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INNOVATIONS IN PLANT SCIENCE 
FOR BETTER HEALTH: FROM SOIL TO 
FORK BOOK SERIES

Series Editor-in-Chief:

Dr. Hafiz Ansar Rasul Suleria
Honorary Fellow at the Diamantina Institute, 
Faculty of Medicine, The University of Queensland (UQ), Australia 
email: hafiz.suleria@uqconnect.edu.au

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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•	 Importance of spices and medicinal and functional foods
•	 Natural products chemistry
•	 Food processing waste/byproducts: management and utilization
•	 Herbals as potential bioavailability enhancer and herbal cosmetics
•	 Phytopharmaceuticals for the delivery of bioactives
•	 Alternative and complementary medicines
•	 Ethnopharmacology and ethnomedicine
•	 Marine phytochemistry
•	 Marine microbial chemistry
•	 Other related includes nuts, seed spices, wild flora, etc.

About the Book Series Editor-in-Chief

Dr. Hafiz Suleria is an eminent young researcher in the field of food science 
and nutrition. Currently, he is an Honorary Fellow at the Diamantina Insti-
tute, Faculty of Medicine, The University of Queensland (UQ), Australia. 
Before joining the UQ, he worked as a lecturer in the Department of Food 
Sciences, Government College University Faisalabad, Pakistan. He also 
worked as a Research Associate in a PAK-US Joint Project funded by the 
Higher Education Commission, Pakistan, and Department of State, USA, 
with the collaboration of the University of Massachusetts, USA, and the 
National Institute of Food Science and Technology, University of Agricul-
ture, Faisalabad, Pakistan.

Dr. Suleria’s major research focus is on food science and nutrition, 
particularly in screening of bioactive molecules from different plant, 
marine, and animal sources, using various cutting-edge techniques, 
such as isolation, purification, and characterization. He also did research 
work on functional foods, nutraceuticals, and alternative medicine. He 
has published more than 60 peer-reviewed scientific papers in different 
reputed/impacted journals. He is also in collaboration with more than five 
universities where he is working as a co-supervisor/special member for 
PhD and postgraduate students and also involved in joint publications, 
projects, and grants. 

Expertise: Food Science and Nutrition, Functional Foods, Bioactive 
Molecule Research, Marine Bioactives, Nutraceuticals, Medicinal Plants, 
Natural Product Chemistry, and Drug Discovery
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B-PE	 B-phycoerythrin
BCBD	 β-carotene bleaching test
BDNF	 brain-derived neurotrophic factor
BHA	 butylated hydroxyl anisole
BHT	 butylated hydroxyl toluene
BOD 	 biodegradable
cAMP	 cyclic adenosine monophosphate
CAT	 catalase
CCl4	 carbon tetrachloride
CD4	 cluster of differentiation-4
CHD	 coronary heart diseases 
CI	 confidence interval 
CNS	 central nervous system
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COX-2	 cyclooxygenase-2
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CVD	 cardiovascular disease
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DAS	 diallyl sulfide
DATS	 diallyl trisulfide
DEAE	 diethylaminoethyl
DHA	 docosahexaenoic acid
DMH	 1,2-dimethylhydrazine
DMPD	 N-N dimethyl-P-phenylenediamine
DNA	 deoxyribonucleic acid                      
DPPH	 1,1-diphenyl-2-picrylhydrazyl
DSSC	 dye-sensitized solar cell
DW	 dry weight
E102	 tartrazine
E110	 sunset yellow FCF
E127	 erythrosine
E129	 allura red
EAAE 	 enzyme-assisted aqueous extraction 
EACC	 Ehrlich ascites carcinoma cell
EACP	 enzyme-assisted cold pressing 
EAE	 enzyme-assisted extraction 
ECM	 extracellular matrix 
EDR	 endothelium-dependent relaxation 
EE	 ether extract
EFSA	 European Food Safety Authority
eNOS	 endothelial nitric oxide synthase 
EPA	 eicosapentaenoic acid
EPA	 Environmental Protection Agency 
ER	 endoplasmic reticulum
ERK	 extracellular signal-regulated kinases
ESVAC	 European Surveillance of Veterinary Antimicrobial 

Consumption
EU	 European Union
FAS	 fatty acid synthase enzyme
FCAT	 Freund’s complete adjuvant test
FDA	 Food and Drug Administration
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FRAP 	 ferric reducing antioxidant power 
GABA	 gamma-aminobutyric acid
GADD	 growth arrest and DNA damage
GC-MS 	 gas chromatography mass spectrometry
GIT	 gastro intestinal tract
GLUT	 glucose transporter
GPx	 glutathione peroxidase 
GR	 glutathione reductase 
GRAS	 generally recognized as safe
GRP	 glucose-regulated protein 
GRx	 glutathion reductase
GSH	 glutathione 
GSH-Px	 glutathione peroxidase
GSP	 grape seeds proanthocyanidins 
H1703	 lung squamous cell carcinoma
HCC	 hepatocellular carcinoma
HCT116	 human colon cancer cell
HDFa	 human dermal fibroblasts adult
HDL	 high-density lipoproteins
HepG2	 human hepatocarcinoma cell
HFD	 high fructose diet
HHP	 high hydrostatic pressure
HHPE	 high hydrostatic pressure extraction
HIF-1α	 hypoxia inducible factor-1α
HIV	 human immunodeficiency virus
HMGCR	 3-hydroxy-3-methylglutaryl-coenzyme A reductase
HO-1	 heme oxygenasse-1
HPLC	 high-performance liquid chromatography
HRS	 hydroxyl radical scavenging
HSV-1	 herpes simplex virus-1
Iκβ	 inhibitor of κβ
IC50	 inhibitory concentration 50
IDDM	 insulin-dependent diabetes mellitus
IDF	 International Diabetes Federation
IL	 interleukin
IL-1β	 interleukin-1 beta
IL-6	 interleukin-6
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IVD	 intervertebral disc 
JNK	 c-Jun N-terminal kinases
K562	 human chronic myeloid leukemia cell
KK-Ay	 type 2 diabetic model
LDH	 lactate dehydrogenase
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LLE	 liquid–liquid extraction
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LPS	 lipopolysaccharide
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MCF-7	 human mammary cancer cell
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MDM-LDL	 malondialdehyde-modified-LDL
MDR-1	 multidrug resistant protein-1
MEP	 mevalonic acid pathway
MF	 mounting frame
MFRM	 mango fruit reject meal
MHG	 microwave hydrodiffusion and gravity
MIC	 minimum inhibitory concentration
MMC	 mitomycin C
MMP	 mitochondrial membrane potential
MMP 9	 matrix metalloproteinase 9
mRNA	 messenger ribonucleic acid
mTOR	 mammalian target of rapamycin
NF-κB	 nuclear factor kappa-light-chain-enhancer of acti-

vated B cells
NIDDM	 non-insulin-dependent diabetes mellitus
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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 
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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 



Extraction of Bioactive Molecules	 7

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 
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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 



Extraction of Bioactive Molecules	 13

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.
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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.
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19. Buchbauer, G.; Jirovetz, L.; Jäger, W. Aromatherapy: Evidence for Sedative Effects 
of the Essential Oil of Lavender After Inhalation. Zeitsch. Naturforsch. C 1991, 46 
(11–12), 1067–1072.

20. Burdock, G. Fenaroli’s Handbook of Flavor Ingredients; 5th ed.; CRC Press: London, 
2005.

21. Burt, S. Essential Oils: Their Antibacterial Properties and Potential Applications in 
Foods—A Review. Int. J. Food Microbiol. 2004, 94 (3), 223–253.



22. Cabuk, M.; Alcicek, A.; Bozkurt, M.; Imre, N. Antimicrobial Properties of the Essen-
tial Oils Isolated from Aromatic Plants and Using Possibility as Alternative Feed 
Additives. II. In National Animal Nutrition Congress, 2003; pp 18–20.

23. Carson, C.; Riley, T. Antimicrobial Activity of the Major Components of the Essen-
tial Oil of Melaleuca alternifolia. J. Appl. Microbiol. 1995, 78 (3), 264–269.

24. Casabianca, H.; Graff, J.; Faugier, V.; Fleig, F.; Grenier, C. Enantiomeric Distribution 
Studies of Linalool and Linalyl Acetate. A Powerful Tool for Authenticity Control of 
Essential Oils. J. High Resolut. Chromatogr. 1998, 21 (2), 107–112.

25. Çelik, S.; Ozkaya, A. Effects of Intraperitoneally Administered Lipoic Acid, Vitamin 
E, and Linalool on the Level of Total Lipid and Fatty Acids in Guinea Pig Brain with 
Oxidative Stress Induced by H2O2. BMB Rep. 2002, 35 (6), 547–552.

26. Cerchiara, T.; Straface, S.; Brunelli, E.; Tripepi, S.; Gallucci, M. C.; Chidichimo, 
G. Antiproliferative Effect of Linalool on RPMI 7932 Human Melanoma Cell Line: 
Ultrastructural Studies. Nat. Prod. Commun. 2015, 10 (4), 547–549.

27. Ceschel, G.; Maffei, P.; Moretti, M.; Demontis, S.; Peana, A. In vitro Permeation 
through Porcine Buccal Mucosa of Salvia desoleana Atzei & Picci Essential Oil from 
Topical Formulations. Int. J. Pharm. 2000, 195 (1–2), 171–177.

28. Chang, M.-Y.; Shieh, D.-E.; Chen, C.-C.; Yeh, C.-S.; Dong, H.-P. Linalool Induces 
Cell Cycle Arrest and Apoptosis in Leukemia Cells and Cervical Cancer Cells 
through CDKIs. Int. J. Mol. Sci. 2015, 16 (12), 28169–28179.

29. Chen, Q.; Xie, W.; Kuhn, D. J.; Voorhees, P. M.; Lopez-Girona, A.; Mendy, D.; 
Corral, L. G.; Krenitsky, V. P.; Xu, W.; Moutouh-De Parseval, L. Targeting the p27 
E3 Ligase SCFSkp2 Results in p27- and Skp2-Mediated Cell-Cycle Arrest and Acti-
vation of Autophagy. Blood 2008, 111 (9), 4690–4699.

30. Cheng, Y.; Dai, C.; Zhang, J. SIRT3–SOD2–ROS Pathway Is Involved in Linalool-
Induced Glioma Cell Apoptotic Death. Acta Biochim. Pol. 2017, 64 (2), 343–350.

31. Chiang, L.-C.; Chiang, W.; Chang, M.-Y.; Ng, L.-T.; Lin, C.-C. Antileukemic Activity 
of Selected Natural Products in Taiwan. Am. J. Chin. Med. 2003, 31 (01), 37–46.

32. Chung, M. J.; Kang, A.-Y.; Park, S.-O.; Park, K.-W.; Jun, H.-J.; Lee, S.-J. The Effect 
of Essential Oils of Dietary Wormwood (Artemisia princeps), with and without 
Added Vitamin E, on Oxidative Stress and Some Genes Involved in Cholesterol 
Metabolism. Food Chem. Toxicol. 2007, 45 (8), 1400–1409.

33. Chung, M. J.; Park, K. W.; Kim, K. H.; Kim, C.-T.; Baek, J. P.; Bang, K.-H.; 
Choi, Y.-M.; Lee, S.-J. Asian Plantain (Plantago asiatica) Essential Oils Suppress 
3-Hydroxy-3-Methyl-Glutaryl-co-Enzyme A Reductase Expression In Vitro and In 
Vivo and Show Hypocholesterolaemic Properties in Mice. Br. J. Nutr. 2008, 99 (1), 
67–75.

34. Davidson, P.; Naidu, A. Natural Food Antimicrobial Systems: Phytophenols; CRC 
Press: Boca Raton, FL, 2000.

35. De Almeida, R. N.; Motta, S. C.; De Brito Faturi, C.; Catallani, B.; Leite, J. R. Anxio-
lytic-Like Effects of Rose Oil Inhalation on the Elevated Plus-Maze Test in Rats. 
Pharmacol. Biochem. Behav. 2004, 77 (2), 361–364.

36. De Groot, A. C.; Nater, J. P.; Weyland, J. W. Unwanted Effects of Cosmetics and 
Drugs Used in Dermatology; Elsevier: Amsterdam, 1994.

37. Deepa, B.; Venkatraman Anuradha, C. Effects of Linalool on Inflammation, Matrix 
Accumulation and Podocyte Loss in Kidney of Streptozotocin-Induced Diabetic 
Rats. Toxicol. Mech. Methods 2013, 23 (4), 223–234.

38. Delaquis, P. J.; Stanich, K.; Girard, B.; Mazza, G. Antimicrobial Activity of Indi-
vidual and Mixed Fractions of Dill, Cilantro, Coriander and Eucalyptus Essential 
Oils. Int. J. Food Microbiol. 2002, 74 (1–2), 101–109.



39.	 Di Pasqua, R.; Hoskins, N.; Betts, G.; Mauriello, G. Changes in Membrane Fatty 
Acids Composition of Microbial Cells Induced by Addiction of Thymol, Carvacrol, 
Limonene, Cinnamaldehyde, and Eugenol in the Growing Media. J. Agric. Food 
Chem. 2006, 54 (7), 2745–2749.

40.	 Diederichsen, A.; Hammer, K. Vielfalt von koriander im Weltsortiment der Genbank 
Gatersleben. Drogenreport 1994, 7 (11), 13–17.

41.	 Dorman, H.; Deans, S. G. Antimicrobial Agents from Plants: Antibacterial Activity of 
Plant Volatile Oils. J. Appl. Microbiol. 2000, 88 (2), 308–316.

42.	 Dudhgaonkar, S. P.; Kumar, D.; Naik, A.; Devi, A. R.; Bawankule, D. U.; Tandan, 
S. K. Interaction of Inducible Nitric Oxide Synthase and Cyclooxygenase-2 Inhibi-
tors in Formalin-Induced Nociception in Mice. Eur. J. Pharmacol. 2004, 492 (2–3), 
117–122.

43.	 Eckel, R. H.; York, D. A.; Rössner, S.; Hubbard, V.; Caterson, I.; Jeor, S. T. S.; 
Hayman, L. L.; Mullis, R. M.; Blair, S. N. Prevention Conference VII: Obesity, a 
Worldwide Epidemic Related to Heart Disease and Stroke: Executive Summary. 
Circulation 2004, 110 (18), 2968–2975.

44.	 Elisabetsky, E.; Brum, L. S.; Souza, D. Anticonvulsant Properties of Linalool in 
Glutamate-Related Seizure Models. Phytomedicine 1999, 6 (2), 107–113.

45.	 Elisabetsky, E.; Coelho De Souza, G.; Dos Santos, M.; Siquieira, I.; Amador, T.; 
Nunes, D. Sedative Properties of Linalool. Fitoterapia 1995, 66 (5), 407–414.

46.	 Emamghoreishi, M.; Khasaki, M.; Aazam, M. F. Coriandrum sativum: Evaluation of 
Its Anxiolytic Effect in the Elevated Plus-Maze. J. Ethnopharmacol. 2005, 96 (3), 
365–370.

47.	 Gafvert, E.; Shao, L. P.; Karlberg, A.-T.; Nilsson, U.; Nilsson, J. L. G. Contact 
Allergy to Resin Acid Hydroperoxides. Hapten Binding via Free Radicals and Epox-
ides. Chem. Res. Toxicol. 1994, 7 (2), 260–266.

48.	 Ghelardini, C.; Galeotti, N.; Matucci, R.; Bellucci, C.; Gualtieri, F.; Capaccioli, S.; 
Quattrone, A.; Bartolini, A. Antisense ‘Knockdowns’ of M1 Receptors Induces Tran-
sient Anterograde Amnesia in Mice. Neuropharmacology 1999, 38 (3), 339–348.

49.	 Groot, A. C.; Frosch, P. J. Adverse Reactions to Fragrances. Contact Derm. 1997, 36 
(2), 57–86.

50.	 Gunaseelan, S.; Balupillai, A.; Govindasamy, K.; Muthusamy, G.; Ramasamy, K.; 
Shanmugam, M.; Prasad, N. R. The Preventive Effect of Linalool on Acute and 
Chronic UVB-Mediated Skin Carcinogenesis in Swiss Albino Mice. Photochem. 
Photobiol. Sci. 2016, 15 (7), 851–860.

51.	 Gunaseelan, S.; Balupillai, A.; Govindasamy, K.; Ramasamy, K.; Muthusamy, G.; 
Shanmugam, M.; Thangaiyan, R.; Robert, B. M.; Nagarajan, R. P.; Kandan Ponni-
resan, V. Linalool Prevents Oxidative Stress Activated Protein Kinases in Single 
UVB-Exposed Human Skin Cells. PLoS ONE, 2017, 12 (5), e0176699.

52.	 Guzman, M. L.; Rossi, R. M.; Karnischky, L.; Li, X.; Peterson, D. R.; Howard, D. S.; 
Jordan, C. T. The Sesquiterpene Lactone Parthenolide Induces Apoptosis of Human 
Acute Myelogenous Leukemia Stem and Progenitor Cells. Blood 2005, 105 (11), 
4163–4169.

53.	 Guzman, M. L.; Swiderski, C. F.; Howard, D. S.; Grimes, B. A.; Rossi, R. M.; Szil-
vassy, S. J.; Jordan, C. T. Preferential Induction of Apoptosis for Primary Human 
Leukemic Stem Cells. Proc. Natl. Acad. Sci. 2002, 99 (25), 16220–16225.



54.	 Hamodi, S. J.; Al-Mashhadani, E. H.; Al-Jaff, F. K.; Al-Mashhadani, H. E. Effect of 
Coriander Seed (Coriandrum sativum L.) as Diet Ingredient on Broilers Performance 
under High Ambient Temperature. Int. J. Poultry Sci. 2010, 9 (10), 968–971.

55.	 Hilmer, J. M.; Gatfield, I. L. Process for the Preparation of Linalool Oxide or of 
Linalool Oxide-Containing Mixtures. Google Patents, 2004.

56.	 Holtz, M.; Forman, S.; Bhatia, R. Nonproliferating CML CD34+ Progenitors Are 
Resistant to Apoptosis Induced by a Wide Range of Proapoptotic Stimuli. Leukemia 
2005, 19 (6), 1034.

57.	 Hossain, S. J.; Aoshima, H.; Koda, H.; Kiso, Y. Fragrances in Oolong Tea That 
Enhance the Response of GABAA Receptors. Biosci., Biotechnol. Biochem. 2004, 
68 (9), 1842–1848.

58.	 Hulin, V.; Mathot, A.-G.; Mafart, P.; Dufosse, L. Les Proprietés Anti-microbiennes 
des Huiles Essentielles et Composés D’arômes. Sci. Alim. 1998, 18 (6), 563–582.

59.	 Huo, M.; Cui, X.; Xue, J.; Chi, G.; Gao, R.; Deng, X.; Guan, S.; Wei, J.; Soromou, 
L. W.; Feng, H. Anti-inflammatory Effects of Linalool in RAW 264.7 Macrophages 
and Lipopolysaccharide-Induced Lung Injury Model. J. Surg. Res. 2013, 180 (1), 
e47–e54.

60.	 Isao, K.; Ken-Ichi, F.; Aya, K.; Ken-Ichi, N.; Tetsuya, A. Antibacterial Activity of 
Coriander Volatile Compounds against Salmonella choleraesuits. J. Agric. Food 
Chem. 2004, 52, 3329–3332.

61.	 Isman, M. B. Plant Essential Oils for Pest and Disease Management. Crop Protect. 
2000, 19 (8–10), 603–608.

62.	 Iwasaki, K.; Zheng, Y.-W.; Murata, S.; Ito, H.; Nakayama, K.; Kurokawa, T.; Sano, 
N.; Nowatari, T.; Villareal, M. O.; Nagano, Y. N. Anticancer Effect of Linalool via 
Cancer-Specific Hydroxyl Radical Generation in Human Colon Cancer. World J. 
Gastroenterol. 2016, 22 (44), 9765.

63.	 Karlberg, A.-T.; Magnusson, K.; Nilsson, U. Influence of an Anti-Oxidant on the 
Formation of Allergenic Compounds During Auto-oxidation of d-Limonene. Ann. 
Occup. Hyg. 1994, 38 (2), 199–207.

64.	 Karlberg, A. T.; Bergstedt, E.; Boman, A.; Bohlinder, K.; Lidén, C.; Lars, J.; Nilsson, 
G.; Wahlberg, J. E. Is Abietic Acid the Allergenic Component of Colophony? Contact 
Derm. 1985, 13 (4), 209–215.

65.	 Karlberg, A. T.; Bohlinder, K.; Boman, A.; Hacksell, U.; Hermansson, J.; Jacobsson, 
S.; Nilsson, J. L. G. Identification of 15-Hydroperoxyabietic Acid as a Contact 
Allergen in Portuguese Colophony. J. Pharmacy Pharmacol. 1988, 40 (1), 42–47.

66.	 Karlberg, A. T.; Dooms-Goossens, A. Contact Allergy to Oxidized d-Limonene 
among Dermatitis Patients. Contact Derm. 1997, 36 (4), 201–206.

67.	 Karlberg, A. T.; Magnusson, K.; Nilsson, U. Air Oxidation of d-Limonene (the Citrus 
Solvent) Creates Potent Allergens. Contact Derm. 1992, 26 (5), 332–340.

68.	 Kawai, F. Odorants Suppress T-and L-Type Ca2+ Currents in Olfactory Receptor Cells 
by Shifting Their Inactivation Curves to a Negative Voltage. Neurosci. Res. 1999, 35 
(4), 253–263.

69.	 Kawai, F.; Miyachi, E.-I. Direct Suppression by Odorants of Cyclic Nucleotide-
Gated Currents in the NEWT Photoreceptors. Brain Res. 2000, 876 (1–2), 180–184.



70.	 Kaya, N.; Yılmaz, G.; Telci, İ. Farklı zamanlarda ekilen kişniş (Coriandrum sativum 
L.) populasyonlarının agronomik ve teknolojik özellikleri. Turk. J. Agric. Forest. 
2000, 24, 355–364.

71.	 Kommuru, T. R.; Khan, M. A.; Reddy, I. K. Racemate and Enantiomers of Keto-
profen: Phase Diagram, Thermodynamic Studies, Skin Permeability, and Use of 
Chiral Permeation Enhancers. J. Pharm. Sci. 1998, 87 (7), 833–840.

72.	 Kunta, J. R.; Goskonda, V. R.; Brotherton, H. O.; Khan, M. A.; Reddy, I. K. Effect of 
Menthol and Related Terpenes on the Percutaneous Absorption of Propranolol across 
Excised Hairless Mouse Skin. J. Pharm. Sci. 1997, 86 (12), 1369–1373.

73.	 Kuroda, K.; Inoue, N.; Ito, Y.; Kubota, K.; Sugimoto, A.; Kakuda, T.; Fushiki, T. 
Sedative Effects of the Jasmine Tea Odor and (R)-(–)-Linalool, One of Its Major 
Odor Components, on Autonomic Nerve Activity and Mood States. Eur. J. Appl. 
Physiol. 2005, 95 (2–3), 107–114.

74.	 Lambert, R.; Skandamis, P. N.; Coote, P. J.; Nychas, G. J. A Study of the Minimum 
Inhibitory Concentration and Mode of Action of Oregano Essential Oil, Thymol and 
Carvacrol. J. Appl. Microbiol. 2001, 91 (3), 453–462.

75.	 Lewinsohn, E.; Schalechet, F.; Wilkinson, J.; Matsui, K.; Tadmor, Y.; Nam, K.-H.; 
Amar, O.; Lastochkin, E.; Larkov, O.; Ravid, U. Enhanced Levels of the Aroma and 
Flavor Compound S-Linalool by Metabolic Engineering of the Terpenoid Pathway in 
Tomato Fruits. Plant Physiol. 2001, 127 (3), 1256–1265.

76.	 Linck, V.; Da Silva, A.; Figueiró, M.; Caramão, E.; Moreno, P.; Elisabetsky, E. Effects 
of Inhaled Linalool in Anxiety, Social Interaction and Aggressive Behavior in Mice. 
Phytomedicine 2010, 17 (8–9), 679–683.

77.	 Lis-Balchin, M.; Buchbauer, G.; Hirtenlehner, T.; Resch, M. Antimicrobial Activity 
of Pelargonium Essential Oils Added to a Quiche-Filling as a Model Food System. 
Lett. Appl. Microbiol. 1998, 27 (4), 207–210.

78.	 Lusis, A. J. Atherosclerosis. Nature 2000, 407, 233–241.
79.	 Mantena, S. K.; Sharma, S. D.; Katiyar, S. K. Berberine Inhibits Growth, Induces G1 

Arrest and Apoptosis in Human Epidermoid Carcinoma A431 Cells by Regulating 
CDKI–CDK–Cyclin Cascade, Disruption of Mitochondrial Membrane Potential and 
Cleavage of Caspase 3 and PARP. Carcinogenesis 2006, 27 (10), 2018–2027.

80.	 Marcinkiewicz, J.; Grabowska, A.; Chain, B. Nitric Oxide Up-regulates the Release 
of Inflammatory Mediators by Mouse Macrophages. Eur. J. Immunol. 1995, 25 (4), 
947–951.

81.	 Marino, M.; Bersani, C.; Comi, G. Impedance Measurements to Study the Antimicro-
bial Activity of Essential Oils from Lamiaceae and Compositae. Int. J. Food Micro-
biol. 2001, 67 (3), 187–195.

82.	 Máté, G.; Kovács, D.; Gazdag, Z.; Pesti, M.; Szántó, Á. Linalool-Induced Oxidative 
Stress Processes in the Human Pathogen Candida albicans. Acta Biol. Hung. 2017, 
68 (2), 220–231.

83.	 Matura, M.; Goossens, A.; Bordalo, O.; Garcia-Bravo, B.; Magnusson, K.; Wrangsjö, 
K.; Karlberg, A. T. Patch Testing with Oxidized R-(+)-Limonene and Its Hydroper-
oxide Fraction. Contact Derm. 2003, 49 (1), 15–21.

84.	 Mitić-Ćulafić, D.; Žegura, B.; Nikolić, B.; Vuković-Gačić, B.; Knežević-Vukčević, 
J.; Filipič, M. Protective Effect of Linalool, Myrcene and Eucalyptol against t-Butyl 
Hydroperoxide Induced Genotoxicity in Bacteria and Cultured Human Cells. Food 
Chem. Toxicol. 2009, 47 (1), 260–266.

85. Mutterer, V.; Arnau, E. G.; Karlberg, A.-T.; Lepoittevin, J.-P. Synthesis and Aller-
genic Potential of a 15-Hydroperoxyabietic Acid-Like Model: Trapping of Radical 
Intermediates. Chem. Res. Toxicol. 2000, 13 (10), 1028–1036.



86.	 Nygren, J. The Metabolic Effects of Fasting and Surgery. Best Pract. Res. Clin. 
Anaesthesiol. 2006, 20 (3), 429–438.

87.	 O’mahony, R.; Al-Khtheeri, H.; Weerasekera, D.; Fernando, N.; Vaira, D.; Holton, 
J.; Basset, C. Bactericidal and Anti-adhesive Properties of Culinary and Medicinal 
Plants against Helicobacter pylori. World J. Gastroenterol. 2005, 11 (47), 7499.

88.	 Ohkuma, M.; Kawai, F.; Miyachi, E. Direct Suppression by Odorants of Ionotropic 
Glutamate Receptors in NEWT Retinal Neurons. J. Neur. Transm. 2002, 109 (11), 
1365–1371.

89.	 Olagnier, D.; Costes, P.; Berry, A.; Linas, M.-D.; Urrutigoity, M.; Dechy-Cabaret, 
O.; Benoit-Vical, F. Modifications of the Chemical Structure of Terpenes in Anti-
plasmodial and Antifungal Drug Research. Bioorg. Med. Chem. Lett. 2007, 17 (22), 
6075–6078.

90.	 Omote, K.; Hazama, K.; Kawamata, T.; Kawamata, M.; Nakayaka, Y.; Toriyabe, M.; 
Namiki, A. Peripheral Nitric Oxide in Carrageenan-Induced Inflammation. Brain 
Res. 2001, 912 (2), 171–175.

91.	 Oussalah, M.; Caillet, S.; Lacroix, M. Mechanism of Action of Spanish Oregano, 
Chinese Cinnamon, and Savory Essential Oils against Cell Membranes and Walls of 
Escherichia coli O157:H7 and Listeria monocytogenes. J. Food Prot. 2006, 69 (5), 
1046–1055.

92.	 Paik, S.-Y.; Koh, K.-H.; Beak, S.-M.; Paek, S.-H.; Kim, J.-A. The Essential Oils from 
Zanthoxylum schinifolium Pericarp Induce Apoptosis of HepG2 Human Hepatoma 
Cells through Increased Production of Reactive Oxygen Species. Biol. Pharm. Bull. 
2005, 28 (5), 802–807.

93.	 Pattnaik, S.; Subramanyam, V.; Bapaji, M.; Kole, C. Antibacterial and Antifungal 
Activity of Aromatic Constituents of Essential Oils. Microbios 1997, 89 (358), 39–46.

94.	 Peana, A. T.; D’aquila, P. S.; Panin, F.; Serra, G.; Pippia, P.; Moretti, M. D. L. Anti-
Inflammatory Activity of Linalool and Linalyl Acetate Constituents of Essential Oils. 
Phytomedicine 2002, 9 (8), 721–726.

95.	 Peana, A. T.; De Montis, M. G.; Sechi, S.; Sircana, G.; Paolo, S.; Pippia, P. Effects 
of (−)-Linalool in the Acute Hyperalgesia Induced by Carrageenan, l-Glutamate and 
Prostaglandin E2. Eur. J. Pharmacol. 2004, 497 (3), 279–284.

96.	 Peana, A. T.; Moretti, M. D. Pharmacological Activities and Applications of Salvia 
sclarea and Salvia desoleana Essential Oils. Studies in Natural Products Chemistry; 
Elsevier: Amsterdam, 2002.

97.	 Peana, A. T.; Moretti, M. D.; Juliano, C. Chemical Composition and Antimicrobial 
Action of the Essential Oils of Salvia desoleana and S. sclarea. Planta Med. 1999, 
65 (8), 752–754.

98.	 Peana, A. T.; Paolo, S. D.; Chessa, M. L.; Moretti, M. D.; Serra, G.; Pippia, P. 
(−)-Linalool Produces Antinociception in Two Experimental Models of Pain. Eur. J. 
Pharmacol. 2003, 460 (1), 37–41.

99. Potwale, S. E.; Mantri, R. A.; Luniya, K. P.; Mehta, U. K.; Waseem, M.; Sadiq, M.; 
Dhalawat, H. J.; Deshmukh, R. S. Camellia sinensis: An Ethnopharmacological 
Review. Pharmacol. Online 2008, 3, 1–25.

100. Prasad, M.; Seenayya, G. Effect of Spices on the Growth of Red Halophilic Cocci 
Isolated from Salt Cured Fish and Solar Salt. Food Res. Int. 2000, 33 (9), 793–798.

101. Ramadan, M. F.; Moersel, J. T. Screening of the Antiradical Action of Vegetable Oils. 
J. Food Compos. Anal. 2006, 19 (8), 838–842.

102. Rastogi, S. C.; Heydorn, S.; Johansen, J.; Basketter, D. Fragrance Chemicals in 
Domestic and Occupational Products. Contact Derm. 2001, 45 (4), 221–225.

103. Ravizza, R.; Gariboldi, M. B.; Molteni, R.; Monti, E. Linalool, a Plant-Derived 
Monoterpene Alcohol, Reverses Doxorubicin Resistance in Human Breast Adeno-
carcinoma Cells. Oncol. Rep. 2008, 20 (3), 625–630.



104.	 Renouf, B.; Hollville, E.; Pujals, A.; Tetaud, C.; Garibal, J.; Wiels, J. Activation of 
p53 by MDM2 Antagonists Has Differential Apoptotic Effects on Epstein–Barr Virus 
(EBV)-Positive and EBV-Negative Burkitt’s Lymphoma Cells. Leukemia 2009, 23 
(9), 1557.

105.	 Rodenak-Kladniew, B.; Castro, A.; Stärkel, P.; De Saeger, C.; De Bravo, M. G.; 
Crespo, R. Linalool Induces Cell Cycle Arrest and Apoptosis in HepG2 Cells through 
Oxidative Stress Generation and Modulation of Ras/MAPK and Akt/mTOR Path-
ways. Life Sci. 2018, 199, 48–59.

106.	 Ross, Z.; O’gara, E. A.; Hill, D. J.; Sleightholme, H.; Maslin, D. J. Antimicrobial 
Properties of Garlic Oil Against Human Enteric Bacteria: Evaluation of Methodolo-
gies and Comparisons with Garlic Oil Sulfides and Garlic Powder. Appl. Environ. 
Microbiol. 2001, 67 (1), 475–480.

107.	 Ryan, C. A.; Gerberick, G.; Cruse, L.; Basketter, D. A.; Lea, L.; Blaikie, L.; Dearman, 
R. J.; Warbrick, E.; Kimber, I. Activity of Human Contact Allergens in the Murine 
Local Lymph Node Assay. Contact Derm. 2000, 43 (2), 95–102.

108.	 Santos, F.; Silva, R.; Campos, A.; De Araujo, R.; Júnior, R. L.; Rao, V. 1,8-Cineole 
(Eucalyptol), a Monoterpene Oxide Attenuates the Colonic Damage in Rats on Acute 
TNBS-Colitis. Food Chem. Toxicol. 2004, 42 (4), 579–584.

109.	 Sautebin, L.; Ialenti, A.; Ianaro, A.; Rosa, M. Modulation by Nitric Oxide of Prosta-
glandin Biosynthesis in the Rat. Br. J. Pharmacol. 1995, 114 (2), 323–328.

110.	 Schaller, M.; Korting, H. Allergic Airborne Contact Dermatitis from Essential Oils 
Used in Aromatherapy. Clin. Exp. Dermatol. 1995, 20 (2), 143–145.

111.	 Scheline, R. R. Handbook of Mammalian Metabolism of Plant Compounds; CRC 
Press: Boca Raton, FL, 1991.

112.	 Schild, D.; Restrepo, D. Transduction Mechanisms in Vertebrate Olfactory Receptor 
Cells. Physiol. Rev. 1998, 78 (2), 429–466.

113.	 Silva Brum, L.; Elisabetsky, E.; Souza, D. Effects of Linalool on [3H] MK801 and 
[3H] Muscimol Binding in Mouse Cortical Membranes. Phytother. Res. 2001, 15 (5), 
422–425.

114.	 Silva, M. I. G.; Silva, M. a. G.; De Aquino Neto, M. R.; Moura, B. A.; De Sousa, 
H. L.; De Lavor, E. P. H.; De Vasconcelos, P. F.; Macêdo, D. S.; De Sousa, D. P.; 
Vasconcelos, S. M. M. Effects of Isopulegol on Pentylenetetrazol-Induced Convul-
sions in Mice: Possible Involvement of GABAergic System and Antioxidant Activity. 
Fitoterapia 2009, 80 (8), 506–513.

115. Singh, G.; Kapoor, I.; Pandey, S.; Singh, U.; Singh, R. Studies on Essential Oils: Part 
10; Antibacterial Activity of Volatile Oils of Some Spices. Phytother. Res. 2002, 16 
(7), 680–682.

116. Skeberdis, V. A.; Chevaleyre, V.; Lau, C. G.; Goldberg, J. H.; Pettit, D. L.; Suadicani, 
S. O.; Lin, Y.; Bennett, M. V.; Yuste, R.; Castillo, P. E. Protein Kinase A Regulates 
Calcium Permeability of NMDA Receptors. Nat. Neurosci. 2006, 9 (4), 501.

117. Sköld, M.; Börje, A.; Harambasic, E.; Karlberg, A.-T. Contact Allergens Formed on 
Air Exposure of Linalool. Identification and Quantification of Primary and Secondary 
Oxidation Products and the Effect on Skin Sensitization. Chem. Res. Toxicol. 2004, 
17 (12), 1697–1705.

118. Sugawara, Y.; Hara, C.; Aoki, T.; Sugimoto, N.; Masujima, T. Odor Distinctiveness 
between Enantiomers of Linalool: Difference in Perception and Responses Elicited 
by Sensory Test and Forehead Surface Potential Wave Measurement. Chem. Sens. 
2000, 25 (1), 77–84.



119. Sugawara, Y.; Hara, C.; Tamura, K.; Fujii, T.; Nakamura, K.-I.; Masujima, T.; Aoki, 
T. Sedative Effect on Humans of Inhalation of Essential Oil of Linalool: Sensory 
Evaluation and Physiological Measurements Using Optically Active Linalools. Anal. 
Chim. Acta 1998, 365 (1–3), 293–299.

120. Tahraoui, A.; El-Hilaly, J.; Israili, Z.; Lyoussi, B. Ethnopharmacological Survey of 
Plants Used in the Traditional Treatment of Hypertension and Diabetes in South-
Eastern Morocco (Errachidia Province). J. Ethnopharmacol. 2007, 110 (1), 105–117.

121. Tassou, C.; Koutsoumanis, K.; Nychas, G.-J. Inhibition of Salmonella enteritidis and 
Staphylococcus aureus in Nutrient Broth by Mint Essential Oil. Food Res. Int. 2000, 
33 (3–4), 273–280.

122. Thyagaraja, N.; Hosono, A. Effect of Spice Extract on Fungal Inhibition. LWT—Food 
Sci. Technol. 1996, 29 (3), 286–288.

123. Tovar, C.; Rosinski, J.; Filipovic, Z.; Higgins, B.; Kolinsky, K.; Hilton, H.; Zhao, X.; 
Vu, B. T.; Qing, W.; Packman, K. Small-Molecule MDM2 Antagonists Reveal Aber-
rant p53 Signaling in Cancer: Implications for Therapy. Proc. Nat. Acad. Sci. USA. 
2006, 103 (6), 1888–1893.

124. Turina, A. D. V.; Nolan, M.; Zygadlo, J.; Perillo, M. Natural Terpenes: Self-Assembly 
and Membrane Partitioning. Biophys. Chem. 2006, 122 (2), 101–113.

125. Umezu, T.; Ito, H.; Nagano, K.; Yamakoshi, M.; Oouchi, H.; Sakaniwa, M.; Morita, 
M. Anticonflict Effects of Rose Oil and Identification of Its Active Constituents. Life 
Sci. 2002, 72 (1), 91–102.

126. Usta, J.; Kreydiyyeh, S.; Knio, K.; Barnabe, P.; Bou-Moughlabay, Y.; Dagher, S. 
Linalool Decreases HepG2 Viability by Inhibiting Mitochondrial Complexes I and II, 
Increasing Reactive Oxygen Species and Decreasing ATP and GSH Levels. Chem.-
Biol. Interact. 2009, 180 (1), 39–46.

127. Valero, M.; Salmeron, M. Antibacterial Activity of 11 Essential Oils against Bacillus 
cereus in Tyndallized Carrot Broth. Int. J. Food Microbiol. 2003, 85 (1–2), 73–81.

128. Vassilev, L. T.; Vu, B. T.; Graves, B.; Carvajal, D.; Podlaski, F.; Filipovic, Z.; Kong, 
N.; Kammlott, U.; Lukacs, C.; Klein, C. In Vivo Activation of the p53 Pathway by 
Small-Molecule Antagonists of MDM2. Science 2004, 303 (5659), 844–848.

129. Vasudevan, K.; Vembar, S.; Veeraraghavan, K.; Haranath, P. Influence of Intragastric 
Perfusion of Aqueous Spice Extracts on Acid Secretion in Anesthetized Albino Rats. 
Indian J. Gastroenterol. 2000, 19 (2), 53–56.

130. Velluti, A.; Sanchis, V.; Ramos, A.; Egido, J.; Marın, S. Inhibitory Effect of 
Cinnamon, Clove, Lemongrass, Oregano and Palmarose Essential Oils on Growth 
and Fumonisin B1 Production by Fusarium proliferatum in Maize Grain. Int. J. Food 
Microbiol. 2003, 89 (2–3), 145–154.

131. Wu, Q.; Yu, L.; Qiu, J.; Shen, B.; Wang, D.; Soromou, L. W.; Feng, H. Linalool 
Attenuates Lung Inflammation Induced by Pasteurella multocida via Activating 
Nrf-2 Signaling Pathway. Int. Immunopharmacol. 2014, 21 (2), 456–463.

132. Xu, P.; Wang, K.; Lu, C.; Dong, L.; Gao, L.; Yan, M.; Aibai, S.; Yang, Y.; Liu, X. 
The Protective Effect of Lavender Essential Oil and Its Main Component Linalool 
Against the Cognitive Deficits Induced by d-Galactose and Aluminum Trichloride in 
Mice. Evid. Based Complem. Altern. Med. 2017, 2017, 11.

133. Xu, R.; Yu, Y.; Zheng, S.; Zhao, X.; Dong, Q.; He, Z.; Liang, Y.; Lu, Q.; Fang, Y.; 
Gan, X. Overexpression of Shp2 Tyrosine Phosphatase Is Implicated in Leukemo-
genesis in Adult Human Leukemia. Blood 2005, 106 (9), 3142–3149.



2.	 Agarwal, K. C. Therapeutic Actions of Garlic Constituents. Med. Res. Rev. 1996, 16 
(1), 111–124.

3.	 Ahmad, R. S.; Butt, M. S.; Sultan, M. T.; Mushtaq, Z.; Ahmad, S.; Dewanjee, S.; De 
Feo, V.; Zia-ul-Haq, M. Preventive Role of Green Tea Catechins from Obesity and 
Related Disorders Especially Hypercholesterolemia and Hyperglycemia. J. Transl. 
Med. 2015, 13 (1), 79.

4.	 Amagase, H. Clarifying the Real Bioactive Constituents of Garlic. J. Nutr. 2006, 136 
(3), 716S–725S.

5.	 Amagase, H.; Petesch, B. L.; Matsuura, H.; Kasuga, S.; Itakura, Y. Intake of Garlic 
and Its Bioactive Components. J. Nutr. 2001, 131 (3), 955S–962S.

6.	 Ambati, S. Garlic Derivatives: Role in Obesity and Related Disorders. Biotechnology 
2013, 14 (2 (1)), 1–5.

7.	 Andican, G.; Seven, A.; Uncu, M.; Cantaşdemir, M.; Numan, F.; Burçak, G. Oxidized 
LDL and Anti-OXLDL Antibody Levels in Peripheral Atherosclerotic Disease. 
Scand. J. Clin. Lab. Invest. 2008, 68 (6), 473–478.

8.	 Arditti, F. D.; Rabinkov, A.; Miron, T.; Reisner, Y.; Berrebi, A.; Wilchek, M.; Mire-
lman, D. Apoptotic Killing of B-Chronic Lymphocytic Leukemia Tumor Cells by 
Allicin Generated In Situ Using a Rituximab–Alliinase Conjugate. Mol. Cancer Ther. 
2005, 4 (2), 325–332.

9.	 Arnault, I.; Auger, J. Seleno-Compounds in Garlic and Onion. J. Chromatogr. Anal. 
2006, 1112 (1), 23–30.

10.	 Aslam, M. N.; Malik, F. A.; Humera, J.; Anwar, E.; Awan, J. A.; Khan, Y. H.; Iqbal, 
M. Relation of Smoking and Elevated Homocysteine in Patients Presenting with 
Acute Coronary Syndrome. Pak. J. Cardiol. 2006, 17 (2–3), 48–56.

11.	 Avcı, A.; Atlı, T.; Ergüder, İ. B.; Varlı, M.; Devrim, E.; Aras, S.; Durak, İ. Effects of 
Garlic Consumption on Plasma and Erythrocyte Antioxidant Parameters in Elderly 
Subjects. Gerontology 2008, 54 (3), 173–176.

12.	 Awan, J. A. Elements of Food and Nutrition; Unitech Communications: Faisalabad 
Pakistan, 2011.

13.	 Awan, J. A.; Anjum, F. M. Food Toxicology; Unitech Communications, Faisalabad, 
Pakistan, 2010.

14.	 Awan, K.; Butt, M.; Haq, I.; Ashfaq, F.; Suleria, H. Storage Stability of Garlic Forti-
fied Chicken Bites. J. Food Chem. Nanotechnol. 2017, 3 (2), 80–85.

15.	 Awan, K. A.; Butt, M. S.; Awan, J. A.; Zahoor, T. Sensory Profile of Conventional 
and Supercritical Garlic Extract-Nutrified Chicken Bites. Pak. J. Food Sci. 2015, 25 
(2), 92–97.

16.	 Awan, K. A.; Butt, M. S.; Haq, I. U.; Suleria, H. A. R. Investigating the Antioxidant 
Potential of Garlic (Allium sativum) Extracts Through Different Extraction Modes. 
Curr. Bioact. Compounds 2017, 14, 1–6.

17.	 Baghalian, K.; Ziai, S. A.; Naghavi, M. R.; Badi, H. N.; Khalighi, A. Evaluation of 
Allicin Content and Botanical Traits in Iranian Garlic (Allium sativum L.) Ecotypes. 
Sci. Hort. 2005, 103 (2), 155–166.

18.	 Bakri, I.; Douglas, C. Inhibitory Effect of Garlic Extract on Oral Bacteria. Arch. Oral 
Biol. 2005, 50 (7), 645–651.

1. Abdalla, F.; Bellé, L.; De Bona, K.; Bitencourt, P.; Pigatto, A.; Moretto, M. Allium
sativum L. Extract Prevents Methyl Mercury-Induced Cytotoxicity in Peripheral
Blood Leukocytes (ls). Food Chem. Toxicol. 2010, 48 (1), 417–421.



19.	 Baluchnejadmojarad, T.; Roghani, M.; Homayounfar, H.; Hosseini, M. Beneficial 
Effect of Aqueous Garlic Extract on the Vascular Reactivity of Streptozotocin-
Diabetic Rats. J. Ethnopharmacol. 2003, 85 (1), 139–144.

20.	 Banerjee, S.; Mukherjee, P. K.; Maulik, S. Garlic as an Antioxidant: The Good, the 
Bad and the Ugly. Phytother. Res. 2003, 17 (2), 97–106.

21.	 Banerjee, S. K.; Maulik, S. K. Effect of Garlic on Cardiovascular Disorders: A 
Review. Nutr. J. 2002, 1 (1), 1.

22.	 Bayan, L.; Koulivand, P. H.; Gorji, A. Garlic: A Review of Potential Therapeutic 
Effects. Avi. J. Phytomed. 2014, 4 (1), 1–14.

23.	 Benkeblia, N.; Lanzotti, V. Allium Thiosulfinates: Chemistry, Biological Properties 
and Their Potential Utilization in Food Preservation. Food 2007, 1 (2), 193–201.

24.	 Bokaeian, M.; Nakhaee, A.; Moodi, B.; Farhangi, A.; Akbarzadeh, A. Effects of 
Garlic Extract Treatment in Normal and Streptozotocin Diabetic Rats Infected with 
Candida albicans. Indian J. Clin. Biochem. 2010, 25 (2), 182–187.

25.	 Borek, C. Antioxidant Health Effects of Aged Garlic Extract. J. Nutr. 2001, 131 (3), 
1010S–1015S.

26.	 Bozin, B.; Mimica-Dukic, N.; Samojlik, I.; Goran, A.; Igic, R. Phenolics as Antioxi-
dants in Garlic (Allium sativum L., Alliaceae). Food Chem. 2008, 111 (4), 925–929.

27.	 Burniston, J.; Eftekhari, F.; Hrabi, S.; Worsley, R.; Dean, E. Health Behaviour Change 
and Lifestyle-Related Condition Prevalence: Comparison of Two Epochs Based on 
Systematic Review of the Physical Therapy Literature. Hong Kong Physiother. J. 
2012, 30 (2), 44–56.

28.	 Butt, M. S.; Sultan, M. T.; Butt, M. S.; Iqbal, J. Garlic: Nature’s Protection against 
Physiological Threats. Crit. Rev. Food Sci. Nutr. 2009, 49 (6), 538–551.

29.	 Cardelle-Cobas, A.; Soria, A. C.; Corzo, N.; Villamiel, M. A Comprehensive Survey 
of Garlic Functionality. In Garlic Consumption and Health; Pacurar, M., Krejci, G., 
Eds.; Nova Science Publishers: New York, 2010; pp 1–60.

30.	 Cavagnaro, P. F.; Camargo, A.; Galmarini, C. R.; Simon, P. W. Effect of Cooking on 
Garlic (Allium sativum L.) Antiplatelet Activity and Thiosulfinates Content. J. Agric. 
Food Chem. 2007, 55 (4), 1280–1288.

31.	 Cervantes, M. I.; de Oca Balderas, P. M.; de Jesús Gutiérrez-Baños, J.; Orozco-
Ibarra, M.; Fernández-Rojas, B.; Medina-Campos, O. N.; Espinoza-Rojo, M.; Ruiz-
Tachiquín, M.; Ortiz-Plata, A.; Salazar, M. I. Comparison of Antioxidant Activity 
of Hydroethanolic Fresh and Aged Garlic Extracts and Their Effects on Cerebral 
Ischemia. Food Chem. 2013, 140 (1), 343–352.

32.	 Chandrashekar, P. M.; Prashanth, K. V. H.; Venkatesh, Y. P. Isolation, Structural 
Elucidation and Immunomodulatory Activity of Fructans from Aged Garlic Extract. 
Phytochemistry 2011, 72 (2), 255–264.

33.	 Chauhan, N. Multiplicity of Garlic Health Effects and Alzheimer's Disease. J. Nutr. 
Health Aging 2004, 9 (6), 421–432.

34.	 Clement, F.; Pramod, S. N.; Venkatesh, Y. P. Identity of the Immunomodulatory 
Proteins from Garlic (Allium sativum) with the Major Garlic Lectins or Agglutinins. 
Int. Immunopharmacol. 2010, 10 (3), 316–324.

35.	 Constenla, D.; Lozano, J. Effect of Pretreatments and Processing Conditions on the 
Chemical, Physical, Microbiological and Sensory Characteristics of Garlic Paste. J. 
Food Process Eng. 2005, 28 (3), 313–329.



36.	 Coppi, A.; Cabinian, M.; Mirelman, D.; Sinnis, P. Antimalarial Activity of Allicin, a 
Biologically Active Compound from Garlic Cloves. Antimicrob. Agents Chemother. 
2006, 50 (5), 1731–1737.

37.	 Corzo-Martínez, M.; Corzo, N.; Villamiel, M. Biological Properties of Onions and 
Garlic. Trends Food Sci. Technol. 2007, 18 (12), 609–625.

38.	 Dean, E. Physical Therapy in the 21st Century (Part II): Evidence-Based Practice 
Within the Context of Evidence-Informed Practice. Physiother. Theory Pract. 2009, 
25 (5–6), 354–368.

39.	 del Valle, J.; Mena, C.; Budinich, M. Extraction of Garlic with Supercritical CO2 and 
Conventional Organic Solvents. Braz. J. Chem. Eng. 2008, 25 (3), 532–542.

40.	 del Valle, J. M.; Glatzel, V.; Martínez, J. L. Supercritical CO2 Extraction of Allicin 
from Garlic Flakes: Screening and Kinetic Studies. Food Res. Int. 2012, 45 (1), 
216–224.

41.	 Diabetes, A. A. T. F. o. I. American College of Endocrinology and American Diabetes 
Association Consensus Statement on Inpatient Diabetes and Glycemic Control. 
Endocr. Pract. 2006, 12 (4), 458–468.

42.	 Doughari, J. H. Phytochemicals: Extraction Methods, Basic Structures and Mode 
of Action as Potential Chemotherapeutic Agents; INTECH Open Access Publisher, 
2012.

43.	 Durak, I.; Kavutcu, M.; Aytaç, B.; Avcı, A.; Devrim, E.; Özbek, H.; Öztürk, H. S. 
Effects of Garlic Extract Consumption on Blood Lipid and Oxidant/Antioxidant 
Parameters in Humans with High Blood Cholesterol. J. Nutr. Biochem. 2004, 15 (6), 
373–377.

44.	 Eidi, A.; Eidi, M.; Esmaeili, E. Antidiabetic Effect of Garlic (Allium sativum L.) 
in Normal and Streptozotocin-Induced Diabetic Rats. Phytomedicine 2006, 13 (9), 
624–629.

45.	 Elahi, H. H.; Awan, J. A.; Huma, N. Our Lifestyle, Food and Health. Pak. J. Food 
Sci. 1997, 7 (1–2), 33–37.

46.	 Elkayam, A.; Peleg, E.; Grossman, E.; Shabtay, Z.; Sharabi, Y. Effects of Allicin on 
Cardiovascular Risk Factors in Spontaneously Hypertensive Rats. Israel Med. Assoc. 
J. 2013, 15 (3), 170–173.

47.	 Emmanuel, U. C.; James, O. Comparative Effects of Aqueous Garlic (Allium sativum) 
and Onion (Allium cepa) Extracts on Some Haematological and Lipid Indices of 
Rats. Annu. Rev. Res. Biol. 2011, 1, 37–44.

48.	 Etoh, T.; Watanabe, H.; Iwai, S. Rapd Variation of Garlic Clones in the Center of 
Origin and the Westernmost Area of Distribution. Memoirs Fac. Agric. Kogoshima 
Univ. 2001, 37, 21–27.

49.	 Fantuzzi, G. Adipose Tissue, Adipokines, and Inflammation. J. Allergy Clin. 
Immunol. 2005, 115 (5), 911–919.

50.	 Fugh-Berman, A. Herb–Drug Interactions. Lancet 2000, 355 (9198), 134–138.
51.	 Gorinstein, S.; Leontowicz, H.; Leontowicz, M.; Drzewiecki, J.; Najman, K.; Katrich, 

E.; Barasch, D.; Yamamoto, K.; Trakhtenberg, S. Raw and Boiled Garlic Enhances 
Plasma Antioxidant Activity and Improves Plasma Lipid Metabolism in Cholesterol-
Fed Rats. Life Sci. 2006, 78 (6), 655–663.

52.	 Gupta, P.; Saraogi, R.; Khare, M. Free Redicals Scavenging Activity of Polyherbal 
Formulation (Diasweta). Int. J. Phytopharmacol. 2013, 4 (1), 24–28.



53.	 Haslam, D.; James, W. Obesity. Lancet 2005, 1, 366.
54.	 Hassan, H. A.; Hafez, H. S.; Zeghebar, F. E. Garlic Oil as a Modulating Agent for 

Oxidative Stress and Neurotoxicity Induced by Sodium Nitrite in Male Albino Rats. 
Food Chem. Toxicol. 2010, 48 (7), 1980–1985.

55.	 Heidarian, E.; Jafari-Dehkordi, E.; Seidkhani-Nahal, A. Effect of Garlic on Liver 
Phosphatidate Phosphohydrolase and Plasma Lipid Levels in Hyperlipidemic Rats. 
Food Chem. Toxicol. 2011, 49 (5), 1110–1114.

56.	 Helou, L.; Harris, I. M. Garlic. Herbal Products; Springer: Berlin, 2007, pp 123–149.
57.	 Hughes, J.; Tregova, A.; Tomsett, A.; Jones, M.; Cosstick, R.; Collin, H. Synthesis 

of the Flavour Precursor, Alliin, in Garlic Tissue Cultures. Phytochemistry 2005, 66 
(2), 187–194.

58.	 Islam, M.; Kusumoto, Y.; Al-Mamun, M. A. Cytotoxicity and Cancer (Hela) Cell 
Killing Efficacy of Aqueous Garlic (Allium sativum) Extract. J. Sci. Res. 2011, 3 (2), 
375–382.

59.	 Isolauri, E.; Kalliomäki, M.; Rautava, S.; Salminen, S.; Laitinen, K. Obesity—
Extending the Hygiene Hypothesis. Microbial–Host Interaction: Tolerance versus 
Allergy; Karger Publishers, 2009; Vol. 64, pp 75–89.

60.	 Joo, H.; Kim, C.-T.; Kim, I.-H.; Kim, Y. Anti-Obesity Effects of Hot Water Extract 
and High Hydrostatic Pressure Extract of Garlic in Rats Fed a High-Fat Diet. Food 
Chem. Toxicol. 2013, 55, 100–105.

61.	 Kannar, D.; Wattanapenpaiboon, N.; Savige, G. S.; Wahlqvist, M. L. Hypocholester-
olemic Effect of an Enteric-Coated Garlic Supplement. J. Am. Coll. Nutr. 2001, 20 
(3), 225–231.

62.	 Khayatnouri, M.; Bahari, K.; Safarmashaei, S. Study of the Effect of Gliclazide 
and Garlic Extract on Blood Sugar Level in STZ-Induced Diabetic Male Mice. Adv. 
Environ. Biol. 2011, 5, 1751–1756.

63.	 Koch, H. P.; Lawson, L. D. Garlic: The Science and Therapeutic Application of 
Allium sativum L. and Related Species; Williams & Wilkins: Baltimore, MD, 1996; 
Vol xv, 329 p.

64.	 Kodera, Y.; Suzuki, A.; Imada, O.; Kasuga, S.; Sumioka, I.; Kanezawa, A.; Taru, N.; 
Fujikawa, M.; Nagae, S.; Masamoto, K. Physical, Chemical, and Biological Proper-
ties of S-Allylcysteine, an Amino Acid Derived from Garlic. J. Agric. Food Chem. 
2002, 50 (3), 622–632.

65.	 Kojuri, J.; Vosoughi, A. R.; Akrami, M. Effects of Anethum graveolens and Garlic on 
Lipid Profile in Hyperlipidemic Patients. Lipids Health Dis 2007, 6 (1), 1.

66.	 Kota, S. K.; Jammula, S.; Kota, S. K.; Krishna, S. V. S.; Meher, L. K.; Rao, E. S.; 
Modi, K. D. Nutraceuticals in Dyslipidemia Management. J. Med. Nutr. Nutraceut. 
2013, 2 (1), 26.

67.	 Kourounakis, P.; Rekka, E. Effect on Active Oxygen Species of Alliin and Allium 
sativum (Garlic) Powder. Res. Commun. Chem. Pathol. Pharmacol. 1991, 74 (2), 
249–252.

68.	 Lanzotti, V.; Barile, E.; Antignani, V.; Bonanomi, G.; Scala, F. Antifungal Saponins 
from Bulbs of Garlic, Allium sativum L. var. voghiera. Phytochemistry 2012, 78, 
126–134.

69.	 Lau, B. H. Suppression of LDL Oxidation by Garlic. J. Nutr. 2001, 131 (3), 
985S–988S.



70.	 Lawson, L. D. Garlic: A Review of Its Medicinal Effects and Indicated Active 
Compounds. Blood 1998, 179, 62.

71.	 Lawson, L. D.; Wood, S. G.; Hughes, B. G. HPLC Analysis of Allicin and Other 
Thiosulfinates in Garlic Clove Homogenates. Planta Med. 1991, 57 (3), 263–270.

72.	 Lee, J.; Gupta, S.; Huang, J.-S.; Jayathilaka, L. P.; Lee, B.-S. HPLC–MTT Assay: 
Anticancer Activity of Aqueous Garlic Extract Is from Allicin. Anal. Biochem. 2013, 
436 (2), 187–189.

73.	 Lee, M.-S.; Kim, I.-H.; Kim, C.-T.; Kim, Y. Reduction of Body Weight by Dietary 
Garlic Is Associated with an Increase in Uncoupling Protein MRNA Expression and 
Activation of AMP-Activated Protein Kinase in Diet-Induced Obese Mice. J. Nutr. 
2011, 141 (11), 1947–1953.

74.	 Liu, L.; Yeh, Y.-Y. Water-Soluble Organosulfur Compounds of Garlic Inhibit Fatty 
Acid and Triglyceride Syntheses in Cultured Rat Hepatocytes. Lipids 2001, 36 (4), 
395–400.

75.	 Londhe, V. Role of Garlic (Allium sativum) in Various Diseases—An Overview. J. 
Pharm. Res. Opin. 2014, 1 (4), 129–134.

76.	 Lykkesfeldt, J. Malondialdehyde as Biomarker of Oxidative Damage to Lipids 
Caused by Smoking. Clin. Chim. Acta 2007, 380 (1), 50–58.

77.	 Ma, Y.; Song, D.; Wang, Z.; Jiang, J.; Jiang, T.; Cui, F.; Fan, X. Effect of Ultrahigh 
Pressure Treatment on Volatile Compounds in Garlic. J. Food Process Eng. 2011, 34 
(6), 1915–1930.

78.	 Mahesar, H.; Bhutto, M.; Khand, A. Garlic Used as an Alternative Medicine to 
Control Diabetic Mellitus in Alloxan-Induced Male Rabbits. Pak. J. Physiol. 2010, 
6 (1), 39–41.

79.	 McHugh, M.; Krukonis, V. Supercritical Fluid Extraction: Principles and Practice; 
Elsevier: Amsterdam, 2013.

80.	 McRae, M. P. A Review of Studies of Garlic (Allium sativum) on Serum Lipids and 
Blood Pressure Before and After 1994: Does the Amount of Allicin Released from 
Garlic Powder Tablets Play a Role? J. Chiropract. Med. 2006, 4 (4), 182–190.

81.	 Meriga, B.; Mopuri, R.; MuraliKrishna, T. Insecticidal, Antimicrobial and Antioxi-
dant Activities of Bulb Extracts of Allium sativum. Asian Pac. J. Trop. Med. 2012, 5 
(5), 391–395.

82.	 Miron, T.; Rabinkov, A.; Mirelman, D.; Wilchek, M.; Weiner, L. The Mode of 
Action of Allicin: Its Ready Permeability Through Phospholipid Membranes May 
Contribute to Its Biological Activity. Biochim. Biophys. Acta—Biomembranes 2000, 
1463 (1), 20–30.

83.	 Morihara, N.; Sumioka, I.; Ide, N.; Moriguchi, T.; Uda, N.; Kyo, E. Aged Garlic 
Extract Maintains Cardiovascular Homeostasis in Mice and Rats. J. Nutr. 2006, 136 
(3), 777S–781S.

84.	 Mukherjee, A. K.; Basu, S.; Sarkar, N.; Ghosh, A. C. Advances in Cancer Therapy 
with Plant Based Natural Products. Curr. Med. Chem. 2001, 8 (12), 1467–1486.

85.	 Murray, M. The Healing Power of Herbs: The Enlightened Person's Guide to 
the Wonders of Medicinal Plants. Revised and Expanded Second Edition; Prima 
Publishing: Rocklin, CA, 1995; Vol xiv, p 410.



86.	 Nijjar, P. S.; Burke, F. M.; Bloesch, A.; Rader, D. J. Role of Dietary Supplements in 
Lowering Low-Density Lipoprotein Cholesterol: A Review. J. Clin. Lipidol. 2010, 4 
(4), 248–258.

87.	 Noguchi, H. Stem Cells for the Treatment of Diabetes. Endocr. J. 2007, 54 (1), 7–16.
88.	 Nuutila, A. M.; Puupponen-Pimiä, R.; Aarni, M.; Oksman-Caldentey, K.-M. Compar-

ison of Antioxidant Activities of Onion and Garlic Extracts by Inhibition of Lipid 
Peroxidation and Radical Scavenging Activity. Food Chem. 2003, 81 (4), 485–493.

89.	 Odebunmi, E.; Oluwaniyi, O.; Bashiru, M. Comparative Proximate Analysis of Some 
Food Condiments. J. Appl. Sci. Res. 2010, 6 (3), 272–274.

90.	 Ortega, R. M.; Palencia, A.; López-Sobaler, A. M. Improvement of Cholesterol 
Levels and Reduction of Cardiovascular Risk via the Consumption of Phytosterols. 
Br. J. Nutr. 2006, 96 (S1), S89–S93.

91.	 Osman, M.; Adnan, A.; Salmah Bakar, N.; Alashkham, F. Allicin Has Significant 
Effect on Autoimmune Anti-Islet Cell Antibodies in Type 1 Diabetic Rats. Pol. J. 
Pathol. 2012, 63 (4), 248–254.

92.	 Pérez-Giraldo, C.; Cruz-Villalón, G.; Sánchez-Silos, R.; Martínez-Rubio, R.; Blanco, 
M.; Gómez-García, A. In Vitro Activity of Allicin against Staphylococcus epider-
midis and Influence of Subinhibitory Concentrations on Biofilm Formation. J. Appl. 
Microbiol. 2003, 95 (4), 709–711.

93.	 Pierre, S.; Crosbie, L.; Duttaroy, A. K. Inhibitory Effect of Aqueous Extracts of Some 
Herbs on Human Platelet Aggregation In Vitro. Platelets 2005, 16 (8), 469–473.

94.	 Pranoto, Y.; Salokhe, V. M.; Rakshit, S. K. Physical and Antibacterial Properties of 
Alginate-Based Edible Film Incorporated with Garlic Oil. Food Res. Int. 2005, 38 
(3), 267–272.

95.	 Prasad, K.; Laxdal, V. A.; Yu, M.; Raney, B. L. Evaluation of Hydroxyl Radical-
Scavenging Property of Garlic. Mol. Cell. Biochem. 1996, 154 (1), 55–63.

96.	 Prescott, S. L. Role of Dietary Immunomodulatory Factors in the Development of 
Immune Tolerance. In Microbial Host-Interaction: Tolerance versus Allergy; Karger 
Publishers: Basel, 2009; Vol 64.

97.	 Qidwai, W.;  Ashfaq, T. Role of Garlic Usage in Cardiovascular Disease Prevention: 
An Evidence-Based Approach. Evid.-Based Complement. Alternat. Med. 2013, 2013, 
1–9.

98.	 Rabinkov, A.; Miron, T.; Mirelman, D.; Wilchek, M.; Glozman, S.; Yavin, E.; Weiner, 
L. S-Allylmercaptoglutathione: The Reaction Product of Allicin with Glutathione 
Possesses SH-Modifying and Antioxidant Properties. Biochem. Biophys. Acta—Mol. 
Cell Res. 2000, 1499 (1), 144–153.

99.	 Rahman, M.; Fazlic, V.; Saad, N. Antioxidant Properties of Raw Garlic (Allium 
sativum) Extract. Int. Food Res. J. 2012, 19 (2), 589–591.

100.	 Rana, J.; Nieuwdorp, M.; Jukema, J.; Kastelein, J. Cardiovascular Metabolic 
Syndrome—An Interplay of, Obesity, Inflammation, Diabetes and Coronary Heart 
Disease. Diab., Obes. Metab. 2007, 9 (3), 218–232.

101.	 Ranjani, R.; Raju, M. Anticancer Properties of Allium sativum: A Review. Asian J. 
Biochem. Pharm. Res. 2012, 3 (2), 190–196.

102.	 Rashed, K. N. Z. Medicinal Plants as a Potential Source for Treatment of Diabetes 
Mellitus. World J. Pharm. Sci. 2013, 1, 1–2.



103.	 Raventós, M.; Duarte, S.; Alarcón, R. Application and Possibilities of Supercritical 
CO2 Extraction in Food Processing Industry: An Overview. Food Sci. Technol. Int. 
2002, 8 (5), 269–284.

104.	 Reinhart, K. M.; Talati, R.; White, C. M.; Coleman, C. I. The Impact of Garlic on 
Lipid Parameters: A Systematic Review and Meta-Analysis. Nutr. Res. Rev. 2009, 22 
(1), 39–48.

105.	 Reverchon, E.; Caputo, G.; De Marco, I. Role of Phase Behavior and Atomization 
in the Supercritical Antisolvent Precipitation. Ind. Eng. Chem. Res. 2003, 42 (25), 
6406–6414.

106.	 Ried, K.; Toben, C.; Fakler, P. Effect of Garlic on Serum Lipids: An Updated Meta-
Analysis. Nutr. Rev. 2013, 71 (5), 282–299.

107.	 Rivlin, R. S. Historical Perspective on the Use of Garlic. J. Nutr. 2001, 131 (3), 
951S–954S.

108.	 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.

109.	 Sallam, K. I.; Ishioroshi, M.; Samejima, K. Antioxidant and Antimicrobial Effects of 
Garlic in Chicken Sausage. LWT—Food Sci. Technol. 2004, 37 (8), 849–855.

110.	 Sangeetha, T.; Quine, S. D. Preventive effect of S-Allyl Cysteine Sulfoxide (Alliin) 
on Cardiac Marker Enzymes and Lipids in Isoproterenol-Induced Myocardial Injury. 
J. Pharm. Pharmacol. 2006, 58 (5), 617–623.

111.	 Santhosha, S.; Jamuna, P.; Prabhavathi, S. Bioactive Components of Garlic and Their 
Physiological Role in Health Maintenance: A Review. Food Biosci. 2013, 3, 59–74.

112.	 Sarkaki, A.; Chehardacheric, S. V.; Farbood, Y.; Mansouri, S. M. T.; Naghizadeh, B.; 
Basirian, E. Effects of Fresh, Aged and Cooked Garlic Extracts on Short- and Long-
Term Memory in Diabetic Rats. Avicen. J. Phytomed. 2013, 3 (1), 45.

113.	 Sengupta, A.; Ghosh, S.; Bhattacharjee, S.; Das, S. Indian Food Ingredients and 
Cancer Prevention: An Experimental Evaluation of Anticarcinogenic Effects of 
Garlic in Rat Colon. Asian Pac. J. Cancer Prevent. 2004, 5 (2), 126–132.

114.	 Shukla, Y.; Kalra, N. Cancer Chemoprevention with Garlic and Its Constituents. 
Cancer Lett. 2007, 247 (2), 167–181.

115.	 Singh, D. K.; Porter, T. D. Inhibition of Sterol 4α-Methyl Oxidase Is the Principal 
Mechanism by Which Garlic Decreases Cholesterol Synthesis. J. Nutr. 2006, 136 
(3), 759S–764S.

116.	 Slekovec, M.; Goessler, W. Accumulation of Selenium in Natural Plants and Sele-
nium Supplemented Vegetable and Selenium Speciation by HPLC–ICPMS. Chem. 
Spec. Bioavail. 2005, 17 (2), 63–73.

117.	 Sovilj, M. N.; Nikolovski, B. G.; Spasojević, M. Đ. Critical Review of Supercritical 
Fluid Extraction of Selected Spice Plant Materials. Macedonian J. Chem. Chem. Eng. 
2011, 30 (2), 197–220.

118.	 Srinivasan, K. Plant Foods in the Management of Diabetes Mellitus: Spices as Bene-
ficial Antidiabetic Food Adjuncts. Int. J. Food Sci. Nutr. 2005, 56 (6), 399–414.

119.	 Steiner, M.; Li, W. Aged Garlic Extract, a Modulator of Cardiovascular Risk Factors: 
A Dose-Finding Study on the Effects of Age on Platelet Functions. J. Nutr. 2001, 131 
(3), 980S–984S.



120.	 Suleria, H. A. R.; Sadiq Butt, M.; Muhammad Anjum, F.; Saeed, F.; Batool, R.; Nisar 
Ahmad, A. Aqueous Garlic Extract and Its Phytochemical Profile: Special Reference 
to Antioxidant Status. Int. J. Food Sci. Nutr. 2012, 63 (4), 431–439.

121.	 Sumi, S.-i.; Tsuneyoshi, T.; Matsuo, H.; Yoshimatsu, T. Isolation and Characteriza-
tion of the Genes Up-regulated in Isolated Neurons by Aged Garlic Extract (Age). J. 
Nutr. 2001, 131 (3), 1096S–1099S.

122.	 Sumioka, I.; Hayama, M.; Shimokawa, Y.; Shiraishi, S.; Tokunaga, A. Lipid-
Lowering Effect of Monascus Garlic Fermented Extract (MGFE) in Hyperlipidemic 
Subjects. Hiroshima J. Med. Sci. 2006, 55 (2), 59–64.

123.	 Tapsell, L. C.; Hemphill, I.; Cobiac, L.; Sullivan, D. R.; Fenech, M.; Patch, C. S.; 
Roodenrys, S.; Keogh, J. B.; Clifton, P. M.; Williams, P. G. Health Benefits of Herbs 
and Spices: The Past, the Present, the Future. Med J Aust. 2006, 185 (4 Suppl.), 
S4–S24.

124.	 Tattelman, E. Health Effects of Garlic. Am. Fam. Physician 2005, 72 (1), 103–106.
125.	 Thomson, M.; Al-Amin, Z. M.; Al-Qattan, K. K.; Shaban, L. H.; Ali, M. Antidiabetic 

and Hypolipidaemic Properties of Garlic (Allium sativum) in Streptozotocin-Induced 
Diabetic Rats. Int. J. Diab. Metab. 2007, 15, 108–115.

126.	 Tsai, C.-W.; Chen, H.-W.; Sheen, L.-Y.; Lii, C.-K. Garlic: Health Benefits and 
Actions. BioMedicine 2012, 2 (1), 17–29.

127.	 Wahle, K. W.; Heys, S. D. Atherosclerosis: Cell Biology and Lipoproteins. Curr. 
Opin. Lipidol. 2008, 19 (4), 435–437.

128.	 Wei, Z.; Lau, B. H. Garlic Inhibits Free Radical Generation and Augments Antioxi-
dant Enzyme Activity in Vascular Endothelial Cells. Nutr. Res. 1998, 18 (1), 61–70.

129.	 WHO. Report of a WHO/IDF Consultation—Definition and Diagnosis of Diabetes 
mellitus and Intermediate Hyperglycemia; WHO Document Production Services: 
Geneva, Switzerland, 2006, 5.

130.	 Wu, C.-C.; Sheen, L.-Y.; Chen, H.-W.; Kuo, W.-W.; Tsai, S.-J.; Lii, C.-K. Differential 
Effects of Garlic Oil and Its Three Major Organosulfur Components on the Hepatic 
Detoxification System in Rats. J. Agric. Food Chem. 2002, 50 (2), 378–383.

131.	 Yang, H. S.; Lee, E. J.; Moon, S.; Paik, H. D.; Ahn, D. U. Effect of Garlic, Onion, 
and Their Combination on the Quality and Sensory Characteristics of Irradiated Raw 
Ground Beef. Anim. Ind. Rep. 2013, 659 (1), 16.

132.	 Yeh, Y.-Y.; Liu, L. Cholesterol-Lowering Effect of Garlic Extracts and Organosulfur 
Compounds: Human and Animal Studies. J. Nutr. 2001, 131 (3), 989S–993S.

133.	 Yu, L.; Xu, S.-Y. Preparation of Garlic Powder with High Allicin Content. Agric. Sci. 
China 2007, 6 (7), 890–898.

134.	 Zakir, S.; Sarwar, M.; Allen, J.; Butt, M.; Arshad, U.; Javaid, A. Impact of Sweet 
Potato Cultivars on Blood Glucose Level in Diabetic and Healthy Participants. Int. J. 
Agric. Biol. 2008, 10 (3), 316–320.

135.	 Zeng, T.; Guo, F. F.; Zhang, C. L.; Song, F. Y.; Zhao, X. L.; Xie, K. Q. A Meta-
Analysis of Randomized, Double-Blind, Placebo-Controlled Trials for the Effects of 
Garlic on Serum Lipid Profiles. J. Sci. Food Agric. 2012, 92 (9), 1892–1902.



1.	 Ahn, H.-S.; Jeon, T.-I.; Lee, J.-Y.; Hwang, S.-G.; Lim, Y.; Park, D.-K. Antioxida-
tive Activity of Persimmon and Grape Seed Extract, In Vitro and In Vivo. Nutri. 
Res. 2002, 22, 1265–1273.

2.	 Akagi, T.; Ikegami, A.; Yonemori, K. DkMyb2 Wound-induced Transcription Factor 
of Persimmon (Diospyros kaki Thunb.), Contributes to Proanthocyanidin Regulation. 
Planta 2010, 232, 1045–1059.

3.	 Akter, M.-S.; Ahmed, M.; Eun, J.-B. Effect of Blanching and Drying Temperatures 
on the Physicochemical Characteristics, Dietary Fiber Composition and Antioxidant 
related Parameters of Dried Persimmons Peel Powder. Int. J. Food Sci. Nutri. 2010, 
61, 702–712.

4.	 Ashry, O.-M.; Hussein, E.-M.; Abd El-Azime, A.-S. Restorative Role of Persimmon 
Leaf (Diospyros kaki) to Gamma Irradiation-induced Oxidative Stress and Tissue 
Injury in Rats. Int. J. Rad. Biol. 2017, 93 (3), 324–329. 

5.	 Bae, U.-J.; Park, S.-H.; Jung, S.-Y.; Park, B.-H.; Chae, S.-W. Hypoglycemic Effects 
of Aqueous  Persimmon  Leaf Extract in a Murine Model of  Diabetes. Mol. Med. 
Rep. 2015, 12 (2), 2547–2554. 

6.	 Bei, W.; Peng, W.; Ma, Y.; Xu, A. Flavonoids from the Leaves of Diospyros kaki 
Reduce Hydrogen Peroxide-induced Injury of NG108-15 Cells. Life Sci. 2005, 76 
(17), 1975–1788.

7.	 Bei, W.; Zang, L.; Guo, J.; Peng, W.; Xu, A.; Good, D. A; Hu, Y.; Wu, W.; Hu, D.; 
Zhu, X.; Wei, M.; Li, C. Neuroprotective Effects of a Standardized Flavonoid Extract 
from Diospyros kaki Leaves. J. Ethnopharmacol. 2009, 126 (1), 134–142. 

8.	 Bibi, N.; Khattak, A.-B.; Mehmood, Z. Quality Improvement and Shelf Life Exten-
sion of Persimmon Fruit Diospyros kaki. J. Food Eng. 2007, 79, 1359–1363.

9.	 Bilal, S.; Khan, A.-L.; Waqas, M.; Shahzad, R.; Kim, I.-D.; Lee, I.-J.; Shin, D.-H. 
Biochemical Constituents and In Vitro Antioxidant and Anticholinesterase Potential 
of Seeds from Native Korean Persimmon Genotypes. Molecules 2016, 21 (7). DOI: 
10.3390/molecules21070893.

136. Zhang, T.; Li, Y.; Wang, Y.-J.; Wang, X.; Young, M.; Douglas, S. D.; Ho, W.-Z. 
Natural Killer Cell Inhibits Human Immunodeficiency Virus Replication in Chroni-
cally Infected Immune Cells. Antivir. Res. 2007, 73 (2), 132–139.

10. Bravo, L.; Saura-Calixto, F.; Goni, I. Effects of Dietary Fibre and Tannins from Apple 
Pulp on the Composition of Feces in Rats. Bri. J. Nutri. 1992, 67, 463–473.

11. Brusotti, G.; Montanari, R.; Capelli, D.; Cattaneo, G.; Laghezza, A.; Tortorella, P.; 
Loiodice, F.; Peiretti, F.; Bonardo, B.; Paiardini, A.; Calleri, E.; Pochetti, G. Betulinic 
Acid is a PPARγ Antagonist that Improves Glucose Uptake, Promotes Osteogenesis 
and Inhibits Adipogenesis. Sci. Rep. 2017, 7 (1), 5777. 



12.	 Chang, T.-N.; Huang, S.-S.; Chang, Y.-S.; Chang, C.-I.; Yang, H.-L.; Deng, J.-S.; Kuo, 
Y. H.;  Huang, G.-J. Analgesic  Effects and Mechanisms of Anti-inflammation of 
Taraxeren-3-One from Diospyrosmaritima in Mice. J. Agri. Food Chem. 2011, 59 
(17), 9112–9119. 

13.	 Chinfang, L.; Shizue, K.;  Jun, T.; Ruriko, I.; Tomoyoshi, S.; Akira, O.; Kiharu, I. 
Antihypertensive Effects of Unripe Persimmon (Diospyros kaki L. cv. Hiratanenashi) 
Fruit and Its Component in Spontaneously Hypertensive Rats. Food Sci. Technol. 
Res. 2012, 18 (3), 391–398.

14.	 Cho, B.-O.;  Che, D.-N.; Yin, H.-H.;  Shin, J.-Y.;  Jang, S.-I. Diospyros  lotus Leaf 
and Grapefruit Stem Extract Synergistically Ameliorate Atopic Dermatitis-like Skin 
Lesion in Mice by Suppressing Infiltration of Mast Cells in Skin Lesions. Biomed. 
Pharmaco. 2017, 89, 819–826. 

15.	 Cho, I.-H.; Gong, J.-H.; Kang, M.-K.; Lee, E.-J.; Park, J.-H.; Park, S.-J.; Kang, Y.-H. 
Astragalin Inhibits Airway Eotaxin-1 Induction and Epithelial Apoptosis Through 
Modulating Oxidative Stress-responsive MAPK Signaling. Pul. Med. 2014, 14, 122. 

16.	 Cho, I.-H.; Choi, Y.-J.; Gong, J.-H.; Shin, D.; Kang, M.-K.; Kang, Y.-H. Astragalin 
Inhibits Autophagy-associated Airway Epithelial Fibrosis. Res. Res. 2015, 16, 51. 

17.	 Cho, Y.-H.;  Kim, N.-H.;  Khan, I.;  Yu, J.-M.;  Jung, H.-G.;  Kim, H.-H.;  Jang, 
J.-Y.; Kim, H. J.; Kim, D.-I.; Kwak, J.-H.; Kang, S.-C.; An, B.-J. Anti-inflamma-
tory Potential of Quercetin-3-O-β-D-(“2”-galloyl)-Glucopyranoside and Quercetin 
Isolated from Diospyros kaki Calyx via Suppression of MAP Signaling Molecules in 
LPS-induced RAW 264.7 Macrophages. J. Food Sci. 2016, 81 (10), C2447–C2456. 

18.	 Choi, M.-S.;  Jeong, M.-J.;  Park, Y.-B.;  Kim, S.-R.;  Jung, U.-J. The Leaf 
of Diospyros kaki Thumb Ameliorates Renal Oxidative Damage in Mice with Type 
2 Diabetes. Prev. Nutri. Food Sci. 2016, 21 (4), 378–383. 

19.	 Das, S.;  Bhattacharya, S.;  Pramanik, G.;  Haldar, P. K. Antitumoureffect 
of Diospyros Cordifolia Bark on Ehrlich Ascites Carcinoma-bearing Swiss Albino 
Mice.  Nat. Prod. Res. 2012, 26 (17), 1631–1633. 

20.	 Das, S.;  Haldar, P.-K.;  Pramanik, G.;  Panda, S.-P.;  Bera, S. Evaluation of  Anal-
gesic and Anti-inflammatory Activity of Diospyros Cordifolia Extract. Afr. J. Trad. 
Comp. Alt. Med. 2011, 8 (1), 11–14. 

21.	 Deng, H.; Wen, Q.; Luo, Y.; Huang, Y.; Huang, R. Influence of Different Extracts 
from Persimmon Leaves on the Antioxidant Activity in Diabetic Mice. Zhong Nan 
Da XueXueBao Yi Xue Ban 2012, 37 (5), 469–473. 

22.	 Dewanjee, S.;  Gangopadhyay, M.;  Das, A.-K. Multimodal Approaches of the 
Hydroalcoholic Extract of  Diospyros  Peregrina Fruits in Diabetic Therapy. Nat. 
Prod. Res. 2011, 25 (8), 827–833. 

23.	 Ding, Y.;  Ren, K.; Dong, H.; Song, F.; Chen, J.; Guo, Y.; Liu, Y.; Tao, W.; Zhang, 
Y. Flavonoids from Persimmon (Diospyros kaki L.) Leaves Inhibit Proliferation and 



Induce Apoptosis in PC-3 Cells by Activation of Oxidative Stress and Mitochondrial 
Apoptosis. Chem. Biol. Int. 2017, 275, 210–217. 

24.	 Direito, R.;  Lima, A.;  Rocha, J.;  Ferreira, R. B.;  Mota, J.;  Rebelo, P.;  Fernandes, 
A.; Pinto, R.; Alves, P.; Bronze, R.; Sepodes, B.; Figueira, M. E. Dyospiros Kaki 
Phenolics Inhibit Colitis and Colon  Cancer  Cell Proliferation, but not Gelatinase 
Activities. J. Nutr. Biochem. 2017, 46, 100–108. 

25.	 Dushimemaria, F.;  Preez, C.-I.-D.;  Mumbengegwi, D.-R. Randomized Anticancer 
and Cytotoxicity Activities of Guibourtia coleosperma and  Diospyros  chamaeth-
amnus. Afr. J. Trad. Comp. Alt. Med. 2017, 14 (4), 1–7. 

26.	 Gorinstein, S.; Kulasek, G.-W.; Bartnikowska, E.; Leontowicz, M.; Zemser, M.; 
Morawiec, M. The Effects of Diets, Supplemented with Either Whole Persimmon or 
Phenol-free Persimmon, on Rats Fed Cholesterol. Food Chem. 2000, 70, 303–308.

27.	 Gorinstein, S.; Zachwieja, Z.; Folta, M.; Barton, H.; Piotrowicz, J.; Zemser, M. 
Comparative Content of Dietary Fiber Total Phenolics and Minerals in Persimmon 
and Apples. J. Agric. Food Chem. 2001, 49, 952–957.

28.	 Gorinstein, S.;  Leontowicz, H.;  Leontowicz, M.;  Jesion, I.;  Namiesnik, J.;  Drze-
wiecki, J.;  Park, Y.-S.;  Ham, K.-S.;  Giordani, E.;  Trakhtenberg, S. Influence of 
Two Cultivars of  Persimmon  on Atherosclerosis Indices in Rats Fed Cholesterol-
containing Diets. Investigation In Vitro and In Vivo. Nutri. 2011, 27 (7–8), 838–846. 

29.	 Hertog, M.-G.; Kromhout, D.; Aravanis, C.; Blackburn, H.; Buzina, R.; Fidanza, F. 
Flavonoid Intake and Long-term Risk of Coronary Heart Disease and Cancer in the 
Seven Countries Study. Arch. Int. Med. 1995, 155, 381–386.

30.	 Huang, S.-W.; Wang, W.; Zhang, M.-Y.; Liu, Q.-B.; Luo, S.-Y.; Peng, Y.; Sun, B.; Wu, 
D. L.;  Song, S.-J. The Effect of Ethyl Acetate Extract from  Persimmon  Leaves 
on Alzheimer’s Disease and Its Underlying Mechanism. Phytomedicine 2016, 23 (7), 
694–704. 

31.	 Igual, M.; Castelló, M.-L.; Ortolá, M.-D.; Andrés, A. Influence of Vacuum Impregna-
tion on Respiration Rate, Mechanical and Optical Properties of Cut Persimmon. J. 
Food Eng. 2008, 86, 315–323.

32.	 Innami, S.; Tabata, K.; Shimizu, J.; Kusunoki, K.; Ishida, H.; Matsuguma, M. Dried 
Green Leaf Powders of Jew’s Mellow (Corchorus), Persimmon (Diospyros kaki) and 
Sweet Potato (Ipomoea Batatas Poir) Lower Hepatic Cholesterol Concentration and 
Increase Fecal Bile Acid Excretion in Rats Fed a Cholesterol-free Diet. Plant Foods 
Hum. Nutri. 1998, 52, 55–65.

33.	 Izuchi, R.; Nakai, Y.; Takahashi, H.; Ushiama, S.; Okada, S.; Misaka, T.; Abe, K. 
Hepatic Gene Expression of the Insulin Signaling Pathway Is Altered by Administra-
tion of Persimmon Peel Extract, a DNA Microarray Study Using Type 2 Diabetic 
Goto-Kakizaki rats. J. Agric. Food Chem. 2011, 59 (7), 3320–3329. 

34.	 Jung, S.-T.; Park, Y.-S.; Zachwiej, Z.; Folta, M.; Barton, H.; Piotrowicz, J.; Katrich, 
E.; Trakhtenberg, S.; Gorinstein, S. Some Essential Phytochemicals and the Antioxi-
dant Potential in Fresh and Dried Persimmon. Int. J. Food Sci. Nutri. 2005, 56 (2), 
105–113.

35.	 Jung, U.-J.; Park, Y.-B.; Kim, S.-R.; Choi, M.-S. Supplementation of Persimmon 
Leaf Ameliorates Hyperglycemia, Dyslipidemia and Hepatic Fat Accumulation in 
Type 2 Diabetic Mice. PLoS One 2012, 7, e49030.



36.	 Kameda, K.;  Takaku, T.;  Okuda, H.;  Kimura, Y.;  Okuda, T.;  Hatano, T.;  Agata, 
I.;  Arichi, S. Inhibitory Effects of Various Flavonoids Isolated from Leaves 
of Persimmon on Angiotensin-converting Enzyme Activity. J. Nat. Prod. 1987, 50 
(4), 680–683.

37.	 Kawakami, K.; Aketa, S.; Sakai, H.; Watanabe, Y.; Nishida, H.; Hirayama, M. Anti-
hypertensive and Vasorelaxant Effects of Water-soluble Proanthocyanidins from 
Persimmon Leaf Tea in Spontaneously Hypertensive Rats. Biosci. Biotechnol. 
Biochem. 2011, 75 (8), 1435–1439. 

38.	 Kawakami, K.; Nishida, H.; Tatewaki, N.; Nakajima, Y.; Konishi, T.; Hirayama, M. 
Persimmon Leaf Extract Inhibits the ATM Activity During DNA Damage Response 
Induced by Doxorubicin in A549 Lung Adenocarcinoma Cells. Biosci., Biotechnol., 
Biochem. 2011, 75 (4), 650–655. 

39.	 Khan, M.-M.,  Tran, B.-Q.; Jang, Y.-J.;  Park, S.-H.;  Fondrie, W.-E.;  Chowdhury, 
K.; Yoon, S.-H.; Goodlett, D.-R.; Chae, S.-W.; Chae, H.-J.; Seo, S.-Y.; Goo, Y.-A. 
Assessment of the Therapeutic Potential of Persimmon Leaf Extract on Prediabetic 
Subjects. Mol. Cells 2017, 40 (7), 466–475. 

40.	 Khanal, P.; Oh, W.-K.; Thuong, P.-T.; Cho, S.-D.; Choi, H.-S. 24-hydroxyursolic Acid 
from the Leaves of the Diospyros kaki (Persimmon) Induces Apoptosis by Activation 
of AMP-activated Protein Kinase. Planta Med. 2010, 76 (7), 689–693. 

41.	 Kim, A.-H.;  Kim, H.-J.;  Ryu, R.;  Han, H.-J.;  Han, Y.-J.;  Lee, M.-K.;  Choi, 
M.-S.;  Park, Y.-B.-A Mixture of Ethanol Extracts of Persimmon Leaf and Citrus 
junos Sieb Improves Blood Coagulation Parameters and Ameliorates Lipid Metabo-
lism Disturbances Caused by Diet-Induced Obesity in C57BL/6J Mice. J. Microbiol. 
Biotechnol. 2016, 26 (2), 295–308. 

42.	 Kim, D.-C.; Ku, S.-K.; Bae, J.-S. Anticoagulant Activities of Curcumin and Its Deriv-
ative. Rep. Biochem. Mol. Biol. 2012, 45, 221e6.

43.	 Kim, G.-N.; Shin, M.-R.; Shin, S.-H.; Lee, A.-R.; Lee, J.-Y.; Seo, B.-I.; Kim, M.-Y.; 
Kim, T.-H.; Noh, J.-S.; Rhee, M.-H.; Roh, S.-S. Study of Antiobesity Effect through 
Inhibition of Pancreatic Lipase Activity of Diospyros kaki Fruit and Citrus Unshiu 
Peel. Biomed. Res. Int. 2016, 1723042. 

44.	 Kim, H.-H.; Kim, D.-S.; Kim, S.-W.; Lim, S.-H.; Kim, D.-K.; Shin, T.-Y.; Kim, S.-H. 
Inhibitory Effects of Diospyros kaki in a Model of Allergic Inflammation, Role of 
cAMP, Calcium and Nuclear Factor-κB. Int. J. Mol. Med. 2013, 32 (4), 945–951. 

45.	 Kim, K.-S.; Lee, D.-S.; Kim, D.-C.; Yoon, C.-S.; Ko, W.; Oh, H.; Kim, Y.-C. Anti-
inflammatory Effects and Mechanisms of Action of Coussaric and Betulinic Acids 
Isolated from Diospyros kaki in Lipopolysaccharide-stimulated RAW 264.7 Macro-
phages. Molecules  2016, 21 (9). DOI: 10.3390/molecules21091206.

46.	 Kim, M.-S.; Kim, S.-H. Inhibitory Effect of Astragalin on Expression of Lipopoly-
saccharide-induced Inflammatory Mediators Through NF-κB in Macrophages. Arch. 
Pharmacal. Res. 2011, 34 (12), 2101–2107.

47.	 Kim, S.-H.; Cho, S.-S.; Simkhada, J.-R.; Park, S.-J.; Lee, H.-J.; Kim, T.-S.; Yoo, J.-C. 
Effects and Action Mechanism of Diospyros kaki on the Differentiation of Human 
Leukemia HL-60 Cells. Oncol. Rep. 2010, 23 (1), 89–95.

48.	 Kim, Y.-H.; Choi, Y.-J.; Kang, M.-K.; Park, S.-H.; Antika, L.-D.; Lee, E.-J.; Kim, 
D.-Y.; Kang, Y.-H. Astragalin Inhibits Allergic Inflammation and Airway Thickening 
in Ovalbumin-challenged Mice. J. Agric. Food Chem. 2017, 65 (4), 836–845. 



49.	 Kim, Y.-J.; Yokozawa, T. Modulation of Oxidative Stress and Melanogenesis by 
Proanthocyanidins. Biol. Pharma. Bull. 2009, 32 (7), 1155–1159.

50.	 Kobori, M.; Ni, Y.; Takahashi, Y.; Watanabe, N.; Sugiura, M.; Ogawa, K.; Nagashi-
mada, M.;  Kaneko, S.;  Naito, S.;  Ota, T. β-cryptoxanthin Alleviates Diet-induced 
Nonalcoholic Steatohepatitis by Suppressing Inflammatory Gene Expression in 
Mice. PLoS One 2014, 9 (5), e98294. 

51.	 Konić-Ristić, A.;  Srdić-Rajić, T.;  Kardum, N.;  Aleksić-Veličković, V.;  Kroon, 
P.-A.; Hollands, W. J.; Needs, P. W.; Boyko, N.; Hayran, O.; Jorjadze, M.; Glibetić, 
M. Effects of Bioactive-rich Extracts of Pomegranate,  Persimmon, Nettle, Dill, 
Kale and Sideritis and Isolated Bioactives on Arachidonic Acid Induced Markers of 
Platelet Activation and Aggregation. J. Sci. Food Agric. 2013, 93 (14), 3581–3587. 

52.	 Lee, H.-M.; Park, M.-Y.; Kim, J.; Shin, J.-H.; Park, K.-S.; Kwon, O. Persimmon Vinegar 
and Its Fractions Protect Against Alcohol-induced Hepatic Injury in Rats Through the 
Suppression of CYP2E1 Expression. Pharma. Biol. 2016, 54 (11), 2437–2442. 

53.	 Lee, J.-H.; Lee, Y.-B.; Seo, W.-D.; Kang, S.-T.; Lim, J.-W.; Cho, K.-M. Comparative 
Studies of Antioxidant Activities and Nutritional Constituents of Persimmon Juice 
(Diospyros kaki L. cv. Gapjubaekmok). Prev. Nutri. Food Sci. 2012, 17, 141–151.

54.	 Lee, J.-S.; Lee, M.-K.; Ha, T.-Y.; Bok, S.-H.; Park, H.-M.; Jeong, K.-S.; Woo, M.-N.; 
Do, G.-M.; Yeo, J.-Y.; Choi, M.-S. Supplementation of Whole Persimmon Leaf 
Improves Lipid Profiles and Suppresses Body Weight Gain in Rats Fed High-fat Diet. 
Food, Chem. Toxicol. 2006, 44 (11), 1875–1883. 

55.	 Lee, K.-Y.; Jung, J.-Y.; Lee, M.-Y.; Jung, D.; Cho, E.-S.; Son, H.-Y. Diospyros Blancoi 
Attenuates Asthmatic Effects in a Mouse Model of Airway Inflammation. Inflamma-
tion 2012, 35 (2), 623–632. 

56.	 Lee, N.-K. Oleaginous Yeast Rhodosporidiumtoruloides as a Tool for Rapid Evalua-
tion of Anti-Obesity Candidates, Inhibitory Effect of Persimmon Leaf Fermentate on 
Lipid Accumulation. J. Microbiol. Biotechnol. 2017, 27 (10), 1773–1777. 

57.	 Lee, Y.-A.; Cho, E.-J.; Yokozawa, T. Protective Effect of Persimmon (Diospyros kaki) 
Peel Proanthocyanidin Against Oxidative Damage Under H2O2-induced Cellular 
Senescence. Biol. Pharma. Bull. 2008, 31 (6), 1265–1269.

58.	 Lee, Y.-A., Cho, E.-J.; Tanaka, T.; Yokozawa, T. Inhibitory Activities of Proantho-
cyanidins from Persimmon against Oxidative Stress and Digestive Enzymes Related 
to Diabetes. J. Nutri. Sci. Vitaminol.  2007, 53 (3), 287–292.

59.	 Lee, Y.-A.; Cho, E.-J.; Yokozawa, T. Oligomeric Proanthocyanidins Improve Memory 
and Enhance Phosphorylation of Vascular Endothelial Growth Factor Receptor-2 in 
Senescence-accelerated Mouse Prone/8. Brit. J. Nutri. 2010, 103 (4), 479–489. 

60.	 Leontowicz, H.; Gorinstein, S.; Lojek, A. Comparative Content of Some Bioactive 
Compounds in Apples, Peaches and Pears and Their Influence on Lipids and Antioxi-
dant Capacity in Rats. J. Nutri. Biochem. 2002, 13 (10), 603–610. 

61.	 Li, F.; Liang, D.; Yang, Z.; Wang, T.; Wang, W.; Song, X.; Guo, M.; Zhou, E.; Li, 
D.; Cao, Y.; Zhang, N. Astragalin Suppresses Inflammatory Responses via Down-
regulation of NF-κB Signaling Pathway in Lipopolysaccharide-induced Mastitis in a 
Murine Model. Int. Immunopharmacol. 2013, 17 (2), 478–482. 

62.	 Li, C.-M.; Leverence, R.; Trombley, J.-D.; Hagerman, A.-E. High Molecular Weight 
Persimmon (Diospyros kaki L.) Proanthocyanidin, A Highly Galloylated, A-Linked 



Tannin with an Unusual Flavonol Terminal Unit, Myricetin. J. Agric. Food Chem. 
2010, 58 (16), 9033–9042. 

63.	 Lu, X.; Mo, X.; Guo, H.; Zhang, Y. Sulfation Modification and Anticoagulant Activity 
of the Polysaccharides Obtained from Persimmon (Diospyros kaki L.) Fruits. Int. J. 
Biol. Macromol.  2012, 51 (5), 1189–1195. 

64.	 Ma, Jie; Liu, X.-Y.; Noh, K.-H., Kim, M.-J., Song, Y.-S. Protective Effects of 
Persimmon Leaf and Fruit Extracts Against Acute Ethanol-Induced Hepatotoxicity. 
Prev. Nutri. Food Sci. 2007, 12 (4), 202–208.

65.	 Manach, C.; Scalbert, A.; Morand, C.; Rémésy, C.; Jiménez, L. Polyphenols, Food 
Sources and Bioavailability. Am. J. Clin. Nutri. 2004, 79, 727–747.

66.	 Mathers, C.-D.; Loncar, D. Projections of Global Mortality and Burden of Disease 
from 2002 to 2030. PLoS Med. 2006, 3, e442.

67.	 Matsumoto, K.; Watanabe, Y.; Ohya, M.-A.; Yokoyama, S. Young Persimmon Fruits 
Prevent the Rise in Plasma Lipids in a Diet-induced Murine Obesity Model. Biol. 
Pharma. Bull. 2006, 29 (12), 2532–2535.

68.	 Matsumura, Y.; Kitabatake, M.; Ouji-Sageshima, N.; Yasui, S.; Mochida, N.; Nakano, 
R.; Kasahara, K.; Tomoda, K.; Yano, H.; Kayano, S.-I.; Ito, T. Persimmon-derived 
Tannin Has Bacteriostatic and Anti-inflammatory Activity in a Murine Model of 
Mycobacterium Avium Complex (MAC) Disease. PLoS One 2017, 12 (8), e0183489. 

69.	 Matsumoto, K.; Yokoyama, S.; Gato, N. Bile Acid-binding Activity of Young 
Persimmon (Diospyros kaki) Fruit and Its Hypolipidemic Effect in Mice. Phytother. 
Res. 2010, 24, 205–210.

70.	 Menendez, J.-A.; Vellon, L.; Colomer, R.; Lupu, R. Oleic Acid, the Main Monoun-
saturated Fatty Acid of Olive Oil, Suppresses Her-2/neu (erbB-2) Expression and 
Synergistically Enhances the Growth Inhibitory Effects of Trastuzumab (Herceptin) 
in Breast Cancer Cells with Her-2/neu Oncogene Amplification. Ann. Oncol. 2005, 
16 (3), 359–371. 

71.	 Miller, P.-E.; Snyder, D.-C. Phytochemicals and Cancer Risk, a Review of the Epide-
miological Evidence. Nutri. Clin. Prac. 2012, 27, 599–612.

72.	 Lee, M.-S.; Lee, I.-I.; Young, Y.-K.; Kim, J.; Heo, H.-J.; Kim, D.-O. Inhibitory Effect 
of the Ethyl Acetate Fraction from Astringent Persimmon on H2O2-induced Oxida-
tive Stress in HepG2 Cells. Food Sci. Biotechnol. 2014, 23 (4), 1247–1252.

73.	 El Hadi, M.-A.-M.; Zhang, F.-J.; Wu, F.-F.; Zhou, C.-H.; Tao, J. Advances in Fruit 
Aroma Volatile Research. Molecules 2013, 18 (7), 8200–8229.

74.	 Mure, K.; Takeshita, T.; Morioka, I.; Arita, M. Effects of Kakisu (Persimmon Vinegar) 
on Plasma Antioxidant Power and Urinary 8-isoprostane Level. Nihon Eiseigaku-
Zasshi 2007, 62 (1), 32–38.

75.	 Ouyancg, P.; Zhang, B.; Bei, W.-J.; Lai, W.-Y.; Peng, W. L.; Xu, D. L. Effects of 
Flavone from Leaves of Diospyros kaki on Expression of Apoptosis Signal-regulating 
Kinase 1 and Rat Vascular Smooth Muscle Cells Proliferation by Tumor Necrosis 
Factor Alpha In Vitro. Zhong Yao Cai 2007, 30 (7), 819–822.

76.	 Ouyang, P.;  Bei, W.;  Lai, W.;  Peng, W. Effects of Flavone from Leaves 
of  Diospyros  kaki on Rat Vascular Smooth Muscle Cells Proliferation Stimulated 
by Native Low-density Lipoprotein In Vitro. Zhong Yao Cai 2004, 27 (8), 600–602.

77.	 Ouyang, P.; Bei, W.-J.; Lai, W.-Y.; Xu, D.-L.; Peng, W.-L. In Vitro Effects of Flavone 
from Leaves of  Diospyros  kaki on Rat Cardiac Myocyte Apoptosis Induced by 



Hypoxia-reoxygenation and Advanced Glycation End Products. Di Yi Jun Yi Da 
XueXueBao 2003, 23 (7), 680–682.

78.	 Palafox-Carlos, H.; Ayala-Zavala, J.-F.; González-Aguilar, G.-A. The Role of Dietary 
Fiber in the Bioaccessibility and Bioavailability of Fruit and Vegetable Antioxidants. 
J. Food Sci. 2011, 76 (1), R6–R15. 

79.	 Park, S.-B.; Park, G.-H.; Song, H.-M.; Son, H.-J.; Um, Y.; Kim, H.-S.; Jeong, J.-B. 
Anticancer Activity of Calyx of Diospyros kaki Thunb. through Downregulation of 
Cyclin D1 via Inducing Proteasomal Degradation and Transcriptional Inhibition in 
Human Colorectal Cancer Cells. BMC Compl. Alt. Med. 2017, 17 (1), 445. 

80.	 Plaza, L.; Colina, C.; Ancos, B.-D; Sanchez-Moreno, C.; Pilar Cano, M. Influ-
ence of Ripening and Astringency on Carotenoid Content of High-pressure Treated 
Persimmon Fruit (Diospyros kaki L.). Food Chem. 2012, 130 (3), 591–597. 

81.	 Rahman, M.-A.; Islam, A.-K.-M.-S.; Khair, A.; Bala, B.-K. Effect of Non-polar 
Gases on the Storage of Persimmon Fruits at Different Temperatures. Pak. J. Biol. 
Sci. 2002, 5, 84–87.

82.	 Rauf, A.; Uddin, G.; Khan, H.; Siddiqui, B.-S.; Arfan, M. Anti-hyperalgesic Activity 
of Crude Extract and 7-methyljuglone of  Diospyros  lotus Roots. Nat. Prod. Res.  
2015, 29 (23), 2226–2229. 

83.	 Rice-Evans, C.-A.; Miller, N.-J.; Paganga, J. Antioxidant Properties of Phenolic 
Compounds. Trend. Plant Sci. 1997, 2, 152–159.

84.	 Ryu, R.; Kim, H.-J.; Moon, B.; Jung, U.-J.; Lee, M.-K.; Lee, D.-G.; Ryoo, Z.; Park, 
Y.-B.; Choi, M.-S. Ethanol Extract of Persimmon Tree Leaves Improves Blood Circu-
lation and Lipid Metabolism in Rats Fed a High-Fat Diet. J. Med. Food 2015, 18 (7), 
715–723. 

85.	 Sa, Y.-S.;  Kim, S.-J.;  Choi, H.-S. The Anticoagulant Fraction from the Leaves 
of Diospyros kaki L. Has an Antithrombotic Activity. Arch. Pharmacal. Res. 2005, 
28 (6), 667–674.

86.	 Sakanaka, S.; Tachibana, Y.; Okada, Y. Preparation and Antioxidant Properties of 
Extracts of Japanese Persimmon Leaf Tea (Kakinoha-cha). Food Chem. 2005, 89, 
569–575.

87.	 Saral, S.; Ozcelik, E.; Cetin, A.; Saral, O.; Basak, N.; Aydın, M.; Ciftci, O. Protec-
tive Role of Diospyros lotus on Cisplatin-induced Changes in Sperm Characteristics, 
Testicular Damage and Oxidative Stress in Rats. Andrologia 2016, 48 (3), 308–317.

88.	 Seo, H.; Jeon, B.-D.; Ryu, S. Persimmon Vinegar Ripening with the Mountain-culti-
vated Ginseng Ingestion Reduces Blood Lipids and Lowers Inflammatory Cytokines 
in Obese Adolescents. J. Exer. Nutri. Biochem. 2015, 19 (1), 1–10. 

89.	 Singh, S.; Joshi, H. Diospyros kaki (Ebenaceae), A Review. Asian J. Res. Pharma. 
Sci. 2011, 1 (3), 55–58. 

90.	 Son, J.-E.;  Hwang, M.-K.;  Lee, E.;  Seo, S.-G.;  Kim, J.-E.;  Jung, S.-K.;  Kim, 
J.-R.; Ahn, G.-H.; Lee, K.-W.; Lee, H.-J. Persimmon Peel Extract Attenuates PDGF-
BB-induced Human Aortic Smooth Muscle Cell Migration and Invasion Through 
Inhibition of c-Src Activity. Food Chem. 2013, 141 (4), 3309–3316. 

91.	 Suh, J.-H.; Virsolvy, A.; Goux, A.; Cassan, C.; Richard, S.; Cristol, J.-P.; Teissèdre, 
P.-L.; Rouanet, J. M. Polyphenols Prevent Lipid Abnormalities and Arterial Dysfunc-
tion in Hamsters on a High-fat Diet, A Comparative Study of Red Grape and White 
Persimmon Wines. Food Func. 2011, 2 (9), 555–561. 



92.	 Suh, J.-H.; Virsolvy, A.; Goux, A.; Cassan, C.; Richard, S.; Cristol, J.-P.; Teissèdre, 
P. L.; Rouanet, J.-M. Polyphenols Prevent Lipid Abnormalities and Arterial Dysfunc-
tion in Hamsters on a High-fat Diet, A Comparative Study of Red Grape and 
White Persimmon Wines. Food Func. 2011, 2 (9), 555–561. 

93.	 Sun, L.; Zhang, J.; Fang, K.; Ding, Y.; Zhang, L.; Zhang, Y. Flavonoids from 
Persimmon (Diospyros kaki) Leaves (FPL) Attenuate H2O2-induced Apoptosis in 
MC3T3-E1 Cells via the NF-κB Path Way. Food Func. 2014, 5 (3), 471–479. 

94.	 Trongsakul, S.; Panthong, A.; Kanjanapothi, D.; Taesotikul, T. The Analgesic, Anti-
pyretic and Anti-inflammatory Activity of Diospyros Variegatakruz. J. Ethnophar-
macol.  2003, 85 (2–3), 221–225.

95.	 Uchida, S.; Ohta, H.; Niwa, M.; Mori, A.; Nonaka, G.; Nishioka, I.; Ozaki, M. Prolon-
gation of Life Span of Stroke-prone Spontaneously  Hypertensive  Rats (SHRSP) 
Ingesting Persimmon Tannin. Chem. Pharmaceut. Bull. 1990, 38 (4), 1049–1052.

96.	 Uchida, S.; Ozaki, M.; Akashi, T.; Yamashita, K.; Niwa, M.; Taniyama, K. Effects 
of (-)-Epigallocatechin-3-O-gallate (Green Tea Tannin) on the Life Span of Stroke-
prone Spontaneously Hypertensive Rats. Clin. Exp. Pharmacol. Phys. Suppl. 1995, 
22 (1), S302–S303.

97.	 Uddin, G.; Rauf, A.; Siddiqui, B.-S.; Muhammad, N.; Khan, A.; Shah, S.-U. Anti-
nociceptive, Anti-inflammatory and Sedative Activities of the Extracts and Chemical 
Constituents of Diospyros lotus L. Phytomedicine 2014, 21 (7), 954–959. 

98.	 Wang, L.;  Xu, M.-L.;  Rasmussen, S.-K.;  Wang, M.-H. Vomifoliol 
9-O-α-arabinofuranosyl (1→6)-β-D-glucopyranoside from the Leaves 
of  Diospyros  kaki Stimulates the Glucose Uptake in HepG2 and 3T3-L1 Cells. 
Carbohydr. Res. 2011, 346 (10), 1212–1216. 

99.	 Willett, W.-C. The Role of Dietary n-6 Fatty Acids in the Prevention of Cardiovas-
cular Disease. J. Cardiovasc. Med. 2007, 8 (1), S42–S45.

100.	 Woodcock, M.-E.;  Hollands, W.-J.;  Konic-Ristic, A.;  Glibetic, M.;  Boyko, 
N.;  Koçaoglu, B.;  Kroon, P. -A. Bioactive-rich Extracts of  Persimmon, but not 
Nettle, Sideritis, Dill or Kale, Increase eNOS Activation and NO Bioavailability and 
Decrease Endothelin-1 Secretion by Human Vascular Endothelial Cells. J. Sci. Food 
Agric. 2013, 93 (14), 3574–3580. 

101.	 Woodside, J.-V.; Young, I. -S.; McKinley, M.-C. Fruits and Vegetables, Measuring 
Intake and Encouraging Increased Consumption. Proc. Nutri. Soc. 2013, 72 (2), 
236–245. 

102.	 Yokozawa, T.; Kim, Y.-A.; Kim, H.-Y.; Lee, Y.-A.; Nonaka, G. Protective Effect of 
Persimmon Peels Polyphenol Against High Glucose-induced Oxidative Stress in 
LLCPK1 Cells. Food Chem. Toxicol. 2007, 45, 1979–1987.

103.	 Yokozawa, T.; Park, C.-H.; Noh, J.-S.; Roh, S.-S. Role of Oligomeric Proanthocy-
anidins Derived from an Extract of Persimmon Fruits in the Oxidative Stress-related 
Aging Process. Molecules, 2014, 19 (5), 6707–6726. 

104.	 Yokozawa, T.;  Lee, Y.-A.;  Cho, E.-J.;  Matsumoto, K.;  Park, C.-H.;  Shibahara, N. 
Anti-aging Effects of Oligomeric Proanthocyanidins Isolated from Persimmon Fruits. 
Drug Disc. Therapeut. 2011, 5 (3), 109–118.

105.	 Yokozawa, T.; Lee, Y.-A.; Zhao, Q.; Matsumoto, K.; Cho, E.-J. Persimmon Oligo-
meric Proanthocyanidins Extend Life Span of Senescence-accelerated Mice. J. Med. 
Food 2009, 12 (6), 1199–1205. 



106.	 Yu, J.-H.;  Jin, M.;  Choi, Y.-A.;  Jeong, N.-H.;  Park, J.-S.;  Shin, T.-Y.;  Kim, S.-H. 
Suppressive Effect of an Aqueous Extract of  Diospyros  kaki Calyx on Dust Mite 
Extract/2,4-Dinitrochlorobenzene-induced Atopic Dermatitis-like Skin Lesions. Int. 
J. Mol. Med. 2017, 40 (2), 505–511. 

107.	 Yuan, B.; Xu, H.-L.; Leng, S.-P. Content and Chemical Composition of Carotenoids 
in Persimmon Fruit. Chin. Agric. Sci. Bull. 2006, 22, 277–280. 

108.	 Zhang, K.; Zhang, Y.; Zhang, M.; Gu, L.; Liu, Z.; Jia, J.; Chen, X. Effects of Phos-
pholipid Complexes of Total Flavonoids from Persimmon (Diospyros kaki L.) Leaves 
on Experimental Atherosclerosis Rats. J. Ethnopharmacol. 2016, 191, 245–253. 

109.	 Zhao, D.; Zhou, C.; Tao, J. Carotenoid Accumulation and Carotenogenic Genes 
Expression During Two Types of Persimmon Fruit (Diospyros kaki L.) Development. 
Plant Mol. Biol. Rep. 2011, 29 (3), 646–654. 

110.	 Zheng, Q.-L.; Nakatsuka, A.; Itamura, H. Involvement of Negative Feedback Regu-
lation in Wound-induced Ethylene Synthesis in ‘Saijo’ Persimmon. J. Agric. Food 
Chem. 2006, 54, 5875–5879.

111.	 Zhou, C.;  Zhao, D.;  Sheng, Y.;  Liang, G.;  Tao, J. Molecular Cloning and 
Expression of Squalene Synthase and 2,3-oxidosqualene Cyclase Genes 
in Persimmon (Diospyros kaki L.) Fruits. Mol. Biol. Rep. 2012, 39 (2), 1125–1132. 

112.	 Zou, B.; Ge, Z.; Zhu, W.; Xu, Z.; Li, C. Persimmon Tannin Represses 3T3-L1 Preadi-
pocyte Differentiation via Up-regulating Expression of miR-27 and Down-regulating 
Expression of Peroxisome Proliferator-activated Receptor-γ in the Early Phase of 
Adipogenesis. Eur. J. Nutri. 2015, 54 (8), 1333–1343.


	Half Title
	Title Page
	Copyright Page
	Innovations in Plant Science for Better Health: From Soil to Fork Book Series
	Other Books on Plant Science for Better Health by Apple Academic Press, Inc
	Contents
	About the Editor
	About the Co-editor
	Contributors
	Abbreviations
	Preface
	Part I: Extraction of Bioactive Compounds and Their Applications
	1. Extraction of Bioactive Molecules: Conventional Versus Novel Methods

	References



