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The objective of this new book series is to offer academia, engineers, tech-
nologists, and users from different disciplines information to gain knowl-
edge on the breadth and depth of this multifaceted field. The volumes will 
explore the fields of phytochemistry, along with its potential and extrac-
tion techniques. The volumes will discuss the therapeutic perspectives of 
biochemical compounds in plants and animal and marine sources in an 
interdisciplinary manner because the field requires knowledge of many 
areas, including agricultural, food, and chemical engineering; manufac-
turing technology along with applications from diverse fields like chem-
istry; herbal drug technology; microbiology; animal husbandry; and food 
science; etc. There is an urgent need to explore and investigate the innova-
tions, current shortcomings, and future challenges in this growing area of 
research.

We welcome chapters on the following specialty areas (but not limited 
to):

• Food and function
• Nutritional composition of different foods materials
• Functional and nutraceutical perspectives of foods
• Extraction of bioactive molecules
• Phytomedicinal properties of different plants 
• Traditional plants used as functional foods
• Phytopharmacology of plants used in metabolic disorders
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Organization
UPE ultrahigh pressure extraction
USDA  United States Department of Agriculture
UV ultraviolet 
UVB ultraviolet B
VDC voltage-dependent Ca2+ channel
VLDL very low-density lipoproteins
WAT white adipose tissues
WHO World Health Organization
XO xanthine oxidase
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PREFACE

We introduce this book volume under the book series Innovations in 
Plant Science for Better Health: From Soil to Fork, published by Apple 
Academic Press.  This book mainly covers the current scenario of the 
research and case studies and the importance of phytochemicals in thera-
peutics, under two main parts: Part I: Extraction of Bioactive Compounds 
and Their Applications, and Part II:  Bioactive Compounds and Health 
Claims.

Part I describes the advances in the extraction of bioactive compounds 
from various sources. Advanced extraction techniques such as enzyme-
assisted, microwave-assisted, ultrasound-assisted, pressurized liquid 
extraction and supercritical extraction techniques are described in detail. 
Natural products and their bioactive compounds are being increasingly 
utilized in preventive and therapeutic medication. Bioactive compounds 
have been utilized for the production of pharmaceutical supplements and 
more recently as food additives to increase the functionality of foods. 

Part II covers the role of different bioactive compounds and their 
health-promoting potential for lifestyle diseases. The incorporation of any 
functional foods, nutraceuticals, and bioactives in the daily diet is a benefi-
cial endeavor to help prevent the progression of chronic disorders. This 
section explains the botany, physical characteristics, uniqueness, uses, 
distribution, importance, phytochemistry, traditional importance, nutri-
tional importance, bioactivities, and future trends of different functional 
foods. Functional foods, beyond providing basic nutrition, may offer a 
potentially positive effect on health and cure various disease conditions 
such as metabolic disorders, cancer, and chronic inflammatory reactions.

This book volume sheds light on the potential of plants for human 
health from different technological aspects and contributes to the ocean 
of knowledge on food science and nutrition. We hope that this compen-
dium will be useful for students and researchers of academia as well as for 
persons working with the food, nutraceuticals, and herbal industries.

The contributions by the cooperating authors to this book volume have 
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 food science, 
biochemistry, and nutrition throughout their professional careers. I am glad 
to introduce my mentor and a coeditor, Prof. Colin Barrow, who brings his 
expertise and innovative ideas on bioactive compound, drug discovery, 
and separation sciences in this book.

The goal of this book volume is to guide the world science community 
on how bioactive compounds can alleviate us from various conditions and 
diseases. 

We will like to 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 request that readers offer us constructive suggestions that may help 
to improve future works.  

I thank Dr. Megh R. Goyal for his leadership and for inviting me to join 
his team. He is a world-renowned scientist and engineer with expertise in 
agricultural and biological engineering.  Truly he is giver and a model for 
budding scientists. I am on board to learn.

— Hafiz Suleria
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CHAPTER 1

ABSTRACT

Bioactive compounds are widely distributed in plant sources and are the 
most abundant secondary metabolites of the plants. Based on chemical 
characterization, they include: glycosides, flavonoids, tannins, terpe-
noids, lignans, alkaloids, peptides, and others. The extraction of bioac-
tive molecules has drawn increasing attention due to their antioxidant 
and therapeutic potential through their interactions with vascular endo-
thelial cells to prevent cardiovascular disorders and cancer. Although 
the development in chromatographic and spectrometric analytical tech-
niques has significant contribution in the detection of bioactive compo-
nents, the success depends on the method of extraction as two-third part 
of analytical work is required to get these components. In conventional 
extraction methods, several combinations of temperature, solvent, agita-
tion speed, and extraction time have been optimized to get maximum 
yields, but these conventional proposals are creating burden on environ-
ment due to high temperatures for a long time and secondly, affect the 
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heat-sensitive bioactive components. Alternatively, application of novel 
techniques like ultrasound, microwave, high pressure, pulsed electric 
field, supercritical fluid, and others is more welcoming due to less envi-
ronmental burden in the form of lessened usage of organic solvents, low 
working temperatures, short duration, and improved quality and yield 
with high selectivity to compounds of interest. The efficiencies of both 
either conventional or novel extraction methods are typically based on 
the input parameters, complexity of plant source, structural conforma-
tion of bioactive components, and skill to up-scale them. This chapter 
aims to discuss basic mechanisms involved in the extraction of bioactive 
molecules from plant material through conventional as well as novel 
extraction techniques.

1.1 INTRODUCTION

Bioactive compounds are secondary metabolites in plants that are 
prompting toxicological and pharmacological effects in both animals and 
man. The production of these secondary metabolites within the plants 
took place as a result of primary metabolic and biosynthetic pathways 
for compounds related with growth and development of the plant, there-
fore, they are considered as by-products of plant cells metabolism.7 These 
bioactive compounds are well known due to their significant function-
ality in plants, for instance, (1) during photosynthesis, flavonoids act as 
free radicals scavengers, (2) terpenoids can appeal pollinators or seed 
dispersers, (3) alkaloids repels insects or herbivore animals, and (4) like-
wise, other secondary metabolites indulge in many different functions 
within the plants.90

Majority of the plants produce bioactive compounds including food 
and feed plants, but the higher concentration of bioactive molecules are 
present in medicinal or poisonous plants.83,98 Various studies confirm that 
these secondary compounds have a protective action on human health 
and are the key elements of a healthy and balanced diet.20,143 They have 
beneficial effect on prevention of cardiovascular diseases, inflammation, 
glucose intolerance, and obesity.12,162 According to World Health Orga-
nization, the approximate share of world’s population that relies on their 
primary health care from plant-derived natural medicines is 65–80%.158,48 
For instance, flavonoid is most important phytochemical capable 



Extraction of Bioactive Molecules 5

of controlling the incidence of diabetes, cancer, and cardiovascular 
diseases.71 Catechin, another bioactive molecule present in green tea, is 
effective against obesity.91 Bioactive compounds also possess antioxidant 
activity which decreases the deleterious effects of substances with high 
oxidative potential. This antioxidant property is principally designated 
to their redox potential which lets them to work as reducing agents.83 
Thus being an important constituent of human diet, the extraction of 
biochemical molecules from natural plant sources is of keen interest for 
the researchers. 

1.2 CATEGORIES OF BIOACTIVE MOLECULES

Classification of plants bioactive molecules depends on different criteria. 
They could be presented clinically, toxicologically, pharmacologically, or 
botanically; but it is complicated as even chemically related compounds 
can possess different clinical outcomes or even less genetically related 
species could produce dissimilar bioactive molecules.7 Therefore, it is 
preferable to classify them according to the chemical classes and biochem-
ical pathways. According to Croteau et al.37 and Taiz et al.,141 bioactive 
molecules from plant sources are categorized into: (1) terpenes and terpe-
noids (roughly 25,000 compounds) produced by mevalonic acid and non-
mevalonate (MEP) pathways, (2) alkaloids (roughly 12,000 compounds) 
produced through shikimic acid pathway, and (3) phenolic compounds 
(roughly 8000 compounds) produced by malonic acid and shikimic acid 
pathways.

1.2.1 TERPENES

Among the natural products, the terpenoids occupied the largest group, also 
used in number of industrial sectors as fragrances, spices, and flavors also 
used in cosmetics and perfume-making industries. Huge types of terpe-
noids have been identified, that is, 25,000; these compounds have major 
role in defense against biotic and abiotic factors and also act as source of 
attraction for the insects of pollination.136 Terpenoids have been studied 
for their role in medicine and biotechnology. Terpenes are hydrocarbon-
based compounds which contain a structure derived from isoprene which 
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give rise to another structure which may also be divided into isopentane 
units.119 

There are two major pathways to produce terpenes, that is, conven-
tional acetate-mevalonic acid and non-mevalonic acid pathways. The 
conventional acetate-mevalonic acid pathway is operated in the cytosol 
and mitochondria of plant cells; there, various  compounds are synthe-
sized, namely, sterols, sesquiterpenes, and ubiquinones.85 While the non-
mevalonic acid pathway takes place in plastids of plant cells and prepare 
compounds like hemi-, mono-, sesqui-, and diterpenes, additionally carot-
enoids and phytol tail of chlorophyll.22

Odors and flavors of terpenoids are strong. These compounds have 
wide range of their action which is being used for herbal remedies. Among 
these variations, particular examples are antibacterial, antineoplastic, anti-
viral effects along with metabolic stimulation which are very important. 
Toxicity of these compounds is associated with their concentrated form 
as volatile oils. Terpenoids mainly belongs to family Lamiaceae (thyme 
family) but may be present in other similar families.7,15

In fragrance and perfume  industries, monoterpenoids are major 
constituent of various essential oils while other acyclic compounds are 
geraniol, linalool, and myrcene. Camphor, menthol, limonene, and pinene 
are cyclic structures. Due to higher boiling point, diterpenes do not 
possess the characteristics of essential oils and are considered as compo-
nent of plant resins.50 Terpenoids including squiterpenes, compounds 
with three isoprene units are mostly present in aliphatic bi- and tricyclic 
forms. Farnesol, a aliphatic bicyclic form, is an important intermediate 
in terpenoid synthesis. Arteether, extracted from Artemisia annua, is a 
sesquiterpene lactone derived from artemisinin and nowadays, used as an 
antimalarial drug. Triterpenes (C30) are mainly composed of six isoprene 
structures and are formed from squalene during biosynthesis. Such 
compounds have higher melting points, are colorless, occur in solid form, 
and mainly found in resins, cork, and cutin. Steroids, saponins, and cardiac 
glycosides are produced from triterpenoids which are pharmacologically 
active. From seeds of Azadirachta indica a powerful insect ant-feedent 
is produced. Among other tri-terpenoids, cucurbitacins and limonins are 
effective insect steroid hormone antagonists.102

Plant steroids which are hydroxylated at C3 position are classified 
as sterols. Steroids are altered forms of triterpenes and in animals act as 
necessary hormones, for example, estrogens such as progesterone and 
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androgens such as testosterone, coenzymes, and provitamins. Diosgenin is 
the important source of much progesterone which is derived semisyntheti-
cally. On the other hand, amaryllidaceae, dioscoreaceae and liliaceae, and 
dicot families (Solanaceace and Scrophulariaceace. Saponins) are impor-
tant source of saponins (C27). These compounds are composed of mainly 
two parts, namely, aglycone (genin or triterpene) and glycone (sugar).  
Important preparations based upon saponins are licorice (Glycerrhiza 
glabra), primula root (Primula), sarsaparilla root (Sarsaparilla), ginseng 
(Panax ginseng) and ivy leaves (Hedera).  Glycyrrhizins are the salt form 
of ammonium and calcium with glycyrrhizic acid, and on sucrose scale, 
they are 50–100 times sweeter.152

1.2.2 ALKALOIDS

The alkaloids have potent activity and bitter taste. They are heterocy-
clic compounds containing nitrogen. In more than 150 families, 12,000 
types of these compounds are present in plants. Papaveraceae, Apocy-
naceae, Ranunculaceae, Fabaceae, Rubiaceae, Solanaceae, and Ruta-
ceae are important families of alkaloids, while less common lower plants 
and fungi (ergot alkaloids) also contain these compounds.77 Alkaloids 
are present in isomeric forms as salts of organic acids like malic, oxalic, 
lactic, citric, tannic, tartaric, and other acids in plants. On the other 
hand, few weak basic alkaloids (such as nicotine) present freely in plant 
systems. Some members of alkaloids are also found in glycosidic form 
with galactose, glucose, and rhamnose such as solanine. They also occur 
in the form of amides (piperine), and as esters (cocaine and atropine) of 
organic acids.82,101

Plants contain alkaloids in their various parts such as large amounts 
of these compounds are present in seeds (nux vomica, Areca), stem bark 
(cinchona and pomegranate), and roots (aconite and belladonna). Alka-
loids are abundant in dicots as compared to monocots.126 Alkaloids are used 
as narcotics, stimulants, poisons, and pharmaceuticals due to their potent 
activity. Some of the most common examples of alkaloids which are being 
used are the anticancer agent—vinblastine, the muscle relaxant—(+)tubo-
curarine, analgesics—codeine and morphine, the antiarrhythmic agent—
ajmalicine, the gout suppressant—colchicine, the sedative—scopolamine, 
and the antibiotic—sanguinarine. Caffeine in coffee and tea along with 
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nicotine in all preparations such as chewing, smoking, etc. are extensively 
used on daily basis.100 

Different clinical properties are found in different alkaloid groups. For 
instance, tropane alkaloids are abundantly found in Solanaceae family, 
for example, in Atropa belladonna, Datura spp., and Hyoscyamus niger. 
The compounds of these alkaloid groups contain anticholinergic effect 
to lessen the smooth muscle spasms, pain, and hypersecretion; therefore, 
these compounds are extremely medicinally important. Asteraceae (daisy 
family), particularly Boraginaceae (borage family) and Senecio spp. 
(Ragworts) are the good source of pyrrolizidine alkaloids. After bioactiva-
tion, they exert adverse effects on human health. Isoquinoline alkaloids 
are present in Berberidaceae (barberry family) and Papaveraceae (poppy 
family). Such compounds have wide range of biochemical effects in 
humans by controlling different malady conditions (cancer cells, bacteria, 
and pain) along with improvement in bone marrow leucocytes and 
myocardial contractility.109 Coffea arabica (coffee) and Theobroma cacao 
(cacao) are the main sources of methylxanthine alkaloids which show an 
important impact on neurological systems of humans and animals. Simi-
larly another group of alkaloids, pseudoalkaloids, which are chemically 
close to alkaloid, affect the central nervous system. These compounds are 
synthesized by species in Apiaceae (carrot family), for example, Cicuta 
virosa (cowbane) and Conium maculatum (hemlock). 

1.2.3 POLYPHENOLS

Polyphenols are widely distributed in nature. They are the secondary 
compounds of plant kingdom. Almost 8000 types of phenolic compounds 
are identified and classified into various subgroups based on the number 
of phenol rings present and the structural elements which bind such rings 
to one another. These classes include phenolic acids (hydroxycinnamic 
acids and hydroxybenzoic acids), flavonoids (flavonols, flavanols, flava-
nones, flavones, proanthocyanidins, and isoflavones), tannins, stilbenes, 
and lignans. These classes of polyphenols are present in plants and in 
various foods of plant origin.98,99 Simple phenolic compounds have at 
least one OH-group bounded to an aromatic ring, such as catechol while 
majority of compounds contain C6C1 carbon skeleton having carbonyl 
group bounded to the aromatic ring.60 Mostly, phenolic compounds are 
prepared through shikimate pathway, but sometimes a few phenolic 
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compounds, for example, orcinols and quinones, are synthesized by the 
polyketide pathway. Phenolics synthesized from either pathway shared 
common structure such as flavonoids, stilbenes, pyrones, and xanthones.91 
Majority of phenolic compounds are present in leaves, woody parts of 
plants such as barks, stems, flowering tissues, etc.74 Phenolics add taste, 
color, and nutritional properties to the fruit.30 

Flavonoids compounds are composed of two phenolic rings joined 
through a pyranring and proanthocyanidins, the polymers of flavo-
noid units both of which occurred in glycosidic forms. Any compound 
containing phenol group acts as an antioxidant. Other actions include 
reducing inflammation and carcinogenicity. Isoflavones are also known as 
phytoestrogens. A long range of pigments is present in plants, for example, 
flavonoids and proanthocyanidins. Fabaeceae (bean family) are the main 
source of the isoflavones.36

Tannins exist in two types: condensed and hydrolyzable, depending 
on their structural complexity. Condensed tannins are large oligomers of 
flavonoid units, whereas hydrolyzable tannins are composed of glycosidic 
center (commonly glucose) with several catechin/phenolic acid deriva-
tives. Solubility of tannins decreased with the increase in size of the mole-
cule. Tannins could be antinutritional as they can bind with proteins and 
minerals while bigger tannins are served as astringents in various diseases 
(diarrhea, transudate, and skin bleeding). These compounds are present in 
wide range in plant kingdom. Fagaceae (beech family) and Polygonaceae 
(knotweed family) are few examples of plants containing tannins.14 

Lignans contain different functional groups and consist of two phenyl-
propanoid units to form an 18-carbon skeleton. These compounds are 
present within the cell membrane and perform specification functions 
as they contain lipophilic properties.52  Lignans are present in different 
concentrations in different plant species but higher amounts are discovered 
in oilseeds. Phytoestrogenic, cathartic, or antineoplastic effects are associ-
ated with lignans.65

1.2.4 OTHER BIOACTIVE COMPOUNDS

1.2.4.1 PROTEINS AND PEPTIDES

Proteins perform an extremely important role in food and feed. Proteins 
components are absorbed into the blood from intestinal tissues and provide 



10 Bioactive Compounds from Plant Origin

building blocks of the body protein. Besides these, many proteins also act 
as bioactive molecules.108 These bioactive proteins are unable to hydro-
lyzed in GIT, rather than absorbed in blood and exert their particular func-
tion in the body. Such proteins are produced by Euphorbiaceae (spurge 
family) and Ricinus communis (castor bean). For example, ricin tends to 
prevent the synthesis of proteins and produce gradual effects in animals 
and humans. These proteins exist in minor quantity in seeds of several 
species of Fabaceae (bean family). Symptoms related to colic and other 
metabolic disorders may produce if seeds are not heat treated to inactivate 
lectin.79

1.2.4.2 GLYCOSIDES

Glycosides may originate from various types of secondary metabolites 
which are bound with a monosaccharide, oligo-saccharide, or uronic 
acid. Therefore, it contains two groups, first one is glycine (saccharide or 
uronic acid part) while remaining part is known as aglycon. Cyanogenic 
glycosides, cardiac glycosides, anthraquinone glycosides, saponins, and 
glucosinolates are the some main groups of glycosides. Flavonoids are 
also found as glycosides. After intake of glycosides, it hydrolyzes in the 
colonic part, while the more hydrophobic glycosides (aglycone) might be 
absorbed.160

Steroidal structure is present in aglycones of cardiac glycosides. They 
inhibit the Na+/K+-ATPase-pumps operated in the cell membranes. Agly-
cones of cyanogenic glycosides are derived from the amino acids.112 Hypo-
thyroidism may result as these compounds may interfere with utilization 
of iodine. Sulfur containing amino acids are present in amino acid-derived 
aglycones which have pungent smell. In various cells, these compounds 
exert a complex effect on cytochrome (P450 isoforms) and therefore it 
decreases the hepatic bioactivation of environmental procarcinogens. 
Majority of saponins (soap-forming compound) are present as glycosides. 
Emulsifying properties are associated with saponin glycosides which are 
comparatively big molecules having hydrophilic and hydrophobic agly-
cone parts.
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1.3 IMPORTANCE OF EXTRACTION

Extraction is the primary stage in medicinal plant research with the signifi-
cant impact on the final outcome. Bioactive compounds contain the pool 
of molecules having broad diversity of functionalities and structures that 
present an important role in the production of food additives, functional 
foods, and nutraceuticals. The distribution of bioactive compounds in 
nature vary according to their concentration, some of them are present at 
low level, whereas some compounds, such as polyphenols, can be found 
in higher concentration. Therefore, to obtain these compound in adequate 
level, huge harvesting is required which is quite complicated and unben-
eficial related to cost.72 Although the development in chromatographic 
and spectrometric analytical techniques has significant contribution in the 
detection of bioactive components, still success depends on the method 
of extraction as two-third part of analytical work is required to get these 
components.11 The innate obstacles in producing and screening required 
bioactive compounds have led to the advancement of the novel extraction 
technologies.

Currently, many researchers and industrialists are involve in finding 
out various methods to explore the potential of bioactive compounds from 
natural sources for the prevention and treatment of various human diseases 
and to meet other needs. The efficiency of these compounds to interact with 
different biological molecules including DNA and proteins for the produc-
tion of preferred outcome allows them to be fully utilized in designing 
therapeutic agents derived from natural products.6 Hence for this purpose, 
the extraction of bioactive molecules from plant sources along with the 
estimation of their quantitative and qualitative properties is important for 
exploration of new biomolecules to be used by agrochemical and pharma-
ceutical industry.68 According to UNESCO in most developing countries, 
80% of the world’s population relies on the use of herbal products on 
regular basis to keep good health.27 The thousands of chemical compounds 
present in these plants are used for different infectious diseases. These 
phytochemicals possess beneficial biological activity such as antioxidant, 
antimicrobial, anticancer, analgesic, antidiarrheal, and wound healing..45

Nowadays, the food industry is focusing to manufacture and develop 
different functional food products. The growing interest of consumer 
for healthy food makes this new class of food product successful in the 
market. In general, these functional foods include various different types 
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and proportions of bioactive compounds.15 Therefore, functional food 
can be defined as a new product in which bioactive compounds from 
different natural sources are incorporated to formulate food with a specific 
function.41 

Plaza et al.118 discuss three main factors to be fulfilled by a functional 
food. First of all, the effect of functional food should be different as 
compared to normal diet. Second, there should not be any side effect of 
developed functional product, and third, it should be beneficial in reducing 
risk of developing pathological condition and should also help to improve 
physiological function. Therefore, the desired biomolecules that possess 
biological activity such as antiviral, antioxidant, antihypertensive, anti-
diabetic, and so on are extracted from plant sources to be used in formu-
lating different functional products as not all bioactive compounds cover 
all these aspects.118 These functional foods help in decrease in cholesterol 
levels, maintaining remission of Crohn’s disease, alleviation of lactose 
intolerance, inhibition of cancer cell proliferation in vitro and in vivo, 
and faster relief from diarrhea.101,62,111 The functional foods that are pres-
ently accessible in the market are bakery products, drinks, meat products, 
cereals, eggs, and spreads.137 Among all these products, beverages are the 
most convenient because of their comparative easy handling, processing, 
and formulation with more complex processed foods.41,62 

The conventional techniques for the extraction of bioactive compounds 
used frequently are liquid–liquid or solid–liquid extraction, Soxhlet extrac-
tion, maceration, and hydrodistillation, and the advanced methods include 
subcritical and supercritical extractions, pressurized liquid extraction, 
ultrasound- and microwave-assisted extractions (MAEs), pulsed electric 
field extraction, and ohmic extraction. The novel extraction methods are 
basically used to enhance the release of compounds from the plant matrix. 
Therefore in the next few years, these technologies could provide an eco-
novel approach to boost the production of particular compounds for use as 
constituents in the manufacturing of functional foods or as nutraceuticals.

1.4 CONVENTIONAL EXTRACTION TECHNIQUES

Plant extraction is a pragmatic exercise in light of the fact that distinc-
tive solvents are used at different conditions, for example, temperature 
and time of extraction.68 The time, temperature, solvent, pressure, and the 
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matrix properties of plant part are the most well-known variables influ-
encing extraction methods.63 The extracting methods, utilized to separate 
bioactive mixes from plant sources, mostly depend on extracting power of 
various solvents being used and also on the use of heat and mixing. The most 
common conventional techniques in order to extract bioactive compounds 
are Soxhlet extraction, liquid–liquid extraction, evaporation, maceration, 
and hydrodistillation. In conventional extraction methods, several combi-
nations of temperature, solvent, agitation speed, and extraction time have 
been optimized to get maximum yields, but these conventional proposals 
are creating burden on environment due to high temperatures for a long 
time and also affect the heat-sensitive bioactive components. Some bioac-
tive compounds extracted through these conventional techniques are given 
in Table 1.1.

1.4.1 SOXHLET EXTRACTION

Soxhlet extraction is a most commonly used conventional technique to 
extract different compounds from the plant materials. It is an ordinary 
case of a comprehensive solid–fluid extraction. This procedure relies on 
the exchange of the target compound(s) from the sample (solid) to appro-
priate organic solvent(s). It is guaranteed that the extraction solvent (fluid) 
remains reliably in contact with the sample during this thermal extraction 
process.25 

It was specifically designed to extract lipids but currently, it is also 
used to extract other components from the plant parts. Numerous valu-
able bioactive compounds were extracted by using the Soxhlet extraction 
technique from different plant sources.161 To develop alternative extrac-
tion techniques Soxhlet extraction is used as model. Soxhlet extraction 
technique is effectively used if desired compound has good solubility in 
solvent and impurities are insoluble in that solvent.35 

Soxhlet extraction technique is effectively used to extract compo-
nents from solid sample like sediment, soil, and indoor dust samples. 
Other semisolid samples including sewage sludge, blood, milk, and fat 
can also be efficiently used to extracts components by using Soxhlet 
technique.42 Soxhlet extraction apparatus consists of a thimble (sample 
holder), distillation flask, siphon, and condenser as it is evident from 
Figure 1.1.
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Its operation is quite simple; generally, little amount of dry sample 
is kept in the inner side of the thimble (Fig. 1.1) which is then placed 
in a distillation flask containing desired solvent. After achieving specific 
temperature, the solution aspired through siphon. This siphon is used to 
mix back of the solution in the distillation flask which brings extracted 
component into the solvent. During operation, desired component remains 
in distillation flask in the form of solute while solvent moves to the bed 
of the plant material. This operation is repeated several times until the 
extraction of desired component is achieved.56,157 The main advantage of 
this technique is use of single batch of solvent which is recycled again and 

FIGURE 1.1 Soxhlet extractor.
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again during the process. Many disadvantages are also associated with 
this technique, such as, heat-sensitive compounds cannot be extracted by 
using Soxhlet apparatus because prolonged heating time may destroy the 
heat-labile compounds139 This technique is also not suitable for industrial 
applications as it have long extraction time and utilizes high amount of 
hazardous solvents along with other disadvantages.16   

1.4.2 LIQUID–LIQUID EXTRACTION

For the efficiently extract the bioactive compounds, sample can be 
pretreated. Liquid–liquid extraction is a useful pre-treatment technique 
which is most commonly used now a day. It can increase the selectivity 
by separating analyte from matrix of the sample or by concentrating the 
desired analyte from high sample volume. This technique also associ-
ated with number of disadvantages including the manual working of this 
mass transfer operation which is laborious and time consuming along with 
higher demand of chemicals that can adversely affect to the operator, also 
expensive and cause environmental pollution.107 Different strategies were 
used to minimize the risk of abovementioned disadvantages by reducing 
solution consumption, reduction of operator invention and expose along 
with increasing the sample rating etc.31 

A modified liquid–liquid extraction technique, for example, flow-
based LLE has been successfully used in different industries like food 
analysis, pharmaceutical, and clinical, among others which reduces the 
environmental pollution.64 A conventional liquid–liquid extraction tech-
nique consists of three important components, that is, a phase segmenter, 
a phase separator, and an extraction coil (Fig. 1.2). Liquid sample is intro-
duced either in a flow process or in a specifically defined volume, into an 
aqueous stream (which acts as reagent and carrier stream). After introduc-
tion of the liquid sample, homogenization process is carried out which 
results in the formation of reaction zone, directed toward the segmenter 
part of the liquid–liquid extraction. In this part, the two streams of aqueous 
and organic immiscible phases remain in contact and a single flow of 
alternate reproducible zones of both phases is produced. Consequently, in 
the extraction coil, mass transfer between the two phases multiple inter-
faces created by the segmentation process is taking place. Finally, in the 
phase separator, the little–liquid and organic phase parts are continuously 
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divided into individual streams, one of that contains the analyte directed 
toward the detector for detection.23

FIGURE 1.2 Liquid–liquid extractor.

1.4.3 MACERATION

Homemade tonics are prepared by using the maceration technique. It is 
very famous and inexpensive technique to isolate the oil or other desired 
components. Its operation is quite simple. Whole sample or coarse powder 
was kept in the solvent containing stoppered, which remain consistent 
with solvent for specific time period. During this period, frequent agita-
tion is given until soluble matter dissolved as evident from the Figure 1.3. 
Heat-sensitive compounds can efficiently extracted by using this tech-
nique for example thermolabile drugs.110 Several steps are associated with 
maceration process at small scale. Grinding of desired sample is first step 
which is carried out to increase the surface area. In second step suitable 
solvent is added. In third step of maceration, the marc which is the solid 
by-product of this extraction course is forced to recover large quantity of 
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desired solutions. In forth step, impurities are separated from the obtained 
strained and the press out liquid by using filtration process. Extraction 
process help the extraction of bioactive molecules in two ways: (1) by 
increasing diffusion and (2) by removing concentrated solution from the 
solid surface for fetching new solvent to get high yield.

FIGURE 1.3 Apparatus for maceration.

1.4.4 HYDRODISTILLATION

Hydrodistillation is a conventional technique for extraction of basic oils 
and bioactive molecules from plants. It does not include organic solvents 
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in it and usually takes place before plant material gets dehydrated. There 
are three kinds of known hydrodistillation methods: steam refining, steam 
and water refining, and direct water refining.146 In hydrodistillation, to 
begin with, the plant material is placed in a batch system compartment; 
second, adequate amount of water is included and then brought to boil.125

The setup includes condenser and a decanter to gather the condensate 
and to isolate bioactive molecules from solvent (Fig. 1.4). On the other 
hand, direct steam is infused into the plant sample. Steam and hot water 
go about as the principle powerful factors to free bioactive compounds 
of plant tissue. The vapor mixture of water and oil condenses by indi-
rect cooling of water. The mixture streams from condenser to a container 
where immiscible part (oil and bioactive mixes) isolates naturally from the 
water.135 Three fundamental physicochemical procedures are involved in 
hydrodistillation: (1) hydrodiffusion, (2) hydrolysis, and (3) disintegration 
by heat. In this technique, some volatile components may be lost due to 
high extraction temperature and this drawback restrains its utilization for 
the extraction of heat-sensitive compounds.

FIGURE 1.4 Apparatus for hydrodistillation.
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TABLE 1.1 Biomolecules Extraction by Conventional Extraction Methods.

Conventional 
method

Bioactive 
compound

Optimal 
conditions

Remarks References

Soxhlet extraction Squalene, n- hexa-
decanoic acid, 
tetramethyl-2-hexa-
decen-1-1 and 
octadecatrienoic 
acid from agar-
wood leaves

Solvents: 
distilled 
water, hexane, 
isopropanol 
and ethanol for 
6 h at 60°C

Extraction 
using hexane 
as solvent 
gave highest 
percentage of 
oil yield

[87]

Tocopherol, 
phytol, β-sitosterol, 
γ-sitosterol from 
aromatic plant

Solvent: 
200 mL of 
pentane for 4 
h at 40°C

Oleoresins were 
obtained from 
10–40 g ground 
plants

[61]

Liquid–liquid 
extraction

Flavanols, kaemp-
ferol, quercetin, 
apigenin, luteolin 
and myricetin from 
different vegetables

Solvent: 40 
mL 80% 
methanol, 10 
mL 6 M HCl 
and 80 mg 
ascorbic acid 
for 2 h at 90°C

Effective in 
releasing the 
aglycone and 
increasing 
recovery rate of 
phenolics from 
76.1% to 98.6%

[66]

Polyphenols 
and carotenoids 
of blackberry, 
naranjilla, and tree 
tomato

Solvent: 60 
mL of 70% 
aqueous 
acetone 
containing 
2% formic 
acid, twice 
for 15 min at 
40°C

Major phenolics 
were extracted 
in higher 
amount from 
fruits

[106]

Maceration Phenolic acids 
and flavonoids of 
Kinnow peel

Solvent: 
ethanol, 
methanol, 
acetone, and 
ethyl acetate, 
macerated for 
20 h at 40°C

Extraction with 
80% ethanol 
resulted in the 
highest yield 
(18.46%)

 [128]

Phenolic 
compounds and 
flavonoids from 
Eryngium creticum

Solvent: 
ethanol, 
macerated 
for 48 h with 
agitation of 
360 rpm

About 410.93 
mg total yield 
of bioactive 
compounds was 
extracted

[163]
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Conventional 
method

Bioactive 
compound

Optimal 
conditions

Remarks References

Hydrodistillation Volatile oil of 
rosemary

Solvent: 
water for 10 
min

Almost 80% oil 
was extracted 
including 31.9% 
1,8-cineol, 
19.7% 
camphor, 12.8% 
α-terpineol, 
12.2% borneol

[18]

Essential oil 
from peel of C. 
microcarpa

Solvent: 
water for 8 h

94% limonene, 
β-myrcene 
(1.8%), linalool 
(0.4%), and 
α-terpineol 
(0.3%) were 
extracted

 [103]

1.5 NOVEL EXTRACTION TECHNIQUES

Conventional extraction has become a least concerned method in food 
industry due to its various drawbacks like high cost, longer extraction 
time, thermal decomposition of thermolabile compounds, low extraction 
selectivity, requirement of high purity solvent, and its evaporation at high 
amount56; therefore, some novel and promising nonconventional extrac-
tion techniques are introduced to overcome these limitations. The devel-
opment of these nonconventional methods came into being during the last 
50 years. They acquire less time, give better quality and yield of extract 
and considered as more environmental friendly due to use of organic and 
synthetic chemicals in lesser amount. The most frequently used novel 
methods to extract the bioactive compounds from plant sources are ultra-
sound,58,148 ohmic heating,84 microwave heating,76 pulsed electric field,144 
extrusion,97 supercritical fluids,156,59 and digestion using enzymes.57 These 
novel extraction methods include safe solvents auxiliaries, less hazardous 
chemical synthesis, use of renewable feedstock, design for energy effi-
ciency, lessen derivative formation, design to reduce degradation, and 
timely analysis for decreased level of pollution and inherently safer chem-
istry to prevent accident.

TABLE 1.1 (Continued)
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These novel nonconventional extraction techniques are further divided 
into thermal and non- thermal extraction. Thermal extraction methods 
includes: (1) MAEs and (2) ohmic heating whereas non-thermal extrac-
tion has vast methodologies: (1) ultrasound-assisted extraction (UAE), (2) 
pulse electric field-assisted extraction, (3) supercritical fluid extraction, 
(4) high-pressure-assisted extraction, and others.

1.5.1 THERMAL EXTRACTION METHODS

1.5.1.1 MICROWAVE-ASSISTED EXTRACTION

Microwaves have been utilized since World War II following the advance-
ment of radar innovation, and later the main application of microwaves 
concerned household ovens. The utilization of microwave vitality as a 
warming source in expository research facilities began in the late 1970s 
and was applied to corrosive digestions.2 The improvement of MAEs was 
first reported by Ganzler et al.54,53

The MAE is additionally considered as a novel technique for extri-
cating solvent items into a liquid from an extensive variety of materials 
utilizing microwave vitality.115 Microwaves are electromagnetic fields in 
the frequency range from 300 MHz to 300 GHz. They are composed of 
two oscillating fields that are opposite, for example, magnetic field and 
electric field. The principle of microwave heating depends on its imme-
diate effects on polar materials.89 Electromagnetic vitality is changed over 
to heat after ionic conduction and dipole rotation mechanism.70 Heat is 
produced during ionic conduction mechanism as a result of the resistance 
of medium to flow ion. Alternatively, ions keep their path along field signs 
which change repeatedly. This regular change of direction brings about 
collapse amongst molecules and thus creates heat.

Patil and Shettigar116 revealed a novel, microwave-assisted solvent 
extraction advancement known as microwave-assisted processing (MAP). 
The high-valued compounds are incorporated by microwave-assisted 
processing from natural sources like phytonutrients, nutraceuticals, and 
functional foods and from biomass like pharmaceutical actives. There are 
three successive steps of MAEs which are supposed to be fulfilled for 
advance extraction as described by Alupului et al.9: first, under expanded 
pressure and temperature, solutes should detached from binding sites of 
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plant matrix; second, dispersion of solvent crosswise over plant matrix; 
third, discharge of solutes into solvent from plant matrix. A number of 
focal points of MAE have been depicted by Cravotto et al.,34 for example, 
rapid increase in temperature to get bioactive compounds; increased extract 
yield, smart equipment size, and decreased thermal gradients. MAE can 
extricate bioactive compounds more quickly and a superior recuperation 
is expected than conventional extraction techniques. It is a specifi c method 
to remove natural and organometallic compounds that are more integral. 
MAE is additionally perceived as a green innovation since it lessens the 
utilization of natural solvent.9 Very recently, a novel technique called 
microwave hydrodiff usion and gravity (MHG) has been introduced in the 
market of extraction by one of the contributor of this book, Prof. Farid 
Chemat (Fig. 1.5). The effi  ciency of bioactive extraction of microwave-
assisted processing is listed in Table 1.2.

FIGURE 1.5 (See color insert.) Microwave hydrodiffusion and gravity (MHG) 
extraction system.

1.5.1.2 OHMIC HEAT-ASSISTED EXTRACTION

Ohmic heating, also termed as electroconductive heating, uses the innate 
electrical confrontation of plant material to create heat153 (Fig. 1.6). Most 
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plant materials contain ionic components, for example, acids and salts, 
permitting the conduction of electrical current.114 This phenomenon can 
be used to create heat inside the item, changing the electrical vitality into 
thermal vitality, and hence heating plant materials at outstandingly quick 
rates without the requirement for a heating medium. This procedure 
avoids extreme thermal impairment to heat-sensitive constituents, for 
example, pigments and vitamins.26,134 They have appeared to be mellow 
handling advancements protecting sensory, nutritional, structural, and 
functional properties of items superior to traditional methodologies.80,151 
Specifically, the extraction procedure has been utilized to expand the 
productivity of solute dispersion all through the membrane (electro-
osmosis impact), bringing about a superior quality product.122,44,17 Addi-
tionally, these are environmental-friendly technique, be it by enhancing 
the general energy effectiveness of the procedure or by diminishing the 
utilization of nonsustainable resources, decreasing ecological impres-
sion, while lessening handling costs and enhancing the added value 
of the product.117 OH is generally known for its ability to give quick, 
homogeneous and exact heating wherever direct application of elec-
trical energy to the food guarantees an exceptionally productive energy 
exchange. Thus, OH is as of now being effectively implemented in food 
handling industry.133,131 More examinations have discovered that OHM 
has been appeared to build the extraction yields of rice grain oil and 
bioactive substances from rice wheat,84,95 polyphenols from red grape 
pomace,46 so on, as listed in Table 1.2. 

FIGURE 1.6 Schematic diagram of high-frequency ohmic system.
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1.5.2 NONTHERMAL EXTRACTION METHODS

1.5.2.1 ULTRASOUND-ASSISTED EXTRACTION

The improvement of ultrasound innovation is not new but the fact is that in 
recent times, the developments in the utilization of power ultrasound have 
seen to be accomplished.138 In this sense, particular consideration has been 
given to its utilization in the recuperation of bioactive compounds from 
various plants sources.

UAE of polyphenols is a nonconventional procedure that includes 
blending the specimen with organic solvent in a beaker and setting it in an 
ultrasonic bath with preset time and temperature (Fig. 1.7). Its better extrac-
tion effectiveness is identified with the phenomenon of acoustic cavitation. 
At the point when the ultrasound power is adequate, the sound waves trav-
eling in rarefaction and compression cycles can develop microbubbles in 
the fluid. Once framed, bubbles will assimilate the vitality from the sound 
waves and develop during the extension cycles and recompress during the 
pressure cycle. Further, bubbles may begin another rarefaction cycle or 
fall driving stun influxes of extraordinary states of weight and tempera-
ture (about 1000 atmosphere and around 4000 K of temperature).47,138,88 
Subsequently, the bursting of cavitation bubbles produces microjets of 
liquid which can hit the surface of the plant matrix stimulating extraction 
of bioactive compounds from the specimen to the solvent medium.38

UAE has been proposed as an extroverted alternative to conventional 
extraction, furnishing higher recuperation of focused compounds with less 
utilization of solvent as well as quicker analysis of bioactivity properties. 
Mostly, the UAE procedure term is under 60 min; however, the extraction 
yield is 6–35% higher than that acquired utilizing conventional extraction 
methods with longer extraction time of at least 12 h.147,69 These days, UAE 
is broadly utilized for the extraction of valuable compounds. For instance, 
it has been utilized for the extraction of oil3, proteins,124 polysaccharides-
protein complex,29 sugars,75 etc. However, the extraction of antioxidants, 
for example, polyphenols has been uniquely tended to enhancing their 
recuperation based on their yield and antioxidant potential through experi-
mental design. Table 1.3 shows a portion of the cases of bioactive particles 
separated by UAE.



Extraction of Bioactive Molecules 27

FIGURE 1.7 Schematic diagram of ultrasound-assisted extraction using a probe system.

1.5.2.2 PULSE ELECTRIC FIELD-ASSISTED EXTRACTION

The pulsed electric field (PEF) technique was perceived as valu-
able for enhancing the drying, dispersion, and pressing in the previous 
decade.150,10,149 PEF is a rising innovation in recent years that has increased 
interest in the food industry for enhancing mass transfer operations.123,81,44

The procedure depends on the utilization of external electric fields that 
instigate the electroporation of eukaryotic cell layers, improving the 
dispersion of solutes (Fig. 1.8). This permeabilization of cell membranes 
can be accomplished at moderate electric fields. PEF treatment includes 
the utilization of brief length (from μs to ms) electric field pulses of direct 
force (0.5–10 kV/cm) to plant tissues set between two anodes, causing 
the permeabilization not just of the cell membrane19 but also of cell vacu-
oles49 where a few metabolites are contained. PEF can destroy the layer 
structure of plant material thus expands mass exchange during extraction 
for improving extraction and diminishes extraction time. PEF has been 
connected to enhance arrival of intracellular components from plant cell 
by increasing permeability of cell membrane.144 PEF application at a direct 
electric field (500 and 1000 V/cm; for 10−4–10−2 s) is seemed to harm cell 
layer of plant tissue with little temperature increment.49,86 Because of this 
reason, PEF can limit the debasement of heat-sensitive compounds.4 PEF 
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is additionally appropriate on plant materials as a pretreatment procedure 
preceding customary extraction to bring down extraction exertion.94

In particular, the upgradation in the extraction yield of phenolic 
compounds, anthocyanins, fl avonoids, sugars, and proteins from food 
processing and agricultural by-products of various food commodities has 
been accounted for when PEF-assisted extraction with solvents has been 
utilized; some of them are mentioned in Table 1.3. 

FIGURE 1.8 (See color insert.) Schematic diagram of pulsed electric field-assisted 
extraction.

1.5.2.3 SUPERCRITICAL FLUID EXTRACTION

Supercritical state is achieved when a substance is subjected to pressure 
and temperature beyond its critical point. Critical point is characterized 
as the characteristic pressure (Pc) and temperature (Tc) above which 
particular gas and fluid stages do not exist.67 This is the most mechanically 
propelled extraction framework.116 Supercritical fluid extraction (SFE) 
includes utilization of gases, typically CO2, and compacting them into a 
thick fluid. This fluid is then pumped through a barrel containing the mate-
rial to be separated. From that point, the concentrate-loaded fluid is drawn 
into a partition chamber where the concentrate is isolated from the gas and 
the gas is recuperated for reutilization (Fig. 1.9). Solvent properties of CO2
can be controlled and balanced by shifting the pressure and temperature 
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that one works at. The upsides of SFE are the adaptability it offers in 
pinpointing the constituents you need to separate from a given material 
and the way that your finished result has for all intents and purposes—
no solvent deposits left in it. Supercritical carbon dioxide (SC–CO2) is 
an appealing contrasting option to natural solvents since it is econom-
ical, nonexplosive, nontoxic, and has the capacity to solubilize lipophilic 
substances, and can be effortlessly expelled from the last items.129,156,155

The drawback is that this innovation is very costly. There are numerous 
different gases and fluids that are exceedingly productive as extraction 
solvents when put under pressure.116

Nowadays, SFE is tremendously utilized as a part of numerous modern 
applications including coff ee decaff eination, unsaturated fat refi ning and 
the extraction of fundamental oils and fl avors from characteristic sources 
with potential use in functional foods and nutraceuticals.39 This technique 
is a vital option over regular conventional extraction strategies utilizing 
organic solvents for extricating biologically dynamic compounds.155 In any 
case, to build up an eff ective SFE, a few components should be taken into 
mind including SFs, cosolvents, crude materials, and extraction conditions 
for the extraction of a specifi c compound of interest in order to augment the 
extraction.24 A few investigations have depicted the extraction of various 
common bioactive compounds utilizing supercritical liquid in Table 1.3.

FIGURE 1.9 Scheme of a supercritical fluid extractor plant.
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1.5.2.4 HIGH-PRESSURE-ASSISTED EXTRACTION

High-pressure processing is a food processing strategy that has indicated 
extraordinary possibilities in the food industry. Like heat treatment, high 
pressure can also be useful in denaturation of proteins, inactivation of 
microorganisms, and increasing the shelf life of processed items.21,93 
The utilization of high-pressure treatment in the extraction of bioac-
tive compounds from plant material is a new strategy, which has been 
known as ultrahigh pressure extraction (UPE)73 or high hydrostatic pres-
sure extraction (HHPE).159 The studies demonstrated that high-pressure 
system could abbreviate processing time, get higher extraction yields, 
utilization of lower power, have fewer impurities in the extraction fluid, 
and have no negative impact on the movement and conformation of 
bioactive segments.33 Most importantly, this extraction method could be 
worked at ambient temperature with no thermal procedure, aside from 
the temperature rise occur because of the pressure.32,132 UPE works at 
high pressure (normally 100–600 MPa) and low temperatures (generally 
up to 60°C) to extricate rapidly with low volumes of natural solvents 
and gives recuperations like other different techniques.165 Parameters 
that essentially influence these recuperations are temperature, pressure, 
solvent, the number of cycles, extraction time, etc.28 Every parameter 
can be advanced independently or by utilizing an experimental design 
(Fig. 1.10).

The pressure difference between inside and outside of the plant mate-
rial system is extensive under HPE conditions. This pressure difference can 
pervade the solvent to move quickly through the broken films into plant 
material and enhance the mass transfer rate of solute or the rate of disinte-
gration, which prompts reduced extraction time utilizing HPE, contrasted 
with ordinary extraction forms.164 Besides, HPE can inactivate degrading 
enzymes, which may clarify the greater extraction yield and antioxidant 
activity as compared to other conventional extraction methods.5 High 
pressure likewise can diminish the pH of the solvent during extraction and 
this decrease may improve the extraction of bioactive molecules because 
these are steadier at low pH.93,78,33,13
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FIGURE 1.10 (See color insert.) Schematic diagram showing mechanism of high-
pressure system.

TABLE 1.3 Biomolecules Extraction by Novel Nonthermal Extraction Methods.

Thermal 
method

Bioactive 
compound

Optimal 
conditions

Remarks References

Ultrasound-
assisted 
extraction

β-carotene 
from Spirulina 
platensis alga

Solvent: 
n-heptane, temper-
ature = 30°C, 
electrical acoustic 
intensity = 167 W/
cm2

Ultrasonication 
showed 12 times 
increase in extraction 
yield of β-carotene 
(47.10%)

[43]

Total phenols, 
antioxidant 
capacity, chlo-
rogenic acid, 
caffeic acid, 
catechin, and 
epicatechin 
from carrot 
pomace

Solvent: ethanol 
13–97%, 
time = 3–37 min, 
extraction temper-
ature = 10–60°C

UAE decreases the 
extraction time and 
increases the extrac-
tion yield

[69]

Fatty acids, 
b-sitosterol, 
a-tocopherol, 
squalene, total 
phenolics and 
carotene from 
palm pressed 
fiber

Solvent: ethanol, 
time= 2 h, temper-
ature = 20 ± 2°C, 
electrical acoustic 
intensity = 36–204 
W.cm−2

Bioactive compounds 
possessing antioxidant 
activity were identi-
fied and quantified

[40]
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Thermal 
method

Bioactive 
compound

Optimal 
conditions

Remarks References

Pulsed electric 
field-assisted 
extraction

Anthocyanins 
from purple-
fleshed potato

Solvent: water 
48% and 
ethanol 96%, 
time = 60–480 
min, tempera-
tures = 10–40°C, 
5–35 pulses of 3 
µs, 35 kV voltage

Extraction yield of 
anthocyanin increases 
by PEF at lower 
temperature with 
water as solvent

[121]

Anthocyanins 
and flavonoids 
from plum and 
grape peels

Solvent: water, 
tempera-
ture = 70°C, 6 µs 
pulse width, 25 
kV voltage

Chamber of larger 
diameter allows 
high number of 
pulses which helps 
in increasing the 
recovery of anthocya-
nins, flavonoids, and 
phenols from both 
fruits

[104]

Anthocyanin 
from red 
cabbage

Solvent: water, 
2.5 kV/cm electric 
field strength; 15 
μs pulse

About 16–889 μg/mL 
anthocyanins were 
extracted, which are 
2.15 times enhanced 
by PEF in water

[51]

Supercritical 
fluid 
extraction

Oleic acid, 
sterols and 
tocopherols 
from Moringa 
oleifera

Tempperature = 
30°C, time = 300 
min, pressure = 
350 W, solvent/
solid ratio = 
1329.77 g CO2/g

About 72.26–74.72% 
oleic acid (a health 
promoting fatty acid) 
is extracted

[127]

Tocopherol 
from 
Chenopodium 
quinoa

Temperature = 
130°C, time = 
55–180 min, 
pressure = 185 
W, solvent/solid 
ratio = 8.02–67.5 
g CO2/g

With comparison 
to hexane extrac-
tion, vitamin E yield 
increases four times 
by SFE

[120]

Linolenic 
acid from 
Gynostemma 
pentaphyllum

Temperature = 
43°C, time = 160 
min, pressure = 
320 W, solvent/
solid ratio = 
1483.11 g CO2/g

About 95.69% of 
unsaturated fatty acids 
content was produced 
as compare to conven-
tional methods

 [154]

TABLE 1.3 (Continued)
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Thermal 
method

Bioactive 
compound

Optimal 
conditions

Remarks References

High pres-
sure-assisted 
extraction

Total phenolic, 
flavonoid, 
tannin and 
Antioxidant 
activity from 
fig

Solvent = ethanol 
15–48%, 
time = 18 and 
29 min, pres-
sure = 600 MPa

High pressure led 
increase of 8–11% of 
total phenolics, flavo-
noids and tannins 
content and 8–13% of 
antioxidant activity 
when compared to 
extracts performed at 
0.1 MPa

[8]

Catechins 
from green tea

Solvent: ethanol 
50%, time = 15 
min, tempera-
ture = 20°C, pres-
sure = 600 MPa

Extraction yield was 
greater in shorter time 
as compare to conven-
tional reflux extrac-
tion method

[73]

Lycopene 
from tomato 
waste

Solvent:  ethyl 
lactate, time = 10 
min, pressure 700 
MPa

 HP-assisted extrac-
tion led to higher 
yields (from 2% to 
64%

[140]

PEF, pulsed electric field; SFE, supercritical fluid extraction; UAE, ultrasound-assisted 
extraction.

1.6 SUMMARY

The efficiencies of either conventional or novel extraction techniques 
typically rely upon the basic input parameters: understanding the idea of 
plant lattice; chemistry of bioactive segments, and capability to up-scale 
them. Besides, choice of reasonable extraction process and advancement 
of different parameters are significant for upscaling purposes, that is, from 
bench scale to pilot plant level. Utilization of green extraction systems, for 
example, UAE,105,92 MAE,54 and SFE113 has been quickly and constantly 
expanding all-inclusive for phytochemical handling of therapeutic plants 
as these strategies are quick when contrasted with conventional tech-
niques. Likewise, these methods are ecologically amicable as far as energy 
and solvent utilization are concerned. Yield is likewise practically iden-
tical to traditional extraction and in some cases, it is much higher. Green 

TABLE 1.3 (Continued)
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extraction systems other than enhancing the yield and quality would have 
the capacity to save time and energy.

KEYWORDS

 • bioactive molecules

 • terpenes

 • alkaloids

 • polyphenols

 • Soxhlet

 • liquid–liquid extraction

 • maceration

 • hydrodistillation

 • ultrasound

 • microwave

 • supercritical fluid extraction

 • pulsed electric field

REFERENCES

1. Aamir, M.; Jittanit, W. Ohmic Heating Treatment for Gac Aril Oil Extraction: Effects 
on Extraction Efficiency, Physical Properties and Some Bioactive Compounds. 
Innov. Food Sci. Emerging Technol. 2017, 41, 224–234.

2. Abu-Samra, A.; Morris, J. S.; Koirtyohann, S. Wet Ashing of Some Biological 
Samples in a Microwave Oven. Anal. Chem. 1975, 47 (8), 1475–1477.

3. Adam, F.; Abert-Vian, M.; Peltier, G.; Chemat, F. “Solvent-free” Ultrasound-Assisted 
Extraction of Lipids from Fresh Microalgae Cells: A Green, Clean and Scalable 
Process. Biores. Technol. 2012, 114, 457–465.

4. Ade-Omowaye, B.; Angersbach, A.; Taiwo, K.; Knorr, D. Use of Pulsed Electric 
Field Pre-treatment to Improve Dehydration Characteristics of Plant Based Foods. 
Trends Food Sci. Technol. 2001, 12 (8), 285–295.

5. Ahmed, J.; Ramaswamy, H. S. Changes in Colour During High Pressure Processing 
of Fruits and Vegetables. Stewart Postharvest Rev. 2006, 5 (9), 1–8.

6. Ajikumar, P. K.; Tyo, K.; Carlsen, S.; Mucha, O.; Phon, T. H.; Stephanopoulos, G. 
Terpenoids: Opportunities for Biosynthesis of Natural Product Drugs Using Engi-
neered Microorganisms. Mol. Pharmaceut. 2008, 5 (2), 167–190.



Extraction of Bioactive Molecules 35

7. Aksel, E.; Jones, J. L. Advances in Lead-Free Piezoelectric Materials for Sensors and 
Actuators. Sensors 2010, 10 (3), 1935–1954.

8. Alexandre, E. M.; Araújo, P.; Duarte, M. F.; de Freitas, V.; Pintado, M.; Saraiva, 
J. A. High-Pressure Assisted Extraction of Bioactive Compounds from Industrial 
Fermented Fig by-Product. J. Food Sci. Technol. 2017, 54 (8), 2519–2531.

9. Alupului, A.; Calinescu, I.; Lavric, V. Microwave Extraction of Active Principles 
from Medicinal Plants. UPB Sci. Bull. Series B, 2012, 74 (2), 1454–2331.

10. Angersbach, A.; Heinz, V.; Knorr, D. Effects of Pulsed Electric Fields on Cell 
Membranes in Real Food Systems. Innovat. Food Sci. Emerg. Technol. 2000, 1 (2), 
135–149.

11. Azmir, J.; Zaidul, I.; Rahman, M.; Sharif, K.; Mohamed, A.; Sahena, F.; Jahurul, 
M.; Ghafoor, K.; Norulaini, N.; Omar, A. Techniques for Extraction of Bioactive 
Compounds from Plant Materials: A Review. J. Food Eng. 2013, 117 (4), 426–436.

12. Baretić, M. Targets for Medical Therapy in Obesity. Digest. Dis. 2012, 30 (2), 
168–172.

13. Basak, S.; Ramaswamy, H. Effect of High Pressure Processing on the Texture of 
Selected Fruits and Vegetables. J. Text. Stud. 1998, 29 (5), 587–601.

14. Baxter,  H.; Harborne, J. B.; Moss, G. P. Phytochemical Dictionary: A Handbook of 
Bioactive Compounds From Plants. CRC Press: Padstow, UK, 1998.

15. Bernal, W.; Auzinger, G.; Dhawan, A.; Wendon, J. Acute Liver Failure. Lancet 2010, 
376 (9736), 190–201.

16. Bimakr, M.; Rahman, R. A.; Taip, F. S.; Ganjloo, A.; Salleh, L. M.; Selamat, J.; 
Hamid, A.; Zaidul, I. Comparison of Different extraction Methods for the Extrac-
tion of Major Bioactive Flavonoid Compounds from Spearmint (Mentha spicata l.) 
Leaves. Food Bioprod. Process. 2011, 89 (1), 67–72.

17. Boussetta, T.; Raad, H.; Lettéron, P.; Gougerot-Pocidalo, M. -A.; Marie, J. -C.; Driss, 
F.; El-Benna, J. Punicic Acid a Conjugated Linolenic Acid Inhibits TNFα-Induced 
Neutrophil Hyperactivation and Protects from Experimental Colon Inflammation in 
Rats. PloS One 2009, 4 (7), e6458.

18. Boutekedjiret, C.; Bentahar, F.; Belabbes, R.; Bessiere, J. Extraction of Rosemary 
Essential Oil by Steam Distillation and Hydrodistillation. Flav. Fragr. J. 2003, 18 
(6), 481–484.

19. Bouzrara, H.; Vorobiev, E. Solid–Liquid Expression of Cellular Materials Enhanced 
by Pulsed Electric Field. Chem. Eng. Process. Proc. Intensif. 2003, 42 (4), 249–257.

20. Brandt, K.; Christensen, L. P.; Hansen-Møller, J.; Hansen, S. L.; Haraldsdottir, J.; 
Jespersen, L.; Purup, S.; Kharazmi, A.; Barkholt, V.; Frøkiær, H. Health Promoting 
Compounds in Vegetables and Fruits: A Systematic Approach for Identifying Plant 
Components with Impact on Human Health. Trends Food Sci. Technol. 2004, 15 (7), 
384–393.

21. Buzrul, S.; Alpas, H. 18 Treatment of Foods Using High Hydrostatic Pressure. Progr. 
Food Preserv. 2012, 375,  375–388.

22. Callisto, M.; Gonçalves Jr, J. F.; Graça, M. A. Leaf Litter as a Possible Food Source 
for Chironomids (diptera) in Brazilian and Portuguese Headwater Streams. Revista 
Brasileira Zoologia, 2007, 24 (2), 442–448.

23. Cantwell, F. F.; Losier, M. Liquid—Liquid Extraction. Compr. Anal. Chem. 2002, 
37, 297–340.



36 Bioactive Compounds from Plant Origin

24. Cape, S. P.; Villa, J. A.; Huang, E. T.; Yang, T. -H.; Carpenter, J. F.; Sievers, R.E. 
Preparation of Active Proteins, Vaccines and Pharmaceuticals as Fine Powders Using 
Supercritical or Near-Critical Fluids. Pharmaceut. Res. 2008, 25 (9), 1967–1990.

25. Castro, C.; Zuluaga, R.; Álvarez, C.; Putaux, J. -L.; Caro, G.; Rojas, O. J.; Mondragon, 
I.; Gañán, P. Bacterial Cellulose Produced by a New Acid-Resistant Strain of Gluco-
nacetobacter Genus. Carbohydr. Polym. 2012, 89 (4), 1033–1037.

26. Castro, I.; Teixeira, J.; Salengke, S.; Sastry, S.; Vicente, A. Ohmic Heating of Straw-
berry Products: Electrical Conductivity Measurements and Ascorbic Acid Degrada-
tion Kinetics. Innovat. Food Sci. Emerg. Technol. 2004, 5 (1), 27–36.

27. International Commission on Education for the Twenty-first Century, Learning the 
Treasure Within: Report to UNESCO of the International Commission on Education 
for the Twenty-First Century: Highlights. UNESCO Pub. 1996.

28. Chen, K. G.; Valencia, J. C.; Gillet, J. P.; Hearing, V. J.; Gottesman, M.M. Involve-
ment of ABC Transporters in Melanogenesis and the Development of Multidrug 
Resistance of Melanoma. Pigment Cell Melanoma Res. 2009, 22 (6), 740–749.

29. Cheung, Y. -C.; Siu, K. -C.; Liu, Y. -S.; Wu, J. -Y. Molecular Properties and Antioxi-
dant Activities of Polysaccharide–Protein Complexes from Selected Mushrooms by 
Ultrasound-Assisted Extraction. Process Biochem. 2012, 47 (5), 892–895.

30. Cheynier, V. Polyphenols in Foods Are More Complex Than Often Thought. Am. J. 
Clinical Nutr. 2005, 81 (1), 223S–229S.

31. Clement, R.; Hao, C. Liquid–Liquid Extraction: Basic Principles and Automation. 
Comprehensive Sampling and Sample Preparation; Academic Press: Oxford, 2012; 
pp 51–63.

32. Corrales, M.; García, A. F.; Butz, P.; Tauscher, B. Extraction of Anthocyanins from 
Grape Skins Assisted by High Hydrostatic Pressure. J. Food Eng. 2009, 90 (4), 
415–421.

33. Corrales, M.; Toepfl, S.; Butz, P.; Knorr, D.; Tauscher, B. Extraction of Anthocya-
nins from Grape By-Products Assisted by Ultrasonics, High Hydrostatic Pressure or 
Pulsed Electric Fields: A Comparison. Innovat. Food Sci. Emerg. Technol. 2008, 9 
(1), 85–91.

34. Cravotto, G.; Boffa, L.; Mantegna, S.; Perego, P.; Avogadro, M.; Cintas, P. Improved 
Extraction of Vegetable Oils Under High-Intensity Ultrasound and/or Microwaves. 
Ultrason. Sonochem. 2008, 15 (5), 898–902.

35. Crespo, M. P.; Yusty, M. L. Comparison of Supercritical Fluid Extraction and Soxhlet 
Extraction for the Determination of Aliphatic Hydrocarbons in Seaweed Samples. 
Ecotoxicol. Environ. Safety. 2006, 64 (3), 400–405.

36. Croft, K. D. The Chemistry and Biological Effects of Flavonoids and Phenolic Acids. 
Ann. NY Acad. Sci. 1998, 854 (1), 435–442.

37. Croteau, R.; Ketchum, R. E.; Long, R. M.; Kaspera, R.; Wildung, M. R. Taxol 
Biosynthesis and Molecular Genetics. Phytochem. Rev. 2006, 5 (1), 75–97.

38. Da Porto, C.; Porretto, E.; Decorti, D. Comparison of Ultrasound-Assisted Extrac-
tion with Conventional Extraction Methods of Oil and Polyphenols from Grape (Vitis 
vinifera L.) seeds. Ultrason. Sonochem. 2013, 20 (4), 1076–1080.

39. Daintree, L.; Kordikowski, A.; York, P. Separation Processes for Organic Molecules 
Using Scf Technologies.  Adv. Drug Delivery Rev. 2008, 60 (3), 351–372.



Extraction of Bioactive Molecules 37

40. Dal Pra, V.; Lunelli, F. C.; Vendruscolo, R. G.; Martins, R.; Wagner, R.; Lazzaretti, A. 
P., Jr.; Freire, D. M.; Alexandri, M.; Koutinas, A.; Mazutti, M. A., et al. Ultrasound-
Assisted Extraction of Bioactive Compounds from Palm Pressed Fiber with High 
Antioxidant and Photoprotective Activities. Ultrason. Sonochem. 2017, 36, 362–366.

41. Day, L.; Seymour, R. B.; Pitts, K. F.; Konczak, I.; Lundin, L. Incorporation of Func-
tional Ingredients into Foods. Trends Food Sci. Technol. 2009, 20 (9), 388–395.

42. De Castro, M. L.; Priego-Capote, F. Soxhlet Extraction: Past and Present Panacea. J. 
Chromatogr. A 2010, 1217 (16), 2383–2389.

43. Dey, S.; Rathod, V. K. Ultrasound Assisted Extraction of Beta-Carotene from Spiru-
lina Platensis. Ultrason. Sonochemi. 2013, 20 (1), 271–276.

44. Donsì, F.; Ferrari, G.; Pataro, G. Applications of Pulsed Electric Field Treatments for 
the Enhancement of Mass Transfer from Vegetable Tissue. Food Eng. Rev. 2010, 2 
(2), 109–130.

45. Duraipandiyan, V.; Ayyanar, M.; Ignacimuthu, S. Antimicrobial Activity of Some 
Ethnomedicinal Plants Used by Paliyar Tribe from Tamil Nadu, india. BMC Comple-
ment. Alternat. Med. 2006, 6 (1), 35.

46. El Darra, N.; Grimi, N.; Vorobiev, E.; Louka, N.; Maroun, R. Extraction of polyphe-
nols from Red Grape Pomace Assisted by Pulsed Ohmic Heating. Food Bioprocess 
Technol. 2013, 6 (5), 1281–1289.

47. Esclapez, M.; García-Pérez, J.; Mulet, A.; Cárcel, J. Ultrasound-Assisted Extraction 
of Natural Products. Food Eng. Rev. 2011, 3 (2), 108.

48. Farnsworth, N. R.; Akerele, O.; Bingel, A. S.; Soejarto, D. D.; Guo, Z. Medicinal 
Plants in Therapy. Bull. World Health Organiz. 1985, 63 (6), 965.

49. Fincan, M.; Dejmek, P. In situ Visualization of the Effect of a Pulsed Electric Field on 
Plant Tissue. J. Food Eng. 2002, 55 (3), 223–230.

50. Firn, R. Nature's Chemicals: The Natural Products That Shaped Our World. Oxford 
University Press: Oxford, United Kingdom, 2010.

51. Gachovska, T.; Cassada, D.; Subbiah, J.; Hanna, M.; Thippareddi, H.; Snow, D. 
Enhanced Anthocyanin Extraction from Red Cabbage Using Pulsed Electric Field 
Processing. J. Food Sci. 2010, 75 (6), E323–329.

52. Gani, A.; Wani, S.; Masoodi, F.; Hameed, G. Whole-Grain Cereal Bioactive 
Compounds and Their Health Benefits: A Review. J. Food Process. Technol. 2012, 
3 (3), 146–156.

53. Ganzler, K.; Salgo, A. Microwave-Extraction-A New Method Superseding Tradi-
tional Soxhlet Extraction. Z. Lebensmitteluntersuchung Und-Forschung A. 1987, 184 
(4), 274–276.

54. Ganzler, K.; Salgo, A.; Valko, K. Microwave extraction: A Novel Sample Preparation 
Method for Chromatography. J. Chromatogr. A. 1986, 371, 299–306.

55. Gao, T.; Zhang, M.; Fang, Z.; Zhong, Q. Optimization of Microwave-Assisted Extrac-
tion of Flavonoids from Young Barley Leaves. Int. Agrophys. 2017, 31 (1), 45–52.

56. Garcia-Ayuso, L.; Sánchez, M.; Fernández de Alba, A.; Luque de Castro, M. Focused 
Microwave-Assisted Soxhlet: An Advantageous Tool for Sample Extraction. Anal. 
Chem. 1998, 70 (11), 2426–2431.

57. Gaur, A.; Jewell, D. A.; Liang, Y.; Ridzon, D.; Moore, J. H.; Chen, C.; Ambros, V. R.; 
Israel, M. A. Characterization of Microrna Expression Levels and Their Biological 
Correlates in Human Cancer Cell Lines. Cancer Res. 2007, 67 (6), 2456–2468.



38 Bioactive Compounds from Plant Origin

58. Ghafoor, A.; Hay, I. D.; Rehm, B. H. Role of Exopolysaccharides in Pseudomonas 
Aeruginosa Biofilm Formation and Architecture. Appl. Environ. Microbiol. 2011, 77 
(15), 5238–5246.

59. Ghafoor, K.; AL-Juhaimi, F. Y.; Choi, Y. H. Supercritical Fluid Extraction of Phenolic 
Compounds and Antioxidants from Grape (Vitis labrusca b.) Seeds. Plant Foods 
Human Nutr. 2012, 67 (4), 407–414.

60. Govindarajan, V.; Stahl, W. H. Turmeric—Chemistry, Technology, and Quality. Crit. 
Rev. Food Sci. Nutr. 1980, 12 (3), 199–301.

61. Grigonis, D.; Venskutonis, P.; Sivik, B.; Sandahl, M.; Eskilsson, C.S. Comparison 
of Different Extraction Techniques for Isolation of Antioxidants from Sweet Grass 
(Hierochloe odorata). J. Supercritical Fluids. 2005, 33 (3), 223–233.

62. Hekmat, S.; Soltani, H.; Reid, G. Growth and Survival of Lactobacillus reuteri rc-14 
and Lactobacillus Rhamnosus gr-1 in Yogurt for Use as a Functional Food. Innovat. 
Food Sci. Emerg. Technol. 2009, 10 (2), 293–296.

63. Hernández-Alonso, M. D.; Fresno, F.; Suárez, S.; Coronado, J. M. Development of 
Alternative Photocatalysts to Tio 2: Challenges and Opportunities. Energy Environ. 
Sci. 2009, 2 (12), 1231–1257.

64. Hii, T. M.; Lee, H. K. Liquid–Liquid Extraction in Environmental Analysis. In Hand-
book of Sample Preparation; 2010; Hoboken, New Jersey, pp 39–51.

65. Hooper, L.; Cassidy, A. A Review of the Health Care Potential of Bioactive 
Compounds. J. Sci. Food Agricult. 2006, 86 (12), 1805–1813.

66. Huang, Z.; Wang, B.; Eaves, D. H.; Shikany, J. M.; Pace, R.D. Phenolic Compound 
Profile of Selected Vegetables Frequently Consumed by African Americans in the 
Southeast United States. Food Chem. 2007, 103 (4), 1395–1402.

67. Inczedy, J.;  Lengyel, T.; Ure, A. M.; Gelencsér, A.; Hulanicki, A. Compendium of 
Analytical Nomenclature. The Orange Book, 3rd edn.; Blackwell Science: Hoboken, 
New Jersey, 1998.

68. Ingle, R.; Magar, D. Heterocyclic Chemistry of Benzimidazoles and Potential Activi-
ties of Derivatives. Int. J. Drug Res. Technol. 2017, 1 (1), 7.

69. Jabbar, S.; Abid, M.; Wu, T.; Hashim, M. M.; Saeeduddin, M.; Hu, B.; Lei, S.; Zeng, 
X. Ultrasound-Assisted Extraction of Bioactive Compounds and Antioxidants from 
Carrot Pomace: A Response Surface Approach. J. Food Process. Preserv. 2015, 39 
(6), 1878–1888.

70. Jain, T.; Jain, V.; Pandey, R.; Vyas, A.; Shukla, S. Microwave Assisted Extraction for 
Phytoconstituents–An Overview. Asian J. Res. Chem. 2009, 2 (1), 19–25.

71. James, C. Global Status of Commercialized Biotech/gm Crops: 2010. International 
Service for the Acquisition of Agri-Biotech Applications (ISAAA) Ithaca, 2010.

72. Joana Gil-Chávez, G.; Villa, J. A.; Fernando Ayala-Zavala, J.; Basilio Heredia, J.; 
Sepulveda, D.; Yahia, E. M.; González-Aguilar, G. A. Technologies for Extraction 
and Production of Bioactive compounds to be Used as Nutraceuticals and Food 
Ingredients: An Overview. Comprehens. Rev. Food Sci. Food Saf. 2013, 12 (1), 5–23.

73. Jun, X.; Shuo, Z.; Bingbing, L.; Rui, Z.; Ye, L.; Deji, S.; Guofeng, Z. Separation of 
Major Catechins from Green Tea by Ultrahigh Pressure Extraction. Int. J. Pharma-
ceut. 2010, 386 (1), 229–231.



Extraction of Bioactive Molecules 39

74. Kahkonen, M . P.; Hopia, A. I.; Vuorela, H.J.; Rauha, J. -P.; Pihlaja, K.; Kujala, 
T. S.; Heinonen, M. Antioxidant Activity of Plant Extracts Containing Phenolic 
Compounds. J. Agricul. Food Chem. 1999, 47 (10), 3954–3962.

75. Karki, B.; Lamsal, B. P.; Jung, S.; van Leeuwen, J. H.; Pometto, A. L.; Grewell, D.; 
Khanal, S.K. Enhancing Protein and Sugar Release from Defatted Soy Flakes Using 
Ultrasound Technology. J. Food Eng. 2010, 96 (2), 270–278.

76. Kaufmann, B.; Christen, P. Recent Extraction Techniques for Natural Products: 
Microwave-Assisted Extraction and Pressurised Solvent Extraction. Phytochem. 
Anal. 2002, 13 (2), 105–113.

77. Kaur, R.; Arora, S. Alkaloids-Important Therapeutic Secondary Metabolites of Plant 
Origin. J. Crit. Rev. 2015, 2 (3), 1–8.

78. Khosravi-Darani, K. Research Activities on Supercritical Fluid Science in Food 
Biotechnology. Crit. Rev. Food Sci. Nutr. 2010, 50 (6), 479–488.

79. Kitts, D. D.; Weiler, K. Bioactive Proteins and Peptides from Food Sources. Applica-
tions of Bioprocesses Used in Isolation and Recovery. Curr. Pharmaceut. Des. 2003, 
9 (16), 1309–1323.

80. Knirsch, M. C.; Dos Santos, C. A.; de Oliveira Soares, A. A. M.; Penna, T. C. V. 
Ohmic Heating–A Review. Trends Food Sci. Technol. 2010, 21 (9), 436–441.

81. Knorr, D.; Froehling, A.; Jaeger, H.; Reineke, K.; Schlueter, O.; Schoessler, K. 
Emerging Technologies in Food Processing. Ann. Rev. Food Sci. Technol. 2011, 
2203–235.

82. Kolak, M.; Yki-Järvinen, H.; Kannisto, K.; Tiikkainen, M.; Hamsten, A.; Eriksson, 
P.; Fisher, R. M. Effects of Chronic Rosiglitazone Therapy on Gene Expression in 
Human Adipose Tissue In Vivo in Patients with Type 2 Diabetes. J. Clin. Endocrinol. 
Metabol. 2006, 92 (2), 720–724.

83. Kris-Etherton, P.; Lefevre, M.; Beecher, G.; Gross, M.; Keen, C.; Etherton, T. Bioac-
tive Compounds in Nutrition and Health-Research Methodologies for Establishing 
Biological Function: The Antioxidant and Anti-Inflammatory Effects of Flavonoids 
on Atherosclerosis. Ann. Rev. Nutr. 2004, 24, 511–538.

84. Lakkakula, N. R.; Lima, M.; Walker, T. Rice Bran Stabilization and Rice Bran Oil 
Extraction Using Ohmic Heating. Biores. Technol. 2004, 92 (2), 157–161.

85. Lange, B. M.; Ahkami, A. Metabolic Engineering of Plant Monoterpenes, Sesquiter-
penes and Diterpenes—Current Status and Future Opportunities. Plant Biotechnol. J. 
2013, 11 (2), 169–196.

86. Lebovka, N.; Bazhal, M.; Vorobiev, E. Estimation of Characteristic Damage Time of 
Food Materials in Pulsed-Electric Fields. J. Food Eng. 2002, 54 (4), 337–346.

87. Lee, N. Y.; Yunus, M. A. C.; Idham, Z.; Ruslan, M. S. H.; Aziz, A. H. A.; Irwansyah, 
N. Extraction and Identification of Bioactive Compounds from Agarwood Leaves. 
IOP Conference Series: Mater. Sci. Eng. 2016, 162 (1), 012028.

88. Leighton, T. G. What Is Ultrasound? Progr. Biophys. Mol. Biol. 2007, 93 (1), 3–83.
89. Letellier, M.; Budzinski, H. Microwave Assisted Extraction of Organic Compounds. 

Analusis. 1999, 27 (3), 259–270.
90. Lima, G. P. P.; Vianello, F.; Corrêa, C. R.; Campos, R. A.d. S.; Borguini, M. G. Poly-

phenols in Fruits and Vegetables and Its Effect on Human Health. Food Nutr. Sci. 
2014, 05 (11), 1065–1082.



40 Bioactive Compounds from Plant Origin

91. Lin, H. S.; Yue, B. D.; Ho, P. C. Determination of Pterostilbene in Rat Plasma by 
a Simple HPLC‐UV Method and Its Application in Pre‐Clinical Pharmacokinetic 
Study. Biomed. Chromatogr. 2009, 23 (12), 1308–1315.

92. Liu, C. -T.; Wu, C. -Y.; Weng, Y. -M.; Tseng, C. -Y. Ultrasound-Assisted Extraction 
Methodology as a Tool to Improve the Antioxidant Properties of Herbal Drug Xiao-
Chia-Hu-Tang. J. Ethnopharmacol. 2005, 99 (2), 293–300.

93. López-Fandiño, R. High Pressure-Induced Changes in Milk Proteins and Possible 
Applications in Dairy Technology. Int. Dairy J. 2006, 16 (10), 1119–1131.

94. López, N.; Puértolas, E.; Condón, S.; Raso, J.; Alvarez, I. Enhancement of the Extrac-
tion of Betanine from Red Beetroot by Pulsed Electric Fields. J. Food Eng. 2009, 90 
(1), 60–66.

95. Loypimai, P.; Moonggarm, A.; Chottanom, P. Effects of Ohmic Heating on Lipase 
Activity, Bioactive Compounds and Antioxidant Activity of Rice Bran. Austr. J. 
Basic Applied Sci. 2009, 3 (4), 3642–3652.

96. Loypimai, P.; Moongngarm, A.; Chottanom, P.; Moontree, T. Ohmic Heating-
Assisted Extraction of Anthocyanins from Black Rice Bran to Prepare a Natural Food 
Colourant. Innovative Food Sci. Emerg. Technol. 2015, 27, 102–110.

97. Lusas, E.; Rhee, K.; Watkins, L. Processing Methods to Modify Soybean Compo-
nents. 1988.

98. Manach, C.; Scalbert, A.; Morand, C.; Rémésy, C.; Jiménez, L. Polyphenols: Food 
Sources and Bioavailability. Am. J. Clin. Nutr. 2004, 79 (5), 727–747.

99. Manach, C.; Williamson, G.; Morand, C.; Scalbert, A.; Rémésy, C. Bioavailability 
and Bioefficacy of Polyphenols in Humans. I. Review of 97 Bioavailability Studies. 
American J. Clin. Nutr. 2005, 81 (1), 230S–242S.

100. Marella, A.; Tanwar, O. P.; Saha, R.; Ali, M. R.; Srivastava, S.; Akhter, M.; Shaqui-
quzzaman, M.; Alam, M. M. Quinoline: A Versatile Heterocyclic. Saudi Pharmaceut. 
J. 2013, 21 (1), 1–12.

101. Marette, S.; Roosen, J.; Blanchemanche, S.; Feinblatt-Mélèze, E. Functional Food, 
Uncertainty and Consumers’ Choices: A Lab Experiment with Enriched Yoghurts for 
Lowering Cholesterol. Food Policy 2010, 35 (5), 419–428.

102. Martinez, F. O.; Sica, A.; Mantovani, A.; Locati, M. Macrophage Activation and 
Polarization. Front. Biosci.: J. Virt. Libr. 2008, 13, 453–461.

103. Md Othman, S. N. A.; Hassan, M. A.; Nahar, L.; Basar, N.; Jamil, S.; Sarker, S. D. 
Essential Oils from the Malaysian Citrus (Rutaceae) Medicinal Plants. Medicines 
2016, 3 (2), 13.

104. Medina-Meza, I. G.; Barbosa-Cánovas, G. V. Assisted Extraction of Bioactive 
Compounds from Plum and Grape Peels by Ultrasonics and Pulsed Electric Fields. J. 
Food Eng. 2015, 166, 268–275.

105. Merry, A. H.; Schouten, L. J.; Goldbohm, R. A.; van den Brandt, P. A. Body Mass 
Index, Height and Risk of Adenocarcinoma of the Oesophagus and Gastric Cardia: A 
Prospective Cohort Study. Gut 2007, 56 (11), 1503–1511

106. Mertz, C.; Gancel, A. L.; Gunata, Z.; Alter, P.; Dhuique-Mayer, C.; Vaillant, F.; 
Perez, A. M.; Ruales, J.; Brat, P. Phenolic Compounds, Carotenoids and Antioxidant 
Activity of Three Tropical Fruits. J. Food Compos. Anal. 2009, 22 (5), 381–387.



Extraction of Bioactive Molecules 41

107. Miró, M.; Hartwell, S. K.; Jakmunee, J.; Grudpan, K.; Hansen, E. H. Recent Devel-
opments in Automatic Solid-Phase Extraction with Renewable Surfaces Exploiting 
Flow-Based Approaches. TrAC Trends Anal. Chem. 2008, 27 (9), 749–761.

108. Möller, N. P.; Scholz-Ahrens, K. E.; Roos, N.; Schrezenmeir, J. Bioactive Peptides 
and Proteins from Foods: Indication for Health Effects. Eur. J. Nutr. 2008, 47 (4), 
171–182.

109. Nair, D. P.; Podgórski, M.; Chatani, S.; Gong, T.; Xi, W.; Fenoli, C. R.; Bowman, C. 
N. The Thiol-Michael Addition Click Reaction: A Powerful and Widely Used Tool in 
Materials Chemistry. Chem. Mater. 2014, 26 (1), 724–744.

110. Ncube, N.; Afolayan, A.; Okoh, A. Assessment Techniques of Antimicrobial Proper-
ties of Natural Compounds of Plant Origin: Current Methods and Future Trends. Afr. 
J. Biotechnol. 2008, 7 (12), 1797–1806.

111. Nobili, S.; Lippi, D.; Witort, E.; Donnini, M.; Bausi, L.; Mini, E.; Capaccioli, S. 
Natural Compounds for Cancer Treatment and Prevention. Pharmacolog. Res. 2009, 
59 (6), 365–378.

112. Ohtani, K.; Mizutani, K.; Kasai, R.; Tanaka, O. Selective Cleavage of Ester Type 
Glycoside-Linkages and Its Application to Structure Determination of Natural Oligo-
glycosides. Tetrahed. Lett. 1984, 25 (40), 4537–4540.

113. Ollanketo, M.; Peltoketo, A.; Hartonen, K.; Hiltunen, R.; Riekkola, M. -L. Extraction 
of Sage (salvia officinalis l.) by Pressurized Hot Water and Conventional Methods: 
Antioxidant Activity of the Extracts. Eur. Food Res. Technol. 2002, 215 (2), 158–163.

114. Palaniappan, S.; Sastry, S. K. Electrical Conductivities of Selected Solid Foods 
During Ohmic Heating. J. Food Process Eng. 1991, 14 (3), 221–236.

115. Paré, J. J.; Bélanger, J. M.; Stafford, S. S. Microwave-Assisted Process (Map™): 
A New Tool for the Analytical Laboratory. TrAC Trends Anal. Chem. 1994, 13 (4), 
176–184.

116. Patil, P.; Shettigar, R. An Advancement of Analytical Techniques in Herbal Research. 
J. Adv. Sci. Res. 2010, 1 (1), 8–14.

117. Pereira, R. N.; Rodrigues, R. M.; Genisheva, Z.; Oliveira, H.; de Freitas, V.; Teixeira, 
J. A.; Vicente, A. A. Effects of Ohmic Heating on Extraction of Food-Grade Phyto-
chemicals from Colored Potato. LWT - Food Sci. Technol. 2016, 74, 493–503.

118. Plaza, M.; Cifuentes, A.; Ibáñez, E. In the Search of New Functional Food Ingredi-
ents from Algae. Trends Food Sci. Technol. 2008, 19 (1), 31–39.

119. Pollier, J.; Goossens, A. Oleanolic Acid. Phytochemistry 2012, 77, 10–15.
120. Przygoda, K.; Wejnerowska, G. Extraction of Tocopherol-Enriched Oils from Quinoa 

Seeds by Supercritical Fluid Extraction. Industr. Crops Prod. 2015, 63, 41–47.
121. Puertolas, E.; Cregenzan, O.; Luengo, E.; Alvarez, I.; Raso, J. Pulsed-Electric-Field-

Assisted Extraction of Anthocyanins from Purple-Fleshed Potato. Food Chem. 2013, 
136 (3–4), 1330–1336.

122. Puértolas, E.; López, N.; Condón, S.; Álvarez, I.; Raso, J. Potential Applications of 
Pef to Improve Red Wine Quality. Trends Food Sci. Technol. 2010, 21 (5), 247–255.

123. Puértolas, E.; Luengo, E.; Álvarez, I.; Raso, J. Improving Mass Transfer to Soften 
Tissues by Pulsed Electric Fields: Fundamentals and Applications. Ann. Rev. Food 
Sci. Technol. 2012, 3, 263–282.



42 Bioactive Compounds from Plant Origin

124. Qu, W.; Ma, H.; Jia, J.; He, R.; Luo, L.; Pan, Z. Enzymolysis Kinetics and Activities 
of Ace Inhibitory Peptides from Wheat Germ Protein Prepared with SFP Ultrasound-
Assisted Processing. Ultrason. Sonochem. 2012, 19 (5), 1021–1026.

125. Rassem, H.; Nour, A.; Yunus, R. Gc-ms Analysis of Bioactive Constituents of 
Hibiscus Flower. Austral. J. Basic Appl. Sci. 2017, 11, 91–97.

126. Rios, J.; Recio, M. Medicinal Plants and Antimicrobial Activity. J. Ethnopharmacol. 
2005, 100 (1), 80–84.

127. Ruttarattanamongkol, K.; Siebenhandl-Ehn, S.; Schreiner, M.; Petrasch, A. M. Pilot-
Scale Supercritical Carbon Dioxide Extraction, Physico-Chemical Properties and 
Profile Characterization of Moringa Oleifera Seed Oil in Comparison with Conven-
tional Extraction Methods. Industr. Crops Prod. 2014, 58, 68–77.

128. Safdar, M. N.; Kausar, T.; Jabbar, S.; Mumtaz, A.; Ahad, K.; Saddozai, A. A. Extrac-
tion and Quantification of Polyphenols from Kinnow (Citrus Reticulate l.) Peel using 
Ultrasound and Maceration Techniques. J. Food Drug Anal. 2017, 25 (3), 488–500.

129. Sahena, F.; Zaidul, I.; Jinap, S.; Karim, A.; Abbas, K.; Norulaini, N.; Omar, A. Appli-
cation of Supercritical CO2 in Lipid Extraction–A Review. J. Food Eng. 2009, 95 (2), 
240–253.

130. Şahin, S.; Samli, R.; Tan, A. S. B.; Barba, F. J.; Chemat, F.; Cravotto, G.; Lorenzo, 
J. M. Solvent-Free Microwave-Assisted Extraction of Polyphenols From Olive Tree 
Leaves: Antioxidant and Antimicrobial Properties. Molecules. 2017, 22 (7), 1056.

131. Sakr, M.; Liu, S. A Comprehensive Review on Applications of Ohmic Heating (oh). 
Renew. Sustain. Energy Rev. 2014, 39, 262–269.

132. Sánchez-Moreno, C.; Cano, M. P.; de Ancos, B.; Plaza, L.; Olmedilla, B.; Granado, 
F.; Martín, A. Consumption of High-Pressurized Vegetable Soup Increases Plasma 
Vitamin C and Decreases Oxidative Stress and Inflammatory Biomarkers in Healthy 
Humans. J. Nutr. 2004, 134 (11), 3021–3025.

133. Sastry, S. Ohmic Heating and Moderate Electric Field Processing. Revista Agaroqui-
mica Tecnol. Alimentos 2008, 14 (5), 419–422.

134. Sastry, S. K.; Barach, J. T. Ohmic and Inductive Heating. J. Food Sci. 2000, 65 (s8), 
42–46.

135. Silva, L.; Nelson, D.; Drummond, M.; Dufossé, L.; Glória, M. Comparison of Hydro-
distillation Methods for the Deodorization of Turmeric. Food Res. Int. 2005, 38 (8), 
1087–1096.

136. Singh, B.; Sharma, R. A. Plant terpenes: Defense Responses, Phylogenetic Analysis, 
Regulation and Clinical Applications. 3 Biotech 2015, 5 (2), 129–151.

137. Siro, I.; Kápolna, E.; Kápolna, B.; Lugasi, A. Functional Food. Product Development, 
Marketing and Consumer Acceptance—A Review. Appetite 2008, 51 (3), 456–467.

138. Soria, A. C.; Villamiel, M. Effect of Ultrasound on the Technological Properties and 
Bioactivity of Food: A Review. Trends Food Sci. Technol. 2010, 21 (7), 323–331.

139. Spring, A.; Hungerbuhler, S.; Sanwald, M.; Bossart, E. Extractor for Soxhlet Solid–
Liquid Extraction. Google Patents; 1998.

140. Strati, I. F.; Gogou, E.; Oreopoulou, V. Enzyme and High Pressure Assisted Extrac-
tion of Carotenoids from Tomato Waste. Food Bioprod. Process. 2015, 94, 668–674.

141. Taiz, L.; Zeiger, E.; Møller, I. M.; Murphy, A. Plant Physiology and Development. 
Sinauer Associates, Incorporated. Nat. Sci. 2016, 8, 216–219



Extraction of Bioactive Molecules 43

142. Tatke, P.; Rajan, M. Comparison of Conventional and Novel Extraction Techniques 
for the Extraction of Scopoletin from Convolvulus Pluricaulis. Ind. J. Pharmaceut. 
Educat. Res. 2014, 48 (1), 27–31.

143. Tiwari, S. Plants: A Rich Source of Herbal Medicine. J. Nat. Prod. 2008, 1, 27–35.
144. Toepfl, S.; Mathys, A.; Heinz, V.; Knorr, D. Potential of High Hydrostatic Pressure 

and Pulsed Electric Fields for Energy Efficient and Environmentally Friendly Food 
Processing. Food Rev. Int. 2006, 22 (4), 405–423.

145. Upadhyay, R.; Ramalakshmi, K.; Rao, L. J. M. Microwave-Assisted Extraction of 
Chlorogenic Acids from Green Coffee Beans. Food Chem. 2012, 130 (1), 184–188.

146. Vankar, P. S. Essential Oils and Fragrances from Natural Sources. Resonance 2004, 
9 (4), 30–41.

147. Vilkhu, K.; Mawson, R.; Simons, L.; Bates, D. Applications and Opportunities for 
Ultrasound Assisted Extraction in the Food Industry—A Review. Innovat. Food Sci. 
Emerg. Technol. 2008, 9 (2), 161–169.

148. Vinatoru, M.; Toma, M.; Radu, O.; Filip, P.; Lazurca, D.; Mason, T. The Use of 
Ultrasound for the Extraction of Bioactive Principles from Plant Materials. Ultrason. 
Sonochem. 1997, 4 (2), 135–139.

149. Vorobiev, E.; Jemai, A. B.; Bouzrara, H.; Lebovka, N.; Bazhal, M. Pulsed Electric 
Field Assisted Extraction of Juice from Food Plants. Novel Food Process. Technol. 
2005, 105–130.

150. Vorobiev, E.; Lebovka, N. Extraction of Intercellular Components by Pulsed Electric 
Fields. Pulsed Electric Fields Technology for the Food Industry; Springer: Boston, 
MA, 2006; pp 153–193.

151. Vorobiev, E.; Lebovka, N. Pulsed-electric-fields-induced effects in plant tissues: 
Fundamental Aspects and Perspectives of Applications. In Electrotechnologies for 
Extraction from Food Plants and Biomaterials; Springer: Verlag, New York, 2009; 
pp 39–81.

152. Vranová, E.; Coman, D.; Gruissem, W. Structure and Dynamics of the Isoprenoid 
Pathway Network. Mol. Plant. 2012, 5 (2), 318–333.

153. Wang, L. -J.; Li, D.; Tatsumi, E.; Liu, Z. -S.; Chen, X. D.; Li, L. -T. Application 
of Two-Stage Ohmic Heating to Tofu Processing. Chem. Eng. Proc.: Proc. Intensif. 
2007, 46 (5), 486–490.

154. Wang, L.; Wang, X.; Wang, P.; Xiao, Y.; Liu, Q. Optimization of Supercritical Carbon 
Dioxide Extraction, Physicochemical and Cytotoxicity Properties of Gynostemma 
Pentaphyllum Seed Oil: A Potential Source of Conjugated Linolenic Acids. Separat. 
Purif. Technol. 2016, 159, 147–156.

155. Wang, L.; Weller, C. L. Recent Advances in Extraction of Nutraceuticals from Plants. 
Trends Food Sci. Technol. 2006, 17 (6), 300–312.

156. Wang, L.; Yang, B.; Du, X.; Yi, C. Optimization of Supercritical Fluid Extraction of 
Flavonoids from Pueraria Lobata. Food Chem. 2008, 108 (2), 737–741.

157. Wang, W.; Meng, B.; Lu, X.; Liu, Y.; Tao, S. Extraction of Polycyclic Aromatic 
Hydrocarbons and Organochlorine pesticides from Soils: A Comparison Between 
Soxhlet Extraction, Microwave-Assisted Extraction and Accelerated Solvent Extrac-
tion Techniques. Anal. Chim. Acta 2007, 602 (2), 211–222.

158. Wynn, T. A. Common and Unique Mechanisms Regulate Fibrosis in Various Fibrop-
roliferative Diseases. J. Clin. Invest. 2007, 117 (3), 524.



44 Bioactive Compounds from Plant Origin

159. Xi, J.; Shen, D.; Zhao, S.; Lu, B.; Li, Y.; Zhang, R. Characterization of Polyphenols 
from Green Tea Leaves using a High Hydrostatic Pressure Extraction. Int. J. Phar-
maceut. 2009, 382 (1), 139–143.

160. Xiao, J. Dietary Flavonoid Aglycones and Their Glycosides: Which Show Better 
Biological Significance? Crit. Rev. Food Sci. Nutr. 2017, 57 (9), 1874–1905.

161. Yang, F.; Kubota, F.; Baba, Y.; Kamiya, N.; Goto, M. Selective Extraction and 
Recovery of Rare Earth Metals from Phosphor Powders in Waste Fluorescent Lamps 
Using an Ionic Liquid System. J. Hazardous Mater. 2013, 254, 79–88.

162. Yeh, G. Y.; Eisenberg, D. M.; Kaptchuk, T. J.; Phillips, R. S. Systematic Review of 
Herbs and Dietary Supplements for Glycemic Control in Diabetes. Diabetes Care 
2003, 26 (4), 1277–1294.

163. Zeidan, S.; Hijazi, A.; Rammal, H.; Kobaissi, A.; Badran, B. Extraction of Phenolic 
Compounds and Flavonoids from Eryngiumcreticum l. By Conventional and Non-
Conventional Extraction Techniques. World J. Pharm. Pharmaceut. Sci. 2014, 3 (17), 
1889–1898.

164. Zhang, D.; Hamauzu, Y. Phenolics, Ascorbic Acid, Carotenoids and Antioxidant 
Activity of Broccoli and Their Changes During Conventional and Microwave 
Cooking. Food Chem. 2004, 88 (4), 503–509.

165. Zhang, Q.; Worsnop, D.; Canagaratna, M.; Jimenez, J. Hydrocarbon-like and Oxygen-
ated Organic Aerosols in Pittsburgh: Insights into Sources and Processes of Organic 
Aerosols. Atmos. Chem. Phys. 2005, 5 (12), 3289–3311.

1. Abenoza, M. Effects of Pulsed Electric Field on Yield Extraction and Quality of 
Olive Oil. Food Bioprocess. Technol. 2013, 6 (6), 1367–1373. 

2. The Norwegian Academy of Science and Letters. In Bioactive Compounds in 
Plants—Benefits and Risks for Man and Animals, Bernhoft A, Ed.; Proceedings 
from a Symposium Held at The Norwegian Academy of Science and Letters, Oslo, 
November 13–14, 2008.

3. Akanda, M. J. H. Applications of Supercritical Fluid Extraction (SFE) of Palm Oil 
and Oil from Natural Sources. Molecules 2012, 17 (2), 1764–1794. 

4. Alonso-Salces, R. M. Pressurized Liquid Extraction for the Determination of Poly-
phenols in Apple. J. Chromatogr. A. 2001, 933 (1–2), 37–43. 

5. Altemimi, A. Ultrasound Assisted Extraction of Phenolic Compounds From Peaches 
and Pumpkins. PLoS One 2016, 11 (2), 1–20. 

6. Alupului, A.; Cǎlinescu, I.; Lavric, V. Microwave Extraction of Active Principles 
From Medicinal Plants. UPB Sci. Bull., Ser. B: Chem. Mater. Sci. 2012, 74 (2), 
129–142. 

7. Sowbhagya, H. B.; Chitra, V. N. Enzyme-Assisted Extraction of Flavorings and 
Colorants From Plant Materials. Crit. Rev. Food Sci. Nutr. 2010, 50 (2), 146–161.

8. Yu, J.; Dandekar, D. V.; Toledo, R. T.; Singh, R. K.; Patil, B. S. Supercritical Fluid 
Extraction of Limonoid Glucosides from Grapefruit Molasses. 2006, 54 (16), 
6041–6045.

9. Azmir, J. Techniques for Extraction of Bioactive Compounds From Plant Materials: 
A Review. J. Food Eng. 2013, 117 (4), 426–436.

10. Benthin, B.; Danz, H.; Hamburger, M. Pressurized Liquid Extraction of Medicinal 
Plants. J. Chromatogr. A 1999, 837 (1–2), 211–219. 



11. Trusheva, B.; Trunkova, D.; Bankova, V. Different Extraction Methods of Biologi-
cally Active Components From Propolis: A Preliminary Study. Chem. Cent. J. 2007, 
1 (13), 1050–1074.

12. Chemat, F. Ultrasound Assisted Extraction of Food and Natural products. Mecha-
nisms, Techniques, Combinations, Protocols and Applications. A Review. Ultrason. 
Sonochem. 2017, 34, 540–560. 

13. Cheng, X. In Advances in Enzyme Assisted Extraction of Natural Products, 3rd 
International Conference on Material, Mechanical and Manufacturing Engineering, 
Guangzhou, China, (June 27-28) 2015, 371–375.

14. Conservation, R. Methods Optimization in Accelerated Solvent Extraction, Technical 
Note 208, 2013, 1–4.

15. Dar, N. G. Evaluation of Different Techniques for Extraction of Antioxidants as 
Bioactive Compounds from Citrus Peels (Industrial By Products). Am-Eur J. Agric. 
Environ. Sci. 2015, 15 (4), 676–682. 

16. Delazar, A. Natural Products Isolation. 2012a, 864. 
17. Delazar, A. Natural Products Isolation. 2012b, 864. 
18. Devgun, M.; Nanda, A.; Ansari, S. H. Comparison of Convetional and Non Conven-

tional Methods of Extraction of  Heartwood of Pterocarpus Marsupium Roxb. Acta 
Poloniae Pharmaceutica 2012, 69 (3), 475–485.

19. Dhanani, T. Comparison of Green Extraction Methods with Conventional Extrac-
tion Method for Extract Yield, L-DOPA Concentration and Antioxidant Activity of 
Mucuna Pruriens Seed. Green Chem. Lett. Rev. 2015, 8 (2), 43–48. 

20. Dias, D. A.,; Urban, S.; Roessner, U. A. Historical Overview of Natural Products in 
Drug Discovery. Metabolites 2012, 2 (4), 303–336. 

21. Farnsworth, N. R. Medicinal Plants in Therapy. Bull. World Health Organ. 1985, 63 
(6), 965–981. 

22. Giannuzzo, A. N. Supercritical Fluid Extraction of Naringin from the Peel of Citrus 
Paradisi. Phytochem. Anal. 2013, 14 (4), 221–223. 

23. Herrero, M.; Cifuentes, A.; Ibanez, E. Sub- and Supercritical Fluid Extraction of 
Functional Ingredients From Different Natural Sources: Plants, Food-By-Products, 
Algae and Microalgae—A Review. Food Chem. 2006, 98 (1), 136–148. 

24. Ingle, K. P. Phytochemicals: Extraction Methods, Identification and Detection of 
Bioactive Compounds From Plant Extracts. Afr. J. Tradit. Complement Altern. Med. 
2017, 6 (1), 32–36.

25. Janghel, A. Supercritical Fluid Extraction (SFE) Techniques as an Innovative Green 
Technologies for the Effective Extraction of the Active Phytopharmaceuticals. Res. J. 
Pharm. Technol. 2015, 8 (6), 775–786. 

26. Jensen, W. B. The Origin of the Soxhlet Extractor. J. Chem. Educ. 2007, 84 (12), 
1913. 

27. Kamarudin, N. A.; Markom, M.; Latip, J. Effects of Solvents and Extraction Methods 
on Herbal Plants Phyllanthus Niruri, Orthosiphon Stamineus and Labisia Pumila, 
Indian J. Sci. Technol. 2016, 9, 3–7. 

28. Kostova, I. Natural Product Chemistry For Drug Discovery. J. Nat. Prod. 2010, 5 
(8), 440.

29. Kulshreshtha, G. Enzyme-Assisted Extraction of Bioactive Material From Chondrus 
Crispus and Codium Fragile and Its Effect on Herpes Simplex Virus (HSV-1). Mar. 
Drugs 2015, 13 (1), 558–580.

30. Latif, S.; Anwar, F. Physicochemical Studies of Hemp (Cannabis sativa) Seed Oil 
Using Enzyme-Assisted Cold-Pressing. Eur. J. Lipid Sci. Technol. 2009, 111 (10), 
1042–1048. 



31. Lavric, V. Microwave Extraction of Active Principles, 2012, 74.
32. Ma, S. Soxhlet-Assisted Matrix Solid Phase Dispersion to Extract Flavonoids From 

Rape (Brassica campestris) Bee Pollen. J. Chromatogr. B: Anal. Technol. Biomed. 
Life Sci. 2015, 1005, 17–22. 

33. Shahid, M.; Yusuf, M.; Mohammad, F. Plant Phenolics : A Review on Modern 
Extraction Techniques. 2015.

34. Moradalizadeh, M.; Samadi, N.; and Rajaei, P. Comparison of Hydrodistillation, 
Microwave Hydrodistillation and Solvent Free Microwave Methods in Analysis of 
the Essential Oils from Aerial Parts of Haplophyllum robustum Bge. By GC/MS 
Method. Int. J. Adv. Biol. Biomed. Res. 2013, 1 (9), 1058–1067.

35. Murugan, R.; Parimelazhagan, T. Comparative Evaluation of Different Extraction 
Methods for Antioxidant and Anti-inflammatory Properties From Osbeckia Parvifolia 
Arn—An In Vitro Approach. J. King Saud Univ.—Science 2014, 26 (4), 267–275.

36. Naudé, Y. Comparison of Supercritical Fluid Extraction and Soxhlet Extraction for 
the Determination of DDT, DDD, and DDE in Sediment. Water SA 1998, 24 (3), 
205–214.

37. Azwanida, N. N. Review on the Extraction Methods Use in Medicinal Plants, Prin-
ciple, Strength and Limitation. Med. Aromat. Plants 2015, 4 (3), 3–8. 

38. Oancea, S. Conventional and Non-Conventional Extraction of Anthocyanins From 
Rubus Idaeus L. Grown in Romania. 2002, 247–251.

39. Pourmortazavi, S. M.; Hajimirsadeghi, S. S. Supercritical Fluid Extraction in Plant 
Essential and Volatile Oil Analysis. J. Chromatogr. A 2007, 1163 (1–2), 2–24. 

40. Alara, O. R.; Olalere, O. A.  A Critical Overview on the Extraction of Bioactive 
Compounds from Phaleria macrocarpa (Thymelaceae). Nat. Prod. Chem. Res. 2016, 
4, 232. DOI:10.4172/2329-6836.1000232.

41. Puértolas, E. Pulsed-Electric-Field-Assisted Extraction of Anthocyanins From 
Purple-Fleshed Potato. Food Chem. 2013, 136 (3–4), 1330–1336. 

42. Puri, M.; Sharma, D.; Barrow, C. J. Enzyme-Assisted Extraction of Bioactives From 
Plants. Trends Biotechnol. 2012, 30 (1), 37–44. 

43. Rai, A.; Mohanty, B.; Bhargava, R. Supercritical Extraction of Sunflower Oil: A 
Central Composite Design for Extraction Variables. Food Chem. 2016, 192, 647–659. 

44. Routray, W.; Orsat, V. Microwave-Assisted Extraction of Flavonoids: A Review. 
Food Bioprocess Technol. 2012, 5 (2), 409–424. 

45. Rostagno, M. A.; Palma, M.; Barroso, C. G. Pressurized Liquid Extraction of Isofla-
vones From Soybeans. Analytica Chimica Acta 2004, 522, 169–177.

46. Samaram, S. Ultrasound-Assisted Extraction (UAE) and Solvent Extraction of 
Papaya Seed Oil: Yield, Fatty Acid Composition and Triacylglycerol Profile. Mole-
cules 2013, 18 (10), 12474–12487. 

47. Sasidharan, S. Extraction, Isolation and Characterization of Bioactive Compounds 
From Plants’ Extracts. Afr. J. Tradit. Complement. Altern. Med. 2011, 8 (1), 1–10. 

48. Shams, K. A. Green Technology: Economically and Environmentally Innovative 
Methods for Extraction of Medicinal and Aromatic Plants (MAP) in Egypt. J. Chem. 
Pharm. Res. 2015, 7 (5), 1050–1074.

49. da Silva, R. P. F. F.; Rocha-Santos, T. A. P.; Duarte, A. C. Supercritical Fluid Extrac-
tion of Bioactive Compounds. TrAC—Trends Anal. Chem. 2016, 76, 40–51.



50. Subramanian, R. Double Bypasses Soxhlet Apparatus for Extraction of Piperine 
From Piper nigrum. Arab. J. Chem. 2016, 9, S537–S540.

51.  Suchan, P. Pressurized Liquid Extraction in Determination of Polychlorinated Biphe-
nyls and Organochlorine Pesticides in Fish Samples. Anal. Chim. Acta 2004, 520 
(1–2), 193–200. 

52. Swami Handa, S. Extraction Techniques of Medicinal Plants. Extr. Technol. Med. 
Aromat. Plants 2008, 1–10. 

53. Tatke, P.; Jaiswal, Y. An Overview of Microwave Assisted Extraction and Its Applica-
tions in Herbal Drug Research. Res. J. Med. Plant 2011, 21–31. 

54. Thi, T.; Nhi, Y.; Tuan, D. Q. Enzyme Assisted Extraction of GAC Oil (Momordica 
cochinchinensis Spreng) From Dried Aril. 2016, 4 (1), 1–6. 

55. Tiwari, B. K. Ultrasound: A Clean, Green Extraction Technology. TrAC—Trends  
Anal. Chem. 2015, 71, 100–109. 

56. Trendafilova, A.; Chanev, C.; Todorova, M. Ultrasound-Assisted Extraction of Alan-
tolactone and Isoalantolactone From Inula Helenium Roots. Pharmacogn. Mag. 
2010, 6 (23), 234. 

57. Trusheva, B.; Trunkova, D.; Bankova, V. Different Extraction Methods of Biologi-
cally Active Components From Propolis: A Preliminary Study. Chem. Cent. J. 2007, 
1 (1), p. 13. 

58. Vankar, P. S. Essential Oils and Fragrances From Natural Sources. Resonance 2004, 
9 (4), 30–41. 

59. Xue, D.; Farid, M. M. Pulsed Electric Field Extraction of Valuable Compounds From 
White Button Mushroom (Agaricus bisporus). Innov. Food Sci. Emerg. Technol. 
2015, 29, 178–186. 

60. Yan, L.-G.; He, L.; Xi, J. High Intensity Pulsed Electric Field as an Innovative Tech-
nique for Extraction of Bioactive Compounds—A review. Crit. Rev. Food Sci. Nutr. 
2017, 57 (13), 2877–2888. 

61. Yung, O. H.; Maskat, M. Y.; Wan Mustapha, W. A. Kesan Pengekstrakan Terhadap 
Kandungan Polifenol, Aktiviti Antipengoksida Dan pH Ekstrak Pegaga (Centella 
asiatica). Sains Malays. 2010, 39 (5), 747–752.

62. Zhang, D.-S. Ultrasound-Assisted Extraction of Total Flavonoids From Inula hele-
nium. Pharmacog. Mag. 2012, 8 (30), 166.

63. Zhang, H. F.; Yang, X. H.; Wang, Y. Microwave Assisted Extraction of Secondary 
Metabolites From Plants: Current Status and Future Directions. Trends Food Sci. 
Technol. 2011, 22 (12), 672–688. 

64. Zhang, J. Extraction Methods of Natural Products from Traditional Chinese Medi-
cines. 1263, 177–185. 

1. Alupului, A. Microwave Extraction of Active Principles from Medicinal Plants. U. P. 
B. Sci. Bull. Series B. 2012, 74 (2), 129–142.

2. Anderson, R. A.; Broadhurst, C. L.; Polansky, M. M.; Schmidt, W. F.; Khan, A.; 
Flanagan, V. P.; Schoene, N. W.; Graves, D. J. Isolation and Characterization of Poly-
phenol Type-A Polymers from Cinnamon with Insulin-like Biological Activity. J. 
Agricult. Food Chem. 2004, 52, 65–70.

3. Angersbach, A.; Heinz, V.; Knorr, D. Effects of Pulsed Electric Fields on Cell 
Membranes in Real Food Systems. Innov. Food Sci. Emerg. Technol. 2000, 1 (2), 
135–149.



4. Azmir, J.; Zaidul, I. S. M.; Rahman, M. M.; Sharif, K. M.; Mohamed, A.; Sahena, F.; 
Jahurul, M. H. A.; Ghafoor, K.; Norulaini, N. A. N.; Omar, A. K. M. Techniques for 
Extraction of Bioactive Compounds from Plant Materials: A Review. J. Food Eng. 
2013, 117, 426–436.

5. Azwanida, N. N. A Review on the Extraction Methods Use in Medicinal Plants, Prin-
ciple, Strength and Limitation. Med. Aromatic Plants. 2015, 4, 1–6.

6. Balasuriya, B. N.; Rupasinghe, H. V. Plant Flavonoids as Angiotensin Converting 
Enzyme Inhibitors in Regulation of Hypertension. Funct. Foods Health Dis. 2011, 
1 (5), 172–188.

7. Balasuriya, N.; Rupasinghe, H. V. Antihypertensive Properties of Flavonoid-Rich 
Apple Peel Extract. Food Chem. 2012, 135 (4), 2320–2325.

8. Bazzano, L. A.; Li, T. Y.; Joshipura, K. J.; Hu, F. B. Intake of Fruit, Vegetables, and 
Fruit Juices and Risk of Diabetes in Women. Diabetes Care 2008, 31, 1311–1317.
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