trade in 
developed and developing countries has turned to be used as exportable raw 
and processed materials (such as: plants and their parts like bark, flowers, 
fruit, leaves, roots, seeds, tubers, and wood extract) in the pharmaceutical 
industry. Herbal medicines constitute the mainstay in the healthcare of 
over 75% global population, mostly in the developing countries, because 
of good cultural satisfaction, fewer side effects, and consistency within the 
human body. With relaxing guidelines of the FDA for the sale of herbal 
supplements [306], the market is flourishing with herbal products [104].

In general, herbal medicines are readily preferred by consumers, 
especially due to adverse side effects of modern remedies and the trust 
in herbal remedies for safe use. It constitutes an excellent alternative to 
preventive medicine; and herbal medicines confer effective health bene-
fits in certain diseases [779]. WHO has reported that the world market 
of herbal products valued at about US $83 billion annually [397]. World 
Bank has reported that the requirement of herbal-related drugs and the 
raw material is growing at 5 to 15%/year. In European Union, the herbal 
market has exceeded $20 billion; and is about $3 billion in Germany, $1.6 
billion in France, $0.6 billion in Italy, and $1.5 billion in Japan [107]. In 
Germany and France, the herbal essence is sold as a recommended drug, 
which are covered by countrywide health insurance. The Global pharma 
market worth has risen from US $550 billion in 2004 to US$900 billion in 
2012 [795]. In India, the herbal-based market is about US$10 billion/year, 
and exported value is US$1.1 billion with 50% contribution by classical 



14 The Role of Phytoconstitutents in Health Care

Ayurvedic preparations. The annual trade in China is about US$48 billion, 
and export worth US$3.6 billion [435].

India exported 32,600 tons of raw drugs worth US$46 million during 
1995 [223]. China exported 120,000 tons of crude drugs that were worth 
US$264.5 million [789]. The European market value of herbal products 
was worth $7.0 billion in 1997. Among these, the German market alone 
was about $3.5 billion compared to $1.8 billion in France, $700 million in 
Italy; $400 million in the UK, $300 million in Spain, and $100 million in 
the Netherlands [779].

Medicinal plant-based products are essential for folk medicine formu-
lation in Germany and Russia, from where these are imported by various 
European countries. The present international herbal market is worth 
about US250 billion [107]. TCM reached US$400 billion in 2010 [1020]. 
Presently, the US has the biggest market of Indian herbal products for 50% 
of total exports. However, Asian countries (like Japan, Hong Kong, Korea, 
Singapore, etc.) are the top importers of the herbal products making about 
66% share from China [779]. The herbal trade is expected to increase @ 
6.4% annually [99].

1.9 HERBAL PHARMACEUTICALS AS BUSINESS

Globally, there is a growing need for herbal medicines because of their 
wide phytochemical properties, along with the least side effects and lower 
cost compared to synthetic drugs [487]. Medicinal plants have tremendous 
potential for sustained economic growth. Among these, there is a global 
demand for nutraceuticals (Health foods), particularly in the USA, Europe, 
and Japan [281].

Huge nutraceutical trade was increased after US Congress passed the 
Dietary Supplement Health Education Act of 1994, which allows extraor-
dinary health benefits of herbal foods or as dietary supplements for antici-
pation and healing of diseases [833]. With such rapid growth for herbal 
products in perfumery and allied industries, the herbal materials play a 
significant role in the national economy of India [487]. For instance, in 
India, approximately 25,000 effective plant relevant drugs were used by 
over 1.5 million specialists in the folk system in rural communities for 
their preventive, promotional, and remedial effects. More than 7, 800 
herbal-based industries in India devour over 2,000 tons/annum [789]. The 
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sale of Ayurvedic medicines in the market grows about 20% annually, 
while the sale of medicinal plants registered a growth of nearly 25% from 
1987 to 1996 [487].

1.10 CURRENT STATUS OF HERBAL MEDICINE MARKET

The widely use of herbal pharma is not barred to developing countries, 
e.g., in France and Germany, about 70% of all physicians commonly 
recommend herbal medicines [104]. The ambition of the patient for herbal 
therapy is growing rapidly [194]. The pharma herbal market is booming 
after US-FDA relaxed guidelines for the trade of herbal-added products 
[237]. The herbal medicine market in the European Union is valued at $20 
billion compared to $6 billion in 1991 [342]. In 1999, the international 
herbal-added trade rose to US$15 billion, of which it was US$7 billion in 
Europe, US$2.4 billion in Japan, US$3 billion in Northern America, and 
US$2.7 billion in Asia. In the USA, herbal-added dietary food products 
were worth $14 billion in 1996 [843].

Europe alone imported 400,000 tons of herbal products/annum from 
Africa and Asia, with an average market value of US$1 billion. Germany 
spent US$2.2 billion/annum in herbal products, followed by £116 million 
in France and by £88 million in the UK [616].

In the last few decades, the curious emphasis has been on herbal 
products [435]. During 1983–1994, it is estimated that about 39% of all 
520 innovative approved drugs were of natural-based materials; and out 
of which 60–80% were antibacterial and anti-cancer drugs [551, 660]. 
Herbal drug is also the essential ingredient of most modern preparations 
for reducing hypertension and mental illness.

1.11 FUTURE PROSPECTS OF TRADITIONAL HERBAL 
MEDICINES

Globally, almost three-fourths of the widely used herbal drugs have their 
roots from traditional knowledge. About 25% of modern medicines are 
from synthetic analogs prototype compounds isolated from herbs. The 
medicinal plants have a dual role for healthcare products and income 
source; and supplying botanicals and herbals to the drug industry is a 
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booming business. The scientists, doctors, and pharmaceutical companies 
will continue their search for such new herbal supplements in countries 
like China and India, etc.

1.12 SOURCES OF NEW HERBAL MEDICINE FOR FUTURE 
RESEARCH

Ethnomedical treatment has been commonly used by tribes in most of 
the countries, e.g., treatment of asthma, aging, and cancer, cut wounds, 
diabetes, eczema, gastric ulcer, jaundice, mental illness, skin infection, 
swelling, scabies, venereal diseases, and snakebite [745, 774]. However, 
this information on herbals has not been documented since the message 
is transferred from generation to generation by vocally [222]. In this 
regard, WHO mainly aims to document the available information on the 
methods of herbal usage by the tribes across the world [430, 1033]. In 
this direction, several developing countries have begun to document the 
ethnomedical data through field research to document scientific claims 
by tribal healers. Once these primary ethnomedical methods are scien-
tifically accepted and dispersed properly, the herbal effectiveness will be 
improving health [608].

1.13 ROLE OF BIOACTIVE COMPOUNDS IN HUMAN 
HEALTHCARE

Recently much interest has been focused on herbal bioactive compounds 
because of their ability to promote our health, with reference to the amelio-
ration and better management of deleterious cancer, diabetes, and cardio-
vascular disorders, etc. [188, 420, 466]. The associations of free radicals by 
tumor or proto-oncogenes are involved in the progress of cancers [328, 329, 
587]. Phenolics plant compounds have recently gained great popularity due 
to their significant bioactives and positive effects on human health [46, 63]. 
It is import ant to emphasize the need to increase the consumption of foods 
rich in Phenolic compounds aimed at preventive action [63]. The chloro-
phyll compound has a significant antioxidant effect [804]. Parthenolide and 
some other metabolites have been determined as an inhibitor of human 
blood platelet function [359].
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Plant bioactive compounds are secondary metabolites that exhibit 
physiological or toxicological effects in humans and animals [73, 296]. 
Flavanones, chromones, benzenoids, inositol, pyrimidines, triterpenoids, 
and steroids isolated from Viscum coloratum significantly inhibited the 
production of superoxide anion by neutrophils into fMLP (formyl-L-
methionyl-L-leucyl-L-phenylalanine) [553]. Different parts of the plant 
are still used in local systems of medicine to cure human ailments like 
bowels, cholera, ulcers, and wounds [828] and also in folk therapy to cure 
diarrhea, fevers, and as a tonic in psychiatry cases [705]. However, the 
identification of the plant(s) and its availability, their specific chemical 
composition, dose, potential use for sickness, the mechanism of action, 
unpredictable toxicity, and cost are major constraints that hinder the use 
and widespread use of herbal preparations.

1.13.1 BIOACTIVE PROPERTIES OF PLANT-BASED NATURAL 
PRODUCTS

Numerous medicinal plants have shown bioactivities of aqueous or active 
solvent extracts of different parts (listed in Appendix 1.1), such as:

• Anti-apoptotic;
• Anti-bacterial;
• Anti-cancer;
• Anti-clastogenic;
• Anti-diarrheal;
• Anti-hyper ammonic activities;
• Anti-inflammatory;
• Anti-malarial;
• Anti-helmintic;
• Anti-neoplastic;
• Anti-neuropathic;
• Anti-obesity;
• Anti-oxidant;
• Anti-platelet aggregation;
• Anti-ulcer;

• Anti-viral;
• Cardio protective;
• Cellular pathways;
• Cytotoxicity;
• Decrease peroxidation;
• Free radicals;
• Gene expression;
• Immunostimlant;
• Inhibits kinase activity;
• Modulate enzyme;
• Nerve impulse transmission;
• Restoration of synaptic;
• Rheumatic activity;
• RNA synthesis;
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Plant-based bioactive compounds have been used to treat or cure diseases 
such as (Appendix 1.1):

• Abdominal pain;
• Abortifacient;
• Acne;
• Acrid;
• Acute viral hepatitis;
• Allergic rhinitis;
• Allergies;
• Amenorrhea;
• Analgesic;
• Anemia;
• Anodyne;
• Anthelmintic;
• Anti-aging;
• Anti-arthritic;
• Anti-atherosclerotic;
• Anti-fertility;
• Anti-histamine;
• Anti-pyretic;
• Anti-septic;
• Anti-spasmodic;
• Anti-stress;
• Antiperiodic;
• Anxiolytic;
• Aphrodisiac;
• Aphtha;
• Arthritis;
• Asthma;
• Astringent;
• Atherosclerosis;
• Backache;
• Bilious fever;
• Bitter;
• Bleeding;
• Body ache;
• Brady cardiac;
• Burses and dropsy;
• Bursitis;
• Cardiovascular conditions;

• Cerebrovascular disorders;
• Chest pain;
• Cholagogue;
• Cholera;
• Choleretic;
• Chronic pain;
• Cirrhosis;
• Cold;
• Colic;
• Colitis;
• Common cold;
• Conjunctivitis;
• Constipation;
• Convulsions;
• Coronary heart disease;
• Cough;
• Demulcent;
• Dermopathy;
• Destroys worms;
• Diabetes mellitus;
• Diaphoretic;
• Diarrhea;
• Diuretic and expectorant;
• Dizziness,
• Dysentery;
• Dyspepsia;
• Eczema;
• Emetic;
• Enhancing neuronal synthesis;
• Enteritis;
• Epilepsy;
• Estrogenic;
• Eye infections;
• Febrifuge;
• Flatulence;
• Flu;
• Gastric pain;
• Gastro protective;
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• Gleet;
• Gonorrhea;
• Gout;
• Hair loss;
• Headache;
• Helminthiasis;
• Hemodynamic;
• Hemorrhoids;
• Hepatoprotective laxative;
• Herpes simplex type II infection;
• Herpes;
• HIV/AIDS;
• Hypertension;
• Hypolipidemic;
• Inflammations;
• Ingestion problems;
• Jaundice;
• Joint pain;
• Lactagogue;
• Laxation and cleansing of bowels;
• Laxative;
• Leprosy;
• Leucoderma;
• Leucorrhea;
• Liver and cardio tonic;
• Longevity;
• Mastitis;
• Menstrual disorders;
• Menstruation;
• Migraine;
• Motion sickness;
• Nausea;
• Nephritis;
• Ophthalmic;
• Oral thrush;
• Paralysis, peptic ulcers;
• Piles;
• Postoperative vomiting;
• Pulmonary heart disease;
• Purgative;

• Rejuvenation;
• Repair of damaged neurons;
• Respiratory disorders;
• Ringworm;
• Sinus congestion;
• Skin infections;
• Skin-diseases;
• Small pox;
• Snakebite;
• Sore mouths;
• Sore throat;
• Spasms;
• Spleen;
• Spleenopathy;
• Stomachic;
• Stomatitis;
• Stop bleeding;
• Strangury;
• Stroke;
• Styptic;
• Sudorific;
• Thermogenic;
• Thrombopoeitic;
• Trauma;
• Tuberculosis;
• Tumors;
• Typhoid fever;
• Ulcer colitis;
• Ulcers;
• Upper-respiratory tract infections;
• Urethrorrhea;
• Urticaria;
• Uterine stimulant;
• Venereal diseases;
• Vermifuge;
• Vomiting in pregnancy;
• Vomiting;
• Whooping cough.
• Wounds;
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1.14 HERBAL EXTRACTS FOR HUMAN IMMUNE SYSTEM

Different solvent extracts from herbal parts elicit an increase in the 
human PBMCs, Neutrophils, T-lymphocytes, Jurkat (JKT) cells leading 
to enhanced production of antibodies (Appendix 1.2). Both the innate 
and acquired immunities are extremely important to ensure good health. 
The immune system influences the suppression of infectious pathogens 
or exogenous antigen. A small defect in the innate or acquired immunity 
can lead to a serious problem in the prevention of infections. The adap-
tive immune response comprises of two key features: (1) specificity and 
memory, which include lymphocytes, antibodies, and other molecules; (2) 
while innate/non-specific defense immunity affords first-line protection 
during infection.

Variety of components is present in innate immunity before the start 
of the disease, which evokes a set of disease resistances against a specific 
pathogen; they comprise cellular and molecular components that recog-
nize the pathogens. The ability of the innate immune system facilitates the 
elimination of some pathogens; evolutionary innovations have resulted in 
the development of adaptive immune responses [113]. The dysfunction of 
the immune defense is important for the onset of infectious diseases, such 
as: allergy, airways, cancer, etc. Therefore, enhancing immune function is 
vital to control/suppress epidemic diseases.

As long as the phagocytes work efficiently, there is no need to trigger 
acquired immunity. For example, in innate immunity, phagocytes (such 
as macrophages and neutrophils) produce different types of antimicrobial 
compounds that play an important role in the immune system. The main 
function of the phagocytes is to remove or eliminate the microorganisms 
or other dead bodies. Neutrophils possess phagocytosis, which have an 
important role in host defense against infectious agents. The innate immu-
nity and the phagocytosis of macrophages provide the first barrier against 
infection and in acquired immunity, which contributes to regulate both 
humoral and cellular immune functions [438]. The phagocytosis has a 
burst through oxidative metabolism that results in the generation of ROS, 
which can be determined by NBT assay to confirm the intracellular killing 
activity of phagocytosis macrophage [697]. Phagocytosis is the primary 
defense mechanism against any foreign body entering the body, which is 
offered by neutrophils and macrophages.

Lymphocytes and splenocytes are the most important components of 
acquired immunity; and are directly or indirectly involved in the production 
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of antibodies. They contain acid phosphatases that are useful in the destruc-
tion of microbes and their antigens [314]. Lymphocytes are type of white 
blood cells that origin from bone marrow through hematopoiesis and flow 
into blood and lymphatic streams to bind the receptors on the cell surface. 
Lymphocytes produce immune specificity, multiplicity, memory as well 
as recognition, by self or nonself. The lymphocytes are two major groups: 
B-lymphocytes and T lymphocytes [301]. The B-lymphocytes and plasma 
cells produce a different type of antibody molecules (IgG, IgM, etc.) that 
play an important role in humoral immune functions. The IgG and IgM are 
immunoglobulin proteins that regulate complement pathways, including 
opsonization and neutralization of microorganisms and its toxins [633]. 
Cell-mediated protection involved as effector systems are accomplished 
by T lymphocytes, and its secretion of lymphokines is responsible for the 
protection of microorganisms, cancer, and type IV hypersensitivity reac-
tions [633]. The B-lymphocytes contain surface receptors that bind to anti-
gens manifesting into an endosomal anatomy and development present in 
MHC class II to the TH2 cells. Further, it is triggered to produce a large 
number of clone daughter cells; some of these cells serve as memory cells, 
and other cells differentiate into plasma cells to produce a large amount of 
specific antibodies. The IgM is secreted initially and often increasing the 
proportion of IgG [203, 301] that extends a secondary antibody response 
against the same antigen for the production of antibodies.

Macrophages play important role in specific and nonspecific and 
defense functions. These are associated with neutrophils, eosinophils, and 
natural killer cells that constitute the first line of defense to identify and 
eliminate the microorganisms or toxic macromolecules. Macrophages are 
a pivotal key in the maintenance of tissue homeostasis and are responsible 
for detecting, engulfing, and destroying pathogens [674]. The states of 
macrophages activation and T- and B-lymphocytes play an important role 
in the pathogenesis [801, 810]. In response to injury, macrophages bind 
to invading pathogens and deliver these to other components of adap-
tive immunity, thus is constituted by antibody to produce cell-mediated 
immune responses performed by B- and T-lymphocytes [4, 674, 675]. 
During macrophage activation, several compounds are released, such as: 
cytokines, ROS, NO, and lipid inflammatory mediators, which are impli-
cated in the inflammatory response [1, 971].

An immunomodulator is a biological or synthetic substance, which 
suppresses or modulates any component of the immune system, and 
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the effects are known as immunostimulation and immunosuppression. 
The concept of immunomodulation is closely related to the non-specific 
immune system, because it stimulates the function and efficacy of macro-
phages, granulocytes, complement. The NK cells and lymphocytes (which 
are activate) produce various effector molecules. Most of the drugs trigger 
only one receptor; however, immunomodulator activates at the same time 
both immunosuppressant and immunostimulant on different immune 
compounds within the immune system. Immunomodulation is a process 
to regulate the immune system of an organism by interfering with its func-
tions either through immunostimulation or immunosuppression leading 
to enhance immune reactions, which is commonly known as immunos-
timulative drug. These stimulate primarily the non-specific system that 
includes granulocytes, macrophages, complement, T-lymphocytes, and 
various effector substances. Immunosuppression can reduce immune 
resistance to infections. Both immunostimulation and immunosuppression 
are required to tackle normal immunological functioning. Modulation of 
the immune system is important for disease management, and the concept 
of ‘Rasayana’ is based on the principle of immunomodulatory activities 
in Ayurveda. Therefore, both immunostimulation and immunosuppression 
agents are important for searching better immuno agents [738, 960].

Several research studies have reported that plant substances possess 
immunomodulating properties to stimulate non-specific innate immunity 
[44]. Immunomodulation by medicinal plants can afford an alternative 
to conventional chemotherapy in a variety of diseases [324, 989]. Both 
the immunostimulation and immunosuppression are important to regulate 
normal immunological performance and its adaptation with pathophysi-
ological processes; hence, these are called immunomodulatory agents. In 
this regard, the medicinal plants have rich source of immunomodulating 
substances (especially granulocytes, macrophages, natural killer cells) to 
induce immunity and complement functions [411, 819].

1.15 HERBS AND THEIR BIOACTIVE COMPOUNDS: EFFECTS 
ON HIV/AIDS AND VIRAL DISEASES

Human immunodeficiency virus (HIV) is an etiological agent of acquired 
immune deficiency syndrome (AIDS) [65, 285]. About 87% of reported 
AIDS cases are due to heterosexual sex, which is the major transmission route 
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(sexually transmitted disease) worldwide, according to the National AIDS 
Control Organization (NACO) [445, 676]. In addition, HIV transmission 
by blood and blood products, by infected mother to infants is of a major 
concern. Once HIV virus enters the body, then it multiplies in CD4+ cells 
or macrophages through CD4 receptor and CCR5 or CXCR4 [72, 965]. 
HIV-1 steadily multiplies in the lymphoid tissues resulting in progressive 
deterioration of immunity, which leads to AIDS. Finally, CD4+ helper cell 
count begins a steady decline (below 200 cells/mm3) accompanied by an 
increase in plasma HIV-RNA concentration, thus facilitating possible risk 
of opportunistic infections that more often leads to neoplasia. The decline 
of CD4+ T-cells initiated by activation-induced cell death (AICD) and 
apoptosis plays a critical role on non-infected cells [71, 90, 632].

Recent treatment of HIV disease is highly active antiretroviral 
treatment (ART) using nucleoside or non-nucleoside analogs of reverse 
transcriptase; and protease inhibitor drugs can modulate hyperimmune 
response beneficial for HIV suffered patients. However, these drugs have 
prolonged limited success because of their toxicity [273, 315, 744].

The efficiency of HAART is control of HIV-1 multiplications, but the 
drug-resistant virus patients need to continue the search for new inhibitors 
for HIV-1 [991, 931]. Viruses are genetically highly variable RNA genome. 
Herbal plants are effective and affordable therapeutic agents. It would be 
logical to assume that these plant active compounds have anti-retroviral 
properties [383, 529, 629, 844, 918, 927, 980, 1094, 1097]. The traditional 
use of herbs to treat HIV is limited [171, 307, 453]. The herbal therapy 
is considered as complementary medicine for HIV patients in European 
countries [711].

Several medicinal plants inhibit virus replication and boost the immune 
system against opportunistic infections due to HIV/AIDS [514, 701]. 
Traditional healers have been practicing some medicinal herbs to control 
HIV [432, 635, 639, 644]. Medicinal herbal products offer an attractive 
alternative medicine to HIV or anti-HIV drug target for the mode of attach-
ment, entry, and influence replication [111, 530, 598, 703, 899, 1096]. 
The anti-HIV plant active compounds have diverse chemical structures, 
e.g., the efficacy of glycyrrhizin from Glycyrrhiza uralensis has been 
studied in patients with AIDS [344, 404]. An earlier study revealed that 
Moringa oleifera powder supplementation strengthens the immune system 
for patients suffering from HIV infection [116]. Number of plant-based 
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bioactive compounds (such as: tannins, flavones, alkaloids, polysaccha-
rides lignans, coumarins, and terpenes) have shown anti-viral activity 
[213, 278, 382, 617, 682, 845, 887, 963]. Therefore, such plants can serve 
as useful sources leading to the discovery of novel anti-HIV compounds 
(Appendix 1.3).

1.16 GLOBAL STATUS OF CANCER

The potential manifestation of cancer includes abnormal bleeding, swelling, 
longer cough, weight loss, etc. [215]. They form a subset of neoplasm that 
usually undergoes an unregulated growth of tissue but does not always form 
a mass or lump, which is commonly referred to as a tumor [86, 190]. Around 
13% of people (about 12.7 million people) have died due to cancers in 2008 
[415]. About 5.8 million people died in 1990 compared to 7.98 million in 
2010 [590]. Nearly 90.5 million persons were afflicted by cancer in 2015 
[293]. In humans, the most common cause for mortality has been lung (1.4 
million), stomach (740,000), liver (700,000), colorectal (610,000), and 
breast (460,000) cancers [123]. The cancer of lung, prostate, colorectal, and 
stomach is common in males [1042], whereas cancer of breast, colorectal, 
cervical, and lung is common in females [1042]. In children, the common 
cancers are acute lymphoblastic leukemia and brain tumors [1041]. In 
developed countries, invasive cancer is a major cause of death than that in 
developing countries [415].

Invasive cancer may strike at any age, but generally, most patients over 
the age of 65 are more vulnerable [185]; and at this age, the probability of 
cancer affliction is high [421]; the immunosenescence has the relationship 
between aging and cancer [740]. DNA errors can occur once in a lifetime 
[20] to cause age-related endocrine changes [31]. In humans, over 100 
types of cancers have been identified. Among these, the mortality due to 
tobacco cancer is about 22% [121]; and 10% is due to obesity, deficiency of 
diet, less physical work, more alcohol, radiation effect, and environmental 
contamination [29, 121, 413, 699]. Hepatitis B and C, and papillomavirus 
can cause over 20% mortality [121], while 5–10% of cancers are inherited 
[355]. In children, cancer cases are attributed to 34% of leukemia, 12% of 
lymphomas, and 3% brain tumors [428, 1022].

The characteristic features of all tumor cells are continuous improper 
signals of cell growth or cell multiplication, programed cell death inter-
ruption, an endless number of cell growth, developing excessive blood 
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vessel network, tissue invasion, and metastasis [332]. Carcinoma cancers 
are formed from epithelial cells that are most common among prostate, 
breast, pancreas, colon, and lung cancer. The sarcoma cancers (formed 
from cartilage, bone, fat, and nerve tissues) develop mesenchymal cells 
on the outside of bone marrow. However, the lymphoma or leukemia is 
formed from hematopoietic cells on bone marrow that mature in parts of 
lymph and blood vessels. The germ-cell tumor is formed from embryonic 
stem cells that are mostly present in the testis or ovary, particularly called 
seminoma and dysgerminoma. The blastoma cancers are also formed from 
immature embryonic stem cells.

The number of cancers shows signs of recovery with the stopping of 
smoke, maintaining good health, low alcohol consumption, and red meat 
intake, eating fresh fruits and whole grains, plenty of clean vegetables, 
vaccination against certain infectious diseases, and avoiding exposure to 
high sunlight [509, 731]. Approximately 70% to 90% of common cancers 
are due to environmental hazards and hence are potentially preventable. 
Over 30% of cancer deaths are controlled by risk factors, including air 
contamination, obesity, unbalanced diet, lack of physical work, over 
alcohol, sexually transmitted diseases, and tobacco intake [1036].

1.17 CANCER THERAPY AND TREATMENT

Cancer is treated synergistically with a combined therapy of radiotherapy, 
chemotherapy, target therapy, and ablation [121, 808, 936]. Breast cancer 
can be reduced after taking daily tamoxifen or raloxifene medication 
[946]. Vitamin D3 intake or exposure to morning or twilight exposure to 
sunlight may lower the risk of death from cancer [89]. Vaccines have been 
developed and used to control carcinogens [122], papillomavirus [122], 
and hepatitis B virus [122]. Chemotherapy is the effective treatment of 
cancer with single or combination with chemotherapeutic drugs that kill 
cancer cells rapidly.

Targeted therapy is another form of chemotherapy, which targets 
cancer cells or normal cells based on molecular differences. It generally 
blocks the estrogen receptor molecules that inhibit the growth of cancer 
cells [677]. However, this chemotherapy may be effective based on the 
types and stages of cancer. The combination therapy with ablation and 
chemotherapy has been found useful in the management of breast, rectal, 
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pancreatic, osteosarcoma, testis, ovary, multiple myeloma, lymphoma, 
prostate, and certain lung cancers [363, 679].

Radiotherapy involves treating or curing of cancer by DNA damage in 
cancerous tissues. The surgical method is the removal of solid cancerous 
tissues for palliation, which helps to prolong survival [363]. Palliative care 
includes the reduction of physical, emotional, spiritual, and psycho-social 
distress to enhance the quality of life. Immunotherapy stimulates or helps to 
boost the immune system to fight cancer. This approach has been practiced 
since 1997, and includes the use of antibodies, checkpoint therapy, and 
adoptive cell transference [1003]. Complementary medicine uses the 
substance with conventional medicine for treating cancers, whilst the 
alternative medicine uses some compounds as a substitute of conventional 
medicine [1034].

1.18 APOPTOSIS

Apoptosis is a process of programmed cell death that appeared in 
eukaryotic by several biochemical changes resulting in shrinking and 
morphology changes of cell, spherical bubbles, nuclear or DNA damage, 
and chromatin compression. In this process, they produce cell fragments 
known as apoptotic bodies, which are engulfed and rapidly removed by 
phagocytic cells before the apoptotic contents leak out to damage the 
neighboring cells [22]. However, the process of apoptosis cannot stop 
once it has begun. Every day about 50 to 70 billion cells die in a normal 
human adult [21] compared to death of 20 to 30 billion cells in child [424].

The apoptosis can be initiated by an intrinsic pathway that activates 
the stressed cells by intracellular signals and release proteins from 
mitochondrial intermembrane [21], while the extrinsic pathway is activated 
the cell-surface death receptors through binding with extracellular ligands 
leads to formation of death-inducing signaling complex (DISC) [21]. In 
intrinsic pathway, an apoptotic protein target mitochondria is affected 
by swelling in the formation of membrane pores or it may increase the 
mitochondrial membrane mobility that leaks out the apoptotic bodies [192, 
303]. The intrinsic pathway tumors occur frequently than the extrinsic 
pathway being very sensitive [647]. There is evidence that nitric oxide 
(NO) has ability to promote apoptosis through mitochondria membrane 
potential making it more permeable [108]; it also implicates in initiation 
and inhibition of apoptosis [109]. Mitochondria releases cytochrome-c 
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by mitochondrial apoptosis-induced channel (MAC) that involved 
morphological changes as related apoptosis [192]. The cytochrome-c 
once binds to apoptotic protease activating factor-1 (Apaf-1), ATP, and 
pro-caspase-9 to form an apoptosome protein complex, which cleaves 
the pro-caspase-9 into caspase-3. MAC (Membrane Attack Complex) 
formed by complement activation regulated by various proteins, such as 
anti-apoptotic genes like mammalian encoded Bcl-2 family of protein are 
capable of inhibiting apoptosis through MAC [216, 589]. The Bax makes 
the pore, while Bcl-2, Bcl-xL or Mcl-1 inhibits the pore formation.

In mammals, the extrinsic pathway begins with the direct initiation 
of apoptosis through TNF (tumor necrosis factor) induction or Fas-Fas 
ligand-mediated induction that involved with the TNF receptor (TNFR) 
family [1002]. Once macrophages activate to release TNF-α cytokine, 
which is a main extrinsic mediator of apoptosis. The majority of human 
cells are present TNF-α receptors, namely TNFR1 and TNFR2. Once 
TNF-α binds to TNFR1, initiate the caspase activation pathways through 
TNF-receptor associated death domain (TRADD) and Fas-associated 
death domain (FADD) proteins; however, the cIAP1/2 may probably 
inhibit TNF-α signals once bind to TRAF2. The FLIP can also inhibit the 
activation of caspase-8 [147]. TNFR1 signal pathway may promote apop-
tosis through a caspase-independent manner [156]. The TNF-α binds with 
apoptosis gives rich TNF-α cytokine production that plays to produced 
several autoimmune diseases. The Fas receptor is the first signal of apop-
tosis known as Apo-1 or CD95, which is a TNF family transmembrane 
protein that possibly binds to Fas ligand (FasL) [1002]. The link between 
Fas and FasL leads to form DISC that contains FADD and caspase-8, -10. 
In some cells, type I is prepared caspase-8 directly and activates other 
caspase family members results, which triggers the strange of apoptosis 
while other type II cells, that combination with Fas-DISC, starts increase 
to release of proapoptotic factors in mitochondria after activation of 
caspase-8 [1001].

TNFR1 and Fas are activation in mammalian cells, a balance between 
pro-apoptotic and anti-apoptotic Bcl-2 family members [659]. This 
balance formed from pro-apoptotic homodimers on mitochondrion outer-
membrane required to make permeable for the release of caspase activa-
tors (cytochrome-c and second mitochondria-derived activator of caspases 
(SMAC)). The caspases play a major role of ER apoptotic signals trans-
duction that remarkably conserved, cysteine-dependent aspartate-specific 
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proteases. The caspases are divided into: i) initiator caspases, caspase-2, 
-8, -9, -10, -11, -12; and ii) effector caspases, caspase-3, -6, -7. The 
caspases activation is initiated by binding with a specific oligomeric 
activator protein; then, the caspases act as active effector caspases by 
proteolytic cleavage. Further, it was proteolytically degrade on a host of 
intracellular proteins to execute apoptosis through caspase-independent 
apoptotic pathway [910]. However, the destruction of cellular organelles 
and mRNA decay are started very early, and this mechanism is not yet 
fully understood [945]. Cell shrinkage and morphological changes occur 
by retraction lamellipodia, and the breakdown of the cell occurs by the 
proteinaceous cytoskeleton through caspases [95].

The chromatin undergoes condensation into compact patches against 
a perinuclear envelope process called pyknosis. This process becomes 
discontinuous, and the DNA becomes damage as the process known 
as karyorrhexis [603, 909]. Then the nucleus becomes breakdown into 
different distinct chromatin bodies [666]. Both of these pathways induce 
apoptosis through the activation of caspases by proteases or enzymes. These 
pathways initiate or executioner caspases and then kill the cell by proteolysis 
indiscriminately. The cell activates intracellular apoptotic signals through 
binding with nuclear receptors by glucocorticoids, heat, radiation, nutrient 
deprivation, viral infection, hypoxia, etc. that paves the way for cell suicide 
by damaging the membrane triggering signals pathways.

Research on apoptosis has been initiated since early 1990s because of 
its implication in biological activity due to the implications of defective 
apoptotic processes in numerous diseases. Excessive cell death is formed 
atrophy, while the inadequate amount of apoptosis results in the manifes-
tation of uncontrolled cell growth like cancer. The apoptosis is usually 
promoted by Fas receptors and caspases though it can be inhibited in a 
number of Bcl-2 family of proteins. Apoptosis can be regulated by poly 
ADP ribose polymerase known as cellular components [168].

The phagocytic cells are eliminated of dead cells in an orderly fashion 
without elicit any inflammatory process known as efferocytosis, which 
marks the terminal stage of apoptosis [498] and display phosphatidylserine 
on phagocytic cell surface [558]. The phosphatidylserine normally found 
on the inner leaflet surface of the plasma membrane and redistributed 
during apoptosis to the extracellular surface by a protein known as scram-
blase [1017]. These molecules imprint the cell for phagocytosis through 
appropriate receptors, such as macrophages [840]. During the apoptosis, 
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the cellular RNA and DNA are disassociated from each other into various 
apoptotic bodies [327].

1.19 HERBAL BIOACTIVE COMPOUNDS

The secondary metabolites (including antibiotics, mycotoxins, alkaloids, 
pigments, and Phenolics groups) are the most common bioactive compounds 
[362, 689–691]. More than 30,000 functional bioactive terpenoid compounds 
have been identified in various plants [112]. Each terpene may be easily 
classified since they possess a unifying feature that basically contains a 
repeating 5-carbon isoprene unit; it is a distinctive group of hydrocarbon-
based natural products formed structure theoretically from isoprene, and it 
may be divided further into isopentane units. Flavonoids consist of another 
most rich class of plant polyphenols having over 6000 structures [338]. It 
was participating and joined a carbon skeleton of diphenyl propanes, and 
two benzene rings (A and B) formed a linear three-carbon chain (C6C3C6). 
Among these, the central chain is typically formed by a pyran ring (C) and a 
benzene ring. Based on the difference, the flavonoids are classified into six 
subclasses namely: anthocyanidins, flavones, isoflavonoids, flavanones, 
flavanols, and flavonols.

Phenolics acids are the most common non-flavonoids that contain two 
distinct carbon skeletons: the hxydroxycinnamic (C6C3) and hydroxybenzoic 
(C6C1) [197, 358]. The most common hydroxybenzoic acids are gallic, 
phydroxybenzoic, protocatechuic, vanillic, syringic acids, and the most 
common hydroxycinnamic acids are caffeic, ferulic, p-coumaric, and 
sinapic acids [103]. Very recently, an attention has focused on the bioactive 
compounds because of their capacity to improve or maintained good health 
in humans, e.g., diabetes, cancer, cardiovascular problems [189, 330, 419, 
496], anti-oxidant, anti-mutagenic, anti-allergenic, anti-inflammatory, anti-
microbial properties [58, 331, 732]. Hence, these innumerable beneficial 
effects on human health, researches have been conducted to find out new novel 
bioactive compounds from fruits, vegetables, plants, agri-, agro-sources. 
For example, the pomegranate wastes contain a rich source of Phenolics 
compounds, including anthocyanins, hydrolyzable tannins, and lignans 
derivatives [3, 97, 199] that have potential anti-oxidant, anti-mutagenic, 
anti-inflammatory, anti-cancer properties [299, 678, 680]. Larrea tridentata 
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has also been used as a rich source of lignan (nordihydroguaiaretic acid) 
[389], and that possess anti-cancer and anti-viral activity [200, 388, 988].

Bioactive flavonoids are used as immunostimulators to enhance the 
growth, development, and immunity [856]. Therefore, various bioactive 
compounds (like alkaloids, glucans, isoflavonoids, phytosterols, polysac-
charides, sesquiterpenes, tannins, and vitamins) can modulate the immune 
systems [166, 920]. Flavonoids and hydroxylated phenols can respond 
to infection [226]. Saponins compounds are responsible to decrease 
paw edema, probably through increased release of serine proteases and 
cytokines [877], and it also activated the macrophages that remove 
foreign agents and gradually reduced the edema [877]. Flavonoid bioac-
tive compounds are generally non-toxic and possess different favorable 
biological activity. Epidemiological analysis reveals that dietary intake 
of flavonoids with fruits and vegetables can reduce prevalence of human 
cancers through inactivation of carcinogens, anti-proliferation, apop-
tosis, angiogenesis, and anti-oxidation [379]. On the other hand, saponins 
generally are toxic, though its consumption may be beneficial in reducing 
heart disease by humans by binding saponins with plasma membrane and 
cholesterol [772].

1.20 BIOACTIVE COMPOUNDS IN HERBAL EXTRACTS FOR 
CANCER TREATMENT

Aqueous and methanolic extracts of Agastache rugosa roots exhibit 
significant activity against HIV integrase [469]. Methanol extract of 
Agrimonia pilosa demonstrates anti-HIV-1 activity [637]. Aqueous extract 
of A. pilosa roots exhibits hepatoprotective activity against chemically 
induced cytotoxicity in human hepatic cells [725]. A. officinarum rhizome 
has demonstrated anti-inflammatory activity in vitro in human cells [1072]. 
Ebenus boissieri hydroalcoholic extract at doses up to 1000 μg/mL inhibits 
the proliferation of 293T cells and increases caspase-3, -9 activity in a time-
dependent manner and also significantly enhances the levels of TNF-α or 
IFN-γ in MDA-MB231 cells indicating its potential anti-cancer activity 
against breast cancer cells [395]. Withania somnifera can inhibit the growth 
of human breast, lung, and colon cancer [858]. Seham and Moustafa et al., 
[850] have tested 200 herbal methanol extracts for cytotoxicity against 
human cancer cell lines. Three cycloartane triterpenoids isolated from the 
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aerial parts of Actaea dahurica possess potential antitumor activity [950]. 
Adina rubella possesses anti-cancer activity [377], and the methanolic 
extract of Aegle marmelos inhibits proliferation of human tumor cells in 
vitro [516, 519]. Number of other medicinal herbal extracts possesses anti-
cancer activity against human cell lines (Appendix 1.4).

Phenolics and flavonoids possess cytotoxic and anti-tumor proper-
ties [714]. Triterpenes of Ganoderma lucidum exhibit significant phar-
macological and therapeutic potentials for cancer [862, 1099]. Many 
subtypes of the triterpene are directly involved apoptosis in cancer cell 
lines [1099]. Ganodermanontriol is a triterpene extract from G. lucidum 
that reduces the proliferation of colon cancer cells (HCT116 and HT-29) 
[414]. Further, triterpenes used as a therapeutic anti-cancer agent, arrest 
the cell cycle in hepatocellular carcinoma (HuH-7), whereas it did not 
wield any effect in normal human liver cell line [422]. Alkaloids such as 
Vinca alkaloids, paclitaxel, or camptothecin are used as chemotherapeu-
tics in cancer therapy [239, 240, 275, 648, 987]. Camptothecin produced 
from Camptotheca acuminata, an inhibitor of DNA topoisomerase, is 
used in cancer therapy [239, 240, 275, 938, 939, 985, 1000, 1047, 1049]. 
Alkaloids such as berberine and sanguinarine isolated from Chelido-
nium extracts inhibit ABC (ATP-binding cassette) transporters of several 
cancer cells [713]. Saponins demonstrate the hypocholesterolemic effect 
and anti-cancer activity [861]. Quercetin shows anti-cancer activity and 
inhibits cell proliferation of human liver HepG2 and breast MCF-7 breast 
cancer cells [169, 347, 348, 523]. A vast number of other plant active 
compounds inhibit cytotoxicity and apoptosis in a variety of human cell 
lines (Appendix 1.5).

1.21 SUMMARY

This chapter collates the information of herbs and its products docu-
menting their potential to arrest or decrease the growth of progressive and 
often fatal diseases like cancer. Herbs can also be gainfully used as an 
adjuvant with other regular treatments like chemotherapy to ameliorate 
side effects for cancer patients. The medicinal herbs have exhibited cura-
tive properties in the treatment of leukemia, skin cancer, and sarcomas in 
animal models. The clinical effectiveness and toxicity of various herbal 
medicines are yet to be documented and hence remain uncertain. The 
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available investigations on the effect of herbs have played an important 
role in disease management in humans. However, still there is not enough 
of knowledge on the anti-cancer effect of number of plants, while still 
there is a high percentage of worldwide mortality due to cancer. Therefore, 
there is a dire necessity to boost future research on the effect of chosen 
herbs on cancer cell lines. In this regard, India has been the storehouse of 
medicinal plants most of which are yet to be documented. The growing 
environmental issues and health concerns of society are also demanding 
green technology, which indicates the potential of herb-based drugs in 
future. In this backdrop, this review collates the information that is less 
focused on role, function, and future prospects in search of novel herbal 
remedies with least side-effects to augment human health, paving the way 
for researchers to explore, supplement, and supplant the search of new 
herbal-based chemical entities based on scientific research and indicate its 
vast potential for pharma sector.
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APPENDIX 1.1 General Bioactivities of Various Herbal Medicinal Plants

Plant Name Treatment/Cure/Uses/Properties/Activity References
Astragalus Anti-inflammatory, anti-oxidant, cardio protec- [484, 802]
membranaceus tive, free radicals, immunotimulating, decrease 

peroxidation.
Actaea Cardiovascular diseases, coronary heart disease, [1006]
dahurica atherosclerosis, pulmonary heart disease, thrombosis.
Azadirachta Leprosy, helminthiasis, respiratory disorders, [265]
indica constipation, skin infections.
Alisma Lower plasma cholesterol levels. [376]
plantago
Allium sativum Anti-bacterial, lower blood cholesterol levels. [534]
Alpinia Lower serum triglyceride, cholesterol. [865, 866]
officinarum
Alpinia Hypertension, cerebrovascular disorders. [492]
oxyphylla
Andrographis Upper-respiratory tract infections, common cold. [119]
paniculata
Angelica Coronary heart disease, hypertension. [915]
keiskei
Aquilegia Anti-inflammatory, anti-rheumatic activity. [158, 182, 494]
pubescens
Argemone Diuretic, purgative, destroys worms, leprosy,  [23, 459]
mexicana skin-diseases, inflammations, wounds, bilious fever, 

ulcers, anti-helmintic, anti-bacterial, anti-malarial, 
anti-fungal, cough.

Allium sativum Anti-microbial, expectorant, cough, anti-septic, anti- [333, 871]
histamine, cold, anti-fungal, asthma, anti-viral, lower 
blood cholesterol level, immunostimlant,  
anti-oxidant, anti-platelet aggregation, anti-
inflammation, anti-cancer.

Allium sativum Cold, cough, asthma, immunostimulant, anti- [333, 871]
bacterial, lower blood cholesterol, inhibit RNA 
synthesis.

Agapanthus Piles, abdominal pain, tumors, spleen, asthma, [478, 481, 768]
campanulatus rheumatism, anti-protease, anti-fungal, anti-bacterial.
Adhatoda Bronchodilatory, thrombopoeitic, antihistaminic, [175]
vasica hypotensive inflammatory, uterotonic.
Artemisia Anti-malarial, cytotoxicity, diabetes, hypertension, [476, 768, 
herba-alba antiseptic, vermifuge, enteritis, anti-helminthic,  1084]

anti-malaria, antispasmodic, anti-bacterial,  
anti-spasmodic activity.
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Plant Name Treatment/Cure/Uses/Properties/Activity References
Adhatoda 
vasica

Expectorant, antispasmodic, bronchodilator,  
anti-histaminic, menstrual disorders, uterine 
stimulant, eye infection, skin diseases, sore throat, 
bleeding, diarrhea.

[182]

Berries Diabetes, liver, stomatitis, modulate enzyme activity, 
dysentery, bladder, kidney, cellular pathways, 
anti-inflammation, diarrhea, urinary tract, cancer, 
sore mouths, aphtha, nausea, sore throats, diarrhea, 
antioxidant, gene expression, antiatherosclerotic, 
cardiovascular diseases.

[456, 630, 842, 
1039]

Bacopa 
monnieri

Antistress, promote nerve cells, action of kinase 
enzyme, tonic for brain, transmission of neural 
impulse, damaged nerve cell repair, increase memory, 
Improve synaptic impulse transmission.

[30]

Bauhinia 
variegata

Ulcers, leprosy, dysentery, tuberculosis, skin 
ailments, malaria, snakebite.

[508, 975]

Camellia 
sinensis

Cardiovascular, obesity, anti-oxidant, anti-bacterial, 
anti-inflammatory, anti-diabetic, anti-hypertensive 
activity, neuroprotection.

[131, 174, 276, 
610, 726, 760]

Cassia fistula Hypoglycemic, anti-cancer, abortifacient, anti-olic, 
anti-ertility, anti-microbial, estrogenic, laxative, 
antipyretic, anti-arthritic, purgative, analgesic, 
anti-viral, anti-inflammatory, anti-tussive, 
hepatoprotective, anti-implantation, anti-oxidant.

[77, 1024]

Cassia tora Cardiac ataxia, constipation, anti-periodic,  
anti-helmintic, tonic for liver, heart, and ocular, 
abdomen pain, coughs, Hansen’s disease, intestinal 
gas, digestion problem, ringworm, bronchitis.

[219]

Catharanthus 
roseus

Sore throat, eye irritation, stop bleeding, leukemia, 
diuretic, and expectorant, anti-viral, anti-bacterial, 
anti-microbial, anti-fungal, anti-cancer, anti-malaria 
activity, diabetes, astringent.

[83]

Curcumin Anti-inflammatory, anti-mutagenic, anti-angiogenic, 
immunomodulatory, wound healing, neuroprotective.

[244, 504, 604, 
704, 729, 895]

Emblica 
officinalis

Jaundice, diarrhea, anti-oxidant, anti-bacterial,  
anti-diabetic, anti-viral, purgative, anti-inflammatory, 
antimutagenic, cytoprotective, gastro protective, 
healing wounds, anti-tumor, hepatoprotective 
laxative, hypolipidemic, cough, chemo-protective, 
reducing fever, diarrhea, skin diseases, oral thrush, 
laxation, cleansing of bowels.

[8, 24, 80, 118, 
425, 756, 758, 
792, 891, 904]
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Plant Name Treatment/Cure/Uses/Properties/Activity References
Eucalyptus 
camaldulensis

Analgesic, inflammation, anti-pyretic, flu, analgesic, 
respiratory infections, anti-oxidant, cold, sinus 
congestion, anti-bacterial, anti-fungal.

[160]

Euphorbia hirta Asthma, worm infestation, inflammation, respiratory, 
tract infection, diuretic, purgative, scavenging 
activity, sore, coughs, wound healing.

[67, 117, 393]

Emblica 
officinalis

Hypolipidaemic, anti-viral, hepatoprotective, 
anti-oxidant, anti-inflammatory, anti-diabetic, 
anti-clastogenic.

[246, 942]

Ficus 
sycomorus

Anti-diarrheal, anti-fungal, anti-tumor, anti-bacterial. [656, 706]

F. racemosa, M.
oleifera,

 Bronchitis, breast tissue inflammation, skin, worm,
HIV, anathema.

 [444]

Ganoderma 
lucidum

Immuno-modulating, anti-inflammatory, anti-aging, 
tumoricidal.

[472, 565, 831, 
979]

Ganoderma 
latifolia

Immuno-modulating, anti-inflammatory, anti-aging 
property.

[654]

Garcinia 
xanthochymus

Inhibit of cyclooxygenase and prostaglandin E2. [671]

Gardenia 
fructus

Hemodynamic, choleretic, hepatoprotective activity. [136, 181, 643]

Gymnema 
sylvestre

Pungent, reduce body heat, anti-inflammatory,  
bitter, tonic for digestion and liver, anti-diabetes, 
astringent, inflammations, hepatosplenomegaly, 
dyspepsia, constipation, hemorrhoids, dental, 
helminthiasis, cough, asthma, bronchitis, 
cardiopathy, jaundice, conjunctivitis, intermittent 
fever, piles, amenorrhea, leucoderma, urinary 
disorders, snakebite, anti-microbial, anti-oxidant, 
hepatoprotective, lipid lowering, uterine, stomachic, 
anti-hypercholesterolemic anti-allergic, cardiotonic, 
diuretic, laxative, anti-viral, immunostimulant,  
anti-allergic, hypoglycemic, hypolipidemic,  
anti-obesity, diuretic.

[10, 11, 302, 
486, 664, 759, 
797, 943]

Hornungia 
procumbens

Arthritis, back pain, neuralgia, headaches, digestion, 
fever, anti-inflammation

[105]

Hoslundia 
opposita

Sore throats, colds, venereal diseases, herpes, skin 
diseases, epilepsy, fever, malaria, anti-bacterial,  
anti-inflammation, purgative, diuretic, febrifuge, 
antibiotic, and antiseptic.

[32, 657]

Lycium 
barbarum

Diabetes, hyperlipidemia, cancer, hepatitis,  
hypo-immunity, thrombosis, male infertility, 
anti-aging.

[291, 560, 742, 
776, 1010, 
1109]
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Plant Name Treatment/Cure/Uses/Properties/Activity References
Mangifera 
indica

Anti-oxidative, anti-inflammatory, cardioprotective, 
anti-atherogenic.

[258, 289, 482, 
642, 743, 803, 
832, 851]

Murraya 
koenigii

Amoebiasis, swollen hemorrhoids, hepatitis, 
intestinal inflammation, pruritus, fresh cuts, nausea, 
burses, and oedema, diabetes, body pain, snakebite.

[83]

Mimusops 
elengi

Cardiotonic, alexipharmic, stomachic, antihelmintic, 
astringent, diarrhea, dysentery, constipation, 
headache.

[298, 407, 479]

Magnifera 
indica

Toothache, malaria, anti-diabetic, anti-oxidant, 
anti-allergic, anti-inflammatory, anti-bacterial, anti-
pyretic, anti-diarrheal, atherogenic, anti-microbial 
activity, hypolipidemic, immunomodulation,  
gastro-protective, cardiovascular disorders.

[163, 709, 710, 
855, 961]

Nerium 
oleander

Cardiotonic, diaphoretic, diuretic, anti-cancer,  
anti-bacterial, corns, warts, hard tumors, cancerous, 
and carcinoma, ulcer, aphrodisiac, chronic pain, 
abdomen pain, joints pain, snake-venom, anti-fungal, 
anti-bacterial, ophthalmia with copious lachrymation, 
anti-oxidant, anti-hyperglycemic.

[220, 333, 1119]

Ocimum 
sanctum

Anti-oxidant, scavenging, expectorant, analgesic, 
anti-cancer, anti-asthmatic, diaphoretic, fever, 
hepatoprotective, anti-fertility, hypotensive, 
antistress, SOD, anti-inflammatory, bronchitis,  
anti-diarrheal, arthritis, hypolipidemic, convulsions, 
anti-oxidants, cytotoxic, scavenging, anti-diabetic.

[308, 940, 983, 
984, 986, 1043, 
1048]

Picrorhiza 
kurroa

Immunomodulatory, hepatoprotective, anti-oxidant, 
anti-neoplastic, hypolipidemic, anti-neuropathic, 
neuroprotective, acute viral hepatitis.

[202, 537, 782, 
875, 973, 974, 
999, 1102]

Panax ginseng Immunomodulatory, DNA damage inhibitory,  
anti-apoptotic, anti-obesity, inflammation,  
hepatoprotective, anti-hypertensive, anti-amnestic, 
anti-ulcer, neuroprotective.

[364, 439, 586, 
687, 729, 730, 
836, 1073, 
1079, 1117]

Psidium 
guajava

Dysentery, diarrhea, upper respiratory tract infections, 
leucorrhea, cholera, skin diseases, external ulcers.

[670]

Punica 
granatum

Anti-peroxidative, hypoglycemic, anti-cancer. [40, 127, 144, 
370, 409, 447, 
449, 662, 848, 
990]

Polygonum 
bistorta

Astringent, demulcent, diuretic, febrifuge, laxative, 
styptic, bleeding, diarrhea, cholera, dysentery, bowel 
syndrome, peptic ulcers, ulcer colitis, menstruation.

[6, 9, 101, 162, 
958]
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Plant Name Treatment/Cure/Uses/Properties/Activity References
Pseudotsuga 
macrocarpa

Impotency, hemorrhoids, diabetes mellitus, 
allergies, liver, lung, heart diseases, acne, kidney 
disorders, blood related diseases, stroke, migraine, 
skin ailments, diabetes, tumors, blood diseases, 
hypertension, anti-inflammation, cytotoxic,  
anti-bacterial, anti-malarial, anti-fungal, anti-viral, 
anti-inflammatory, fertility, gallbladder, leprosy, 
gonorrhea, fevers, hepatoprotective.

[25, 27, 187, 
264, 341, 351, 
352, 401, 473, 
752, 956]

Parthenium 
hysterophorus

Antinociceptive, anti-inflammation. [718]

Premna 
integrifolia
Phyllanthus 
emblica

Fever, colic, diarrhea, dysentery, urine retention, 
flatulence, dyspepsia, RA.

[64, 68]

Anti-oxidant. [597]

Pueraria 
tuberose

Anti-aging, aphrodisiac, demulcent, lactagogue, 
purgative, cholagogue.

[426, 739, 764, 
787]

Pongamia 
pinnata

Piles; rheumatic pains, hypertension, bronchitis, 
whooping cough, RA, skin diseases, teeth, and ulcers, 
inflammatory, anti-noneceptive, anti-plasmodial, 
anti-hyperglycemic, gonorrhea, anti-oxidant, anti-
lipodoxidative, diarrheal, ulcer, anti-hyper ammonic.

[60, 143, 793, 
816, 925, 926]

Panax 
quinquefolius

Herpes type 2 problem, psychomotor problems, 
psychiatric, and metabolic disorder, and 
immunomodulation.

[1059]

Pseuderan-
themum 
palatiferum

Wounds, trauma, stomachache, colitis, high blood 
pressure, nephritis, diarrhea.

[201, 460, 698]

Randia 
dumetorum
Selaginella 
willdenowii

Demulcent, diuretic, piles, antidysenteric, asthma, 
jaundice, diarrhea, emetic, gonorrhea.

[477]

Wounds, fever, backache, gastric pains, urinary  
tracts, menstrual, skin diseases.

[258, 326, 334, 
335, 462, 535, 
854]

Selaginella 
doederleinii

Anti-cancer. [535]

Selaginella 
lepidophylla

Kidney stone, gastric ulcer, rheumatism, anti-cancer, 
anti-oxidant, anti-microbial, anti-inflammatory, viral 
activity.

[214, 270, 746, 
853, 976]

Saponin Antiallergic, cytotoxic antitumor, anti-viral,  
immunomodulating, anti-hepatotoxic, antiphlogostic, 
anti-fungal.

[839]

Salacia 
chinensis

Thermogenic, urinary astringent, skin diseases, wounds, 
anti-inflammatory, diabetics, inflammations, leprosy.

[786]
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Plant Name Treatment/Cure/Uses/Properties/Activity References
Solanum 
xanthocarpum

Anthelmintic, cough, asthma, chest pain, flatulence, 
sore throat

[282, 967]

Solanum 
trilobatum

Anti-inflammation, anti-bacterial, anti-microbial, 
bronchial asthma.

[230, 250, 310, 
719–721, 767, 
903]

Syzygium 
cumini

Carminative, diuretic, digestive, antihelminthic, 
febrifuge, diabetes, pharyngitis, fever, constipating, 
stomachic, anti-bacterial, spleenopathy, urethrorrhea, 
ringworm, constipation, leucorrhoea, stomachalgia, 
gastropathy, strangury, dermopathy.

[78, 1023]

Silybum 
marianum

Liver, immune disorders. [268, 916]

Tridax sp. Anticoagulant, hair tonic, insect repellent,  
anti-diarrhea, dysentery.

[2, 124, 446, 
834, 941]

Terminalia 
chebula

Anti-bacterial, anti-diabetic, renoprotective, anti-
cancer, radioprotective, adaptogenic, antioxidant, 
antiviral

[16, 467]

Tridax 
procumbens

Pressure, cough, lung acute rhinitis, anti-malaria, 
anti-diarrhea, anti-dysentery, anti-oxidant, anti-septic, 
anti-hepatotoxic, anti-diabetic, anti-microbial,  
anti-inflammatory, anti-analgesic activity, airways
disorder, neurological disorder, stomach, and headache, 
hair fall, immunomodulatory, gastritis, enteric 
fever, chest pain, wound healing, insecticidal, and 
parasiticidal properties.

[408, 692, 913]

Tilia argentea Diuretic, dyspepsia, diaphoretic, antispasmodic, 
stomachic, cough, ingestion problems, liver, and gall 
bladder disorders, muscle cramp, neuromuscular 
problems, headache.

[70, 957]

Tripterygium 
wilfordii

RA, anti-inflammatory, immunosuppressive. [934]

Thuja 
occidentalis

Oxi-stress, abdominal pain, small intestine 
obstruction, dermatitis, asthma, bleeding.

[702]

Tripterygium 
wilfordii

Autoimmune disease, anti-inflammation, kidney 
problem, arthritis, psoriasis, immunosuppression, 
Hansen’s disease.

[157, 932, 933]

Terminalia 
bellirica

Cough, asthma, colic, diarrhea, dyspepsia, anemia, 
cancer, fever, inflammation, ulcers, rejuvenation, 
antioxidants, immunity, longevity, jaundice, 
constipation.

[115, 236, 405, 
830]
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Plant Name Treatment/Cure/Uses/Properties/Activity References
Terminalia 
bellirica

Anti-microbial, anti-diabetic, anti-malarial, anti-
parasitic, anti-viral, anti-fungal, anti-HIV activity, 
anti-mutagenic, hepatoprotection, lower blood 
pressure, myocardial necrosis, atherosclerosis.

[245, 304, 363, 
525, 712, 753, 
876, 978]

Terminalia 
chebula

Bleeding, piles, and eye disorders inhibits local 
anaphylaxis activity of the brain and its nerves, 
muscular, cataract, and clotting, immunomodulation, 
prevents blood clot, improves stomach functioning, 
maintains nutritional, imbalance, cardioprotective, 
anti-mutagenic, anti-oxidant, hypolipidemic,  
anti-cancer, anti-diabetic, anti-bacterial.

[56, 59, 207, 
292, 451, 606, 
611, 641, 658, 
765, 824, 867]

Tamarindus 
indica

Alleviation of sunstroke, sore throats, wounds, 
paralysis, malaria, fever.

[142, 316, 952]

Uncaria tomen-
tosa, Uncaria 
guianensis

Arthritis, bursitis, lupus, chronic fatigue syndrome, 
stomach, intestines disorders.

[272]

Urtica diocia Alopecia, eczema, gout, urticaria, allergic rhinitis, 
RA, prostatic hypertrophy

[91, 260, 948]

Uncaria 
tomentosa

Asthma, cancer, cirrhosis, fevers, gastritis, diabetes. [261, 350, 457]

Withania 
somnifera

Anti-oxidant, anti-tumor, anti-stress,  
anti-inflammatory, immunomodulatory, dropsy, 
hematopoietic, anti-aging, anxiolytic, tuberculosis, 
arthritis, bronchitis, disability, rheumatism, stomach,
and lung inflammations, skin diseases, hypotensive, 
aphrodisiac, male sexual, eye diseases, bradycardiac, 
anti-cancer, anti-peroxidative, cardiotonic, 
radiosensitizing, thyro-regulatory, anti-amnestic.

[242, 249, 339, 
410, 461, 488]

Xanthium 
strumarium

Diaphoretic, diuretic, sudorific, CNS depressant, 
styptic, gleet, leucorrhoea, smallpox, urinary, and 
renal complaints, menorrhagia, scrofulous tumors 
and cancer, herpes, inflammatory swellings, scrofula 
bladder infections.

[287]

Zingiber 
officinale

Giddiness, vomiting, motion disorder, autopsy, and 
pregnancy vomiting.

[522]

Ziziphora 
tenuior

Dysentery, fever, uterus infection, analgesic, 
gastrointestinal, vomiting, diarrhea.

[665, 667, 1101]
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C. STANLEY OKEREKE, O. UCHE ARUNSI, E. MARTINA ILONDU, 
and S. CHIEME CHUKWUDORUO

CHAPTER 2

HERBAL EXTRACTS AND THEIR 
BIOACTIVITIES: COMPARATIVE 
PHYTOCONSTITUENT ANALYSIS 
OF SELECTED MEDICINAL PLANTS 
USING GC-MS/FTIR TECHNIQUES

ABSTRACT

The research study in this chapter was aimed to determine and characterize the 
bioactive compounds present in three medicinal plants (Ageratum conyzoides, 
Chromolaena odorata, and Ficus exasperata) commonly used in Nigeria, 
especially in the southeast Geopolitical Zone for the management of ailments. 
The biological activities of these plants were established using phytochemical 
detection schemes of GC-MS and FT-IR. From the results obtained, the 
methanolic leaf extract of Chromolaena odorata recorded the highest bioactive 
compounds followed by those of Ageratum conyzoides and Ficus exasperata. 
These confirm the wide use of C. odorata in herbal medicine. The blend of 
the different leaf extracts may be of health benefits owing to the distribution 
of the compounds within each plant sample. However, it is recommended that 
a more thorough investigation should embark to quantitatively isolate, purify, 
package, and market-specific bioactive compounds.

2.1 INTRODUCTION

Medicinal plants contain essential biochemicals, which confer health 
benefits to humans when properly prescribed. These biochemicals not 
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only serve as drugs but also a defense against biological intruders. The 
involvement of herbal extracts to treat and manage infectious diseases 
is as old as antiquity and is attracting much attention by scientists all 
over the globe [32, 57], especially in rural areas, where folk medicine 
is well demonstrated. Today, plants remain one of the most untapped 
natural resources and have been heavily harvested to ease the health 
burdens, such as: cardiovascular diseases, obesity, hypertension, 
diabetes, peptic ulcers, cancers, rheumatoid arthritis, and neurological 
disorders. However, consensus has been reached recently; in which case, 
drugs derived from plants were observed to have a potential panacea for 
diseases and infections that constantly short-live the lifespan of man [69]. 
This breakthrough in traditional medicinal practice is connected to the 
following benchmarks: bioavailability, higher safety margin, efficacy, 
quality, affordability [26, 41], and accumulation of chemicals that target 
metabolic pathways [55].

These comparative advantages of herbal medicine over conventional 
drugs have led to a decline in the prescription of some drugs. For instance, 
non-steroidal anti-inflammatory drugs (NSAIDs) used to relieve pains 
have been marked as potential ulcerogens in recent times. This is because 
they competitively inhibit Cyclooxygenases (Prostaglandin E synthase), 
an enzyme that is saddled with the responsibility of prostaglandin's biosyn-
thesis [56]. The legendary role played by traditional medicinal practitio-
ners in disease prevention has also been applauded by the World Health 
Organization (WHO) [23, 80].

The integration of plant sources in the treatment of diseases has 
evolved the name herbal medicine that refers to the use of herbs for thera-
peutic or medicinal purposes [1]. Medicinal plants contain certain organic 
molecules called bioactive compounds or phytoconstituents, which are 
present in medicinal plants and when ingested as food or drugs, promote 
good health. They can act as precursors for the synthesis of endogenous 
molecules, which can either facilitate the running of a particular metabolic 
pathway or retard the progression of one that may trigger off uncontrolled 
production of ‘nonsense' and malignant products (e.g., cancer, AIDS, 
and many ailments of clinical concerns). Owing to the functionality of 
these molecules as demonstrated in vitro, in vivo, and in silico, attempts 
have been made to define these compounds vis-à-vis their biological roles 
(bioactivities). A database nicknamed ‘Ethnobotany and Phytochemistry 
Database’ was created to achieve this goal [25].
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The need to screen, isolates, quantifies, and characterizes bioactive 
compounds in the field of ethnobotany, phytochemistry, ethnopharma-
cology, and ethnomedicine has long been advocated. Following this, a lot 
of techniques have been introduced. They include the preliminary qualita-
tive and quantitative screening [33, 74]; which identify the presence and 
concentrations of phytochemicals (flavonoids, saponins, tannins, cardiac 
glycosides, alkaloids, terpenes, carotenoids, phenolics, hydrocinnamic 
acids) in plants.

Over the past decades, there exists a preponderance of claims by 
traditional medicinal practitioners that herbal products are a better elixir 
for ailments than their synthetic counterparts. This claim has kindled 
interests among scientists all over the globe in exploring the intrinsic 
properties of medicinal plants, thus leading to the invention of detection 
schemes for the characterization of phytoconstituents. These techniques or 
detection schemes are GC-MS (gas chromatography-mass spectrometry), 
FTIR (Fourier transform infrared), FID (flame ionization detector), 
NMR (nuclear magnetic resonance) and HPLC (high-performance liquid 
chromatography). In this chapter, the techniques of GC-MS and FT-IR 
were employed. While GC-MS identifies biological molecules in extracts 
at an infinitesimal level (< 1ng) [28], the FT-IR technique sorts out their 
functional groups within 400–4000 cm–1 of the infrared (IR) region [10].

The present study was aimed at determining and characterizing 
the bioactive compounds resident in three medicinal plants (Ageratum 
conyzoides, Chromolaena odorata, and Ficus exasperata) commonly used 
in Nigeria, especially in the southeast Geopolitical Zone for the manage-
ment of ailments, and their established biological activities using more 
recent phytochemical detection schemes of GC-MS and FT-IR. These 
plants were selected because of their importance as a source of traditional 
medicines in Nigeria, especially in Uturu, Isiukwuata Local Government 
Area, Abia State in Nigeria.

2.2 LITERATURE REVIEW

2.2.1 PHARMACOGNOSTIC PROFILE OF AGERATUM 
CONYZOIDES (LINN.)

The plant weed, Ageratum conyzoides (Linn) or Billy goat in English, 
is a member of the Asteraceae indigenous to West Africa, Central 
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America, Southeast Asia, South China, and India. It is commonly 
nicknamed Ufuopioko, Imiesu, and Nriewu among the Igedes, Yorubas, 
and Igbos, respectively. In folk medicine, different parts of the plant are 
consumed for therapeutic purposes ranging from wounds, spasm, colic, 
fever, migraine, pneumonia, inflammation, asthma, leprosy, stomach 
disorders to skin diseases [7, 8, 18, 37, 66]. Specifically, A. ageratum 
has shown to possess wound healing, antifungal, and antibacterial 
activities [30, 36, 58].

2.2.2 PHARMACOGNOSTIC PROFILE OF CHROMOLAENA 
ODORATA (LINN.)

Chromolaena odorata (Linn.) King and Robinson is a flowering shrub 
indigenous to South and Central America and have spread throughout the 
tropics, including Nigeria [7]. It is commonly known as Siam weed, triffid 
weed, bitter bush orjuck in the bush (English), Awolowoakintolataku 
(Yoruba), Ana-afu-okuno, Obiarakara (Igbo), or independence weed (in 
all Nigeria). It is named independence weed because it was introduced 
during the time Nigeria gained her independence. C. odorata has a lot 
of ethnopharmaceutical benefits. In Nigeria, a fresh juice squeezed out 
from the leaves of the plant is used to stop bleeding [3]. The decoction 
of the leaves and stems of C. odorata has been reported to be effective in 
the treatment of propionibacterium acnes [16] while that of the flowers 
are used as tonic, antipyretic, and heat tonic [15]. Other documented 
ethnopharmaceutical evidences include management of spasms, infections 
due to protozoa, trypanosoma, bacteria, and fungi, hypertensive, and 
inflammation [6, 38, 49, 62].

2.2.3 PHARMACOGNOSTIC PROFILE OF FICUS EXASPERATA 
(VAHL.)

Ficus exasperata Vahl. is commonly distributed in West Africa [7]. It is 
known by many nicknames, such as: sandpaper tree, fig tree, white fig (in 
English), ewe ipin, oporo, opoto (in Yoruba), ogbu (in Igbo) and achedin-
nini (in Hausa) [5]. Especially in rural areas, the leaves of the plant are 
used to scrub utensils, polish wooden plates and furniture [12], feed for 
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animals such as goats, sheep, and chimpanzees [75] and treat coughs, 
high blood pressure, rheumatism, arthritis, cancer, and wounds [19]. The 
sap is used to stop bleeding and hasten the discharge of placenta in cows 
after calf delivery [39].

Several folkloric claims of the leaf extract of F. Exasperata have been 
added in the pharmacopeia. Included in the exhaustive list are hypoten-
sive and hypoglycaemic [2, 14], heamostative opthalmia, coughs, and 
hemorrhoids [54]. Other ethnopharmacological activities are: antioxidant, 
anticonvulsant, antiarthritic, antibacterial, anti-inflammatory, antipyretic, 
antinociceptive, anticandidal, antidiabetic, hypotensive, antifungal, and 
lipid-lowering potentials [44, 47, 70, 79].

2.3 MATERIALS AND METHODS

2.3.1 COLLECTION AND IDENTIFICATION OF PLANT 
SAMPLES

The leaves of Ageratum conyzoides, Chromolaena odorata, and Ficus 
exasperata were collected from the courtyard of the Faculty of Biolog-
ical and Physical Sciences, Abia State University, Uturuin August, 2016 
and were identified by an experienced Taxonomist in Plant Science and 
Biotechnology Department.

2.3.2 PROCESSING AND EXTRACTION OF PLANT SAMPLES

The leaves of the plants were carefully sorted to remove irrelevant materials, 
washed in distilled water, and allowed to air-dry under shade for 12 days. 
After drying, the leaves were macerated separately into a fine powder, 
packaged in a polythene bag and stored at room temperature until use. Two 
grams (2 g) of each sample was dissolved in 50mL of methanol and stirred 
gently for 72 hours. After extraction, the mixtures were strained with muslin 
cloth and filtered carefully using Whatman filter paper No. 1. The resultant 
filtrates were concentrated on a water bath (BJE-750 Gallen Kamp England) 
until a dark green filtrate was formed. This was transferred to glass vials and 
kept at 4°C before use.
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2.3.3 QUALITATIVE PHYTOCHEMICAL ANALYSIS

The test carried out was based on procedures outlined in the literature [33, 75].

2.3.4 DETERMINATION OF BIOACTIVE COMPOUND BY  
GC-MS

The phytoconstituents present in the methanolic leaf extracts of Ageratum 
conyzoides, Chromolaena odorata, and Ficus exasperata were analyzed 
using Clarus-500 Perkin-Elmer Gas Chromatograph (GC) coupled with 
a mass detector. The procedures outlined by Kalimuthu et al., [42] were 
adopted.

2.3.5 DETERMINATION OF FUNCTIONAL GROUPS OF 
BIOACTIVE COMPOUND BY FT-IR

The determination of functional groups of the bioactive compounds 
present in the different plant extracts was done using the Bruker Tensor-27 
Spectrometer coupled with IR in the wavelength range of 400–400 cm–1. 
The detailed methodology of Krishnaveni et al., [45] was used.

2.3.6 IDENTIFICATIONS OF BIOACTIVE COMPOUNDS AND 
THEIR FUNCTIONAL GROUPS

The National Institute of Standard and Technology (NIST) database was used 
to ascertain the chemical structures, formula, structures, names, % peak areas 
and retention time of unknown bioactive compounds present in the samples, 
while the functional groups were determined from the FT-IR spectrum and 
were identified based on the peak values in the region of IR radiation.

2.4 RESULTS

Table 2.1 reveals the ecological attributes of Ageratum conyzoides, Chro-
molaena odorata, and Ficus exasperata. Ageratum conyzoides, and 
Ficus exasperata are both annual plants, while Chromolaena odorata is 
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a perennial plant. A. conyzoides grows as herb while C. odorata and F. 
exasperate grow as shrub. Table 2.2 shows the preliminary phytochemical 
screening of Ageratum conyzoides, Chromolaena odorata, and Ficus exas-
perata. Alkaloids, flavonoids, and steroids were present in the methanolic 
leaf extracts of the three plants.

TABLE 2.1 Ecological Attributes of the Plants Used in This Study

Botanical Name Common Name Local Name Life 
Form

Habit of 
Growth

Ageratum 
conyzoides

Goat weed Ufuopioko (Igede, Middle 
Belt) Akwukwo-nwaosinaka 
or Agadi-isi-awo-ocha (Igbo) 
Ime-esu (Yoruba)

A H

Chromolaena 
odorata

Siam weed Awolowo weed or Akintola- P S
taku (Yoruba Ogididiri (Igbo)

Ficus exasperata Sandpaper plant Ewe-ipin, Oporo, opoto 
(Yoruba) Ogbu (Igbo) 
Achedinnini (Hausa)

A S

Legend: P = Perennial, A = Annual, H = Herb, S = Shrub.

TABLE 2.2 Preliminary Phytochemical Screening of the Plant Extracts

Phytochemical Ageratum 
conyzoides

Chromolaena 
Odorata

Ficus 
Exasperata

Alkaloids ++ ++ ++
Anthocyanin – – +
Anthraquinones + – –
Cardiac glycosides – – +
Flavonoids + ++ +
Phenols + + –
Saponins + – +
Steroids + + +
Tannins + – +
Terpenes + + –
Key: + low concentration, ++ moderate concentration, +++ high concentration, – absent

The results of the GC-MS for Ageratum conyzoides, Chromolaena odorata 
and Ficus exasperata are presented in Figures 2.1–2.3 and Tables 2.3–2.6. 
Exactly 20, 69 and 18 bioactive molecules were identified in the methanolic 
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FIGURE 2.1 GC-MS for methanolic extract of leaves of Ageratum conyzoides.

FIGURE 2.2 GC-MS for methanolic extract of leaves of Chromolaena odorata.
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leaf extracts of A. conyzoides, C. odorata and F. exasperata, respectively. 
The Figure 2.1 and Table 2.3 summarize the phytocompounds that were 
found in the leaf extract of A. conyzoides. In this list, Alpha-Linolenic acid 
was predominant followed by Precolene-1, Caryophyllene, n-hexadecanoic 
acid, squalene, and phytol.

FIGURE 2.3 GC-MS for methanolic extract of leaves of Ficus exasperate.
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• (-)-Spathulenol (1.39%);
• α-Linolenic acid (27.05%);
• 1-Heptatriacotanol (2.28%);
• 1-Octadedelyne (0.83%);
• 7-t-Butyl-3, 3-dimethyl-1-inlanone (1.25%);
• 8, 11, 14-Eicosatrienoic acid, (Z,Z,Z) (1.02%);
• Aromandendrene (2.02%);
• Caryophyllene (10.44%);
• Cyclopentaneundecanoic acid (1.51%);
• D-Germacrene (0.93%);
• Epi-β-Santalene (2.27%);
• Hexadecanoic acid, methyl ester (2.06%);
• Humulene (4.31%);
• Methyl-linolenate (2.75%);
• n-Hexadecanoic acid (9.01%);
• Phytol (5.39%);
• Precolene 1 (11.44%);
• Squalene (6.98%), Vitamin E (2.60);
• Stigmasterol (1.58%).

TABLE 2.3 Bioactive Compounds Identified from the Methanolic Leaf Extract of Ager-
atum conyzoides by GC-MS

S/N RT Compound Name MW Formula Area (%)
1 5.569 Aromandendrene 204 C H O10 20 2.02
2 5.852 Caryophyllene 204 C H NO10 23 10.44
3 5.933 D-Germacrene 204 C H15 24 0.93
4 6.050 Epi-β-Santalene 204 C H15 24 2.27
5 6.157 Humulene 204 C H15 24 4.31
6 6.205 Precolene 1 190 C H15 24 11.44
7 7.131 (-)-Spathulenol 220 C H O15 24 1.39
8 8.955 1-Octadedelyne 250 C H O13 20 2 0.83
9 9.570 Hexadecanoic acid, methyl ester 270 C H14 30 2.06
10 9.891 n-Hexadecanoic acid 256 C H18 34 9.01
11 10.688 Methyl-linolenate 292 C H O10 18 2.75
12 10.746 Phytol 296 C H O30 50 4 5.39
13 10.912 7-t-Butyl-3, 3-dimethyl-1-inlanone 216 C H14 30 1.25
14 11.046 α-Linolenic acid 273 C H O 27.0517 32 2



Herbal Extracts and Their Bioactivities 169

S/N RT Compound Name MW Formula Area (%)
15 11.121 Cyclopentaneundecanoic acid 254 C H O17 34 2 1.51
16 13.977 8, 11, 14-Eicosatrienoic acid, (Z,Z,Z) 306 C H O16 32 2 1.02
17 14.539 Squalene 410 C H19 40 6.98
18 16.839 Vitamin E 430 C H O19 32 2 2.60
19 18.069 Stigmasterol 412 C H O19 32 2 1.58
20 18.791 1-Heptatriacotanol 536 C H O 2.2820 40

TABLE 2.4 Bioactive Compounds Identified from the Methanolic Leaf Extract of Chro-
molaena odorata by GC-MS

S/N RT Compound Name MW Formula Area (%)
1 2.344 Erythritol 122 C H O4 10 4 0.82
2 2.547 Tetrahydro-4H-pyran-4-ol 102 C H O5 10 2 0.41
3 3.258 1-Pentene 70 C H5 10 0.62
4 3.494 1, 3, 5-Hexatriene, 3-methyl-,(E)- 94 C H7 10 2.45
5 3.916 Catechol 110 C H O6 6 2 1.20
6 4.093 Cycloheptatrienylium, iodide 218 C H I7 7 0.93
7 4.163 Isopropenyl bromide 120 C H Br3 5 0.41
8 4.285 2-Propanone, dimethylhydrazone 100 C H N5 12 2 0.68
9. 4.633 Hydroquinone 110 C H O6 6 2 0.65
10. 4.831 2-Isopropoxyethylamine 103 C H NO5 13 0.50
11. 5.098 DL-Cystine 240 C H N O6 12 2 4 0.45
12. 5.243 Metaraminol 167 C H NO9 13 2 0.43
13. 5.462 α-Cubebene 204 C H15 24 1.09
14 5.564 2-Octyne 110 C H8 14 0.85
15 5.842 Calarene 204 C H15 24 7.64
16 6.927 β-Cubebene 204 C H15 24 2.06
17 5.997 1, 5-Heptadien-3yne 92 C H7 8 0.97
18 6.045 α-Farnesene 204 C H15 24 1.18
19 6.104 Methyl-4, 7, 10, 13, 16, 

19-docosahexaenoate
342 C H O23 34 2 1.13

20 6.146 Humulene 204 C H15 24 1.35
21 6.291 1, 2-Propanediol, 3-Chloro 110 C H ClO3 7 2 0.57
22 6.473 Spiro[5.5]undec-2-ene, 3, 7,  

7-trimethyl-11-methylene-, (-)-
204 C H15 24 0.75

TABLE 2.3 (Continued)
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S/N RT Compound Name MW Formula Area (%)
23 6.505 Diazoadamantane 162 C H N10 14 2 1.00
24 6.628 Benzene, 1, 2-diethyl- 134 C H10 14 3.39
25 6.740 Arginine 174 C H O6 18 2 0.34
26 6.879 7-Octen-2-ol, 2-methyl-6-methylene- 154 C H O10 18 0.37
27 7.125 2-Propanone, dimethylhydrazone 100 C H N5 12 2 0.42
28 7.189 Ethanamine, 2-phenoxy- 137 C H NO8 11 0.76
29 7.280 Taurultam 136 C H N O S3 8 2 2 0.86
30 7.730 Oxetane, 2, 2, 4-trimethyl- 100 C H O6 12 0.82
31 7.949 3-Aminocrotononitrile 82 C H N4 6 2 0.78
32 8.313 1-[-]-4-Hydroxy-1-methylproline 145 C H NO6 11 3 0.86
33 8.815 1-Nitro-2-acetamido-1, 

2-dideoxy-d-glucitol
252 C H N O8 16 2 7 0.34

34 8.874 1, 2, 3, 4-Butanetetrol, [S-R*, R*)]- 122 C H O4 10 4 0.54
35 8.955 1, 9-Nonanediol, dimethanesulfonate 316 C H O S11 24 6 2 3.93
36 9.126 1, 2-Benzenediol, 4-[2-(methylamino)

ethyl]-
167 C H NO9 13 2 0.42

37 9.249 2-Cyclohexen-1-one, 4, 4-dimethyl- 124 C H O8 12 1.35
38 9.564 Methyl-2-O-methyl-β-D-xylopyranoside 178 C H O7 14 5 0.51
39 9.864 n-Hexadecanoic acid 256 C H O6 10 3 5.90
40 10.741 Oxirane, decyl 184 C H O12 24 3.29
41 10.992 9, 12, 15-Octadecanoic acid, (Z,Z,Z)- 278 C H O18 30 2 11.18
42 11.789 Adipamide 144 C H N O6 12 2 2 0.66
43 12.212 Bicyclo[3.1.1]heptane, 2, 66-trimethyl-

[1R-(1α, 2α, 5α)]-
138 C H10 18 1.62

44 12.244 Bicyclo[2.2.1]-Heptan-2-one, 4, 7, 
7-trimethyl-,semicarbazone

209 C H N O11 19 3 0.74

45 12.388 Acetic acid, 2-(1-methyl-2-
oxohydrazino)-N’-[(E)-(2-hydroxyphenyl)
methylidene]hydazide, N-oxide

252 C H N O10 12 4 4 0.58

46 12.533 1H-3a, 7-Methanoazulene, octahydro1,  
4, 9, 9-tetramethyl-

206 C H15 26 2.85

47 12.672 Tricyclo[4.3.1.1(3, 8)undecane-1-
carboxylic acid

194 C H O12 18 2 0.49

48 12.827 Benzenemethanol, alpha-[(methylamino)
methyl]-

151 C H NO9 13 0.75

49 12.923 Phenylephrine 167 C H NO9 13 2 0.98

TABLE 2.4 (Continued)
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S/N RT Compound Name MW Formula Area (%)
50 13.041 Cyclohexanol, 1R-4-trans-acetamido-2, 

3-trans-epoxy-
171 C H NO8 13 3 0.71

51 13.956 1-Eicosanol 298 C H O20 42 0.84
52 13.998 5-Hydroxy-4,’7-dimethoxyflavanone 300 C H O17 16 5 0.62
53 14.260 Pyridine, 2, 3-dimethyl- 107 C H N7 9 0.46
54 14.421 4,’5-Dihydroxy-7-methoxyflavanone 286 C H O16 14 5 1.15
55 14.464 Tricyclo[4.3.1.0(3, 8)]decan-10-ol 152 C H O10 16 1.16
56 14.533 Squalene 410 C H30 50 3.69
57 14.731 Benzaldehyde, 3-hydroxy-,oxime 137 C H NO7 7 2 0.40
58 14.988 Phenol, 2, 6-dimethyl-5-methylphenyl)- 167 C H NO8 9 3 0.89
59 15.212 Ethanone, 1-(2-hydroxy-5-methylphenyl)- 166 C H O9 10 3 1.89
60 15.565 Leucopterin 195 C H N O6 5 5 3 3.02
61 16.127 Benzaldehyde, 2-hydroxy-5-nitro- 167 C H NO7 5 4 1.50
62 16.796 Vitamin E 430 C H O29 50 2 0.62
63 17.256 Sarcosine, N-(3-cyclopentylpropionyl)-, 

tetradecylester
409 C H O25 28 1.65

64 18.069 2-Pentadecyn-1-ol 224 C H O15 28 1.55
65 18.812 Estran-3-one, 17-(aceyloxy)-2-methyl-, 

(2α, 5β, 17β)
332 C H O21 32 3 1.41

66 19.320 2, 4-Dimethylamphetamine 163 C H N11 17 0.99
67 19.625 Metaraminol 167 C H NO9 13 2 0.46
68 20.032 Cyclohexane, 1-ethenyl-1-methyl-2, 

4-bis(1-methylethenyl)-,[1S-(1α, 2β, 4β]-
204 C H15 24 2.72

69 20.871 Acetamide, N-(aminocarbinyl)2-chloro- 136 C H ClN O3 2 2 2 0.34

TABLE 2.5 Bioactive Compounds Identified from the Methanolic Leaf Extract of Ficus 
exasperata by GC-MS

S/N RT Compound Name MW Formula Area (%)
1 2.477 Glycerin 92 C H O3 8 3 12.20
2 2.707 Eucalyptol 154 C H O10 18 0.82
3 3.060 3-(Prop-2-enolyoxy)dodecane 240 C H O15 28 2 0.81
4 3.777 Levomenthol 156 C H O20 40 2.52
5 8.955 3, 7, 11, 15-Tetramethyl-2-hex- 

adecen-1-ol
296 C H O20 40 2.61

6 9.249 Hexadecanoic acid, Methyl ester 270 C H O17 34 2 0.93

TABLE 2.4 (Continued)
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7 9.570 n-Hexadecanoic acid 256 C16H32O2 7.48
8 9.858 Methyllinolelaidate 294 C19H34O2 11.62
9. 10.650 Linoleoyl chloride 298 C18H31ClO 2.49
10. 10.687 Phytol 296 C20H40O 2.48
11. 10.746 Methyl stearate 298 C19H38O2 4.25
12. 10.848 Linolenic acid 280 C18H32O2 0.90
13. 10.944 Octadecanoic acid 284 C18H36O2 2.83
14 11.078 Methyl arachidonate 318 C21H34O2 1.42
15 17.764 Methylenecholestan-3-ol 400 C28H48O

C29H50O
0.86

16 18.058 β-Sitosterol 414 1.00
17 18.866 Urs-12-ene-24-oic acid, 3-oxo-, 

methylester, (+)-
468 C31H48O3 10.32

18 20.705 Geranyl linalool 290 C20H34O 23.18

TABLE 2.6 Distribution of Major Phytoconstituents in Methanolic Leaf Extracts of A. 
conyzoides, C. odorata, and F. exasperata

S/N Phytoconstituents Distribution 
A. conyzoides C. odorata F. exasperata

1 Phytol + – +
2 Squalene + + –
3 Alpha-linolenic acid + + –
4 Precolene-1 + – –
5 Caryophyllene + – –
6 n-Hexadecanoic acid + + +
7 Calarene – + –
8 Geranyl linalool – – +
9 Glycerin – – +
10 Methyllinolelaidate – – +
11 Urs-12-ene-24-oic acid, 3-oxo-, 

methylester
– – +

12 9, 12, 15-Octadecanoic acid, 
(Z,Z,Z)-

– + –

The methanolic leaf extract of C. odorata showed the presence of 
phytochemicals that are listed in Figure 2.2 and Table 2.4. The 9, 12, 

TABLE 2.5 (Continued)
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15-Octadecanoic acid, (Z,Z,Z) was predominant followed by calarene and 
n-Hexadecanoic acid. In this plant, biochemicals were:

• Erythritol (0.82%);
• 1-Pentene (0.62%);
• Cycloheptatrienylium, iodide (0.93);
• 2-Propanone, dimethylhydrazone (0.68%);
• Hydroquinone (0.65%);
• 2-Octyne (0.85%);
• Ethanamine, 2-phenoxy (0.76%);
• 3-Aminocrotononitrile (0.78%);
• 1-[-]-4-Hydroxy-1-methylproline (0.86%);
• Adipamide (0.66%);
• Acetic acid, 2-(1-methyl-2-oxohydrazino)-N’-[(E)-(2-hydroxyphenyl) 

methylidene]hydazide, N-oxide (0.58%);
• Benzenemethanol, alpha-[(methylamino)methyl] (0.75%);
• Phenylephrine (0.98%);
• Cyclohexanol, 1R-4-trans-acetamido-2, 3-trans-epoxy (0.71%);
• 1-Eicosanol (0.84%);
• 5-Hydroxy-4,’7-dimethoxyflavanone (0.62%);
• Vitamin E (0.62%);
• Calarene (7.64%);
• Sarcosine, N-(3-cyclopentylpropionyl)-,tetradecylester (1.65%);
• Squalene (3.69%);
• Ethanone, 1-(2-hydroxy-5-methylphenyl) (1.89%);
• n-Hexadecanoic acid (5.90%);
• 1, 9-Nonanediol, dimethanesulfonate (3.93%);
• Tricyclo[4.3.1.0(3, 8)]decan-10-ol (1.16%);
• Bicyclo[3.1.1]heptane, 2, 66-trimethyl-[1R-(1α, 2α, 5α)] (1.62%);
• Tricyclo[4.3.1.1(3, 8)undecane-1-carboxylic acid (0.49%);
• Taurultam (0.86%), Oxetane, 2, 2, 4-trimethyl (0.82%);
• 1, 2, 3, 4-Butanetetrol, [S-R*, R*)] (0.54%);
• 1, 3, 5-Hexatriene, 3-methyl-,(E) (2.45%);
• Spiro[5.5]undec-2-ene, 3, 7, 7-trimethyl-11-methylene-, (-) (0.75%);
• Bicyclo[2.2.1]-Heptan-2-one, 4, 7, 7-trimethyl-, semicarbazone (0.74%);
• 1H-3a, 7-Methanoazulene, octahydro1, 4, 9, 9-tetramethyl (2.85%);
• 9, 12, 15-Octadecanoic acid, (Z,Z,Z) (11.18%);
• Cyclohexane, 1-ethenyl-1-methyl-2, 4-bis(1-methylethenyl)-,[1S-(1α, 

2β, 4β] (2.72%);
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• Arginine (0.34%);
• 1-Nitro-2-acetamido-1, 2-dideoxy-d-glucitol (0.34%);
• Acetamide, N-(aminocarbinyl)2-chloro (0.34%);
• 7-Octen-2-ol, 2-methyl-6-methylene (0.37%);
• Benzaldehyde, 3-hydroxy-, oxime (0.40%);
• Tetrahydro-4H-pyran-4-ol (0.41%);
• Isopropenylbromide (0.41%);
• 2-Propanone, dimethylhydrazone (0.42%);
• 1, 2-Benzenediol, 4-[2-(methylamino)ethyl] (0.42%);
• Metaraminol (0.43%);
• DL-Cystine (0.45%);
• Pyridine, 2, 3-dimethyl (0.46%);
• Metaraminol (0.46%);
• 2-Isopropoxyethylamine (0.50%);
• Methyl-2-O-methyl-β-D-xylopyranoside (0.51%);
• 1, 2-Propanediol, 3-Chloro (0.57%);
• 1, 5-Heptadien-3yne (0.97%);
• α-Cubebene (1.09%);
• 4,’5-Dihydroxy-7-methoxyflavanone (1.15%);
• α-Farnesene (1.18%);
• Catechol (1.20%);
• Humulene (1.35%);
• 2-Cyclohexen-1-one, 4, 4-dimethyl (1.35%);
• Estran-3-one, 17-(aceyloxy)-2-methyl-, (2α, 5β, 17β) (1.41%);
• Benzaldehyde, 2-hydroxy-5-nitro (1.50%);
• 2-Pentadecyn-1-ol (1.55%);
• 2, 4-Dimethylamphetamine (0.99%);
• β-Cubebene (2.06%);
• Phenol, 2, 6-dimethyl-5-methylphenyl) (0.89%);
• Leucopterin (3.02%);
• Oxirane, decyl (3.29%);
• Diazoadamantane (1.00%), Benzene, 1, 2-diethyl (3.39%);
• Methyl-4, 7, 10, 13, 16, 19-docosahexaenoate (1.13%).

Figure 2.3 and Table 2.5 indicate phytochemicals in the methanolic 
leaf extract of Ficus exasperata using GC-MS spectral analysis. Geranyl 
linalool was predominant followed by glycerin, Methyllinolelaidate, Urs-
12-ene-24-oic acid, 3-oxo-, methylester, (+) and n-Hexadecanoic acid. 
Biochemicals were:
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• β-Sitosterol (1.00%);
• 3-(Prop-2-enolyoxy) dodecane (0.81%);
• 3, 7, 11, 15-Tetramethyl-2-hex-adecen-1-ol (2.61%);
• Eucalyptol (0.82%);
• Geranyl linalool (23.18%);
• Glycerin (12.20%);
• Hexadecanoic acid, methylester (0.93%);
• Levomenthol (2.52%);
• Linolenic acid (0.90%);
• Linoleoyl chloride (2.49%);
• Methyl arachidonate (1.42%);
• Methyl stearate (4.25%);
• Methylenecholestan-3-ol (0.86%);
• Methyllinolelaidate (11.62%);
• n-Hexadecanoicacid (7.48%);
• Octadecanoicacid (2.83%);
• Phytol (2.48%);
• Urs-12-ene-24-oic acid, 3-oxo-, methylester, (+) (10.32%).

The distribution of the major phytochemicals in the leaf extract of A. 
conyzoides, C. odorata, and F. exasperata is presented in Figure 2.4 and 
Table 2.6. The Venn diagram summarizes the occurrence of phytochemi-
cals in A. conyzoides, C. odorata, and F. exasperata, with n-Hexadecanoic 
acid as most predominant botanical among the major bioactive compounds 
isolated from the three plant samples. Squalene and alpha-linolenic acid 
were present in both A. conyzoides and C. odorata; while phytol was 
present in A. conyzoides and F. exasperata.

The outcome of the FT-IR spectral analysis of A. conyzoides showed 
the following functional groups (Table 2.7):

• Alcohols;
• Aliphatic amines;
• Alkanes, aromatic organophosphorus compounds;
• Arenes;
• Aromatic nitro compounds;
• Aromatics;
• Bonded phosphorus oxide;
• Bromoalkanes;
• Disulfides;
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• Meta-substituted benzenes;
• Phenols;
• Saturated aldehydes;
• Terminal alkynes;
• Tri-substituted alkenes;
• Vinyl group.

FIGURE 2.4 Venn diagram showing the distribution of major phytoconstituents in 
methanolic leaf extracts of A. conyzoides, C. odorata, and F. exasperata.

The absorption bands at 3274.20 cm–1 revealed alcohols and phenols 
OH strong bond, 2919.68 to 2851.63 cm–1 showed alkane CH3, CH2 and 
CH bends, 2116.41 cm–1 revealed terminal alkyne bends, 1733.44 cm–1 
revealed saturated aldehyde bend, 1604.63 cm–1 revealed are nestretching, 
1418.67 cm–1 revealed stretching due to aromatic organophosphorus 
compounds, 1317.13 cm–1 indicated bend due aromatic nitro compounds, 
1241.03 cm–1 revealed phosphorus oxide bending, 1025.99 cm–1 revealed 
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aliphatic amines C-N bend, 893.80 and 765.22 cm–1 showed meta-substi-
tuted benzenes, aromatics stretching, 832.79 cm–1 indicated trisubstituted 
alkenes, vinyl group bend, 589.27 and 572.93 cm–1 revealed bromoalkane 
stretching and 536.20 cm–1 indicated disulfide S-S bend.

TABLE 2.7 Functional Groups of Methanolic Leaf Extract Ageratum conyzoides by FT-IR

S/N Wave Number (cm–1) Functional Group
1 536.20 S-S (disulfides)
2 572.93 C-X (Bromo alkanes, alkylhalides)
3 589.27 C-X (Bromo alkanes, alkylhalides)
4 663.13 O-H out of plane bend (Alcohols and phenols)
5 765.22 C-H (meta substituted benzene, aromatics)
6 832.79 C-H (trisubstituted alkenes, vinyl group)
7 893.80 C-H (meta substituted benzene, aromatics)
8 1025.99 C-N (Aliphatic amines)
9 1241.03 P-O (bonded phosphorus oxide)
10 1317.13 N-O (Aromatic nitro compounds)
11 1374.65 CH  deformation (Alkanes)3

12 1418.67 P-C (Aromatic organophosphorus compounds)
13 1604.63 C=C (Arenes)
14 1733.44 C=O (Saturated aldehydes)
15 2116.41 C≡C (Terminal alkynes)
16 2851.63 CH , CH , and CH (alkanes)3 2

17 2919.68 CH , CH , and CH (alkanes)3 2

18 3274.20 O-H (Strong bond) (Alcohols and phenols)

The possible functional groups (Table 2.8) assigned to the bioactive 
compounds of the methanolic leaf extract of C. odorata consist of:

• Alcohols;
• Alkynes;
• Arenes;
• Aromatic ethers;
• Aromatic organophosphate compounds;
• Fluoroalkanes;
• Phenols;
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• Saturated aldehyde;
• Tri-substituted alkenes.

TABLE 2.8 Functional Groups of Methanolic Leaf Extract of Chromolaena odorata by 
FT-IR

S/N Wave Number (cm–1) Functional Group
1 609.40 C-H deformation (Alkynes)
2 767.83 O-H bend (Alcohols and Phenols)
3 816.50 C-H (tri substituted Alkenes, vinyl group)
4 1027.02 C-X (Fluoroalkanes, alkyl halides)
5 1156.15 C-O (Aromatic ethers)
6 1245.85 C-H (Arenes)
7 1412.70 P-C (Aromatic organophosphorus compounds)
8 1601.55 C=C (Aromatics, with benzene ring)
9 1729.69 C=O (Saturated aldehyde)
10 2850.27 CH , CH , and CH (Alkanes)3 2

11 2917.87 CH , CH , and CH (Alkanes)3 2

12 3271.98 O-H bend (Alcohols and Phenols)

The absorption bands at 3271.98 cm–1 revealed O-H stretching of strong 
bond, 2917.87 to 2850.27 cm–1 are attributed to C-H3, C-H2 and C-H bends 
of alkanes, 1729.69 cm–1 indicated saturated aldehydes, 1601.55 cm–1 is 
as a result of aromatic and benzene ring stretching, 1412.70 cm–1 is due 
to aromatic organophosphorus compounds bend, 1245.85 showed arenes 
stretching, 1156.15 cm–1 indicated aromatic ethers bend, 1027.02 cm–1 is 
due to fluoro-alkanes bend, 816.50 cm–1 indicated tri-substituted alkenes, 
vinyl group C-H bending while 609.40 cm–1 showed C-H deformation of 
alkynes present in the extract.

The bioactive compounds of the methanolic leaf extract of Ficus exas-
perata showed the presence of the following functional groups (Table 2.9):

• Alcohols;
• Aldehydes;
• Aliphatic;
• Alkanes;
• Amides;
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• Amines;
• Bonded phosphorus oxide;
• Carboxylic acids derivatives;
• Ketones;
• Phenols;
• Primary amines and amides.

TABLE 2.9 Functional Groups of Methanolic Leaf Extract of Ficus exasperata by FT-IR

S/N Wave Number (cm–1) Functional Group 
1 766.15 O-H bend (Alcohols and phenols)
2 1027.05 C-N (Aliphatic amines)
3 1243.92 P-O (bonded phosphorus oxide)
4 1319.28 N-O (Aliphatic nitro compounds)
5 1374.44 CH  deformation (Alkanes)3

6 1421.55 O-H in plane bend (Alcohols and Phenols)
7 1612.73 -NH  bend (1° Amines and amides)2

8 1733.05 C=O (Amides, ketones, aldehydes, carboxylic 
acids/derivatives)

9 2850.10 O-H (carboxylic acids)
10 2917.81 O-H (carboxylic acids/derivatives)
11 3271.27 O-H (Alcohols and phenols)

The absorption bands at 3271.27 cm–1 indicated the O-H stretching 
of strong bond, 2917.81 to 2850.10 cm–1 are attributed to O-H bend of 
carboxylic acids/derivatives, 1733.05 cm–1 revealed bends due to amides, 
ketones, aldehyde, and carboxylic acids/derivatives, 1612.73 cm–1 indi-
cated primary amines and amides –NH2 stretching, 1421.55 cm–1 showed 
O-H in plane bend of alcohols and phenols, 1374.44 cm–1 showed alkanes 
CH3 deformation, 1319.28 cm–1 is attributed to aliphatic nitro-compounds 
bend, 1243.92 cm–1 revealed bonded phosphorus oxide P-O stretching, 
1027.05 cm–1 is due to aliphatic amines C-N bending while that of 766.15 
cm–1 indicated O-H bending of alcohols and phenols.

From the bioactive compounds found in the methanolic leaf extracts 
of the plants, the biological activities of few have been elucidated in 
Table 2.10.
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TABLE 2.10 Bioactivities of Selected Bioactive Compounds Identified in the Methanolic 
Leaf Extracts of the Plants Under Study

Bioactive Compounds Bioactivities References
(-)-Spathulenol Precursor of various sesquiterpenes [73]
3, 7, 11, 15-Tetramethyl-
2-hexadecen-1-ol 

Antimicrobial and anti-inflammatory properties [71]

9, 12, 15-Octadecanoic 
acid 

Anti-inflammatory, hypocholesterolemic, cancer 
preventive, hepatoprotective, nematicide, insect 
fuge, antihistaminic, and antiarthritic activities.

[13, 63]

Arginine Wound healing, immune function [72]
Aromadendrene Bactericidal activity [22]
Caryophyllene Anti-inflammatory, anticarcinogenic, skin 

penetration-enhancing, antinociceptive, 
neuroprotective, anxiolytic, anti-depressant, and 
anti-alcoholism effects.

[11, 31, 43, 
68]

Cystine Precursor to the antioxidant glutathione and  
iron-sulfur, maintenance of protein conformation. 

[46, 51]

Epi-β-Santalene Antidepressant, anti-inflammatory, antifungal, 
astringent, sedative, insecticide, and antiseptic 
agents 

[21]

Farnesene Antimicrobial, anti-inflammatory,  
anti-leishmanial, antiproliferative, antimutagenic, 
anti-inflammatory, analgesic,  
and gastroprotective effects

[61, 64, 76]

Geranyl linalool Flavor enhancer [17, 78]
Germacrene-D Anti-inflammatory effects [27]
Glycerin Antiretinopathic, antimicrobial, and  

anti-inflammatory activities
[29, 40]

Hexadecanoic acid, Antioxidant, anti-inflammatory anti-arthritic and 
hypocholesterolemic

[24, 48]

Hexadecanoic acid, 
methyl ester

Immunomodulatory, mosquito repellant, 
antimicrobial, and anti-inflammatory activities 

[34, 81]

Humulene Anti-inflammatory effects on TNF-α and IL1β 
generation in carrageenan-injected rats

[27]

Hydroquinone Skin treatment [59]
Methyl Linolenate Antioxidant and catalase activator activity [77]
Methyl Stearate Anti-diarrheal, cytotoxic, and anti-proliferative 

activities 
[53]

Methylarachidonate Hypotension, anti-diabetes, antitumor, and  
anti-arthritis effects

[67]
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Bioactive Compounds Bioactivities References
Methylenechlestan-3-ol Hypocholesterolemic effect [82]
Methyllinolelaidate Antioxidant and catalase activator properties [77]
Octadecenoic acid Antifungal potential [71]
Phytol Antimicrobial, anticancer, anti-inflammatory, 

antidiuretic, immunostimulatory, and  
anti-diabetic activities

[20, 52, 77]

Squalene Anti-inflammatory, antioxidant, antibacterial, 
cancer-preventive, immunostimulant, and  
antitumor effects

[63, 77]

Urs-12-ene-24-oic acid, 
3-oxo-, methyl ester, 
(+)-

Antibacterial activity [50]

Vitamin E Anti-aging, analgesic, antidiabetic, anti-
inflammatory, antioxidant, anti-coronary,  
antibronchitic, hepatoprotective, 
hypocholesterolemic, antidermatitic, antitumor, 
anticancer, antiulcerogenic, antispasmodic, 
antileukemic properties 

[63, 65]

β-Sitosterol Antihyperlipoproteinaemic, antibacterial,  
antitumor, and antimycotic activities

 [9, 84]

2.5 DISCUSSION

The pharmacological properties of many plants used in herbal medicine are 
due to the combined actions of many phytoconstituents. The techniques for 
the identification of phytochemicals have made phytochemistry a relevant 
field in ethnomedicine. The present study was aimed at determining and 
characterizing the bioactive compounds resident in three medicinal plants 
(Ageratum conyzoides, Chromolaena odorata, and Ficus exasperata) and 
their established biological activities using more recent phytochemical 
detection schemes of GC-MS and FT-IR.

The phytochemicals detected in the methanolic leaf extracts of Ageratum 
conyzoides, Chromolaena odorata, and Ficus exasperata (Table 2.2) have 
a lot of pharmacological properties [33, 60]. Consistent intake of foods rich 
in secondary metabolites (phytochemicals) has been known over the years 
to offer substantive health benefits. Alkaloids are basic nitrogenous plant 
products and have been known to possess analgesic, antispasmodic, and 

TABLE 2.10 (Continued)
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bactericidal functions [4]. Flavonoids are a large family of hydroxylated 
polyphenolic compounds and have been associated with anti-inflammatory, 
antitumor, antivirus, antibacterial, and antioxidant activities [83].

GC-MS and FT-IR are sophisticated techniques used in the determina-
tion and characterization of bioactive compounds residents in plants [55]. 
Some of the bioactive compounds identified in the methanolic leaf extracts 
of A. conyzoides, C. odorata, and F. exasperate possess many biological 
properties (Table 2.10) [25]. Eighteen (18) bioactive compounds, including 
some of those recorded in this study, have been reported in A. conyzoides 
[36]. The FT-IR spectral analysis is an exquisite technique for the determi-
nation of the functional groups presents in medicinal plants [10].

The identified functional groups in these three plants were: disulfides, 
bromoalkanes, alcohols, phenols, meta substituted benzenes, aromatics, 
trisubstituted alkenes, vinyl group, aliphatic amines, bonded phosphorus 
oxide, aromatic nitro compounds, alkanes, alkynes, aromatic organophos-
phorus compounds, arenes, saturated aldehydes and terminal alkynes, 
fluoroalkanes, aromatic ethers, primary amines and amides, amides, 
ketones, aldehydes, and carboxylic acids derivatives. These groups may 
be responsible for various pharmacological activities of the plants consid-
ered in this study.

2.6 SUMMARY

The current study was aimed at determining and characterizing the different 
bioactive compounds with their functional groups contained in the meth-
anolic leaf extracts of Ageratum conyzoides, Chromolaena odorata, and 
Ficus exasperata using sophisticated detection schemes of GC-MS and 
FT-IR. The preliminary phytochemical analysis revealed the existence of 
alkaloids, anthocyanins, anthraquinones, cardiac glycosides, flavonoids, 
phenols, saponins, steroids, tannins, and terpenes, with alkaloids, flavo-
noids, and steroids evenly distributed in all three plant samples. A total of 
107 bioactive compounds were identified, out of which 20 were from A. 
conyzoides, 69 from C. odorata, and 18 from F. exasperata, respectively.

The major compounds identified in the methanolic leaf extract of A. 
conyzoides include α-Linolenic acid (27.05%), Precolene-1 (11.44%), 
Caryophyllene (10.44%), n-Hexadecanoic acid (9.01%), Squalene(6.98%) 
and Phytol (5.39%).
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The results also revealed that 9, 12, 15-Octadecanoic acid, (Z,Z,Z) 
(11.18%), Calarene (7.64%) and n-Hexadecanoic acid (5.90%) occurred 
abundantly in C. odorata while Geranyl linalool (23.18%), Methyl-
linolelaidate (11.62%), Urs-12-ene-24-oic acid, 3-oxo-, methyl ester, 
(+) (10.32%) and n-Hexadecanoic acid (7.48%) were predominant in F. 
exasperata.

The Venn diagram showing the distribution of the compounds revealed 
that n-Hexadecanoic acid was present in all three samples; squalene 
and α-linolenic acid in A. conyzoides and C. odorata; and phytol in A. 
conyzoides and F. exasperata. The degree of bioaccumulation of phyto-
constituents in the order of C. odorata > Ageratum conyzoides > Ficus 
exasperata.

These biological molecules responsible for their various pharma-
cological activities possess the functional groups, such as: disulfides, 
bromoalkanes, alcohols, phenols, meta-substituted benzenes, aromatics, 
trisubstituted alkenes, vinyl group, aliphatic amines, bonded phosphorus 
oxide, aromatic nitro compounds, alkanes, alkynes, aromatic organophos-
phorus compounds, arenes, saturated aldehydes and terminal alkynes, fluo-
roalkanes, aromatic ethers, primary amines and amides, amides, ketones, 
aldehydes, and carboxylic acids derivatives. These findings conclude that 
the leaf extracts of these three plants and their blends in the right dosage 
are potential pharmacological regiments for ameliorating ailments.
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CHAPTER 3

THE ROLE OF HERBAL MEDICINES IN 
FEMALE GENITAL INFECTIONS

DJADOUNI FATIMA

ABSTRACT

Genital infections are severe public health problems worldwide, and infect 
100 million women yearly at different ages. The most common infectious 
diseases of the female are vulvovaginal candidiasis, bacterial vaginosis, 
trichomoniasis, viral, and parasitic protozoan infections. Many vaginosis 
treatments are being used by doctors. The treatment protocol varies from 
the use of synthetic antibiotics to probiotics, the antimicrobial agents, and 
the antiseptics. The interest in phytopharmaceutical and herbal medicines 
has been a pattern in recent years, and this approach might be valuable as 
a reason for developing new control of these infectious diseases. There-
fore, this chapter explores available information about vaginal infec-
tions and treatment with antibiotics, natural antimicrobials, plant-derived 
compounds, and health benefits.

3.1 INTRODUCTION

Many human diseases are due to the action of pathogens that develop 
within a tissue or organ [53]. These germs are of bacterial, viral, mycotic, 
or protozoan origin, which causes infections or infectious diseases. 
Among these infections, transmissible genetic infections are public health 
problems because of the complications, such as: sterility, extrauterine 
pregnancy, cancer of the cervix, and congenital infections. Treponema 
pallidum (syphilis), Neisseria gonorrhea, Chlamydia trachomatis, Tricho-
monas vaginalis, Candida albicans, scarbies, and herpes simplex are most 
widespread pathogenic germs [50, 51, 100].
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Vaginal infections are a common phenomenon among women of all 
ages and associated with serious health complications. It may also cause 
fatal cancerous diseases. Genital infections usually come from outside of 
the body, usually vagina. Therefore, most of these infections are secondary 
to diseases transmitted through sexual intercourse. However, other infec-
tions sometimes come from the body itself, such as vaginal mycosis [53].

These are generally more or less colored (dirty to brown) and abundant 
losses, sometimes with itching, foul odors, lower abdominal pain, burning 
in urination, painful intercourse, and fever or chills can accompany all this. 
If the infection is not treated, it can continue to the cervix (cervicitis) and 
then to the uterine cavity (endometritis) and finally to the fallopian tubes 
(salpingitis). Vaginitis and cervicitis are frequent infections that do not pose 
problems if properly managed. Rare endometritis is more serious. The most 
feared, by far, is salpingitis because it is diagnosed too late, poorly treated, 
or recurrent (repeated salpingitis); and may lead to permanent sterility and 
peritonitis. The most common types of vaginitis infections are bacterial 
vaginosis, fungal infections (Candida), chlamydia, gonorrhea, trichomo-
niasis, and viral vaginitis [24, 31, 34, 44, 53, 57, 70, 87]. There are several 
reasons that lead to vaginal secretions [7, 15, 53, 90].

Importantly, lactobacilli play an important role in maintaining the 
health condition of the female genital tract while preventing genitourinary 
infections [6, 53, 70].

There are major causes leading to vaginal discharge with itching, such 
as: Tr. vaginalis [20], C. albicans, N. gonorrhea [53, 97, 98], candidiasis 
[45, 73], postmenopausal vaginitis, secondary infection of the wound, 
scratch or tumor in any part of the lower genital canal and general itching 
in all parts of the body [46, 97]. There is also vaginal itching without 
discharge [26, 34, 35]. Other types of vaginal infections are: Chlamydia 
trachomatis [15, 17, 56], Haemophilus ducreyi [14], and scabies [35].

This chapter explores available information about vaginal infections 
and treatment options with antibiotics, natural antimicrobials, plant-derived 
compounds, and health benefits.

3.2 TREATMENT OF VAGINAL INFECTIONS

Proper management of the infections requires a care file history, physical 
examination, and laboratory assessment to diagnose the pathogen. Therapy 
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is specific for the causal agent; hence, it is essential that a specific diag-
nosis is obtained before therapy is initiated. Therefore in past few years, 
studies of antibacterial vaginosis include: biofilm disruptor candidates, 
such as antibiotics [11, 32, 35, 53], DNAse, retrocyclins, probiotics, and 
prebiotics [13, 27, 65, 53, 71], antiseptics, and hygiene [40, 53, 93, 140], 
natural antimicrobials [4, 33, 53, 73, 84], and plant-derived compounds 
[10, 11, 16, 53]. Table 3.1 indicates antibiotics therapy for the treatment of 
vaginal infections.

3.3 HERBAL MEDICINES FOR VAGINAL INFECTIONS

For centuries, medicinal plants or "complementary medicine" have been 
used for their therapeutic properties and lower side effects to treat various 
diseases. Plants are the best sources of a wide variety of secondary metab-
olites, which have antimicrobial properties against several infectious 
agents [5, 39, 53]. Antibiotics are effective in treating illnesses caused by 
microbial infections. However, like all drugs, they also have unwanted 
side effects such as antimicrobial resistance.

Herbal drugs can be used in combination with antibiotics with enhanced 
activity against bacterial infections [10, 16, 49, 80].

3.3.1 GARLIC

Garlic (Allium sativum L.) is a widely used the herb as a food item, spice, and 
medicine and is considered as a rich resource of ingredients with antimicrobial 
properties. Clinical indications of garlic include: hemorrhoids, rheumatism, 
dermatitis, abdominal pain, loss of appetite, and loss of weight [47].

Method to treat vaginitis consists of: a teaspoon of garlic juice added 
to about four tablespoons of yogurt and then used as a douche of vagina 
twice a day until the disappearance of inflammation [53, 18].

The second method is to peel one of the garlic cloves, and lobe is 
placed in the region suffering from vaginal discharge before sleep and get 
rid of it when waking, taking care not to leave for a long time so as not to 
cause any kind of negative side effects of the vaginal membrane. Ingesting 
garlic capsules is an alternative method to cure and prevent a bacterial 
vaginosis infection [83].
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3.3.2 CARDAMOM

Cardamom (Cardamomum elettaria) is an herbaceous plant. The seeds 
contain a double amount of oil as the Australian tea tree and terpinene-4-01 
compound that has an antibacterial and antifungal effect. It also has a very 
attractive and wonderful smell [30, 81]. Vaginal creams and preparations 
containing a large quantity of this compound are quite effective against C. 
albicans. Mix 3 drops of cardamom oil with a large tablespoon of milk and 
then dips a small piece of clean gauze into a small thread in this oil and 
uses it as a vaginal plug every night for 6 nights [83].

3.3.3 GOLDENSEAL

The Goldenseal (Hydrastis canadensis L.; yellow puccoon or orangeroot) 
has long being used for the treatment of infections and demonstrated anti-
microbial, anti-inflammatory, and anti-carcinogenic properties [24, 42]. 
Goldenseal is used as vaginal suppositories for Candida infections, 
Trichomonas, and Gardnerella; or a teaspoon of fresh roots and rhizomes 
are put in a cup of boiled water that is drunk twice a day until the infection 
has gone away, or consume 1, 000 mg of goldenseal twice a day [52, 83].

3.3.4 LAVENDER

Lavandula officinalis essential oil is a sedative, carminative, anti-depressive, 
and anti-inflammatory properties, in addition to its recognized antimicrobial 
effects [8, 86, 68]. Method of use for vaginal douche: Five drops of lavender 
oil are diluted in one liter of warm water, or two teaspoons of dried lavender 
are boiled in one liter of water for three minutes and are left until it becomes 
warm. This is used to wash twice a day until the inflammation disappears. 
Or, some drops of oil are mixed with yogurt and applied topically to the 
vaginal area. Note: The use of vaginal douche is not continued in the case 
of treatment, because the use of vaginal douche heavily affects the vagina.

3.3.5 YELLOW DOCK

Rumex crispus contains many bioactive compounds (emodin, chrysoph-
anol, physcion, rutin, stilbenes, and rumexoids), and is used for therapeutic 
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medicine for antimicrobial, antioxidant, anti-inflammatory, anti-fertility, 
and anti-viral activities [55, 89].

• Method of Use: One teaspoon of yellow dock root powder is added 
into a cup of boiled water and is soaked for 10 minutes; the tea is 
drunk once a day for a week. This preparation is used even as a 
disinfectant and detoxifier [83].

3.3.6 APPLE CIDER

Apple cider is mostly used in the treatment of different diseases for 
their anti-infective properties [19, 39]. Ascorbic acid, acetic acid, and 
polyphenols compounds are a key source of natural antioxidants and 
antimicrobials agents, since they serve as a natural defense mechanism 
against microbial infections.

• Method of Use: Apple cider vinegar is used as a vaginal bath or 
shower (douching) to treat bacterial vaginosis. Three cups of apple 
cider vinegar are added to the hot water bath, and then the woman 
stays in the bath for at least 20 minutes and cleanses the vaginal 
canal with this solution once per day until the infection is cleared. 
For drinking, mix a teaspoon of unfiltered apple cider into a glass 
of water and drink once or twice a day to prevent infections [83].

3.3.7 MARSH MALLOW

Althaea officinalis is a source of photochemicals with varying biological 
activities and is used for antimicrobial activity against germs respon-
sible for genital infections. This plant contains a variety of bioflavonoids, 
vitamins, antioxidants, carvacrol, 2-pentadecanone, dodecanoic acid, 
n-tetradecanoic acid, n-tetradecanol, n-nonanoic acid, thymol, and methyl 
hexadecanoate [39, 49].

• Method of Use: Leaves are cut and then immersed in an appropriate 
amount of water and placed on the fire to boil and then cooled and 
filtered and then is used in the form of a shower vaginal or normal 
lotion and used two to three times a day [83].
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3.3.8 HYSSOP

Hyssopus officinalis has volatile oil, fat, sugar, choline, iodine, tannins, 
carotene, and xanthophylls. The tops of flower contain ursolic acid and 
a glucoside diosmin, which produces rhamnose and glucose. Its essential 
oil has been used as therapeutic agents and possesses properties, including 
anti-inflammatory, antiviral, antitumor, cytotoxic, antimycosis, and anti-
microbial activities [41].

• Method of Use: We use flower heads, leaves, the essential oil of 
the flowering plant and sometimes the roots. It is used as an herbal 
tea by the addition of 10 g or 1 teaspoon of flowering tops or dried 
flowers in one liter of boiling water; let infuse ten minutes and 
drink 2 or 3 cups a day; or is used as bath or a vaginal douche to 
soothe the irritation of the vagina and eliminate infections; infuse 
two tablespoons of hyssop into 200 ml of boiling water, then filter 
and apply to the irritated areas during morning and evening [83].

3.3.9 THYME

Thymus vulgaris is highly recommended due to the therapeutic properties of 
its essential oils (thymol and carvacrol) that have antimicrobial activity against 
many pathogens. All parts of plants are used as medicine and in foods [25, 60].

• Method of Use: 1–2 g dried thyme is infused in 150 ml hot water 
90°C for ten minutes, and one cup is taken each night and rinse the 
vagina with the filtered and cooled thyme infusion for three times a 
day. One can also dilute a few drops of liquid extract in water and use 
it as a vaginal douche for 15 minutes in the evening before sleeping. 
The second method consists to reduce vaginal yeast infection by 
rinsing the vagina with a mixture of one teaspoon of sea salt, 5 drops 
of lavender essential oil and 5 drops of thyme essential oil [94].

3.3.10 MARJORAM

The herb is used as a spice in many types of foods, and its leaves, flowers, 
and essential oils are used as medicine. It contains many compounds with 
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a wide range of biological activities such as flavonoids, triterpenes, and 
cafeic acid derivatives [61].

• Method of Use: The marjoram herb is used for local functions in 
a disinfecting, anti-inflammatory, anti-septic way and tightens the 
mucous membrane in a delicate way. It is used as a vaginal steaming 
or douching, tea, and suppositories [83].

3.3.11 ROSEMARY

Rosmarinus officinalis L. is known for its wide use as an herb, medicine, 
and cosmetics. The major bioactive components of rosemary are essen-
tial oil and polyphenols, which exhibit high antimicrobial activity against 
harmful microorganisms [95]. It also possesses several therapeutic effects, 
including anticancer, anti-inflammatory, and antioxidant properties [19].

• Method of Use: A teaspoon of rosemary and a teaspoon of fennel 
seeds are infused for 15 minutes in hot water, and two cups are 
drunk daily after eating for 30 days. Rosemary is also prepared as 
a tea and drunk after lunch and dinner for 30 days. One can make 
rosemary tea with fresh or dried rosemary [83].

3.3.12 FENNEL

Foeniculum vulgare adequately controls various infectious disorders of 
bacterial, fungal, viral, mycobacterium, and protozoal beginning [21, 75]. 
Fennel is used in combination with rosemary to treat vaginosis infections 
and other plants as Ribulus terrestris, Myrtus commuis, and Tamarindus 
indica [75, 83].

3.3.13 CHAMOMILE

Matricaria chamomilla L. is an ancient herb, rich in many antimicrobial, 
antioxidants, antiviral, antidiabetic, antiseptic, and anti-inflammatory 
bioactive substances with aromatics, therapeutics, cosmetics, and pharma-
cological properties.
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• Method of Use: The vagina is washed with chamomile tea three to 
four times a day until the infection disappears [9, 83].

3.3.14 PARSLEY

Petroselinum crispum plant is widely used for its health benefits and 
medicinal properties. Parsley seeds are extensively used as a spice and 
herbal medicine due to high contents of essential oil with antimicrobial 
and antioxidant effects [19, 37, 49].

• Method of Use: 10 g parsley seeds are boiled in one liter of water 
and then using for vaginal douching three times a day until the 
infection disappears [83].

3.3.15 WALNUTS

Juglans regia is characterized by its high nutritional value and human 
health benefits. Essential oils, flavonoids, tocopherols, and polyphenol 
compounds showed numerous biological activities as nutritional, antioxi-
dant, antibacterial, antifungal, and anticancer, which make this plant indis-
pensable for medicinal and pharmaceutical applications [2, 34, 49].

• Method of Use: 110 g of walnut seeds are added to 1 liter of water 
and boiled for 15 minutes, then filtered and is used as a tea two 
times daily [83].

3.3.16 EUCALYPTUS

Bioactive compounds in Eucalyptus camaldulensis are sterol, triterpenoids, 
saponins, flavonoids, and phenols. Eucalyptus essential oil has potent 
medicinal benefits: it is a natural antiseptic with antifungal, antiviral, anti-
cancer, anti-inflammatory and antibacterial properties making it highly 
effective in treating various diseases and improves health [92, 77].

• Method of Use: Add about 3–4 tablespoons of fresh eucalyptus 
leaves (eucalyptus essential oil can be used instead of fresh 
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eucalyptus) to one liter of water and boiled for ten minutes, then 
filtered and is used as warm bath once a day and repeated use until 
the infection disappears [83].

3.3.17 ROSE PLANT

Rose plant is known for its sweet smell and beauty, and generally is used 
as a decoration in household and public gardens. The petals, stems, leaves, 
and roots of a rose plant contain many metabolites and nutrients [85]. 
Extracts from different parts of rose plants show substantial anti-bacterial, 
anti-fungal, and high antioxidant properties [36].

• Method of Use: 1 to 2 cups of fresh, pesticide-free rose petals are 
added to 3 cups of boiled water and left for 15 minutes then filtered 
and are drunk 2 to 3 times a day after meals for 30 days [83].

3.3.18 FENUGREEK

Trigonellafoenum-graecum is exceptionally nutritious. The plant contains a 
variety of bioactive components including flavonoid, alkaloid, polyphenol, 
galactomannan, diosgenin, and 4-hydroxy isoleucine. In addition, fenu-
greek possesses gastroprotective, antimicrobial, antioxidant, anticancer, 
lactation aid, immunomodulatory, and anti-diabetic effects [3, 48, 64, 83].

• Method of Use: It is infused by 2 tablespoons of fenugreek in a cup 
of water overnight and drink the water on an empty stomach. The 
second technique is to crush 2 tablespoons of fenugreek side to blend 
into yogurt and eat twice every day to dispense with side effects of 
bacterial vaginosis. For fenugreek tea, soak1 tablespoon of fenugreek 
in some heated water, and filtered to expel all seeds and drink this 
solution at 2–3 times each day to get the best outcome [83].

3.3.19 TEA TREE

Medical advantages of tea (Melaleuca alternifolia) utilization include anti-
oxidant properties, anticancer activities, reduction risk of cardiovascular 
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diseases, treat respiratory diseases, corrects skin disorder, anti-diabetic, 
gives a lift to resistance, treats joint pain, and burns fat [54, 66, 82].

• Method of Use: The tea tree oil can clear the infection quickly 
without causing any unwanted side effects. As an added value, it 
puts off a minty aroma that will overwhelm any foul smell that may 
originate from the contamination.

• Run Steaming Shower: Include10–12 drops of tea tree oil, and 
splash for up to 30 minutes, coat a tampon in coconut oil or a 
protected ointment before adding a couple of drops to the outside 
if one lean toward this strategy, and move like clockwork, yet 
evacuate instantly and don't rehash on the off chance that one may 
encounter any burning or stinging [83].

3.3.20 ARTEMISIA

Artemisia herba-alba is used as antihelminthic and antimalaria in solu-
tion. Artemisia herba-alba has been known for its helpful and restorative/
biomedical properties. Artemisia species are utilized for the treatment 
of hepatitis, cancer, inflammation, and infections by fungi, bacteria, and 
viruses. Besides, a few types of Artemisia are utilized as a part of society's 
medication [1, 2, 12].

• Technique to Utilize: One liter of boiling water is poured onto 
5 g dried leaves (substantial tablespoonful, free, or teaspoon if 
squashed to a powder) of Artemisia annua. It is permitted to mix 
for 10 to 15 minutes, and afterward poured through a strainer. This 
tea is then smashed in four segments over the span of the day. The 
time of treatment is about 5 and 7 days. It is additionally utilized for 
vagina douching and steaming [19, 83].

3.3.21 LEMON VERBENA

Aloysia triphylla has a lemon-like aroma discharged from its leaves and 
is used as natural tea, which has antispasmodic, antipyretic, calming, 
stomach related action, antimicrobial, and cancer prevention agent prop-
erties. This plant has a long history of people to treat asthma, fits, icy, 
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fever, tooting, colic, loose bowels, heartburn, a sleeping disorder, and 
uneasiness [4, 28, 31, 72].

• Technique to Utilize: Make a hot tea by adding 1/4 cup of leaves 
in hot water, soak, and appreciate. Consider including mint for a 
genuine treat; Use it for vagina douching in the case of inflamma-
tion [19, 83].

3.3.22 WHITE HOREHOUND

Marrubium vulgare L. is most commonly used as fungicide, bacteriostatics, 
antioxidant, and antimicrobial agents. The plant is reported to possess hypo-
glycemic, antibacterial, antidiabetic, gastroprotective activity, and anti-
odematogenic activities. Bioactivities of Marrubium vulgare are attributed 
to an array of diterpenoids, sterols, marrubenol, flavonoids, and phenyl-
propanoids. Antioxidant, anticoagulant, antiplatelet, and anti-inflammatory 
effects have been attributed to the presence of marrubium [38, 43, 58].

• Method of Use: White horehound is used for vaginal steaming 
once a day for 10 minutes before sleeping for 10 consecutive days 
[19, 83].

3.3.23 OTHERS HERBAL MEDICINAL PLANTS USED FOR 
TREATMENT OF VAGINAL INFECTIONS

Many plant species are available for the treatment of vaginal infections 
such as [53, 59, 83]:

• Bridelia cathartica subsp cathartica;
• Bryophyllum pinnatum;
• Cladostemon kirkii;
• Clematis brachiata;
• Euphorbia hypericifolia;
• Erianthemum dregei;
• Euphorbia hypericifolia;
• Hypoxis hemerocallidia;
• Ipomoea batatas;
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• Krauseola mosambicina;
• Mimusops caffra;
• Opuntia stricta;
• Origanum vulgare;
• Pyrenacantha kaurabassana;
• Ranunculus multifidus;
• Sarcophyte sanguinea subsp. sanguinea;
• Senecio serratuloides.

3.4 SUMMARY

Medicinal plants are notable for their capacities to advance injury 
mending and avert disease without grave reactions compared to synthetic 
drug treatments. Thus, herbal therapy may be an alternative strategy for 
the treatment of diseases. This chapter includes herb plants to avoid the 
adverse effects of vaginal infections and diseases.
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CHAPTER 4

FROM DESIGNER FOOD 
FORMULATION TO OXIDATIVE 
STRESS MITIGATION:  
HEALTH-BOOSTING CONSTITUENTS 
OF CABBAGE

FAIZA ASHFAQ, MASOOD SADIQ BUTT, AHMAD BILAL,  
KANZA AZIZ AWAN, and HAFIZ ANSAR RASUL SULERIA

ABSTRACT

Currently, the oxidant-antioxidant status of the junk food seekers is facing 
an imbalance in such a way that free radicals are dominating, ultimately 
exhausting the endogenous stores of free radical trapping agents. This 
condition is further aggravated by the sedentary life-style, thus compromising 
various body organs leading to non-alcoholic fatty liver disease, heart 
complications, kidney dysfunctions, etc. The prevailing epidemiological 
shift has caused switching to functional or designer foods that not only 
enhance endogenous antioxidant status but also fight against ailments of 
a contemporary lifestyle. In this regard, cabbage owing to its rich nutritive 
value and phytochemistry based on phenolic acids and flavonoids along 
with hypocaloric nature and economic accessibility is positively linked to 
heart, liver, and kidney health. Furthermore, such vegetables possess high 
nutritive value in terms of minerals and antioxidant vitamins. Resultantly, 
sulfur-containing ingredients in cabbage are negatively associated with 
oncogenic events. However, cabbage juice is considered as a remedy against 
gastric ulcer. Besides, the health-boosting ingredients are related to anti-
inflammation and anti-oxidative stress activities.
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4.1 INTRODUCTION

Designer or functional foods refer to normal or processed foods that 
confer additional health benefits beyond complementary nutrition. These 
foods are enriched with a plethora of health-boosting moieties via the 
nutrification process as part of a regular diet. In China, 3000 varieties 
of designer foods are currently available as therapeutic foods. Recent 
research on nutraceuticals has captured the attention of the scientific 
community in designer foods like broccoli containing isothiocyanates, eggs 
enriched with Ω-3 fatty acids, grains fortified with minerals and vitamins, 
drinking yogurt containing probiotics, foods enriched with phytosterols 
or essential amino acids, etc. From a health standpoint, designer foods 
address adjunctive therapeutic benefits under various physiological and 
pathological conditions. Beyond nutritional enhancement, these foods can 
improve health in addition to a reduction in disease severity [79, 131].

Large population survey in China has inversely associated the sufficient 
intake of vegetables and legumes with diseases owing to the presence of 
biologically active ingredients including dietary fiber, phytoceutics, and 
minerals that aid in preventing uncontrolled free radical mechanisms [12, 
63, 67]. Amongst various vegetables, brassica vegetables (such as broccoli, 
cabbage, cauliflower, and Brussels sprouts) contribute positively towards 
human nutrition and health perspectives [14, 109, 149].

Cabbage (Brassica oleracea L.) has abundant proportions of minerals, 
vitamins, fiber, and nutraceuticals [4, 12]. The most familiar varieties of 
cabbage include red/purple, green, Chinese, and Savoy [76]. The antioxidant 
capacity of the cabbage head is strongly influenced by genome, geographical 
locations and environment [3, 43, 53].

It has been reported that red cabbage possesses maximum amounts of 
anthocyanins; compared to that in black carrot, blackcurrant, grape skin, 
and elderberry [16, 44]. Anthocyanins are potent antioxidants and their 
effective dose in the regular diet may reduce various chronic ailments 
[43]. Besides anthocyanins, cabbage also possesses flavonoids, ascorbic 
acid, lutein, zeaxanthin, isothiocyanates, hydroxycinnamic residues, 
β-carotenes, etc. [5, 12, 76].

Commonly, cruciferous vegetables are consumed as salad [5]. Previous 
reports have confirmed positive health attributes of cabbage as salads, 
juiced or steamed. The ascorbic acid in cabbage juice and polysaccharides 
in cabbage leaves has been negatively associated with the management of 
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heart diseases, hypertension, and immunity disorders [124]. Furthermore, 
the cardioprotective effect of brassica plants is related to ascorbate, 
α-tocopherol, and carotenoids [149]. In Arabic folkloric practices, cabbage 
juice is considered effective to protect against hyperlipidemia, obesity, 
stomach ulcer, liver cirrhosis, obstructive jaundice, hepatitis, renal stress, and 
tachycardia. The cabbage juice possesses agents involved in detoxification 
mechanisms, therefore ameliorative against hepatic stress [5]. Recently, 
the phenolic compounds of cabbage have gained immense attention to 
limit LDL oxidation, i.e., a major determinant of atherosclerotic events and 
possess higher reducing power as compared to vitamin C [67].

In restaurants or at the domestic level, vegetables are normally processed 
considering the taste regardless of nutritional value and antioxidant 
potential. In this context, scientists have developed broccoli based – bars 
and apple juice-enriched with red cabbage extract [19, 128]. The lower 
eating preference for veganism despite health and cost-effective relevance 
has attracted the attention of food researchers to focus on the concept of 
designer vegetable supplemented meat products to counterbalance the 
negative aspects associated with overconsumption of conventional meat-
based products. Generally, consumers presumed unprocessed foods relatively 
healthier than processed. The positive aspects of processed foods are linked 
with shelf-life extension or activation of some health-boosting compounds 
[19]. Furthermore, the scientific fraternity seems curious in searching for 
novel natural antioxidants to replace synthetic constituents [81, 91].

Advancement in food technology has overcome the challenge of food 
wastage on the one hand but increased the access to empty caloric products 
on the other side. The rising reliance on fast foods hydrogenated edible 
oil and sugar-rich foods have begun to dominate the globe, ultimately 
shifting the dietary pattern towards metabolic disorders [123, 147]. In an 
elaborate manner, consumption of junk food may lead to the augmented 
generation of reactive oxygen species/metabolites (ROS/ROM) [28]. One 
of these radicals is superoxide anion that scavenges nitric oxide (NO) 
leading to atherosclerosis and cardiac stress [53]. Furthermore, the hyper-
caloric diet suppresses superoxide dismutase (SOD) and catalase (CAT): 
sensitive enzymatic antioxidants involved in the detoxification of free 
radicals (superoxide anion and hydrogen peroxide) and lipid peroxides to 
non-toxic metabolites. Moreover, it decreases non-enzymatic glutathione 
(GSH), reactive non-protein thiol; ultimately up-regulating lipid peroxida-
tion associated oxidative stress [23, 67].
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High lipid load in hepatocytes and cardiomyocytes is the prime factor 
for the induction of hepatotoxicity and cardiotoxicity, respectively [67, 
139]. Globally, cardiovascular incidents are considered as the primary 
cause of mortality [76]. On the other side, liver is a primary organ that is 
involved in detoxification of toxic exogenous and endogenous substances 
into less toxic components for excretion. Due to its involvement in the 
detoxification mechanisms, it is at the highest risk of being affected by 
free radicals [102]. The multiple problems associated with the liver are on 
the rise, and non-alcoholic fatty liver diseases have covered up to 3–30% 
of the globe. Besides, heart ailments have been faced by 27–48% of the 
Asian Pacific and 40–58% of the western populations. Furthermore, the 
death rate associated with chronic kidney ailments has reached up to 1.5% 
of the total, worldwide [77, 130, 167]. Hence, the scientific fraternity is 
showing keen interest for the preparation of hepato-, cardio-, and renal-
protective agents from plant extract with minimal side-effects due to their 
similar mode of action as that of synthetic medicines [146, 166].

In this context, the application of polyphenols in the preparation of 
designer foods has become the center of focus to improve the quality of life 
by neutralizing the deleterious effects of dietary fat [5, 67]. These healthy 
dietary interventions provide sufficient amounts of exogenous antioxidants 
that not only strengthen the endogenous antioxidants but also improve the 
overall health and natural defense against numerous ailments including 
diabetes, obesity, cardiovascular disorders, insulin resistance, etc. [14, 53].

The objectives of this chapter are:

• Consider consumer attitude in adopting functional/designer foods 
in their routine menu.

• Compare phytochemistry of green and red cabbage.
• Evaluate the health perspectives of cabbage as designer food with 

special emphasis to its inclusion in meat-based products.
• Bioefficacy assessment of cabbage against high cholesterol diet 

mediated oxidative stress.

4.2 CONSUMER PERCEPTION FOR FUNCTIONAL/DESIGNER 
FOODS

The increasing demand for functional/designer foods is due to the esca-
lating health care cost and desire of older people for optimum life quality. 
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The increase in consumer awareness and focus of health care profes-
sionals towards fruits and vegetables for obtaining bioactive ingredients 
and antioxidant minerals has raised the trend of functional ingredients in 
the market. Moreover, the scientific discoveries are attracting the interest 
of food consumers for the attainment of balanced calorific content in 
addition to health and nutritional values hence booming the concept of 
functional/designer foods [24, 40]. The market for these foods is growing, 
and as innovative products are launching continuously, the competition 
is becoming more intense. In this regard, incorporation of healthy ingre-
dients in non-healthy versions is considered more justified rather than 
the enrichment of those products, i.e., normally perceived healthy per se. 
The positive response is achieved when enrichment is done with such a 
functional ingredient, i.e., inherent to the product. Furthermore, consumer 
willingness to try or like the new product depends on basic ingredient and 
carrier compatibility for that moiety [8].

4.2.1 HEALTH-CONSCIOUS CONSUMERS

There are two groups of consumers who are taking health seriously:

1. Health Active: Those believing in good health when they grow 
older and concerned about family nutrition. As a response, they 
consume plenty of fruits and vegetables; take medication only if 
necessary, and exercise twice a week.

2. Health Aware: Over age 18, persons are considering health as 
the former group but do not exercise regularly. Additionally, these 
groups underscore their desire for nutraceuticals or active ingre-
dients from natural plants despite extracted moieties or laboratory 
sourced synthetic substitutes [33].

4.2.2 BUYERS OF FUNCTIONAL/DESIGNER FOODS

In the selection of functional foods, women, and middle-aged or older 
people (45 to 55 years) tend to be more health-oriented as compared to 
young persons. Multivariate analyses have emphasized that women are 
more concerned to health due to their heightened responsibility being 
the dominant role in food purchasing and cooking. Likewise, the reason 
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behind why healthy food is attracting middle-aged or older people is due 
to their appearing disease symptoms or high purchasing potential like in 
the US. Moreover, claims that emphasize on improved performance are 
of the highest interest among men, especially breakfast cereals; however, 
claims on labels like constipation prevention and low caloric content are 
more attracted by the female. On the other hand, youngsters (18 to 34 
years) prefer high energy claims. Moreover, consumer’s food choice is 
changing; they are more likely to accept food, i.e., well known to them than 
experimenting with something new. In this context, ingredients with well-
acknowledged health perspectives such as vitamin C, n-3, Fe, and Ca are 
gaining preference over practically unknown moieties such as selenium, 
xylitol, probiotics, oligosaccharides, and phytoestrogens. Few consumers 
are willing to accept functional food, i.e., inferior in taste this is because 
the public always evaluates a functional food first as food and its functional 
attributes could not outweigh its sensory perspectives [22, 24, 25].

4.2.3 FUNCTIONAL/DESIGNER FOODS: CONSUMER SURVEY

In a survey among Irish consumers, 90% of the individuals of the age group 
35 to 44 responded that they are well aware of the concept of functional 
foods. Additionally, it was surveyed that while purchasing a functional 
food, around 47% of the consumers look at health claims, whereas 89% 
of the individuals look for an expiry date and 72% for price followed by 
a list of ingredients. Price and cooking instructions were more attracted 
by men or the age group 18 to 24 years while 70% female and older were 
more interested in nutritional information, ingredient list, and manufacture 
name and origin. Furthermore, 63% of the consumers were interested in 
purchasing functional drinks over pills, and those interested in pills were 
mostly male. However, 69% of the consumers were willing to pay a 
high cost for functional/designer foods, whereas many others believe to 
consume fruits and vegetables over functional/designer foods [25].

4.2.4 HEALTH RELATED LEGISLATIVE CLAIMS AND 
CONSUMER RESPONSE

For the legislative purposes, there are two physiologically oriented food 
claims; (1) enhanced function: focus on health promotion, for instance, 
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cognitive performance (2) reduced disease risk: focus on prevention 
of specific disease or associated complication, e.g., cardiac ailments. 
Amongst these claims, enhanced functional claims evoke a positive signal 
in the memory thus lucrative to consumers. Likewise, for the food industry, 
the enhanced functional health claims have a more persuasive impact 
due to their promotional focus. On the other hand, disease risk reduction 
claims activate negative perception to the masses. However, consumers 
consider specifically designed foods more appealing to confront an illness 
if it already exists. In fact, these claims provide an opportunity to the 
customers, either to fight the disease they are already victimized or to 
prevent its aggravating complications [135, 150, 157].

Nowadays, consumers are reducing fat, sodium, and cholesterol in 
their diets, along with the adoption of regular exercise for optimal fitness. 
They are discouraging the concept of extreme diet practices and replacing 
it with a balanced and healthy lifestyle. They are more inclined to positive 
health messages like calcium to build strong bones in contrast to negative 
notions like calcium prevent osteoporosis. Previous surveys have shown 
that the majority of the USA adults are unaware of functional/designer 
foods, whereas 95% of them believe in diet-health linkages such as oat 
bran to suppress heart diseases and colorectal cancer, milk to down-regu-
late osteoporosis and cranberry juice to attenuate urinary tract infections. 
Additionally, 75% of the females and 72% of the males believe in the 
negative association between fat and heart ailments [25].

4.3 FUNCTIONAL/DESIGNER FOODS

4.3.1 HISTORICAL PERSPECTIVE

Now, consumers know that eating right could improve their mental and 
physical well-being automatically promoting life quality and longevity and 
disease-fighting tendency. The functional/designer foods are recognized as 
second after fat-reduced foods. The concept of functional foods originated 
back in Chinese traditional medicine (1000 BC), and then the term was 
initially coined by Japanese in 1985. Afterward, the concept was introduced 
by Paul La Chance, who developed the Tang beverage with Ca-fortification 
in the US (the 1960s). However, the first functional foods in the US and 
Europe were the fortified breakfast cereals and drinks [25].
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4.3.2 CONCEPT AND DEFINITIONS

Despite their contribution to positive health outcomes, the concept of 
functional/designer foods has not yet been emphasized by the food industry. 
As a response, the practical application of these foods is somewhat limited 
in developing countries where nutritional security needs to be fixed first 
by health-related authorities [131]. Functional/designer food is a food 
like conventional food, i.e., consumable on a daily basis and ensures 
health beyond the basic provision of nutrients. In Japan (1991), the health 
ministry has named functional foods as Foods for Specific Health Uses 
(FOSHU). It is not a medicine, but normal food, i.e., modified to serve 
normal physiology or beneficial against modern worries or technology-
related health impacts. Generally, consumers tend to incorporate healthy 
foods in their routines but at the same time find it difficult to change their 
eating patterns. However, they could be convinced by providing detailed 
information regarding ingredients and their health response [10, 22, 27, 40, 
83, 150]. Designer foods are processed, or cooked foods prepared by using 
scientific intelligence with special emphasis of processing on antioxidant 
activity. Furthermore, these foods contain a balance of compositional 
constituents, nutrients, vitamins, and minerals and polyphenols needed 
for healthy survival [30, 114]. According to the European legislation, 
functional food is a concept based on three aspects: (1) optimal wellness 
or health gains and disease prevention for a better life; (2) technological 
process; and (3) nutritional function [24, 25].

Besides, functional food is an ambiguous phrase that has undergone 
revision for several times. There is no legislative or unitary accepted 
definition for this term that could draw a borderline between traditional 
and functional/designer foods. ADA has recommended an eating plan, 
i.e., moderation, wholesome, and healthier; polyphenols rich diet based on 
varied nomenclature including nutraceuticals, functional or designer foods, 
hyper-nutritious or superfoods, pharma-foods, medical or longevity foods. 
Though, there is no official term that exists in US food regulations except 
medical foods, i.e., regulated by FDA [33, 40, 156].

In most of the economies, there are no specific rules for functional/
designer foods nevertheless, under Food and Drugs Act and Regulations, 
food is defined as any article represented for use as food, drink, chewing gum 
or food mixed with ingredients for some purpose [10, 24, 131]. The designer 
foods are called as modified conventional foods that ensure health benefits 
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in contrast to un-modified versions [92]. Unique features of functional food 
include: optimum nutrition, a blend of nutrients and non-nutrients, natural 
routine foods enriched with bioactive molecules or naturally extracted 
components, and removal of toxicants, aiming to maximize physical and 
mental health, improve bioavailability and biokinetics and reduce health 
care cost [24, 58, 68, 107, 134, 135, 145].

4.3.3 NUTRACEUTICALS

Many persons are now turning towards nutraceuticals owing to their role 
in controlling various ailments. The term nutraceutical was coined by 
Stephen Defelice in 1989, derived from two words: nutrition and pharma-
ceutics. It is a component, extracted from food or part of food that ensures 
health enhancement and disease protection. Nutraceutical is defined as 
any pharmacologically active substance or single natural nutrient of food, 
not a drug that promotes health and prevents disease by modulating meta-
bolic functions of the body. Nutraceuticals encompass isolated compo-
nents, dietary supplements, and processed designer foods like beverages, 
soup, etc. Later, the Dietary Supplement Health and Education Act (1994) 
included amino acids, minerals, antioxidant vitamins, and plant extracts 
under the umbrella of nutraceuticals. Initially, nutraceuticals are potential 
nutraceuticals, claiming to have health benefits and transformed to estab-
lished nutraceuticals, if supported by sufficient clinical data to demon-
strate the claimed benefit [11, 30, 58, 114, 134].

4.3.4 MARKETING OF NUTRACEUTICALS

Nutraceuticals are the fast-growing segment of the food industry. Nutrition 
Business Journal (NBJ) has identified US$80 billion markets of nutraceu-
ticals in 1995, escalating 5% per annum [10, 58, 114]. Globally, the market 
of functional foods has reached US$ 33 billion, whereas contribution by 
Europe was only 1% of the whole. In 2000, the market value of FOSHU 
reached US$2 billion, with approvals of 174 FOSHU labels. Most of the 
functional foods in Germany in 2001 were soft drinks, confectionery, 
dairy, bakery items, and baby foods [24, 97]. In 2003, the market value 
of functional foods was around US$11.7 billion in Japan, compared to 
US$10.5 billion in the US [22]. As functional foods are not well defined, 
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so the global market of these products varied from US$ 25 to 250 billion, 
whereas the US market for such products worth US$43 billion with annual 
growth rate 5–10% and Europe contributed US$1.37 billion in 1997 [25]. 
Globally, the food regulatory system varies widely, 600 FOSHU products 
were allowed in Japan (birthplace) in 2006 while only limited products are 
accepted in Canada [10, 24, 58, 68, 150].

4.3.5 OPPORTUNITIES AND CHALLENGES FOR MARKET 
SUCCESS

Scientifically developed functional foods have become feasible, but unable 
to meet market acceptance or success. The functional/designer food concept 
has persuaded people to make healthy food selection and convinced the 
food industries to attain larger profit margins by reformulating the conven-
tional foods by incorporating clinically proven effective dose of functional 
ingredients. In this regard, the functional beverage is considered as the 
most popular and easily formulated functional food besides a complex 
food matrix. Most innovative products failed before reaching to market 
because product development is a difficult and risky process, and it cannot 
be advertised to the public without approving its health claims. In order to 
achieve niche in market place, the road to success need some basic steps 
such as: to identify the common diseases in the targeted area, followed 
by legislative framework to approve a product such as nutrition informa-
tion on labels, checking functional ingredients for their mode of action, 
efficacy, and safety on biological markers, educating consumers regarding 
diet-disease linkages and focusing on consumer perception regarding taste 
and trust on health claims [10, 24, 33, 39, 40, 54, 55, 150, 156].

4.3.6 FUNCTIONAL FOODS: CLASSIFICATION AND 
EXAMPLES

The functional foods are classified as essential macronutrients (resistant 
starch and omega-3 fatty acids), essential micronutrients (minerals and 
antioxidant vitamins), and non-essential nutrients (oligosaccharides 
and phytochemicals). These are involved in growth and development, 
maintenance of body weight, defend against free radicals, resist diseases, 
and maintain lipoprotein profile, intestinal physiology, and psychological 
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functions [10, 83]. Some examples of functional foods include: fortified 
foods containing iodine, vitamin C, E, B9, Zn, Fe, Ca, n–3 fatty acid, sterols, 
soluble fiber, oligosaccharides, probiotics (LAB: lactic acid bacteria), 
soy-proteins, and peptides to medical foods (enteral administration 
under the supervision of a medical doctor to curb specific diseases). The 
functional meat products prepared by reformulating fatty acid profile, the 
addition of antioxidants, dietary fibers and probiotics, etc. open up a new 
horizon for the meat industry [10, 24, 58, 150].

Mainly functional foods have been launched in dairy, confectionery, 
beverage, bakery, and baby food sectors. Normally, the fruit juices are 
fortified using vitamin C, E, B9, Zn, and Ca, infant foods are enriched 
with pro-/pre-biotics, food alteration is done by removing deleterious 
components, incorporation of dietary fiber as fat replacer in meat products 
(intended as weight loss foods), naturally enhanced foods such as eggs 
containing omega-3 fatty acids and hypoallergenic foods such as lactose 
or gluten-free products.

In Japanese and European markets, there is a dominant influence of 
probiotics, especially LAB and bifidobacteria, launching around 370 
products in 2005. The functional/designer foods enriched with soy could 
overcome the protein deficiencies faced by vegetarians, lactose intolerant 
could fulfill nutritional gaps by incorporating Ca-fortified juices in their 
diet, and those who dislike seafood could switch to genetically enriched 
omega-3 eggs. Traditional technology involves formulation/blending 
procedures to develop functional foods, whereas technologically designed 
foods are based on: (1) microencapsulation to extend the shelf life of func-
tional ingredients, and (2) concept of personalized functional food devel-
opment involving the principles of nutrigenomics; the interaction between 
foods and human genome [24, 25].

4.3.7 SUCCESSFULLY MARKETED FUNCTIONAL/DESIGNER 
FOODS

The market for functional food products is divided into four groups: 
enhance performance, self-treatment, lessening disease risk, and preven-
tion of existing disease. The new generation functional foods have arrived 
in the market with the name of cosmetic foods containing collagen and 
vitamin C. In Japan, 70% of the functional food market is comprised 
of drinks while the dominant functional food in the US is sports-drink 
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carrying vitamins, minerals, amino acids, nucleic acids, and electrolytes. 
In this context, energy-boosting functional beverages are called ACE 
vitamin drinks, such as: Red Bull and Lucozade. In Denmark, the active 
food sector for functional food development is dairy especially probiotic to 
cholesterol-lowering yogurt. Moreover, European functional food market 
basically consists of bakery products: bread, biscuits, pasta enriched with 
vitamins such as vitamins C and E, minerals like Ca, cholesterol-lowering 
soluble fiber, e.g., Kellogg’s products that are now upgraded by adding 
bran, called ‘All Bran Plus’ or omega-3 fatty acids [25].

4.4 COMPARISON BETWEEN VEGETABLE AND MEAT-BASED 
FOODS

4.4.1 VEGETABLE-BASED FOODS

Some decades back, man has included processed foods based on high 
fat and simple sugars and reduced the use of naturally existing fruits and 
vegetables. This trend has brought negative outcomes in terms of metabolic 
syndromes [42]. Some believe that it does not make much difference what 
we eat until we eat in moderation, hence we are advised to eat less at a 
time and think about serving size. Vegetables are considered as natural, 
wholesome, and healthy in terms of dietary fiber, phytochemicals, and 
minerals; hence, it is recommended to consume @ ½ kg/day [63, 107]. 
The WHO estimates that worldwide consumption of fruits and vegetables 
is only 20 to 50% of the recommended daily minimum amount of 400 g per 
person [133]. Most often, isolated nutraceuticals derived from fruits and 
vegetables were assessed against disease but ingesting isolated moieties 
will not have a similar response as that of eating a whole plant matrix [42].

Vegetables are conferred with the status of functional foods, and 
their habitual consumption is capable of delivering health beneficial 
moieties to restore the physiological needs of the body. In vitro studies 
have strongly suggested that foods enriched with polyphenols (flavonoids 
especially anthocyanins and catechins) and antioxidant vitamins (ascorbic 
acid, tocopherol, and β-carotene) possess strong free radical scavenging 
potency thus protecting against various ailments [72, 105]. In Pakistan, 
polyphenols in commonly consumed vegetables have been investigated, 
and results indicated maximum polyphenols in cabbage followed by cauli-
flower, spinach, yellow turnip, white turnip, peas, and carrot [152].
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A minimum of five servings of green and yellow vegetables are 
recommended [144]. The vegetables in relevance to fruits are not that 
pleasant in taste or texture; thus not favorably consumed on a frequent 
basis, but their entrance into the human diet has proved relatively healthy. 
The nutraceutical worth has been acknowledged among vegetables 
(garlic, spinach, onion, cruciferous vegetables, green peppers, toma-
toes, and root vegetables), berries in fruits, walnuts in nuts and spicy 
aromatic plants [21]. Based on 206 human epidemiological analyzes 
and 22 animal trials, the American Dietetic Association have demon-
strated that vegetables including cruciferous, allium, and tomatoes have 
the potential to fight against oncogenesis of the gastrointestinal tract 
[30]. Cruciferous vegetables like cabbage contain isothiocyanates and 
sulforaphane that are responsible to induce phase II enzymes, involved 
in the detoxification of reactive DNA metabolites, thus prevent cancer 
initiation or propagation [102].

A different genus of cabbage (green, red, savory, and Chinese) belongs 
to the same family and contributes positively towards human nutrition and 
health perspectives. Brassica vegetables are processed or cooked using 
different methods or may be eaten as a raw ingredient in different salads 
[120, 149]. These vegetables contribute glucosinolates (GLS) in our diet 
besides the provision of dietary fiber, and vitamin C. Americans were 
reported to consume 3 billion pounds of cabbage in 2001. Around 88% of 
the consumers relied on fresh cabbage, and remaining have adapted taste 
for sauerkraut [37]. It is documented that major antioxidants in cruciferous 
vegetables are hydrophilic in nature while hydrophobic antioxidants are 
responsible for 20% of total antiradical capacity [86]. From a health point 
of view, cabbage is considered for its antioxidant, anticancer, antiplatelet, 
antihyperthyroidism, antihyperglycemic, and antihyperlipidemic effects. 
It can attenuate bronchoconstriction and inflammation. In Arab folkloric 
practices, cabbage juice is recommended against various disorders like 
hyperlipidemia, obesity, stomach ulcer, liver dysfunctions, nephritis, and 
tachycardia [5].

Recently, numerous medicinal reasons such as headaches, diarrhea, 
gout, and peptic ulcer are negatively associated with red/purple cabbage 
being rich in pigmented compounds. According to the findings of 
previous researchers, suppressive effects of red cabbage were measured 
against lipid peroxidation and plasma protein carbonylation induced by 
peroxynitrite [79, 116].
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Besides health, natural antioxidants in vegetables have been reported 
to counterbalance microbes, especially in meat-based products. In this 
context, the use of cabbage powder or extract serves as bio-preservatives 
in food applications [91].

4.4.2 MEAT-BASED FOODS

On the other hand, consumers often recognize meat products as unhealthy, 
unlike dairy products due to high-fat content or cancer stimulating the 
role of red meat. Alongside, the addition of sodium chloride during meat 
processing is responsible to promote hypertension. These views disregard 
the fact that functional meat plays an important role in health maintenance. 
Though, there are some hurdles in designing and marketing functional 
meat products. Therefore, there is an urgent need to make the consumer 
well-aware of the limited scientific information that meat itself contains 
valuable healthy minerals like Fe, vitamins; vitamin B12and B9, bioactive 
compounds (carnosine, anserine, L-carnitine, and conjugated linolenic 
acid), bioactive peptides, antihypertensive peptides and meat protein with 
higher biological value and bioavailability. There are number of routes in 
the development of functional meat such as reduction of cholesterol, fatty 
acids, calories, sodium, and nitrites, the addition of vegetables/fish oil and 
fiber and inclusion of functional ingredients (vegetable or soy proteins, 
antioxidants, and probiotics)[10].

4.5 PHYTOCHEMICALS AND ANTIOXIDANT VITAMINS: 
ANTIOXIDANT ASSAYS

4.5.1 EXTRACTION OF PHYTOCHEMICALS

The plants possess a mixture of hydrophilic and lipophilic constituents 
either in free or bound form, thus binary or multiple solvent systems are 
normally employed rather than single solvent for solubilization of varied 
components. However, for a specific component, a single solvent may 
work effectively [135]. To facilitate the extraction of bioactive compounds, 
there is a need to increase the contact area of the sample with that of solvent 
involving numerous steps (pre-washing, drying or freeze-drying, and size 
reduction). Furthermore, the selection of solvent largely depends on the 
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nature or type of biologically active molecule. The hydrophilic compounds 
are extracted through polar solvents, particularly methanol, ethanol, or 
ethyl-acetate while the lipophilic compounds need non-polar solvents such 
as dichloromethane or hexane [38, 154]. The modern methods including 
microwave-assisted extraction, pressurized-liquid extraction, supercrit-
ical-fluid extraction, etc. are gaining importance in the nutraceutical world 
due to certain advantages such as extraction proficiency and optimiza-
tion, less use of organic solvent, less possibility of sample degradation, no 
supplementary clean-up and concentration stages before characterization 
and safer for clinical trials in the attainment of particular targets [62, 154].

For the laboratory analyzes of plant extracts, solvent extraction is the 
most frequently employed extraction procedure. The pH of the solvent is an 
important factor for extraction purposes. Generally, acidic conditions (using 
weak acid or strong acid of lower concentration) are preferred for higher 
stability and easy extractability of phenolic compounds via organic solvents. 
On the other hand, highly acidic conditions may cause hydrolysis of glyco-
sides or acylglycosides altering the native polyphenols picture [154].

Considering anthocyanins, the glycosylated anthocyanins have better 
extractability via polar solvents [50]. Earlier, Lapornik et al., [84] explored 
that anthocyanins are naturally polar compounds, and their mass transfer 
is related to solvent polarity. They also found that methanol and ethanol 
are equally effective and suitable solvents for the extraction of anthocya-
nins. Earlier researchers found that methanol is better for extraction of 
phenolics and anthocyanins than ethanol while three to four times lower 
extraction efficiency was achieved through water. The higher concentra-
tion of methanol is related to its smaller size, relative to ethanol, thereby 
penetrating deep into plant matrix where ethanol cannot reach. However, 
ethanol residues are considered safe for food-based applications [26, 115].

4.5.2 EXTRACTION OF CABBAGE NUTRACEUTICALS

Hydrophilic antioxidants are major active moieties in cruciferous vegetables 
with a total contribution of nearly 99% [119]. Accordingly, polar solvents are 
considered as a preferable choice for mass transfer of hydrophilic compounds 
[140]. These compounds include pigmented molecules (anthocyanins), 
phenolic acids, vitamin C and GLS, whereas hydrophobic substances include 
carotenoids and vitamin E, or some lipophilic flavonoids; therefore, non-
polar solvents are employed for their extraction [43, 53, 116, 119, 140].
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4.5.3 QUANTIFICATION OF PHYTOCHEMICALS

For quantification, spectrophotometric, and chromatographic techniques are 
commonly employed to achieve valuable information about phenolic acids 
and flavonoids [154]. The crude plant extracts contain various bioactive 
compounds with different polarities that could be detected using different 
techniques including chromatographic (TLC, column chromatography, 
Sephadex chromatography, and HPLC system) and non-chromatographic 
(polyphenol photometric assay and Fourier-transform infrared spectros-
copy (FTIR)) for the determination of structural features and bioactivity. 
Currently, HPLC analysis is gaining popularity due to varying migration 
rates of active molecules in the column and high resolution. Furthermore, 
the extent of separation is based on the choice of mobile and stationary 
phases. Generally, the isocratic system is employed for mass transfer phyto-
chemicals while gradient elution is desirable if more than one moieties are 
under study, varying widely in their retention time under specific condi-
tions. Each molecule possesses a distinctive peak under specific settings. 
Depending on active compound, the chromatographer chooses conditions 
to identify a substance of interest via HPLC system [140].

On the contrary, polyphenols assessment via spectrophotometric method 
is an easy approach to quantify total active molecules in plants extracts. 
However, HPLC is sophisticated equipment and is employed to charac-
terize individual moieties with high resolution even though it is hectic in 
terms of sample preparation and system checks [140, 153].

4.5.4 DIETARY PHYTOCEUTICALS

Antioxidants are considered as the first line of defense against oxidative 
stress in response to free radicals including vitamins C and E, carotenoids, 
phenolic acids, polyphenols, and flavonoids [47, 91]. Dietary phytoceuticals 
are secondary metabolites of plants with >8,000 structural variants and are 
divided into four classes: phenolic acids, flavonoids, stilbenes, and lignans. 
The phenolic acids include hydroxybenzoic acids and hydroxycinnamic 
acid, constituting 1/3rd of total polyphenols. The flavonoid encompasses 
>4,000 different kinds of components. Amongst which anthocyanins are 
the most abundant, glycosylated derivative of anthocyanidins exist in 
colorful plants and anthoxanthins (colorless compounds including flavanols 
like catechins, flavonols (myricetin, fisetin, quercetin, and kaempferol), 
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flavones, isoflavones, flavanones, and their glycosides) comprise of 2/3rd of 
total polyphenols. The health benefits of polyphenols are due to their safe, 
long term administration and defensive role against various degenerative 
diseases associated with redox-mediated tissue damage.

The polyphenols have antioxidant activity due to the presence of 
aromatic rings containing OH moieties or serve as metal scavengers hence 
suppress lipoproteins from oxidation or improve protective HDL levels or 
down-regulate lipid peroxidation ultimately protecting plasma vitamin E. 
Alongside, these moieties may inhibit the activities of hepatic HMG-CoA 
reductase (3-hydroxy-3-methyl-glutaryl-coenzyme A reductase), ACAT 
(Acyl-CoA:cholesterol acyltransferase)and stearoyl-CoA desaturase (key 
enzymes involved in lipid synthesis) or increase fecal cholesterol excre-
tion or up-regulate LDL receptor and genetic expressions of endogenous 
antioxidant enzymes (SOD, CAT, and GPx (glutathione peroxidase)). 
Moreover, they have the potential to activate intracellular defensive 
mechanisms by modulating signal transduction pathways and glutathione 
synthesis [20, 31, 35, 57, 66, 75, 132, 164, 180].

4.5.5 QUANTIFICATION OF CABBAGE PHYTOCHEMICALS

Researchers found that total polyphenols in white, green or common 
cabbage vary from 12.58 to 153.00 mg/100 g F.W., whereas 34.41 to 322.00 
mg/100 g F.W. for red cabbage. Furthermore, the total flavonoids in white 
and red cabbage vary from 13.13 to 18.95 and 9.01 to 141.21 mg/100 g F.W., 
respectively. The higher antioxidant activity of red cabbage is attributed to 
anthocyanin content. Besides, these differences are due to different localities 
like, USA, England, Poland, Germany, and India, variation in extracting 
solvents (methanol, acetone, etc.) and different cultivars and lines of 
cabbages [15, 36, 43, 72, 86–88, 119–122, 125, 148, 149, 161, 171, 173].

4.5.6 ANTHOCYANINS

There are about 600 naturally occurring anthocyanins that vary based 
on the number and position of methoxyl and hydroxyl groups on antho-
cyanidin skeleton, and positions and number at which sugar molecules 
are attached [29, 116]. Anthocyanin is the most ubiquitous flavonoids, or 
pigmented compounds, responsible for red, blue, and purple look; hence 
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is considered as the natural choice of coloring drinks, jams, and jellies 
and confectionery products. Their esterification of sinapic-, ferulic-, and 
p-coumaric acids enhances antioxidant activity; thus, anthocyanins rich 
phenolic mixture has more nutritional value.

Anthocyanins are water-soluble glycosylated and non-acetylated 
compounds that are present abundantly in red cabbage, grapes, berries, 
and apples. However, anthocyanins in red cabbage are basically cyan-
idin as aglycone (glycosylated with glucose) and/or sophorose that are 
acylated with diverse aromatic and aliphatic acids [40, 79]. Naturally, 
anthocyanins are the largest group of hydrophilic vacuolar pigments. The 
name derived from two Greek words: anthos (flower) and kyanos (dark 
blue). The anthocyanins in red cabbage are negatively related to hepa-
totoxicity, hyperglycemia, neurotoxicity, and hypercholesterolemia [116, 
139]. Furthermore, pure or crude extract of anthocyanins demonstrated 
health benefits against obesity, cardiovascular diseases, visual, and brain 
disorders, ulcers, and cancer [46].

4.5.7 ANTHOCYANINS IN RED CABBAGE

Previous researchers have reviewed anthocyanins in different cultivars and 
lines of red cabbage; and they found the range from 14 to 495 mg/100 g 
F.W. [43, 61, 79, 86, 95, 118–120, 143, 162, 168, 172, 174, 176, 178].

4.5.8 ANTIOXIDANT VITAMINS

Ascorbic acid (also called as vitamin C) is a free radical scavenger, reduce lipid 
peroxides, and function parallel to glutathione hence possesses therapeutic 
role against CVD, Parkinson’s, Huntington’s and Alzheimer’s disparities. 
Vitamin E prevents LDL oxidation by fighting against free radical-induced 
oxidative stress, especially in the hydrophobic environment of cells and 
its membrane [42, 106]. It serves as an inhibitor of HMG-CoA reductase 
[32]. Carotenoids is a large family involving >700 molecules of different 
structure; and are hydrophobic pigments, majorly existing in vegetables. 
They include β-carotene (pro-vitamin A activity and pro-oxidant, i.e., itself 
act as an oxidant in higher/toxic dose), lutein, lycopene, zeaxanthin, and 
cryptoxanthin. They are potent free radical scavengers and negatively 
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linked with diabetes, obesity, low sperm motility, and hearing loss and 
function as immune-boosters and anti-cancer agents [42].

4.5.9 ANTIOXIDANT VITAMINS IN CABBAGE

It is documented that almost ½ cup of raw and cooked red cabbage can 
provide correspondingly 20–25 mg of vitamin C, protecting from lipid 
peroxidation by-products and oncogenic events [14, 112]. Moreover, 
dehydroascorbic acid is considered as the dominant form of vitamin C in 
cabbage, i.e., almost 4 times to that of ascorbic acid [120]. Red cabbage 
possesses more vitamin C than oranges and fulfills 61% of vitamin K 
requirement and 20% of the RDA of vitamin A along with healthy amounts 
of vitamin B5, B6 and B1[43].

The amounts of vitamin C in green and red cabbage were quantified 
in various lines, and it ranged from 22.72 to 51.65 and 36.57 to 129.90 
mg/100 g F.W., respectively [116]. Furthermore, vitamin C in white and 
red cabbage was 9.65 and 24.38 mg/100 g F.W [148]. Podsedek et al., 
[119] measured the ascorbic acid as 18.00 to 35.64 in white cabbage and 
62.00 to 72.52 mg/100 g F.W. in red cabbage.

The red and green cabbage also contains natural antioxidants, such as 
[15, 34, 37, 60, 82, 116, 119, 120, 126, 148, 149]:

Red Cabbage, mg/100 g F.W. Green Cabbage, mg/100 g F.W.
ɤ-tocopherol0.00 to 0.006 apigenin as 0.8 to 6.1
α-carotene 0.00 to 0.002 kaempferol 0 to 23.9 ± 0.7
α-tocopherol 0.03 to 0.69 lutein + zeaxanthin 0.03 to 0.15
β-carotene 0.01 to 0.13 quercetin 0.9 to 5.1
lutein + zeaxanthin 0.08 to 0.45
vitamin C 5.7 to 695.6 

These natural antioxidants not only maintain vegetable quality but also 
play a nutritive role in our daily diet.

Gaafar et al., [53] and Al-Dosari [5] documented the presence of rutin, 
ferulic, benzoic, acacetin, myricetin, coumarin, luteolin, genistein, pyro-
gallol, gallic acid, catechins, p-coumaric acid, chlorogenic acid, vanillic 
acid, caffeic acid, and protocatechuic acid. They also mentioned that 
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flavonols (quercetin and kaempferol) are influenced by various extraneous 
determinants including variation in type and growth pattern of plant, 
seasonal variability, degree of maturity and food processing conditions 
[37]. Conclusively, the variation in phenolic content, anthocyanins, and 
vitamin C was attributed to differences in cultivar, geographical condi-
tions, agricultural practices, maturity stage, seasons, storage conditions 
and analytical methods [37, 120].

4.5.10 ANTIOXIDANT ASSAYS

Numerous tests have acknowledged the assessment of antioxidant poten-
tial [99]. Commonly, radical trapping capacity is measured by ABTS and 
DPPH (free radical producing) reagents because polyphenols can react with 
these free radicals, ensuring stability [86]. Additionally, FRAP assay is a 
reducing assay by which reductional potential (ability to donate electron or 
hydrogen) is estimated, also known as total antioxidant capacity [7]. Earlier 
research on fifty popular fruits and vegetables and beverages showed that 
antioxidant assessment of pigmented and hydrophilic phenolics is better 
represented via ABTS assay than that of DPPH reagent [52].

4.5.11 ANTIOXIDANT ASSAYS WITH SPECIAL EMPHASIS TO 
CABBAGE

Previously, DPPH scavenging ability of different cultivars of red cabbage 
were measured as 26.6 to 70.9% compared to 2 to 8% for white cabbage 
[86]. The DPPH scavenging ability of freshly harvested and stored white 
cabbage was 2.76 to 10.33 and 2.49 to 15.14%, respectively [87]. Xu et 
al., [173] determined the DPPH quenching ability of fresh-cut red cabbage 
as 95%. Moreover, the DPPH scavenging ability of white and red cabbage 
were16.095 and 22.533 for conventional and 66.370 and 73.316% for 
organic, respectively [138].

The TEAC of white cabbage was measured as 1.73 µM Trolox/g 
F.W. [15]. Furthermore, the TEAC of green and red cabbage were 4.92 
and 13.77 µM Trolox/g F.W., respectively [125]. Podsedek et al., [119] 
measured the ABTS values for white and red cabbage as 1.34 to 1.81 and 
9.81 to 12.64 µM TEAC/g F.W., respectively.
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Earlier, the FRAP values for green and red cabbage were estimated at 
6.94 and 18.70 µM Fe+2/g F.W., respectively [125]. Recently, the FRAP 
value of green and red cabbage were measured as 17.00 and 80.87 µM 
TE/g F.W., respectively [136]. The FRAP values of white and red cabbage 
were found as 1.93–2.25 and 0.20–0.30 mM/100 g F.W. [169].

These antioxidant assays serve as an effective tool to validate various 
health benefits; hence, these give an estimation of an effective dose of 
antioxidants and their incorporation in designer foods.

4.6 IMPACT OF PROCESSING ON ANTIOXIDANT CAPACITY 
OF VEGETABLES

Food is a mixture of nutrients, phytochemicals, and fiber; however, their 
health-promoting ability depends on content, activity, and bioavailability 
of these ingredients that are altered based on processing history. This 
aspect is of great consideration, as in Pakistan only small proportions of 
vegetables are consumed in their raw state, whereas most of them are often 
processed. Processing and preservation procedures are responsible for the 
improvement or depletion of health-promoting antioxidant vitamins and 
polyphenols. However, blanching treatment retains the original antioxidant 
profile in most of the cases. Other operations, including peeling and slicing 
contribute to enzymatic oxidation leading to a modification of inherent 
antioxidants or decrement of their antioxidant activity.

Furthermore, prolonged storage promotes enzymatic and chemical 
oxidation of phenolic moieties. High antioxidant capacity is attributed to 
a higher ability to donate a hydrogen atom from antioxidant (aromatic 
hydroxyl group) to an unpaired electron system of free radicals [105]. The 
concept that antioxidant activity of fruits and vegetables are lost during 
processing is due to the removal of skin [145].

There is a general trend of consuming semi-cooked or boiled 
vegetables in western countries, whereas, in Asian countries like Pakistan, 
the vegetables are normally subjected to various cooking procedures prior 
to consumption including shallow or deep-frying, steaming, roasting, 
and stewing. These treatments affect the efficacy of active constituents 
in vegetables either positively or sometimes negatively. Cauliflower, 
cabbage, spinach, carrot, yellow, and white turnip are often consumed in 
Pakistani cuisine. These vegetables contain rich nutritive but low caloric 
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value along with the presence of a myriad of antioxidants. An earlier study 
revealed that cabbage exhibits varied phenolic compounds compared to 
other vegetables; thus, there is a need to explore its nutraceutical worth 
and designer food applications [152].

The cooking methods such as boiling, steaming, and microwaving are 
generally practiced in western society while stir-frying is considered as a 
common dietary habit among Chinese. It is assumed that domestic cooking 
methods resulted in significant alterations in chemical composition and 
bioavailability of active compounds in cruciferous vegetables [173].

In general, processing or cooking methods impact the stability of poly-
phenols of brassica vegetables. Some of the cooking methods do not cause 
any significant alteration in antioxidant profile, whereas it may deplete or 
form novel antioxidant metabolites that may have high or low bioactivity or 
bioavailability [155, 162]. Therefore, food manufacturers should focus on 
the antioxidant potential of designer foods to ensure health promotion [19].

Roy et al., [137] and Wachtel-Galor et al., [163] found high extractability 
of broccoli nutraceuticals during steaming, resulting in more antioxidant 
capacity in contrast to raw equivalents. These findings were contradictory 
to the earlier notion demonstrating the reduction of polyphenols in response 
to thermal treatments [120]. In addition, processing converts GLS to 
isothiocyanates, thus suppressing urinary mutagens derived from meat, 
tobacco carcinogens and gastric ulcers. Besides, cabbage also comprises 
of an anti-inflammatory amino acid (glutamine) [43].

4.7 CABBAGE-BASED DESIGNER PRODUCTS

Incorporation of cabbage in meat-based products ensures the provision 
of a myriad of natural phytoceuticals including β-carotene, ascorbic acid, 
and α-tocopherol hence overcoming the injudicious incorporation of 
synthetic antioxidants to prolong meat quality against oxidative degra-
dation. Furthermore, cabbage may overcome the calcium deficiency in 
meat products. Additionally, the use of fiber from cruciferous vegetables 
resulted in fat-reduced meat products. On the other hand, cabbage may 
mask the meaty flavor. Besides, cabbage powder or extracts are consid-
ered as bio-preservatives [81, 91]. Mostly in dieting programs, cabbage 
is given a major share of the dietary plan being low in calories [5]. The 
calorie content in brassica vegetables was approximately 24–34 kcal/100 g, 
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according to Heimler et al., [59]. Recently, the calorific values of control 
and 6% cabbage powder-based meat patties were reported to be 194.65 
and 187.18 kcal/100 g, respectively [91].

The inclusion of cruciferous vegetables enhances DPPH and ABTS 
radical scavenging activity due to the presence of natural antioxidants 
such as carotenoids, tocopherols, ascorbic acid, and flavonoids [81]. On 
a commercial scale, anthocyanins from red cruciferous vegetables have 
gained immense use in designer foods, including jams, juices, preserves, 
and ice-cream to curtail escalating health disparities [29]. In this context, 
Barakat, and Rohn [19] prepared broccoli-based bars with higher organo-
leptic acceptability via frying; however, maximum retention of flavonoids 
was noticed in baked and steamed bars. In another study, Radziejewska-
Kubzdela et al., [128] incorporated anthocyanin-rich red cabbage extract in 
apple juice and found increment in antioxidant activity due to an increase 
in polyphenols up to 3.1 to 4.9 times.

Banerjee et al., [18] developed broccoli powder enriched nuggets 
and found a linear increasing trend in radical scavenging potential and 
reducing power with increment in broccoli dosage.

Llorach et al., [89] prepared soup modified with cauliflower by-products 
and found higher antiradical activity attributed to polyphenols. Malav et 
al., [91] evaluated the general appearance of cabbage enriched mutton 
patties and found that a decrease in appearance during storage was 
attributed to the breakdown of pigmented compounds, depletion of nitrites 
and occurrence of browning reactions. Verma et al., [159] studied the 
sensory response of green cabbage @ 15 and 25% incorporated meatballs. 
They assessed gradual decrement in appearance, flavor, and juiciness over 
prolonged storage.

4.8 EPIDEMIOLOGICAL TRANSITION

The Asian world has shifted from nutritional deficiencies to chronic 
ailments such as CVD, diabetes, and cancer, i.e., termed as “epidemiological 
transition” in response to urbanization. The marked dependence on 
hypercaloric diets and decrement in energy expenditure has raised the 
probabilities of non-communicable diseases even below the age of 50 
years. Concomitantly, the global influences in terms of television viewing 
or increased access to junk foods are positively associated with BMI 
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(body mass index). The higher energy proportion from fat sources has 
led to escalated rates of hyperlipidemia, hyperglycemia, obesity, insulin 
resistance, hypertension, and strokes [51, 65, 171].

Among modern societies, high reliance on calorie-dense foods is 
responsible for obesogenic environment, generating ROS and weakening 
of antioxidant defense system; hence 3000 kcal need to be cut down to 
2200 kcal [13, 69, 110, 165]. According to WHO reports (2007), overweight 
people were estimated at around 1.7 billion, involving 155 million children 
[42]. This situation leads to hyperlipidemia and related disparities. This 
postulation is found to be consistent with animal models where the 
accumulation of lipids occurs in the liver, heart, and kidney. Moreover, the 
available therapies to alleviate hyperlipidemia are responsible to aggravate 
liver toxicity; and more than 900 drugs have been implicated to affect liver.

Throughout the world, 5% of all hospitalized and 50% of acute 
liver failures are the culprits of drug-induced liver damage still all these 
disorders are without appropriate therapies [113]. Thus, scientists are 
looking for hypolipidemic therapies that could increase hepatic LDL 
receptors expression [80]. The cross-sectional and longitudinal studies 
have reported that consumption of junk foods is linked to insulin resistance 
and obesity that further exacerbates to non-alcoholic fatty liver disease, 
i.e., prevalent worldwide in 10–24% [113, 127, 158].

In normal metabolic processes, Reactive Oxygen/Nitrogen Species/
Metabolites (ROSs/RNSs/ROMs) are continuously being produced, i.e., 
neutralized by detoxification system of antioxidants and antioxidative 
enzymes. In response to the over-consumption of junk food, this system 
is insufficient to combat free radicals. This results in the generation of 
ROS/ROM (superoxide anion, hydrogen peroxide, and hydroxyl ion) 
via numerous pathomechanisms inducing sequential events of oxidative 
injury especially in the fragile organs of the body [28, 139]. Basically, 
the over-accumulation of free radicals and their covalent bonding with 
bio-molecules induce peroxidative damage of lipophilic (rich in PUFA) 
membrane structure leading to the synthesis of lipid peroxides that are 
involved in multiple pathologies.

Furthermore, the pro-inflammatory end products of lipid peroxidation 
(MDA (malondialdehyde) and 4-hydroxynonenal (aldehyde by-products)) 
enhances LDL deposition around the vasculature and are responsible for 
hepato-pathological features. Furthermore, prolonged consumption of 
hypercaloric diet depletes antioxidant reserves or compromises innate 
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antioxidant defense system of oxygen-dependent organisms that fight 
against pro-oxidants (active oxygen molecules) by converting them to lipid 
peroxides and finally to non-toxic alcohol. The first line of defense against 
oxidative damage is SOD: catalyzes superoxide anions, O2– (generated 
by one-electron reduction in oxygen molecule by transition metal ion) to 
hydrogen peroxide (H2O

·
2) that get converted to (OH ) radicals, promptly 

reacting with cellular components (lipids, proteins, and nucleic acids) 
leading to lipid peroxidation and cell death. However, presence of CAT 
(hemeprotein) and GSH are considered as second line of defense and its 
related enzymes (GPx and GST) detoxify (OH·) radicals to non-toxic 
metabolites like H2O [2, 30, 35, 41, 64, 66, 67, 73, 78, 98, 104, 129, 132, 
151, 160, 164, 179, 180, 182].

Initially, the intracellular enzymatic antioxidants become activated as 
cells’ well-being becomes a threat due to the over-generation of ROS being 
sensitive to redox state. All the enzymes (SOD, CAT, GPX, GR (glutathione 
reductase) and GST (glutathione-S-transferase)) work in synergy with non-
enzymatic antioxidants (endogenous GSH and exogenous polyphenols or 
antioxidant vitamins; ascorbate, tocopherols, carotenes, and retinol in diet) 
to neutralize redox state of cell by converting free radicals to less toxic/reac-
tive compounds or maintaining the free radicals within the tolerable limits. 
The supportive team of free radical scavengers (CAT, SOD, GST, GPx) and 
PON1 (paraoxonase 1 – an antioxidant enzyme linked with HDL, calcium-
dependent esterase that detoxifies lipid peroxides and widely distributed in 
numerous tissues) mutually fight against markers of oxidative stress; and 
products of lipid and protein oxidation include thiobarbituric acid reactive 
substances, hydroperoxides, and carbonyl proteins.

The hypertriglyceridemia inactivates antioxidant enzymes by cross-
linking with MDA or rapid consumption/exhaustion of enzymes in fighting 
against free radicals further aggravating lipid peroxidation leading to cell 
injury that in turn causes the release of cytokines like TNF-α, Tumor necrosis 
factor-α, IL-6, Interleukin-6 and CRP, C-reactive protein (a pro-inflammatory 
marker of cardiac stress). Additionally, cellular proteins are targeted by free 
radicals resulting in the formation of protein carbonyl (PCO: an indicator 
of damaged proteins) content in the liver, heart, and kidney. Under stress, 
PON-1 gets inactivated because of impaired synthesis/secretion of HDL 
due to alteration in lecithin cholesterol acyltransferase (LCAT) activity or 
S-glutathionylation, redox mechanism forming mixed disulfide linkage 
between protein thiol and oxidized glutathione [12, 42, 74, 108, 111, 174].
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Hyperlipidemia produces ROS that results in the formation of cardio-
vascular diseases as well as NAFLDs (non-alcoholic fatty liver disease) 
[85, 129, 151, 179]. Previously, high cholesterol diet @ 2% to male white 
New Zealand rabbits depicted damage to tissues of the liver (fatty degener-
ation, inflammation, and necrosis) and heart (vacuolar degeneration, disor-
ganized myofibrils, and necrosis). Previous studies reported that sustained 
hyperlipidemia is responsible for elevated cholesterol, especially LDL, 
redox-mediated oxidative stress in the liver, heart, and kidney and lower 
activities of endogenous radical scavengers.

Due to the modern lifestyle, people are unable to manage their cholesterol 
levels; therefore, medication is considered as an option. However, these 
hypolipidemic drugs may contribute to liver damage, myopathy, and 
drug-drug interactions. In this context, natural antioxidants are gaining 
much more attention being potentially safe, economical, and effective 
radical scavengers to attenuate lipid peroxidation (process involved in 
the conversion of unsaturated fatty acids to free radicals by subtracting 
hydrogen) and apoptosis (programmed cell death process involved in the 
elimination of defective and harmful cells). This revitalized the concept of 
herbal remedy to prevent hyperlipidemia in individuals with cholesterol 
at borderline levels and to improve the antioxidant status of the body. The 
antioxidant-rich diet particularly targets symptoms of liver, heart, and 
kidney hence termed as hepato-, cardio-and nephroprotective diets [1, 6, 
64, 98, 117, 127, 151, 175].

The experimental evidences have suggested that small changes in atti-
tudes could bring appreciable response like watching television one hour 
less per day could result in risk reduction of heart attacks up to 2.5 and 4% 
in men and women, respectively [65]. Moreover, fast food establishments 
are adversely affecting health quality by offering options that tend to have 
lower nutritional value (minerals, vitamins, and dietary fiber and higher 
in fat, sodium, and sugars). In the USA (2007), 37.4% of the food eaten 
was purchased from fast food establishments [51, 100, 101, 141]. The 
unhealthy meal in poor countries is basically attracted by its low price, 
but there is a need to realize the fact that a cheaper pro-inflammatory diet 
is not cost-saving; rather it adds burden in terms of medical costs. Based 
on an obesity survey in America (2010), it was observed that obese men 
and women besides poor work productivity, pay an extra medical bill up 
to $1,152 and $3,613, respectively [103].
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4.8.1 TRANSLATED ANIMAL MODEL FOR METABOLIC 
SYNDROMES (RABBITS AND RATS)

Earlier studies on laboratory animals have shown that cession of choles-
terol feeding or the introduction of antioxidant-rich foods resulted in a 
reverse of oxidative stress, normalizing insulin release, and lowering 
cholesterol accretion in hepatocytes. Therefore, animals are considered as 
ideal models to induce chronic ailments in response to diet to validate the 
biological efficacy of antioxidant moieties [13].

According to the previous review, the rat is considered as a resistant 
animal to cholesterol feeding and moderate hyperlipidemia demand for 
extra cholic acid with double frequency and time frame. On the other 
hand, the provision of 1% cholesterol to rabbits could increase plasma 
cholesterol, phospholipid, and triglyceride levels and liver cholesterol 
to higher extents. It is found that aortic ACAT (microsomal enzyme 
catalyzes the formation of esterified cholesterol) activity of rabbits is 
much higher than rats. However, hepatic ACAT activity is similar in both 
animal models. Furthermore, cholesterol feeding increases plasma lipid 
peroxidation in rabbits, whereas it may increase, decrease, or remain 
constant in rats. On the other hand, mild hepatic lipid peroxidation is 
detected in both animals.

Also, high cholesterol intake decreases rabbit liver GSH concentration 
and GSH-related enzyme activities (GPx and GST with a minor change in 
hepatic SOD activities), while no changes in GSH and SOD were observed 
in rats rather decrement in GPx and GST activities. Moreover, antioxidant 
enzyme activities in the rat liver detected an increase in response to high 
cholesterol diet due to an adaptive increase in rats to protect the liver but the 
obvious decrease was observed in the case of rabbits. Similarly, high levels 
of aortic and plasma MDA levels for a longer time have an additive effect in 
the inducement of atherogenesis in rabbits (@0.2–1.3% cholesterol in 8 to 
14-week period) in contrast to rats [9, 17, 64, 93, 104, 132, 160].

Furthermore, rabbits and rats have different metabolic responses to 
cholesterol-rich diets due to the difference in lipid peroxidation and antioxidant 
enzyme activities. The basal SOD and CAT activities are 50 and 100% higher 
in rats than rabbits, respectively; thus, rabbits are regarded as less resistant 
animals. In rabbits, cholesterol causes severe hyperlipidemia and increases 
in oxysterols (7ɑ-, 7β-hydroxycholesterol, ɑ-epoxy, β-epoxycholesterol, 
cholestanetriol, 7-keto and 27-hydroxycholesterol) in contrast to rats 
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where increment was observed in 7ɑ- and 7β-hydroxycholesterol only. In 
rabbits, serum thromboxane (TXA2) level was increased by cholesterol 
supplementation; however, the inverse was observed in rats. The decrease 
in triglyceride in the rabbit liver is attributed to its accumulation in VLDL 
in high amounts.

The plasma lipid peroxidation was more in rabbits because anti-
oxidant protection by vitamin E is insufficient to capture free radicals. 
Thus, lower vitamin E: cholesterol ratio in rabbits strongly predicts poor 
antioxidant protection resulting in higher lipid peroxidation probabili-
ties. Furthermore, cholesterol in hypercholesterolemic rabbits is around 
30% polyunsaturated fatty acids, thus an easy target for free radicals. 
According to research studies, two types of effects were noted: (1) SOD 
activity in cholesterol-fed rabbits remained the same; however, there 
was a decrease in GSH-Px that deals with hydrogen peroxide causing 
an increment in CAT activity as an adoption. If enhancement of CAT is 
not sufficient, then lipid peroxidation would dominate; (2) Significant 
decrease in SOD activity of rabbits was in response to higher levels of 
superoxide anions thus more lipid peroxidation, and both GSH-Px and 
CAT become inactive. On the other hand, fewer changes were observed 
in hypercholesterolemic rats due to the protective effect of antioxidant 
defense system against lipid peroxidation and formation of oxysterols 
[49, 57, 64, 85, 90, 127].

Cholesterol fed rabbit models have various advantages, such as: 
cholesterol-based diet is not a special induction treatment rather it reflects 
junk food consumption pattern of general public; fatty liver disorder 
occur in association with β-oxidation in mitochondria without obesity 
or insulin resistance hence clarifies the mechanism of hyperlipidemia 
induced NAFLD; and slender fibrosis (increase in LPO and number of 
HSCs) resembles strongly with that observed in NAFLD patients. In 
NAFLD patients, mixed macro-vesicular fats (benign; a mild decrease of 
mitochondrial β-oxidation) and micro-vesicular fats (severely impaired 
mitochondrial β-oxidation) were found. On the other hand, micro-vesicular 
lipids are more prominent in rabbits representing the severe condition of 
fat deposition. Moreover, the cholesterol-fed rabbit model may also be 
used to study hyperlipidemia induced CVD [69].

The rabbits are used as translated animal models for hyperlipidemia 
induced atherosclerosis because their lipoprotein profile is like humans. 
Some other researchers depicted that feeding cholesterol to rabbits for 12 
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weeks led to metabolic syndromes like obesity, hypertension, and fibrosis 
[71, 175]. Rabbits are the most sensitive species to dietary cholesterol 
induction therapy being herbivores, and it is the only animal in which 
hyperlipidemia could be induced within a few days [70, 165].

A study conducted on New Zealand rabbits fed on 1% high cholesterol 
diet for 4 weeks that depicted:

Increment in: Decrement in:

Total cholesterol (from 74 ± 8.2 to 688.75 ± 20.02 
mg/dL); LDL (from 199.5 ± 23.6 to 621.00 ± 20.9 
mg/dL); triacylglycerols (from 35.75 ± 2.25 to 
168.00 ± 16.04 mg/dL); and TBARS  
(from 7.39 ± 0.35 to 14.43 ± 0.95 nmol/mL) 

HDL (from 266.50 ± 23.67 to 36.25 
± 3.52 mg/dL); and GSH (from 0.58 
± 0.002 to 0.26 ± 0.01 µmol/mL).

Furthermore, kidney functioning test showed significant alteration in 
response to high cholesterol diet especially increase in (a) creatinine from 
0.7 ± 0.16 to 1.73 ± 0.23 mg/dL and (2) BUN from 25.25 ± 3.47 to 59.25 
± 0.48 mg/dL [104].

Marinou et al., [93] elucidated that 1% of the cholesterol in rabbits 
resulted in altered biochemical and liver biomarkers. The body weight was 
increased from 3.17 ± 0.21 to 3.49 ± 0.19 kg, total cholesterol was up-regu-
lated from 67.88 ± 5.66 to 1347.00 ± 149.33 mg/dL, and HDL was decreased 
from 24.62 ± 2.38 to 46.37 ± 4.20 mg/dL, decrement in triacylglycerol from 
97.63 ± 12.93 to 770.13 ± 68.48 mg/dL. However, the increments in MDA 
levels were from 1.14 ± 0.14 to 3.47 ± 0.47 nmol/L; similarly increase in 
ALT, AST, and γGT was from 7.75 ± 2.12, 11.75 ± 2.87 and 14.25 ± 2.71 to 
37.25 ± 5.42, 47.75 ± 6.69 and 215.13 ± 67.34 IU/L, respectively.

Al-Naqeep et al., [6] fed 1% cholesterol to New Zealand male white 
rabbits that induced hyperlipidemia and related atherosclerosis. Yu et al., 
[175] studied the effect of hypercholesterolemic diet-induced hyperlipidemia 
in rabbits for the 12-week duration and results depicted increment in 
body weight from 2.51 ± 0.06 to 2.95 ± 0.07 kg and cardiac stress marker 
(CRP) from 16.76 ± 3.53 to 81.51 ± 27.90 mg/dL. Furthermore, a study 
was conducted on New Zealand white rabbits fed with 1% cholesterol 
for 3 months and it presented early fibrotic lesions in hepatocytes and 
development of foam cells in arteries due to cholesterol deposition that was 
further exacerbated in response to systemic inflammation leading to early 
lesions in liver and aorta of rabbits [70, 78].
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4.8.2 HEALTH PROTECTIVE MOIETIES OF CABBAGE

Currently, the application of polyphenols and designer foods has become 
the center of focus to improve quality of life by neutralizing deleterious 
effects of dietary fat responsible to exert oxidative stress in hepatic, 
cardiac, and renal tissues [5, 67]. In this context, functional ingredients 
present in cabbage may control the negative biological impact of free 
radicals by enhancing enzymatic and non-enzymatic antioxidant defense 
systems hence maintaining normal cell structure and functions [67].

Numerous studies have depicted that cruciferous vegetables possess 
a complex combination of bioactive ingredients, minerals, and antioxi-
dant vitamins that could scavenge ROS, ultimately improving the levels 
of GSH, SOD, and CAT. Besides other ingredients, the GLS-myrosinase 
system exists inherently in brassica vegetables, and myrosinase hydro-
lyzes GLS to isothiocyanates. The myrosinase is either natively present 
within the compartments of plant cells or in the mammalian intestine. It is 
still unclear that these S-containing compounds are either responsible for 
lowering cholesterol levels or the synergistic effect of several antioxidants 
in cabbage to improve the overall antioxidant status. Recent investigation 
on broccoli has associated isothiocyanates and sulforaphane with choles-
terol-lowering activity [96].

Red cabbage contains anthocyanins as the main active ingredient 
predominantly cyanidin-3-diglucoside-5-glucoside derivatives. These are 
water-soluble pigments that contribute in health promotion. However, 
other natural antioxidants (such as ascorbic acid, β-carotene, α-tocopherol, 
and lutein) could further improve its disease modulatory role. Previous 
data directly linked these antioxidants with hypocholesterolemic, hypo-
glycemic, hepatoprotective, cardioprotective, nephroprotective, and 
neuroprotective activities. An earlier study based on anthocyanins rich diet 
to oxidatively stressed rats showed a significant decrement in lipid profile 
by eliminating cholesterol and triglyceride through feces or by inhibiting 
intestinal absorption. The anthocyanins were assumed to reduce choles-
terol and triglyceride absorption in the intestine. This postulation is further 
supported by reviewers who reported that herbal extracts are primarily 
responsible for the catabolism of cholesterol to bile acids, thus eliminating 
subsequently through feces [139].

It has been reported that cabbage extract could reverse oxidative 
damage leading to the restoration of GSH. The biological action of pheno-
lics is based on free radical quenching and metal chelating ability [67]. 
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Cruciferous vegetables are commonly consumed dietary vegetables owing 
to their consumer preference, easy in accessibility, and cost-effectiveness. 
It is considered for its hypocholesterolemic, hypoglycemic, and anticancer 
activities.

The principle antioxidants are ascorbic acid, anthocyanins, and isothio-
cyanates. Animal and human interventional studies suggested its chemo-
protective aptitude due to GLS and their hydrolytic product (isothiocyanate), 
responsible in inhibiting phase I enzymes hence preventing the activa-
tion of carcinogens, while inducing phase II enzymes that are involved 
in detoxification of xenobiotic [53]. Also, cabbage extracted moieties 
are believed to protect plasma protein and lipid profiles from hydrogen 
peroxide-induced oxidative stress [79].

4.8.3 EFFICACY OF CABBAGE EXTRACTS AGAINST 
OXIDATIVE STRESS BIOMARKERS

A recent study has presented convincing evidences in favor of cabbage 
extract @ 300 to 500 mg/kg B.W. against drug-induced hepatotoxicity. 
Alongside this, an inclining trend was observed in endogenous antioxidants 
(SOD, CAT, and GPx by 46.48, 58.89, 27.06, and 26.16%) [23]. Earlier, 
another study depicted dose-dependent hepatoprotective role of indole-
3-carbinal (present in cruciferous vegetables) on cell viability against 
oxidative damage and subsequent leakage of oxidative stress biomarkers 
(ALT–alanine transaminase, AST–aspartate transaminase, ALP–alkaline 
phosphatase, GST, and LDH–lactate dehydrogenase) from liver into the 
bloodstream [56].

Morsy et al., [102] explored the hepatoprotective properties of red 
cabbage and broccoli extract @ 10% against hepatic cancer induced by 
N-Nitrosodiethyamine (NDEA) and carbon tetrachloride (CCl4). During 
30 days of experimentation phase, the common cabbage extract @ 240 
mg/kg B.W./day showed an inclining trend in hepatic SOD and CAT up 
to 28 and 24%, respectively; however, hepatic lipid peroxidation demon-
strated significant decline by 36%. The positive impact of cabbage extract 
on GSH is attributed to chlorogenic-, Gallic-, protocatechuic-, caffeic-, 
and vanillic acid [67].

In a rat model trial, co-ingestion of anthocyanins derived from 
red cabbage plus high fat diet reported decreased serum biochemical 
parameters including cholesterol 57%, triglyceride 23%, LDL 70%, VLDL 
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27%, atherogenic index 72%, ALT 32% and ALP 35%, whereas HDL was 
raised up to 32%. The red cabbage extract was found to suppress hepatic 
lipid peroxidation by 44% along with the significant rise in the activity 
of enzymatic and non-enzymatic antioxidants; SOD 44%, CAT 47% and 
reduced glutathione as compared positive control animals. However, 
alterations in the histological architecture of oxidatively stressed liver 
tissues were counteracted by co-administration of red cabbage extract. 
Furthermore, serum creatine kinase (CK), creatine kinase-MB (CK-MB), 
LDH, and AST showed a reduction of up to 40, 42, 32, and 31%, respectively. 
The decrement in MDA of heart tissues was up to 40%, whereas momentous 
increment was observed in the endogenous antioxidants of heart tissues 
(SOD 46% and CAT 47%) as compared to the positive control group. 
Moreover, histopathology of damaged cardiac tissues was significantly 
reversed with anthocyanin-rich diet [139].

Al-Dosari[5] found a decrement in cholesterol, triacylglycerol, 
LDL, and VLDL up to 10 and 33, 16 and 28, 12 and 42, 17 and 29% at 
different doses (250 and 500 mg/kg/day of lyophilized red cabbage juice), 
respectively. On the other hand, HDL showed an inclining trend up to 16 
and 26% in the corresponding doses. The decrement in cellular leakage of 
the corresponding liver enzymes ALT, ALP, ɤ-GT (γ-glutamyl transferase) 
and bilirubin levels were 5.3 and 12.3, 11 and 14.9, 14 and 36 and 9 and 
23%. The decrement in hepatic MDA was 57 to 71%. Briefly, red cabbage 
has the potential to modulate redox-sensitive dyslipidemia and associated 
hepatic injury in a dose-dependent manner. The suppression in cardiac 
indicators (CK, LDH, and AST) was 15 and 33, 22 and 33 and 2.3 and 
16% at two different doses, respectively. Apart from this, the MDA level 
in heart tissues was decreased to 55 and 66%, whereas creatinine and 
urea were reduced to 25 and 50 and 12 and 18%. The ethanolic extract of 
common cabbage @ 500 mg/kg B.W. along with high-fat diet decreased 
serum cholesterol, triglyceride, LDL, and MDA by 23.23, 4.54, 3.81 
and 31.7% during 12-week trial; though, anti-atherogenic index (AAI) 
showed an increase of 49% compared with hyperlipidemic rats ultimately 
protecting against life-threatening modalities such as myocardial infarction 
and atherosclerosis [166].

In an animal study, red cabbage powder @ 10% and red cabbage extract 
@ 100 mg/kg B.W. was tested against paracetamol-induced hepatotoxicity 
(Figure 4.1). The serum cholesterol, LDL, and VLDL were reduced up to 
38 and 43, 53 and 61 and 29 and 29%; whereas ALT, ALP, AST, and ɤ-GT 
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were down-regulated by 20.9 and 24.3, 25 and 32.5, 16.9 and 31.3 and 41 
and 44% via red cabbage powder @ 10% and red cabbage extract @ 100 
mg/kg B.W., respectively. Furthermore, the increment in hepatic SOD and 
decrement in MDA was up to 35.5 and 54.5 and 47 and 59.5% on feeding 
red cabbage powder and extract, respectively [45].

The general recommended golden standard for lifestyle modifications 
against obesity and related NAFLD and CVD include: caloric restriction 
by 50 to 70% (delaying metabolism responsible for redox-mediated lipid 
peroxidation), inclusion of antioxidants and soluble fiber-enriched func-
tional foods or dietary supplements along with habit of regular physical 
exercise [2, 9, 20, 30, 48, 94, 110, 127, 142, 151, 170, 181, 182].

4.9 SUMMARY

Cabbage promises splendid nutritional and nutraceutical importance, 
hence their incorporation in already existing conventional edibles could 
replenish them, supporting the concept of designer foods. Additionally, 
cabbage inclusion in meat-based products not only offer an opportunity 
to the food manufacturers to improve the conventional edibles but also 
encourage the inclusion of nutritious and cost-effective vegetables in 
our routine menu by overcoming the associated organoleptic disliking. 
Further, this chapter may go a long way in guiding vegetable growers to 
prefer red cabbage production over green equivalent to promote health and 
prevent disease incidences with special emphasis on anthocyanins.
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CHAPTER 5

FUNCTIONAL PROPERTIES OF MILK 
YAM (IPOMOEA DIGITATA L.)

K. M. VIDYA, N. S. SONIA, and P. C. JESSYKUTTY

ABSTRACT

Ipomoea digitata L. (Milk yam or Ksheervidari) has mature tubers that 
are grayish-brown in color, bitter in taste, having no characteristic odor 
and starch-filled parenchyma. In India, many Ayurvedic industries are 
using yam tubers in several formulations like: Vidaryadikvatha Churna, 
Chavanaprasha, Vidaryadi Ghirta, Marma Gutika, Manmathabhra Rasa, 
and Pugakhanda (Aparah). The tuber pharmacognosy has been studied 
for the presence of phytoconstituents, such as: alkaloids, tannins, steroids, 
gums, glycosides, carbohydrates, and saponins. It is considered as a tonic, 
hypolipidemic, hypoglycemic, galactogogic, antioxidant, antimicrobial, 
aphrodisiac, demulcent, alterative, cholagogic and also can improve diges-
tion. Tubers are also used to treat debility, spermatorrhoea, fever, bronchitis, 
scorpion stings, and menorrhagia. The raw tubers are used to treat blood 
dysentery, astringent, anti-hypertensive, anti-diabetic, etc. Phytochemicals 
(taraxerol, taraxerol acetate, umbelliferone, β-sitosterol, and scopoletin, 
and 7-O-β-D-glycopyranosylscopoletin (Scopolin), umbelliferone) have 
been isolated from the tubers. Structure of two compounds (scopoletin 
and β-sitosterol) was elucidated using H-NMR and C-NMR spectroscopic 
analysis. FT-IR analysis of its ethanolic extract confirmed the presence of 
alkyne, alkane, and C-F bonding.

5.1 INTRODUCTION

Medicinal plants are one of the important components of biodiversity. India 
is one of the 12 mega bio-diversity nations in the world. This extensive 
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flora has been considered as God’s gift from time immemorial by Indian 
traditional systems of medicine for curing several diseases. Besides using 
for therapeutic purposes, they are prescribed for preventing diseases and 
overall human health [15, 63, 111, 112, 118]. Tapping the potentials of a 
large array of underutilized medicinal plants might benefit with several 
nutraceutical products, which can provide health benefits in terms of 
prevention and/or therapy.

The synonyms of Ipomoea digitata L. are I. mauritiana Jacq., I. paniculata, 
I. paniculata var. paniculata, I. eriosperma, I. rubrocincta, I. rubrocincta 
var. brachyloba, Quamoclit digitata, Batatas paniculata, Convolvulus 
paniculatus [26, 29, 34, 48, 103, 116, 118]. Milk yam (Ipomoea digitata L.: 
Figure 5.1) is an underutilized medicinal plant having immense therapeutic 
and nutraceutical potential [14, 24, 26]. The common names are: milk yam, 
Vidhari Kand, alligator yam, giant potato, finger leaf morning glory, palmate 
morning glory, etc. It is an extensive perennial climber found all over India, 
commonly in Eastern Bihar, West Bengal, Uttar Pradesh, and the west coast 
from Konkan to Kerala [63, 111]. It has been traditionally used as a medicine 
in India and parts of Southeast Asia as a general tonic, to treat diseases 
of the spleen and liver and to prevent fat accumulation in the body. The 
presence of fixed oil, carbohydrate, tannins, phenolic compounds, alkaloids, 
saponins, sterols, and flavonoids has been reported in the tubers of the plant. 
The herb is also known as a lacto-stimulant and libido enhancer. The tubers 
of the herb contain beta-sitosterol, which is an antioxidant. Ergonovine, an 
alkaloid found in the herb, is used to stop menstrual bleeding [34, 41, 44, 50, 
98, 101]. The root has alterative, aphrodisiac, tonic, stimulant properties and 
used in male infertility and inflammations. Aqueous infusions of the roots 
are used for treating epileptic seizures and as an antioxidant in Ayurvedic 
medicine. Powdered tuber with honey is used for high blood pressure and 
heart diseases. It is a potential nutraceutical agent not completely explored 
and is a very useful and priority species facing extinction threats [104, 107, 
108, 110].

This chapter explores the therapeutic and nutraceutical potential of 
milk yam.

5.2 DISTRIBUTION OF MILK YAM

Even though the origin is unknown, milk yam is pantropic, naturalized in 
moist tropical regions of India and many other parts of the world [64, 65]. 
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It is generally seen in moist areas, riverbanks, marshy areas, vine thickets, 
monsoon forests, beach forests, gallery forest, semi-evergreen forests, 
coastal areas mostly in open areas [66, 68, 76, 90]. It is also reported in 
wastelands, plantations of Tectona sp., and Gmelina sp. in Africa [82].

It has been reported in West Africa, Gambia, in the riparian forests of 
Benin, Northern Australia, Taiwan, and Hawaii [33]; and is widely distributed 
in the hills of South-East Asia, and South America (Caribbean, Dominican 
Republic, and Haiti). In Australia, it occurs in Northern Territory, Cape 
York Peninsula, and Northern Queensland and towards South to the coastal 
central Queensland [7]. It is also found in Paraguay, Uruguay, Argentina, 
and Mauritius [12].

FIGURE 5.1 Milk yam (I. digitata L.).
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According to the Ethnobotany Database of Bangladesh [59], it is 
distributed in forests and hill tracts of Chittagong and Sylhet. Also found 
in Brazil, Cambodia, Ivory Coast, Japan, Pakistan, Philippines, Senegal, 
and Sri Lanka [22]. In Kerala, it is widely distributed in all the districts 
like Kasaragod, Kannur, Kozhikode, Malappuram, Thrissur, Kottayam, 
Pathanamthitta, and Thiruvananthapuram, particularly in low lands and 
midlands [71]. Even though leaves stem and flowers of milk yam are 
pharmacologically beneficial, mature tubers of more than two years of age 
are ideal for the medicinal purpose [76].

5.3 TUBER MORPHOLOGY

Mature plant has a large ovoid and elongated tuberous roots, up to 60 
cm long, 30 cm thick, even weighing up to 35 kg (average being 5 to 10 
kg) [2]. The tubers exhibit annual rings when cut and exude sticky, milky 
latex [87]. Milk yam tubers have a dark brown outer surface with a pale 
white starchy mass inside. It is 16–24 cm long and has 8–10 cm breadth, 
cylindrical to sub-cylindrical or ellipsoid, oblong or globose in outline, 
with a tapering base. It has a few thick lateral filial roots [43, 88, 121].

Khan et al., [46] compared the mature and immature yam tubers and 
reported to possess an outer brownish surface and inner white portion, 
agreeable odor, mucilaginous and slightly sweet taste with milky latex 
for tubers at both stages of maturity. Mature tubers are obovoid to 
sub-cylindrical in shape whereas the immature ones are cylindrical in 
shape with the tapering end. Dried cut pieces of I. digitata L. tubers have 
a light brown outer surface, transverse warts, and ridges on the epidermis. 
The cut surface is creamy and fleshy with a smooth texture, sweet taste, 
and has no smell [106]. The structural variation between the mature and 
immature tubers was expressed by cutting it transversely by Khan et al., 
[46] and reported the presence of a large number of growth rings in mature 
and only one ring in the immature tubers [106].

Longitudinal and transverse sections of milk yam tubers were studied 
for its laticiferous system and cambial activity by Karthik and Padma 
[43]. Usually, the laticiferous system contains secondary metabolites like 
alkaloids, phytosterols, etc. Kuntal Das et al., [51] reported that abundant 
simple to compound starch grains are densely arranged in I. digitata L. 
tubers. It did not have calcium oxalate prismatic crystals, and it has pitted 
vessels.
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5.4 DOMESTICATION AND CULTIVATION

Milk yam grows mostly in moist areas, monsoon forests and coastal tracts. 
A survey carried out for germplasm collection of milk yam accessions 
from different natural growing tracts of Kerala revealed that the plant 
could flourish under varying soil and climatic conditions ranging from 
lateritic to sandy loam soils and high altitude hilly regions to coastal tracts 
[116]. In Kerala, mature tubers are procured from forests [71]. Milk yam is 
commercially cultivated by marginal landholders of villages in the Natore 
district of West Bangladesh [92]. It is an important component of trade in 
the Asian continent [82].

Seeds and vine cuttings, having 1–2 nodes, are usually used for propa-
gation. Both will form a caudex. In vitro multiplication, callogenesis, and 
indirect shoot regeneration in Ipomoea digitata L. was studied by Islam 
and Bari [36], who reported that MS media containing 1.0 mg/l BAP and 
0.5 mg/l IAA could have 95% shoot regeneration and highest number of 
shoots per culture (6 numbers). For internodal explants, profuse callus 
induction (85%) was observed to be effective in MS media containing 
1.0 mg/l 2, 4-D and 1.0 mg/l BAP. Islam et al., [37] developed a protocol 
for in-vitro callus induction, by culturing young stems in Murashige-
Skoog’s (MS) medium supplemented with 6-benzyl amino purine (BAP), 
2-4-dichlorophenoxyacetic acid (2, 4-D), indole-3-butyric acid (IBA), 
etc. MS medium fortified with BAP (2.0 mg/ml) produced the best callus 
having a whitish green color, granular, and hard in nature. MS medium 
supplemented with 2, 4-D (1.0 mg/ml) produced light brown and loose 
callus, which is beneficial for inducing faster callogenesis.

Addition of soil amenders like rice husk and sawdust along with soil, 
sand, and FYM in the ratio of 1:1:1:1 is effective for rooting 3 nodded leafy 
shoot cutting of Ipomoea digitata L. according to Raut et al., [87]. This 
can be planted in polythene bags containing a potting mixture and can be 
transplanted to the main field at a spacing of 50 x 50 cm, after about one 
month, when it generates sufficient root system [76]. In the main field, 60 
x 60 cm spacing is also recommended, and the vines are to be trailed on 
support. The study carried at the Instructional Farm, College of Agriculture, 
Vellayani, Kerala Agricultural University, and Thrissur, India by Anilkumar 
et al., [3] indicated that organic manure addition and irrigation have a 
significant positive effect on tuber yield of milk yam. The plants give an 
economic yield of tubers by around 1.5 to 2 years after planting [57].
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5.5 PHYTOCHEMICAL SCREENING

An ethnobotanical survey was conducted during January 2014 along the 
natural growing tracts of milk yam in Kerala, and twenty accessions (both 
tubers and vines) were collected [116]. During the survey, apart from 
relevant details on soil and climate from the place of collection, ethnobo-
tanical information on milk yam was also collected. The morphological 
characters of I. digitata accessions were cataloged based on the descriptor 
(0–9 scale) developed for sweet potato by the International Board for Plant 
Genetic Resources (IPGRI) [19].

Collected tubers of each accession were powdered, and samples were 
subjected to systematic phytochemical screening by successive extraction 
(1:1 ratio) with different solvents (methanol, ethanol, chloroform, and hydro-
ethanolic extract). Both qualitative and quantitative analyses of phytocon-
stituents were done following appropriate procedures. The data pertaining 
to the qualitative estimation of phytoconstituents (Table 5.1) showed the 
presence of alkaloids, carbohydrates, glycosides, saponins, phytosterols, 
fats, and oils, resins, flavonoids, and proteins, for all the accessions under 
different extraction methods.

TABLE 5.1 Qualitative Phytochemical Analysis of Different Extracts of I. digitata L

Phytochemical Type of Extract
Methanol Chloroform Ethanol Hydro-

ethanolic
Alkaloid (Wagner’s reagent) + – + +
Carbohydrate (Molisch’s test) – – + +
Fat and Oil (copper sulfate test) – – – +
Flavonoids (Alkaline reagent test) – – + +
Glycoside (Keller Kelliani’s test) – – – +
Phytosterols (Liebermann-Burchard test) – + + +
Protein (ninhydrin test) + – + +
Resins (CuSO )4 + – + +
Saponins (Foam test) + – – +

Note: + = Yes, the chemical is present; – = No, the chemical is not present

The quantitative estimation of alkaloids, carbohydrates, glycosides, 
saponins, phytosterols, fats, and oils, resins, flavonoids, and proteins was 
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done following accepted procedures; and significant variation in all phyto-
constituents was noticed among the accessions (Table 5.2).

5.5.1 DIVERGENCE ANALYSIS

About divergence of yield characteristics (fresh tuber yield plant–1) 
recorded the highest percentage of divergence being 37% followed by dry 
tuber yield plant–1 (24%), length of tubers (18%), girth of tubers (12%) and 
number of tubers per stock (9%), respectively. Regarding contribution of 
phytoconstituents regarding divergence, highest divergence was observed 
for flavonoids (48%), followed by oils (16%), glycosides (14%), alkaloids 
(8%), carbohydrates (6%), fatty acids (3%), proteins (3%) and saponins 
(2%), respectively.

5.6 PHYTOCHEMISTRY

Plant cells produce primary metabolites like carbohydrates, lipids, and 
proteins, which are directly involved in growth and metabolism of plants; as 
well as secondary metabolites (such as: alkaloids, phenols, essential oils and 
terpenes, sterols, flavonoids, lignins, tannins, etc.) [73, 77]. All these phyto-
chemicals are naturally occurring biochemicals that give color, flavor, taste, 
smell, and texture to the plant [16, 94]. According to Ayurvedic Pharmacopoea 
of India [106], phytoconstituents in milk yam tubers are: pterocarpan-tuber-
osin, pterocarpanone-hydroxytuberosone, two pterocarpenes–(anhydrotu-
berosin and 3 O-methylanhydrotuberosin) and a coumestantuberostan, an 
isoflavone-puerarone and a coumestan-puerarostan.

Mishra et al., [67] reported that milk yam contains 1.3% fixed oil 
and the components include oleic acid (60.1%), linolenic acid (19.38%), 
palmitic acid (8.15%), and linolenic acid (1.11%) in mixed acid fraction. 
Acetone extract can yield higher quantity of phenols (285.05 mg gallic 
acid equivalents (GAE)/g extract), tannins (190.02 mg GAE/g extract) and 
flavonoids (174.44 mg rutin equivalents (RE)/g extract) among different 
solvents studied (petroleum ether, chloroform, acetone, methanol, and hot 
water) [117]. Ethanol extract was also studied [6]. The presence of phenols 
[45], tannins [72], and flavonoids [10] in milk yam extracts might be the 
possible reason for its antioxidant activity [25].
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Ono et al., [75] reported the presence of isobutyric, (S)-2-Methylbu-
tyric, Tiglic, n-decanoic, n-dodecanoic cinnamic acids, and two glycosidic 
acids (Quamoclic acid-A and Operculinic acid-A). The resin glycoside 
‘digitajalapin’ was also extracted from I. digitata by the same group of 
scientists. Their structures were also determined based on chemical and 
H-NMR and C-NMR spectral data. Investigation on phytochemical 
constituents present in I. digitata L. tubers by Monjur-Al-Hossain et al., 
[69]concluded the presence of phytoconstituents like alkaloids, tannins, 
steroids, gums, glycosides, carbohydrates, and saponins. The phytochemi-
cals present in the plant make it a phytestrogen source since its activity 
is like estrogen present in human body, which justifies its use in curing 
ailments related to female reproductive system [5]. Ayurvedic Drug 
Company in Himalaya reported that erganovine, an alkaloid present in 
Ipomoea tubers, is used to stop menstrual bleeding. The tubers are rich in 
carbohydrate, starch, protein, vitamins etc. The leaves also contain caro-
tene at the rate of 6.3 mg/100 g [71].

Collection of herbs at right maturity is one of the parameters, which 
affect the efficacy of medicinal plants. Maturity of the officinal part is also 
an important criterion for gaining maximum potency of the formulations 
developed out of the plant. Only mature (bigger size) tubers of I. digitata 
L. are used for preparing galactagogues and immunomodulatory herbal 
medicines by the traditional medical practitioners. Proximate composition 
of mature and immature tubers of I. digitata L. was studied by Khan et 
al., [46], who reported to have moisture (15%), total ash (17.35%), acid 
insoluble ash (1.4%), alcohol soluble extractive value (4.08%) and water-
soluble extractive value (11.85%). Proximate composition of immature 
tubers was slightly lower compared to mature tubers that had 10% 
moisture, 16.9% total ash, 1.2% acid insoluble ash, 3.12% alcohol soluble 
extractive, and 12.25% water-soluble extractive value. Khan et al., [46] 
compared phytoconstituents and bioactivities of immature tubers with 
mature tubers using chromatographic methods. Mature tuber’s chemical 
and biological profiles possess about twice phytoconstituents than that in 
immature tubers.

Qualitative evaluation of both mature and immature tubers revealed the 
presence of alkaloids, carbohydrates, glycosides, saponins, phytosterols, 
resins, flavonoids, and proteins. Immature tubers contain more proteins 
and saponins (6.60% and 7.28%) than mature tubers (4.4% and 1.65%), 
whereas mature tubers contain more starch (5.8%) than the immature ones 
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(2.10%). HPLC and HPTLC analysis of these tubers also supported the 
finding that there exists a variation in the phytoconstituents among imma-
ture and mature tubers, the mature ones having more phytoconstituents 
than the immature ones. The study at the Department of Plantation Crops 
and Spices, College of Agriculture, Vellayani [116] indicated variation in 
phytoconstituents of mature and immature tubers, and this was confirmed 
through phytochemical analysis of the tubers at different harvest periods 
(Tables 5. 3 and 5.4).

In the present study, the mature tubers were harvested at 2 years after 
plants that showed superior concentration of phytoconstituents than the 
immature source harvested at 1 year after planting. This enables us to 
conclude the authenticity of traditional recommendation.

5.7 CHROMATOGRAPHIC ANALYSIS

Thin layer chromatography (TLC) of I. digitata’s methanolic extract showed 
seven different spots at Rf 0.19 (green), 0.34 (magenta), 0.45 (green), 0.48 
(blue), 0.62 (blue), 0.67 (red) and 0.92 (dark pink) [106]. The I. digitata L. 
(Syn. I. paniculata) tubers reported to possess taraxerol, taraxerolacetate, 
β-sitosterol, scopoletin, and 7-О-β-D-glycopyranosylscopoletin (Scopolin) 
[94]. Triterpenid, coumarin, octadecyl €-p-coumarate, t-cinnamic acid 
[undecyl €-3-(4-hydroxyphenyl)-2-propeonate], an unknown coumarin 
(5-hydroxyl-7-ethoxy coumarin) and a lignin type resin glycoside were 
also present in the tubers [31, 54, 86]. Scopoletin and taraxerol can inhibit 
acetylcholinesterase activity; therefore, it is found beneficial for treating 
Alzheimer’s disease [53].

Chromatographic techniques were used for estimating the amount 
of umbelliferone, another important phytoconstituent in the tuber. 
Percentage recovery of umbelliferone by HPLC and HPTLC were 
97.90% and 98.90%, respectively [20]. Both HPLC and HPTLC have 
the same efficiency and sensitivity for determining umbelliferone from 
dried tuber powder. Umbelliferone is anti-coagulant and anti-HIV in 
action [62].

Scopoletin (7-hydroxy-6-methoxycoumarin) is hepatoprotective, 
spasmolytic, inhibits prostate cancer proliferation, antioxidant, anticoag-
ulant, and anti-HIV [62]. Ethyl acetate: methanol: water: ammonia (13: 
5: 1.8: 0.2) solvent system was used to isolate and quantify scopoletin in 
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the methanolic extract of milk yam tubers by Karthik and Padma [43]. 
TLC fingerprint of the methanolic extract revealed the presence of 
Scopoletin (Rf value 0.56) and it was quantified as 0.029–0.034% using 
HPLC and HPTLC methods. Scopoletin and β-sitosterol glucoside, an 
antioxidant, were isolated from its ethanolic extracts and its structure 
was elucidated using HNMR and CNMR spectroscopic analysis by 
Khan and Hossain [47].

Viji and Paulsamy [117] conducted the GC-MS profiling of milk yam’s 
acetone extract and revealed the presence of 27 compounds, namely:

• 1-Docosanol methylether;
• 1-Octadecene;
• 1-Octadecenol;
• 2-methyl-4,5-dihydroxybenzaldehye;
• 2, 2-Dideutro octadecanal;
• 4-acetylbutyricacid;
• 4-(3’4’(methylenedioxy) 6’formy phenyl) 6-fluro coumarin;
• 6, 8-dioxabicyclo (3, 2, 1) octan 3a-OL-2, 2, 4, 4-D4;
• 9, 12-Octadecadienoic acid (Z,Z);
• 9-Octadecene 1-ol(z);
• Chloroacetic acid, 4-hexadecylester;
• Dodecanoic acid;
• E-15-Heptadecanal;
• Ethyl-3-(trimethylsilyloxy) 8azabicyclo(4, 2, 1)oct-2-ene8 

carboxylates;
• Hahnfett;
• Hexadecen-1-ol trans-9-Hexadecanoic acid;
• Hexatricontane;
• Isopropyl Myristate;
• n-Tetracosanol-1;
• Nonacosane;
• Octacosane;
• Octadecanoic acid;
• S-(2-aminoethylester);
• Tetradecanal;
• Tetradecanoic acid;
• Tetratetracontane; and
• Thiosulfuric acid (H2S2O3).
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The highest peak area (14.22%) was observed for hexadecanoic acid 
(palmitic acid), which is known for its selective cytotoxicity against 
human leukemia cells, antioxidant, anti-inflammatory, hypocholesterol-
emia, nematicide, pesticide, and lubricant activities [4, 32]. Research must 
be focused on isolating different potential chemical constituents from milk 
yam and to evaluate its therapeutic activities through in vitro and in vivo 
clinical trials [74].

5.7.1 THIN LAYER CHROMATOGRAPHY (TLC)

Chromatographic fingerprinting of alcoholic extract of I. digitata L. by 
TLC was done by Vidya [116]. The phyto-documentation of the plates 
showed numerous bands under UV 366 nm and visible light after 
derivatization. The Rf at 0.2 value of I. digitata extract is presented in 
Figure 5.2. The developed plates were photographed under UV 366 nm 
and under visible light, which confirmed the presence of alkaloids, sapo-
nins, and flavonoids, respectively.

5.7.2 HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 
(HPLC)

High performance liquid chromatography (HPLC) was performed with 
the aqueous extracts of different samples of tubers of I. digitata. Samples 
collected from best-performing accessions were used for analysis. The 
HPLC profile of accessions in the aqueous extracts consistently exhibited a 
quantitative difference in the phytoconstituents particularly those eluting at 
1.843 minute and 2.050 minute retention time (Rt) in the HPLC chromato-
grams. The results confirmed the presence of flavonoids and alkaloids in 
the sample. In the analysis, two new compounds were also identified, Rutin 
– a flavonoid (Figure 5.3), and nicotinic acid – an alkaloid (Figure 5.4).

The identity of the peak of rutin and nicotinic acid in sample solution 
was confirmed by comparing the retention time (Rt) or retardation factor 
(Rf) with that of standard rutin and nicotinic acid. The retention time (Rt) 
of rutin was 2.050 min, whereas the retention time of nicotinic acid was 
1.843. The assay results indicate that amount of rutin (flavanoid) and nico-
tinic acid (alkaloid) estimated by HPLC method was 4.16 μg g–1 and 17.20 
μg g–1, respectively.
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5.8 ETHNOBOTANY

The indigenous systems of medicine always depend on traditional knowl-
edge for the drug development. In recent years, ethnobotanical studies 
have been used for the discovery of new drugs and new drug development. 
Milk yam plant and its medicinal, as well as nutraceutical properties, 
have been well mentioned in ancient literature. The ‘Susruthasamhitha’ 
contains several prescriptions for using it as an aphrodisiac. In the Konkan 
region of India, tubers are washed, peeled, cut into small pieces and dried 
for using as an aphrodisiac [26]. Powdered root macerated in its own 
juice and administered with honey and butter is also an aphrodisiac [103]. 
Extract prepared by macerating powdered roots is used as an abortifacient 
in Senegal [82].

It is also used: as a galactagogue, restorative, carminative, expectorant, 
anthelmintic, stomachic, and appetizer [27]; and for treating leprosy, syph-
ilis, gonorrhea, inflammations, burning sensation, vomiting, gastric ulcer, 
ulcerative colitis, hoarseness, etc. [18, 119]. It is a blood purifier as well as 
a voice and complexion improver, but it causes ‘Kapha.’ Its roots are used 
for applying on swellings of joints [23]. Its flowers are also sweet, cooling, 
aphrodisiac, used for curing biliousness but, it causes ‘Vata’ and ‘Kapha’ 
[49]. Khare [48] mentioned its use as a cholagogue, which increases bile 
flow to the intestine. In India, its seeds are used for coagulating milk [82].

Milk yam tubers are used in more than 45 formulations of Ayurveda or 
itself as a single drug [43]. In Midnapore district of West Bengal, its tubers 
are eaten raw and it is popular for its astringency for treating blood dysen-
tery [96]. In Sreepur Upazilla-Magura district of Bangladesh, folk medic-
inal practitioners (Kavirajees) are using milk yam for curing diseases as 
well as a functional food for improving voice and general health of humans 
[84]. Kandha tribes of Orissa are using the tuber juice along with cow’s 
milk continuously for seven days to increase lactation [9].

Rahmatullah et al., [83] documented use of milk yam by a folk medic-
inal practitioner (Kaviraj) of Pabna district, Bangladesh. Kaviraj recom-
mended a formulation containing tuber of Ipomoea digitata, bark of 
Pterocarpus santalinus, fruits of Phyllanthus emblica and fruits of Elet-
tariacardamomum mixed with ghee and honey to be taken orally @ of 3 g 
for 3–4 times a day for increasing appetite.

A decoction made of its roots and leaves are used to treat diarrhea, 
acting as a purgative and diuretic. Decoctions prepared out of its dried 
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roots are used in Cote d Ivoire as enema to treat kidney pain and female 
sterility. The same decoction is used to ensure a good pregnancy and to 
avoid miscarriages. Leaves of milk yam along with leaves of Croton 
lobatus L. are used to treat colic infection in babies and decoction of leafy 
twigs is given to strengthen emaciated children in Benin (Africa). A root 
decoction is used as an alternative and aphrodisiac tonic in Nigeria [82]. 
Root decoction is also used against constipation [97].

Administration of 3–10 g of tuber powder (prepared by boiling the tuber 
with milk and drying under shade) dissolved in milk is a good galacta-
gogue. Fresh tuber juice combined with cumin, coriander, fenugreek seeds 
and sugar can also be used as a lactagogue for curing spermatorrhoea [78]. 
Also, milk yam powder (prepared in the same way as said above) and 
barley powder in equal proportions (1: 1) can be mixed with ghee, milk, 
and sugar to prepare porridge for curing emaciation [76]. The root powder, 
equal parts of wheat flour and barley, milk, ghee, honey, and sugar can also 
be used as a restorative for emaciated and debilitated children [103].

According to literature, tuber flour of milk yam is being used for 
treating hepato-splenomegaly [96]. A preparation made from sun-dried 
milk yam tuber powder added with sugar and ghee is used for lowering 
menstrual discharge as well as to increase body weight [40]. Yaogika-
chikitsa and Dravyaguna have mentioned its use for treating hypertension 
and heart diseases [89]. Also, milk yam tuber powder added with honey 
can be beneficial for reducing blood pressure and heart diseases. In Africa, 
the root mixed with palm wine is used as a galactagogue [82].

Yusuf et al., [120] described its use for treating sexual disabilities in 
Khagrachari district of Bangladesh. Generally, it is using as a rasayana 
drug, as a nutritional supplement [109]. Louha Bhasma is a Rasayana or 
immunomodulator prepared using iron for curing anemia. It is a practice of 
mixing milk yam juice with Louha Bhasma for the management of impo-
tency during its unique method of preparation ‘Putapaka,’ as described by 
the ancient Indian chemist Nagarjuna around 100 AD [81].

In Gabon, tubers macerated with water are used as a wash against 
venereal diseases. Tuber macerated, along with Ampelocissusbombycina, 
is used to treat edema. Its young shoots are ground and applied to imma-
ture gangrenous and necrotic ulcers in Congo [82].

The ethnobotanical information gathered during a survey revealed that 
milk yam powder is generally used as a galactagogue/general tonic/aphro-
disiac along with milk/honey in Kerala [116]. It acts as a rejuvenative herb 
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for both mind and body and help to slow down the aging process of the 
body. In females, it helps in healthy menstruation and lactation; and in 
males, it helps in healthy production of sperms.

5.9 MEDICINAL USES

According to the Ayurvedic Pharmacopoeia of India [106], the therapeutic 
uses of I. digitata L. include: Raktavikara, Vrana, Styanyavikara, Pittaja 
Sula, Mahavatavyadhi, Mutraroga, and Bhagna. Studies on the pharma-
cological properties of the milk yam tubers revealed its potentiality against 
different types of lifestyle diseases or disorders like diabetes, hyperten-
sion, cardiovascular diseases, infertility, immune deficiency, etc. Besides 
it is proved to have galactogogue, antioxidant, antimicrobial, analgesic, 
revitalizing, anti-inflammatory, and spasmogenic activities. Even if all the 
plant parts contain different essential phytoconstituents, its tubers are said 
to be the official part. Tewati and Mishra [105] proved its hypotensive 
property and muscle relaxant activity in frogs, dogs, rats, and rabbits.

Administration of hydroalcoholic extract of milk yam tubers at a dose 
of 100–200 mg/kg bodyweight for 28 days showed significant antidia-
betic activity and it may be due to the presence of active principles like 
flavonoids and β-sitosterol [79]. Anti-diabetic activity of hydro-ethanolic 
root extracts of Ipomoea digitata L. in alloxan-induced diabetic rats was 
studied by Minaz et al., [64], who reported that both alcoholic and aqueous 
extracts have antidiabetic activity as a result of significant reduction in 
fasting serum glucose, triglyceride, and cholesterol levels.

The effect of methanolic extract of Ipomoea digitata L. tuber was 
studied for reducing cholesterol levels in experimentally induced hyper-
lipidemic rats. A significant reduction in body weight with a simultaneous 
increase in HDL level was also achieved with the administration of tuber 
extract at the rate of 300 mg/kg [70].

Administration of antibiotics like gentamicin can cause kidney dysfunc-
tion which may result in increased level of urea, creatinine, sodium, and 
decreased level of protein, potassium, and non-enzymatic antioxidants 
such as vitamin C and vitamin E. Kalaiselvan et al., [42] reported that 
administration of ethanolic extract of Ipomoea digitata L. could restore 
the alteration of these parameters in gentamicin intoxicated rats.

Milk yam is a good candidate for managing male infertility since a 
significantly high sperm density was recorded in neem oil-induced infertile 
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albino rats, according to Mahajan et al., [55]. A significant increase in 
sperm density, sperm motility, along with increase in testis and epididymis 
weight, serum levels of testosterone, follicle-stimulating hormone (FSH) 
and luteinizing hormone (LH) was induced in albino male rats at a rate of 
250–500 mg/kg bodyweight for 40 days. The β-sitosterol may be the likely 
cause for the significant enhanced process of spermatogenesis.

Immunomodulatory activity of four different plant species traded 
under the common name ‘Vidari’ was tested by carbon clearance test 
on Wistar rats by Kuntal Das et al., [51], who reported that Pueraraia 
tuberosa followed by Ipomoea digitata showed close activity to Withania 
somnifera powder, an approved potent immunomodulatory agent used as 
positive control. Garodia et al., [28] recommended Vidari as an immune 
modulator for patients, who have undergone radiotherapy.

As the name ‘Milk Yam’ or ‘Palmuthukku (Malayalam)’ suggests, 
I. digitata L. is supposed to have the property of increasing breast milk 
production in cattle as well as human beings.

Vasagam et al., [113] studied the in vitro antioxidant activity of metha-
nolic extract of Ipomoea digitata L. tubers and reported to have 230 μg/ml 
hydroxyl radical scavenging activity, 800 μg/ml by fluorescence recovery 
after photobleaching (FRAP) method and 7.51 mg/g total phenol content, 
which represents its significantly higher antioxidant activity. Alagumaniv-
asagam et al., [2] also reported that methanolic extract of Ipomoea digitata 
L. is a significant source of natural antioxidant since its administration 
in high-fat diet rats showed an increased level of antioxidant enzymes 
like superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase 
(GPx) and glutathione reductase. Monjur-Al-Hossain et al., [69] reported 
that Ipomoea digitata L. tuber extract had 164 μg/ml DPPH free radical 
scavenging activity. But, compared to methanolic extracts of Withania 
somifera (IC50–27.80 µg/ml) and Oxalis corniculata (IC50–19.98 µg/
ml), Ipomoea digitata (IC50–86.48 µg/ml) had only moderate antioxidant 
activity in terms of DPPH free radical scavenging potential [93].

Ipomoea digitata flowers collected from Dhaka city of Bangladesh 
were evaluated for the presence of microorganisms by Sharmin et al., 
[95], who revealed that milk yam flowers had a total bacterial load and 
fungal load of 107–108 CFU/g and 105–107 CFU/g, respectively of which 
Staphylococcus sp. (~107 CFU/g) was the predominant microorganism. An 
unknown coumarin present in the milk yam showed antibacterial activity 
against Pseudomonas aeruginosa and E. coli [54]. Crude ethanolic extract 
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of I. digitata L. tubers did not exhibit any significant anti-microbial activity 
as reported by Monjur-Al-Hossain et al., [69]. Drug-resistant attribute of 
Staphylococcus sp. was studied by Afrin et al., [1], who reported that it 
exhibits highest multi-drug resistance against 83% of drugs tested. Strep-
tomycin and Tetracycline exhibited zone of inhibition against Staphylo-
coccus sp., but ampicillin and cefalexim were found to be ineffective.

According to folklore and Indian systems of medicine, milk yam is 
used against skin infections like acne, dandruff, body malodor etc. [39]. 
A supporting study was done by Mahendra et al., [56] to find out the anti-
microbial activity of milk yam extracts (petroleum ether, chloroform, 
ethyl acetate and methanol) against skin pathogens like Malassezia furfur, 
Propionibacterium acnes and Corynebacterium diphtheria (@ 1, 20 and 
50 mg/ml). A mild antibacterial activity was exhibited by chloroform and 
ethyl acetate extracts against C. diphtheria (@ 20 and 50 mg/ml) both 
with an inhibition zone of 13–14 mm. Petroleum ether extract showed 
inhibition against C. diphtheria at 50 mg/ml. None of the extracts showed 
activity against P. acnes and C. diphtheria. Also, methanolic extracts 
showed no inhibition against any organisms studied.

Viji and Paulsamy [117] found out a compound named ‘tetradecanal’ 
having antimicrobial activity from acetone extract of milk yam. The 
E-15-Heptadecenal and Octadecanoic acid are the other specific compounds 
in the extract capable of killing bacteria. The 1-Docosanol methyl ether 
identified from the acetone extract of milk yam tubers has the ability to 
inhibit in vitro replication of many lipid-enveloped viruses, including HSV 
(Herpes Simplex Virus).

Crude ethanolic extract of Ipomoea digitata L. tubers has analgesic 
activity since it showed 71.15% and 80.77% writhing inhibition at a dose 
of 250 mg/kg and 500 mg/kg, respectively as reported by Monjur-Al-
Hossain et al. [69].

Ancient literatures of Ayurveda mention that resin glycosides in milk 
yam are responsible for the anti-inflammatory activity. Hexadecanoic 
acid and Hexadecan-1-ol trans-9 are compounds with anti-inflamma-
tory activities in milk yam tubers [117]. Paniculatin a glycoside isolated 
from Ipomoea digitata L. and when administered intraperitoneally in 
mice recorded an LD 50 value (48 hours) with 95% fiducial limits 867.4 
(755.3–985.1) mg/kg. Administration of paniculatin resulted in elevated 
blood pressure, showed stimulant effect on myocardium and respiration, a 
vasoconstrictor and bronchoconstrictor effect with spasm-genic effect on 
smooth muscles of gut and also oxytocic activity [58].
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5.10 PHARMACOGNOSY

Chandira and Jayakar [17] had formulated herbal tablets using aqueous 
extract of Ipomoea digitata L., since it contains most of the phytochemi-
cals when compared to acetone, petroleum ether and alcohol extracts. 
Administration of tablet made from its aqueous extract at the dose of 300 
mg/kg body weight in streptozotocin-induced diabetic rats could signifi-
cantly decrease the blood glucose level indicates its potent antidiabetic 
activity.

Administration of Ipomoea digitata L. tuber powder (3 g) for a period 
of 12 weeks could reduce systolic, diastolic, mean blood pressure, serum 
total cholesterol, LDL cholesterol and atherogenic index with an increase 
of fibrinolytic activity and total antioxidant status in individuals having 
stage-I hypertension according to Jain et al., [40]. A decrease in systolic 
blood pressure by 40 points and diastolic pressure by 20 points can be 
achieved by milk yam administration [30].

A lactogenic polyherbal formulation containing milk yam named 
‘Lactovedic’ was administered to rats having suckling pups to find out 
its galactagogue activity [61]. The study indicated that Lactovedic could 
increase milk yield, pups body weight, weight of mother rat, glycogen, and 
protein content of mammary gland tissue, serum prolactin and cortisol, 
which could prove its significant galactagogue activity. The herbo-mineral 
drug-containing different medicinal plants along with Ipomoea digitata, 
Zinc-ash complex, and high energy carbohydrate molecules were eval-
uated for its clinical efficacy by Rani et al., [85]. An overall improve-
ment ranged between 69–77% in all the patients having symptomatology 
of general weakness, appetite, sleeplessness, etc., which could prove its 
potential revitalizing effect in humans.

5.11 NUTRACEUTICAL POTENTIAL

Ipomoea digitata L. can be regarded as a potential nutraceutical agent but 
remains as an underutilized plant [99]. In India, its tubers are considered 
as an alternate source of Vidari and are widely used to prepare popular 
Ayurvedic nutraceutical products like Chavanaprasha [115]. For preparing 
nutraceuticals, the tubers are subjected to several postharvest operations. 
Harvested fresh tuberous roots of the plant were cut into small pieces and 
sun-dried and then dried in an oven at reduced temperature (≤ 50°C) [47]. 
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Yield and quality of the final product are a function of a dynamic relation-
ship between maturity, yield, and quality parameters [21].

Harvested mature tubers must be washed, peeled, and shredded into 
small pieces, again washed for at least three times in good quality running 
water and excess water has to be drained-off by keeping in a bamboo 
basket for sufficient period of time before drying. Drying can be done in 
a hot air oven maintained at 60°C for 12 hours and then can be powdered 
to yield milk yam tuber powder (Figure 5.5) having high nutritional value 
per 100 g as: protein (12.58 g), total carbohydrate (24.36 g), soluble carbo-
hydrate (4.78 g), fat (1.28 g), fiber (7.2 g), ash (5.23 g) and vitamin C 
(68.35 mg/g) [100].

FIGURE 5.5 Milk yam tuber slices (left); (B) Dried chips (center); (C) Milk yam powder 
(right).

Its tuber powder is grayish brown in color having no characteristic 
odor, bitter in taste, having parenchyma filled with starch, septate fibers 
in the form of crystals as well as bulb-like pipette (Figure 5.5). Vessels 
have simple and scalariform cross perforation plates, stone cells, and 
starch [106]. The tuber powder is coarse to moderately coarse in texture. 
The vessel elements are short having a terminal to sub-terminal, simple 
perforation plates and with lateral or circular or elliptical pitting. The 
pitting belongs to pseudo-scalariform, silt-like and circular to elliptical 
crowded types. Parenchymatous cells are rich in a minute to large-
sized (10 µm to 50 µm) starch grains having spherical or sub-spher-
ical shape. Fibers, resin ducts, sclereids are absent [43]. Nutraceutical 
products from milk yam are available in different types of formulations 
such as: powder, tablets, rasayana, linctus, confection, decoction, milk 
decoction, etc. [33].
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According to the Ayurvedic Pharmacopoeia of India [106], an impor-
tant formulation containing milk yam is Sivagutika, and the recommended 
dosage is 5–10 g. It is also an important constituent in Ayurvedic formu-
lations like Vidaryadikvatha Churna, Vidaryadi Ghrita, Marma Gutika, 
Manmathabhra Rasa, Pugakhanda (Aparah), Dasamoolarishtam, and 
Chavanaprasam [76].

A herbo-mineral drug-containing seven different herbs along with milk 
yam, zinc-ash complex and high energy carbohydrate molecules namely 
Revivin has been evaluated for its clinical efficiency and safety by Rani 
et al., [85], who reported an overall improvement of 69–77% for patients 
having various symptomatology of general weakness, appetite, sleep mood 
and lack of concentration. They also observed that irritability was reduced 
by 69% and weakness was improved by 77% due to Revivin adminis-
tration. In most of the patients, an improvement in terms of wellbeing, 
decreased lethargy, and capacity for working even in stressful conditions 
without any tiredness even at the end of the day was noticed.

National R & D Facility for Rasayana [27] has documented certain 
promotive and curative recipes using Vidari particularly for rejuvenative, 
strength-giving (Balya) and blood purifying (Raktadoshahara) properties 
as well as for using vidari as a galactagogue (Stanya Vriddhi), aphrodi-
siac (Vrishya), emaciation (Shosha) and hemoptysis (Raktavamana). 
Consumption of Vidari Kalka (paste) @10 g dissolved in half glass of 
milk twice daily can rejuvenate our body, purify blood, improve strength 
and stamina and can cure blood vomiting [80]. Vidari tuber juice (25ml) or 
Vidari powder (10 g) added to milk and consuming thrice daily after food 
could act as a galactagogue [11].

For increased sperm production, vidari juice/powder (10 g) mixed with 
5 g ghee and 150ml milk can be consumed thrice daily after food for two 
months for beneficial effects. There is also a list of some Rasayana drugs 
containing Vidari (viz., Vidaryadi Gritha, Vidaryadi Kasaya, Vidaryadi 
Leha, and Chavanaprasha). Vasu Research Center, a division of Vasu 
Healthcare Pvt. Ltd., Vadodara, Gujarat has developed a product ‘Maha-
mash oil’ containing Kshervidari [114]. Phala Ghrita is also an Ayurvedic 
formulation containing milk yam [13].

Ipomoea digitata is a major ingredient in various mixtures used as 
nutritive, diuretic, and expectorants [38]. Milk yam is one of the ingre-
dient of a popular rasayana drugs ‘Aswagandharistam,’ ‘Balarishtam’ 
and ‘Dhanwanthararishtam,’ which are principally made out of Withania 
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somnifera (Aswagandha) having several health benefits like, epilepsy, 
faintness, fatigue, psychic problems, piles, indigestion, rheumatic 
complaints, improving memory power etc.[8]. Dhanwanthararishtam is 
used for curing all types of rheumatic complaints, hernia, and vaginal 
diseases [60]. Manmathabra rasa is also a rasayana drug containing milk 
yam, useful for curing general debility [102].

Satveda herbs Ltd. [91] is selling Vidarikanda powder, a micronized 
powder potentiated with Vidari’s decoction as a dietary supplement with 
different therapeutic claims, such as: for men and it helps in healthy, semen 
production; and in females, it helps in healthy menstruation and lacta-
tion. In both sexes, it supports fertility and vitality. Also, it is rejuvenative, 
immune booster, anti-aging, improves complexion, and so on. Hamdard 
Laboratories in Pakistan is also selling milk yam products under the brand 
names, Habb-e-Asgand and Sharbat Mufarreh Muqawwi-e-Qalb. They 
notified that excessive intake of milk yam is supposed to be harmful for 
people with warm temperament [22].

Milk yam capsules @ one tablet thrice daily along with milk, tender 
coconut water or turmeric juice is effective to cure leucorrhoea, urinary 
calculi, diabetes, burning micturition, etc. Sathavarigulam also contains 
milk yam and is recommended at a rate of 10 g daily twice with milk. 
Marmagulika is also a capsule recommended at a dose of ½ to 1 tablet 
thrice daily with milk or jeeraka (cumin) water for curing leucorrhoea, 
body pain due to trauma and burning micturition.

Ayu Muscle Tone is an ayurvedic muscle tablet containing milk yam 
along with Shatavari (Asparagus racemosus), Ashwagandha (Withania 
somnifera) and Amalaki (Emblica officinalis). It is recommended as a bone 
and muscular tonic consumed at a dose of two tablets twice a day. Lukowin 
tablets another product contain 80 mg of milk yam and is recommended 
at a dose of 2 tablets with water daily for curing menstrual disorders [35].

5.12 MISCELLANEOUS USES

Milk yam is often grown for ornamental purposes by training against trel-
lises and pillars [7] for its beautiful pink or purple flowers and shade. 
The stem and leaves of the plants are used as fodder [71]. In India and 
Senegal (Africa), the plant is browsed or fed to the cattle for enhanced 
milk production [82].
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5.13 FUTURE RESEARCH

An immense scope for research in I. digitata L. exists since its functional 
potential has not been exploited fully. Its tuberization morphology as 
well as anatomy, phytochemical characterization using sophisticated and 
accurate analytical tools like chromatography, spectroscopy, etc. can be 
beneficial for authenticating the crude drug to prevent its adulteration with 
Vidari (Peuraria tuberosa). Development of nutraceutical products from 
its tubers is also a potential area to evaluate.

5.14 SUMMARY

Ipomoea digitata L. (milk yam) is a type of morning glory plant naturalized 
in many parts of the world. The root is considered as tonic, alterative, 
aphrodisiac, demulcent, galactagogue, and cholagogue. In India, tubers 
of Ipomoea digitata (Vidari) and many of the Ayurvedic industries use 
Vidari in popular Ayurvedic nutraceutical products. This chapter focuses 
on the various ethnobotanical, medicinal, and nutraceutical properties 
of milk yam. Diversity analysis of milk yam accessions collected from 
different agro-ecological regions, detailed account of reproductive 
biology and phytochemical analysis of milk yam tubers have also been 
discussed.
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