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Abstract

Ginger (rhizome of Zingiber officinale) belongs to the Zingiberaceae family, is widely used and is most
popular as a culinary spice and in Traditional medicines to add flavor for more than thousands of years
and tuberose plant thatgrows in humid locations. The rhizome can be macerated in ethanol and used as a
tonic and a stimulant. It is also used in pharmaceuticals, nutraceuticals and in cosmetics. Ginger
contains a fusion of an aroma oils both volatile (zingiberene) and non-volatile (oleoresin) oils and
phenolic compounds (gingerol and shogaol, zingerone and paradol). In ginger rhizomes, also contains
starch, saccharides, proteins, colouring matter and trace minerals that plays a huge role as a spice
ingredient. Ginger is available in fresh, dried, pickled, preserved, crystallized, candied and powdered or
ground form. The extractsand isolated metabolites of Z. officinale have exhibited the following
properties: anti-inflammatory, antioxidant, antidiabetic, anticancer, antimicrobial, analgesic and
antiviral. The aim of this review is to provide a overview about the main aspects related with
pharmacognosy and pharmacology of Z. officinalis published in the literature over the last decade.
Ginger has shown various pharmacological effects such antioxidant, anti-inflammatory, gastro
protective, anti-bacterial, anti-diabetic.
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1.Introduction

Ginger (Zingiber ocinale Roscoe), which belongs to
the Zingiberaceae family and the Zingiber genus,
has been commonly consumed as a spice and an
herbal medicine for a long time [1]). It is known as
“Adrak” widely used in Pakistani and Indian
cuisines over 2500 years [2]. It is a flowering plant
whose rhizome or root is commonly used in folk
medicine and as a spice. Common nhames are
Ginger, African ginger, Black ginger, Cochin
ginger, Gan jiang, Gegibre, Ingwer, Jamaican
ginger, Race ginger [3]. In addition, ginger is
closely related to two other cooking spices, turmeric
and cardamom. Also, it is a 2 - 4 foot tall perennial
with grass like leaves up to a foot in length. It is the
underground root or rhizome that is used for
culinary and medicinal purposes digestive [4].
Ginger rhizome is obtained from the underground
stems that surrounded by the sheathing bases of the
two-ranked leaves.

It is normally an erect perennial growing plant that
grown in ground from 1 - 3 feet in height. Rhizomes
are 7-15 cm long and 1-1.5 cm broad and laterally
compressed. The branches arise obliquely from the
rhizome are about 1-3 ¢cm long and terminate in
depress scars or in undeveloped buds.

The outer surface is buff colored and longitudinally
striated or fibrous [5]. Fractured surface shows a
narrow cortex, a well-marked endodermis and a
wide stele [6]. Tt belongs to family “Zingiberaceae”
which is very famous due its medicinal herbal plants
like, cardamom and turmeric [7]. It has been
cultivated in South-East Asia from thousands of
years. After that it gains much popularity in
European and African countries due to its
therapeutic effects. Currently, the ginger and its
products are used in many traditional medicinal
systems, due to its rich phytochemistry and diseases
preventive properties [8].
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Ginger is reported to originate from the tropical
rainforests of the Indian subcontinent to Southern
Asia where ginger plants show some genetic
variation [9]. The oil from ginger is believed to be
very medicinal. The major active ingredients in
ginger oil are reported to be the sesquiterpenes,
which include bisapolene, zingiberol and
zingiberene [10]. In recent times, ginger has been
introduced into various tropical countries where
diverse chemotypes have been developed [11].
Ginger is one of the most widely used natural
products consumed as a spice and medicine for
treating nausea, dysentery, heartburn, flatulence,
diarrhea, loss of appetite, infections, cough, and
bronchitis. Experimental studies showed that ginger
and its active components including 6-gingerol and
6-shogaol exert anticancer activities against Gl
cancer [12]. Ginger is a common and widely used
spice. It is rich in various chemical constituents,
including phenolic ~ compounds, terpenes,
polysaccharides, lipids, organic acids, and raw
fibers. The aromatic constituents include
zingiberene and bisabolene, while the pungent
constituents are known as gingerols and shogaols
[13]. Although the medicinal properties of ginger
have been known for thousands of years, a
significant number of in vitro, in vivo, and
epidemiological studies further provide substantial
evidence that ginger and its active compounds are
effective against wide variety of human diseases
including GI cancer. Ginger has been found to be
effective against various Gl cancers such as gastric
cancer, pancreatic cancer, liver cancer, colorectal
cancer, and cholangiocarcinoma [12]. Ginger root is
used to attenuate and treat several common diseases,
such as headaches, colds, nausea, and emesis. The
health benefits of ginger are mainly attributed to its
phenolic compounds, such as gingerols and
shogaols.  Accumulated investigations  have
demonstrated that ginger possesses multiple
biological activities, including antioxidant, anti-

inflammatory, antimicrobial, anticancer,
neuroprotective, cardiovascular protective,
respiratory protective, antiobesity, antidiabetic,

antinausea, and antiemetic activities. In this review,
we summarize current knowledge about the
bioactive compounds and bioactivities of ginger,
and the mechanisms of action are also discussed.
We hope that this updated review paper will attract
more attention to ginger and its further applications,
including its potential to be developed into
functional foods or nutraceuticals for the prevention
and management of chronic diseases [14].
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Many bioactive compounds in ginger have been
identified, such as phenolic and terpene compounds.
The phenolic compounds are mainly gingerols,
shogaols, and paradols, which account for the
various bioactivities of ginger [15,16]. Ginger has
rich phytochemistry and several health promoting
perspectives. Ginger has been used commonly to
treat diarrhea, stomach upset, indigestion and
nausea. It also has anti-inflammatory and
antioxidant properties. It is concluded that, ginger
has potential to treat numerous disorders including
cancer due to its anti-inflammatory and anti-oxidant
properties [17].

In recent years, ginger has been found to possess
biological activities, such as antioxidant [18], anti-
inflammatory  [19], antimicrobial [20], and
anticancer [21] activities. In addition, accumulating
studies have demonstrated that ginger possesses the
potential to prevent and manage several diseases,
such as neurodegenerative  diseases [22],
cardiovascular diseases [23], obesity [24], diabetes
mellitus [25], chemotherapy-induced nausea and
emesis [26], and respiratory disorders [27]. In this
review, we focus on the bioactive compounds and
bioactivities of ginger, and we pay special attention
to its mechanisms of action. Ginger is widely
recognized that popular knowledge about the useof
medicinal plants in the treatment of several diseases
needs tobe confirmed. The traditional use of
medicinal plants contributesto the spread of this
knowledge and serves as a basis for scientific
research seeking evidence of such pharmacological
activities [28]. In Chinese and Indian alternative
medicines, ginger was used as a dietary supplement
as well as a spice and as a flavoring agent for foods
and beverages. For centuries, it has been widely
used for the treatment of nausea, vomiting, emetic,
arthritis, rheumatism, sprains, muscular aches,
pains, sore throats, cramps, fever, infectious
diseases and helminthiasis [29].

Bioactive Components Ginger is abundant in active
constituents, such as phenolic and terpene
compounds [12,16]. The phenolic compounds in
ginger are mainly gingerols, shogaols, and paradols.
In fresh ginger, gingerols are the major polyphenols,
such as 6-gingerol, 8-gingerol, and 10-gingerol.
With heat treatment or long-time storage, gingerols
can be transformed into corresponding shogaols.
After hydrogenation, shogaols can be transformed
into paradols [15].
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There are also many other phenolic compounds in
ginger, such as quercetin, zingerone, gingerenone-
A, and 6-dehydrogingerdione [30, 31]. Besides
these, polysaccharides, lipids, organic acids, and
raw fibers are also present in ginger [12, 32]. In
ginger family, Zingiber officinalis is one of most
widely used species and it is found in several foods
and beverages. Ginger constituents are 80%
moisture, 2% protein, 2% fiber, 1% mineral, 0.9%
fat, and 12% carbohydrate. The chemistry of ginger
is well documented with the respect to the oleoresin
and volatile oil. It is also useful in controlling the
process of aging.

This scientific review favors ginger due to its rich
phytochemistry, and it is recommended to conduct
clinical trials of ginger with sound protocol design
before claiming its efficacy [17]. The chemical
composition and antioxidant activity (in aqueous
and solvent extracts) of Ginger root were
determined. The antioxidant components analysed
were polyphenols, vitamin C, B carotene, flavonoids
and tannins. Antioxidant assays such as free radical
scavenging activity, reducing power and total
antioxidant activity were carried out for ethanol,
methanol, acetone, 80% methanol and 80%
ethanolic extracts [33]. The aim of this review is to
provide a overview about the main aspects related
with  composition, bioactive  properties,
pharmacognosy and pharmacology and
pharmacological effects of Z. officinalis published
in the literature over the last decade.

Composition of Ginger rhizom

Ginger, a member of the Zingiberaceae family, is a
popular spice used globally especially in most of the
Asian countries [34]. Chemical analysis of ginger
shows that it contains over 400 different
compounds. Fresh ginger contains 80.9% moisture,
2.3% protein, 0.9% fat, 1.2% minerals, 2.4% fibre
and 12.3% carbohydrates. The minerals present in
ginger are iron, calcium and phosphorous. It also
contains vitamins such as thiamine, riboflavin,
niacin and vitamin C. The composition varies with
the type, variety, agronomic conditions, curing
methods, drying and storage conditions [4,35].
Nutritional composition of ginger (per 100g):
Moisture 15.02 + 0.04, Ash (g) 3.85 £ 0.61 (4.53),
Protein (g) 5.087 + 0.09(5.98), Calcium (mg) 88.4 +
0.97 (104.02), fat (g) 3.72 + 0.03 (4.37),
Phosphorous (mg) 174+1.2 (204.75), Insoluble fibre
(%) 23.5 £ 0.06 (27.65) , Iron (mg) 8.0 £ 0.2 (9.41),
Soluble fibre (%) 25.5 + 0.04 (30.0), Zinc (mg) 0.92
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+ 0 (1.08), Carbohydrate (g) 38.35 + 0.1, Copper
(mg) 0.545 + 0.002 (0.641), Vitamin C (mg) 9.33 =
0.08 (10.97), Manganese (mg) 9.13 + 001 (10.74),
Total carotenoids (mg) 79 £ 0.2 (9296), Chromium
(ug) 70 £ 0 (83.37) [33]. Protein and fat content was
found to be 5.98 and 4.37 g /100 g DW. The
reported values for composition of ginger by
various authors are in the following range; for
protein, 7.2 to 8.7, fat, 5.5 to 7.3 and ash, 2.5 to 5.7
0/100 g DW [36-38]. In our study, ash, iron,
calcium and phosphorous contents were 4.53 g, 9.41
mg, 104.02 mg, 204.75 mg/100 g DW, respectively.

Ash content was in the range of reported values and
calcium content, that, 104.02 mg/100 g DW was
very close to the value reported for Indian foods
[39]. Trace minerals namely zinc, copper,
manganese and total chromium were estimated with
atomic absorption spectrophotometer and found to
be 1.08 mg, 0.641 mg, 10.74 mg and total
chromium was 83.37 ng/100g DW, respectively.
Vitamin C and total carotenoids content were found
to be 10.97 and 92.96 mg/100 g, respectively [33].
Total polyphenols were highest in aqueous extract
with almost similar amounts at different
temperatures (840 and 830 mg/g) [33]. Ash,
minerals namely iron, calcium, phosphorous, zinc,
copper, chromium and manganese) and vitamin C
were 3.85 (g), 8.0 (mg), 88.4 (mg), 174 (mg), 0.92
(mg), 0.545 (mg), 70 (ng), 9.13 (mg) and 9.33 (mg)
per 100 g of sample, respectively. Antioxidant
components (polyphenols, flavonoids and total
tannin) were higher in hot water (100°C) extract
than other solvent extracts and 30°C water extract.
The rhizome of ginger plant has been used as a
spice since several years across the globe. It was
found that, ginger was one of wildly used herbs in
traditional Chinese, Ayurveda, Europe and America
[40-48]. The major constituents in ginger rhizomes
are carbohydrates (50-70%), lipids (3-8%),
terpenes, and phenolic compounds [48]. Terpene
components of ginger include zingiberene, g-
bisabolene, a-farnesene, B-sesquiphellandrene, and
a- curcumene, while phenolic compounds include
gingerol, paradols, and shogaol. These gingerols
(23-25%) and shogaol (18-25%) are found in
higher quantity than others. Besides these, amino
acids, raw fiber, ash, protein, phytosterols, vitamins
(e.g., nicotinic acid and vitamin A), and minerals
are also present [8, 41]. Ginger also contains
amadaldehyde, paradole, gingerdiols,
gingerdiacetates, gingerenones, 6-gingersulfonic
acid, diterpense, gingerglycolipids A, B and C [49-
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53]. Ginger rhizome is also composed up of
extractable oleoresin, fats, carbohydrate, vitamins,
minerals, and some other bioactive components [8].
The extract is a combination of gingerols, shogaols,
zingerone, monoterpenic, and  sesquiterpenic
compounds constituting about 3-7% of the total
weight of fresh ginger. In the ginger oil gingerols
are the main pungent and concentrated molecules.
Gingerols are very sensitive towards heat on high
temperature they are converted into a homologous
series of degraded compounds (6, 8, 10 shogaols)
that hold strong antioxidant activity [54].

2.Volatile Oils

Volatile compounds are those components which
have very low boiling point and can -easily
evaporate from the commodity even at room
temperature. In the ginger, concentration of these
compounds is about 1-3%. The main moieties in the
volatile oil of ginger include zingiberene,
curcumene, and farnesene having respective
percentages 35%, 18%, 10%. In addition, about 40
different molecules are present among which most
abundant compounds are 1, 8-cineole, linalool,
borneol, neral, and geraniol [5,55]. The pungent
aroma and taste of the ginger is mainly depends on
these volatile constituents [8]. The flavoring
properties of the ginger oil are affected by
processing conditions; different constituents are
degraded into less flavoring compounds [5]. The
concentration of volatile oils in the ginger ranges 1-
3% and the aroma and flavour are also dependent on
these compounds. The volatile aromatic compounds
of ginger are lost during drying or thermal
processing due to which aroma and flavour of dry
ginger is different form fresh ginger [8]. Moreover,
there are several terpene components in ginger, such
as bisabolene, curcumene, zingiberene, farnesene,
and sesquiphellandrene, which are considered to be
the main constituents of ginger essential oils [32].
Mainly the bioactive ingredients, like gingerol,
shogaols, zingerone and many others, serve as a
source of aroma and flavor; the baking conditions of
bread are very adverse for aromatic compounds.
They are easily decomposed with heat. Generally,
liquid flavors are not recommended in baked goods,
such as crackers and hard type of sweet. Thus
ginger extract may be better for texture than the
powder of ginger. In recent years, in view of their
advantageous effects, use of spices has been
progressively rising in developed countries as well
as used in phytotherapy especially in Europe [41].
In Pakistan, the use of functional and nutraceutical
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foods is growing rapidly. Although ginger is a
regular ingredient of Pakistani foods yet little or no
efforts have been made to use this health ingredient
in commercially available processed foods.

Nutritional Profile and General uses

Fresh ginger contains numerous phytochemicals
that are known to have antioxidant, antimicrobial,
gastro protective and anti-inflammatory properties.
The rhizome of ginger is an excellent source of
dietary fibers that contain certain health benefits,
essential oils, moisture, protein, fat, minerals,
vitamins and carbohydrates. The composition and
nutritional profile of ginger are varies with the type,
variety, extraction and curing methods, drying and
storage conditions [56]. Ginger is used in cooking
to flavor foods and also as a spice. It is also used to
lower blood sugar, reduce seizures, strengthen
bones, and treat the eye, cough, colic, heart
palpitation, swellings, dyspepsia, loss of appetite,
and rheumatism [57,58]. Ginger used to increase
and maintain the long shelf life of bread through
moisture adsorption characteristics of ginger that
keeps bread below 12- 15% dry basis (60-64% of
RH) at room temperature. Ginger have also used for
the composition of ginger pudding, contains ginger
powder (1.6-4 % w/w), milk protein (31-62 %
w/w), wheat protein (7-15 % w/w), calcium lactate
(1.6-5.5 % wiw), carrageenan (0. 8-2. 4 % w/w)
and lactic acid bacteria (0.4-1.6 % w/w) and these
all ingredients mixed with cow milk and heated in a
microwave oven. Powdered and dry form of ginger
is classically used as a flavor for gingerbread,
cookies, crackers and cakes, ginger ale, and ginger
beer [59].

Antioxidant Activity

Ginger oil has scavenging effects due to volatile oils
and same has been proved in many studies [40, 42,
46, 59-61]. Ginger has preventive effect on lipid
peroxidation and it inhibits or breaks its chain [40,
47, 62]. It has been known that overproduction of
free radicals, such as reactive oxygen species
(ROS), plays an important part in the development
of many chronic diseases [63]. It has been reported
that a variety of natural products possess antioxidant
potential, such as vegetables, fruits, edible flowers,
cereal grains, medicinal plants, and herbal infusions
[64-70]. Several studies have found that ginger also
has high antioxidant activity [31,71]. However,
when dried ginger was further heated to obtain stir-
fried ginger and carbonized ginger, the antioxidant
activity decreased, because the processing could
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change gingerols into shogaols [72]. Additionally, a
fraction of the dried ginger powder abundant in
polyphenols showed high antioxidant activity based
on data from FRAP, oxygen radical absorbance
capacity, and cellular antioxidant activity assays
[16,73]. Several studies have indicated that ginger
was effective for protection against oxidative stress.
The underlying mechanisms of antioxidant action
were investigated in cell models [31,74]. Several
herbs and spices have been developed into natural
effective antimicrobial agents against many
pathogenic microorganisms [75].

In recent years, ginger has been reported to show
antibacterial, antifungal, and antiviral activities
[76,77]. The compounds in ginger essential oil
possess lipophilic properties, making the cell wall as
well as the cytoplasmic membrane more permeable
and inducing a loss of membrane integrity in fungi

[78]. Ginger essential oil had efficacy in
suppressing the growth of Aspergillus flavus as well
as aflatoxin and ergosterol production [78].

Moreover, a crude extract and methanolic fraction
of ginger inhibited biofilm formation, glucan
synthesis, and the adherence of Streptococcus
mutans by downregulating virulence genes [79].
Free radicals are the highly reactive moieties
produced during food processing and in biological
systems in result of many generative and
degradative reactions. Many health problems linked
with advancement in food processing, dietary habits
and free radicals production. In such conditions of
imbalance, extra antioxidant supplementation
through dietary modules is essential for organism
vitality [80]. Antioxidants are those compounds
which eliminate these active moieties by binding
them with own active sites and reduce the risk of
different health complications. In this scene, plant
based foods are considered as good source of
antioxidants. Among vegetables ginger has many
therapeutic effects to mitigate such kind of health
discrepancies [81]. In many in vitro studies ginger
exhibit strong antioxidant activities, due to its active
constituents like gingerols [82]. The use of ginger
in diet improves the body defense system. It has
been proved in many in vitro studies that many
chronic diseases are associated with oxidative
stress, to prevent these conditions ginger have
protective effects due to high antioxidant activity of
active components [80-83]. If oxidative stress
retained for a longer period of time it leads to DNA
damage [83]. The gingerols are considered as the
enzyme inhibitor. It hinders the activity of different
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enzymes e.g Xanthine oxidase. Which are involved
in the production of reactive radicals [84]. Among
the ginger active components gingerols are
considered as strongest antioxidant nutraceutical
components. They have proven substantial
antioxidant activity in different antioxidant assay
[85]. The nutraceutical ingredients of ginger like
gingerols possess substantial antioxidant activity as
determined by various antioxidants assays. In the
DPPH assay 6, 8, 10-gingerol and 6-shogaol shows
significant scavenging activity with IC50 values of
26.3, 19.47, 10.47, and 8.05 muM respectively.
IC50 values of 4.05, 2.5,1.68, and 0.85 muM
against superoxide radical and 1C50 values of 4.62,
1.97, 1.35, and 0.72 muM against hydroxyl radical,
respectively [85]. It was documented that the
extracts of ginger have shielding consequence
against ethanol-induced hepatotoxicity in the rats by
suppressing the age-related oxidative stress markers
[86,87]. Chrubasik et al. [88] investigated that the
oxidative stress in Chinese hamster ovary AS52
cells and promyelocutic leukemia (HL)-60 cells of
humans can easily be suppressed by the use of
ginger and its constituents. In the several studies, it
was reported that gingerols have a significant
inhibitory activity on superoxide production,
restrain lipid peroxidation and defend the levels of
reduced glutathione [89]. Ippoushi et al. [90] find
out that the nitrogenous free radicals like ‘“nitric
oxide” (NO) are the key moieties which manipulate
different health issues through signal transduction
and DNA damage. These reactive molecules are
produced by the action of enzyme nitric oxide
synthase (iNOS) excreted in the stress conditions.
The action of this enzyme and production of nitric
oxide can be significantly reduced by the 6-gingerol
administration on dose dependent manner. Like
gingerols the other elements (6-Shogaol, 1-dehydro-
10-Gingerdione, and 10-Gingerdione) of ginger also
significantly  trim  down LPS-induced NO
production, and 6-shogaol and 1-dehydro-10-
gingerdione efficiently lessen iNOS expression [91].
El-Sharaky et al. [89] documented that the oral
administration of ginger at 100mg/kg of body
weight efficiently decreased the glutathione level
and normalizes the nitric oxide (NO) generation in
bromobenzene (BB)-induced hepatotoxicity model.
In a study, it was described that the activities of
superoxide dismutase and catalase, as well as GSH
and glutathione peroxidase, glutathione reductase,
glutathione-S-transferase, and lipid peroxidation in
animal models have been reduced by the use of
ginger [92].
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Hasham-hisam et al. [93] screened samples of fresh
ginger which were boiled for one hour and baked
for 15 min. The extraction of oleoresin was
performed using a Soxhlet extractor with different
solvents and different extraction times. For the
determi-nation of antioxidant activity, the -
carotene-linoleic acid assay was used. The
antioxidant activity of the extracts was compared to
that of butylated hydroxytoluene (BHT-positive
control). The combination of fresh sample with a
polar solvent (acetone) with 12 h of extraction
resulted in higher antioxidant activity. Ginger
supplementation ~ before  ischemia/reperfusion
resulted in a higher total antioxidant capacity (i.e.,
normalized glutathione peroxidase and superoxide
dismutase activities) and lower total oxidant (lower
tissue malondialdehyde, NO, and protein carbonyl
contents) status levels compared to an untreated
group of Wistar albino rats [94]. Total antioxidant
activity was highest in methanolic extract at 98822
umol/g followed by ethanolic extract at 91176
umol/g [33]. Chen et al. [80], the reducing power of
methanolic extract of 18 different species of ginger
ranged from 0.34 to 1.6 nm in 100 mg of sample. In
our study, methanolic extract of sample showed
much higher activity of 0.208, 0.393, 0.558, 0.681
nm for 2.0, 4.0, 6.0 and 8.0 mg of sample [33].
Antioxidants are the neutralizer substances that can
neutral the oxidative stress and free radicals.
Oxidative stress is an alteration of reactive oxygen
species (ROS) generation and neutralizer defense
body system [95,96]. In our body, the production of
free radicals can be balanced by intake of various
antioxidants or by body defense system [97].
Various medicinal plants and their constituents are
currently available that are a rich source of
antioxidant and also played a significant role in
prevention of disease. Ginger is a good example of
antioxidant that reduces the level of oxidative stress
and free hydroxyl radical production [98]. Many
food industries like meat, dairy and baking use the
extract of different plants and spices to increase the
sensorial attributes and their antioxidant potential.
These extracts have a great impact on the shelf life
of different food products especially bakery items
like crackers, cookies, bread, and biscuits are of
great economic benefits. Reddy [99] reported the
antioxidant response of many plants extract and
their ultimate use in food items.

Antimicrobial effects

Ginger has strong antibacterial and to some extent
antifungal properties. In vitro studies have shown
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that active constituents of ginger inhibit
multiplication of colon bacteria. These bacteria
ferment  undigested  carbohydrates  causing
flatulence. This can be counteracted with ginger. It
inhibits the growth of Escherichia coli, Proteus sp.,
Staphylococci, Streptococci and Salmonella. The
ginger extract has antimicrobial action at levels
equivalent to 2000 mg/ ml of the spice. Ginger
inhibits aspergillus, a fungus known for production
of aflatoxin, a carcinogen 23,24. Fresh ginger juice
showed inhibitory action against A.niger,
S.cerevisiae, Mycoderma spp. and L. acidophilus at
4, 10, 12 and 14% respectively at ambient
temperatures [100]. Due to the presence of some
phenolic compounds in it, ginger has shown great
antimicrobial activities and effectiveness in
controlling certain viral, bacterial and fungal
diseases. Ginger is used in many countries for the
preservation of foods.

Ginger acts as anti-parasitic. Some studies reported
the in vivo potential of methanolic extract of
Zingiber  officinale in  the treatment of
trypanosomiasis [51, 60, 101, 102]. Gingerols and
Gingerdiol are the main anti-fungal principles, and
extract of ginger powder is effective against several
antifungal diseases [103]. Ginger has shown
antiviral effect; however, more published literature
is needed to prove this efficacy [104, 105]. Ginger
is reported to be effective in management of
hepatitis C virus infection where viral clearance is
affected [51, 106, 107]. Due to phenolic
compounds, ginger has shown excellent
antimicrobial properties and effective in controlling
virus, bacteria, fungal disease. In many countries,
ginger is used to preserve food [105, 108, 109].
Ginger has shown good antimicrobial effect against
both Gram positive and negative bacteria; however,
severally, this effect is reduced due to heating 51,
[104, 110-112]. Gingerols and Gingerdiol are the
main anti-fungal principles and extract of ginger
powder is effective against several antifungal
diseases [87, 103, 108, 113]. Ginger and its
constituents prevented the growth of bacteria and
fungi and have both cidal and static activity. Ginger
showed antimicrobial activity against E coli,
Salmonella typhi and Bacillus subtilis [114,115]
Ginger and its important constituent’s gingerol and
shogalol are identified antibacterial agent against
periodontal bacteria Candida albicans [80, 115, 16,
117, 118]. Ginger extract and gingerol also showed
antifungal properties [117].
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Kader et al. [119] studied the inhibition potential of
extracts from dried rhizomes. These extracts were
used to determine antimicrobial activity by being
tested with five gram positive (Bacillus cereus,
Bacillus megaterium, Bacillus subtilis, Staphylococ-
cus aureus, Sarcina lutea), eight gram negative
(Escherichia coli, Salmonella paratyphi, Salmonella
typhi, Vibrio parahemolyticus, Vib-rio mimicus,
Shigella dysenteriae, Shigella boydii, Pseudomonas
aeru-ginosa) and three pathogenic fungi (Candida
albicans, Aspergillus niger, Saccharomyces
cerevisiae). The ether and chloroform fractions
showed moderate activity against the bacteria and
fungi that were tested. The ethanol extract (400
mg/disk) showed the best antimicrobial activity
against Vibrio parahaemolyticus (inhibition zone:
10 mm), and all the tested fungi. The data showed
the antimicrobial and antifungal potential of the
compounds present in Z. zerumbet extracts.

3. Pharmacological effects:
Antiobesity Activity

Obesity is a risk factor for many chronic diseases,
such as diabetes, hypertension, and cardiovascular
diseases [120]. Several studies have reported that
ginger is effective in the management and
prevention of obesity [24, 121]. Ginger and its
bioactive constituents, including gingerenone A, 6-
shogaol, and 6-gingerol, have shown antiobesity
activity, with the mechanisms mainly related to the
inhibition of adipogenesis and the enhancement of
fatty acid catabolism.

Protective Effects against Respiratory Disorders

Natural herbal medicines have a long history of
application in the treatment of respiratory disorders
such as asthma, and ginger is one of these remedies
[27, 122]. Ginger and its bioactive compounds have
exhibited bronchodilating activity and
antihyperactivity in several studies [123].

Healing effect

Ginger is commonly used spices which are
important in medicine due to the presence of many
important phytochemical constituents and nutrients
which are biologically active substances. In
literatures, some of the documented properties of
garlic and/or ginger include antioxidant, anti-
inflammatory, rheumatologic, blood circulation and
anti-cramp, anti-ulcer, anticholinergic, analgesic,
antimicrobial, anti-stress, anti-cancer, immunity
booster, anti-diabetic, regulation of blood pressure
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and treatment of cardiovascular diseases. Ginger is
used worldwide as a cooking spice, condiment and
herbal remedy [59,124]. Ginger has preventive
effect on lipid peroxidation and also inhibits or
breaks its chain [40, 47, 62]. Ginger has been
identified as an herbal medicinal product with
pharmacological  effect.  Ginger  suppresses
prostaglandin  synthesis through inhibition of
cyclooxygenase- 1 and cyclooxygenase- 2. In
traditional Chinese and Indian medicine, ginger has
been used to treat a wide range of ailments
including stomach aches, diarrhea, nausea, asthma,
respiratory disorders [48]. As ginger is widely used
both as a spice and for its medicinal properties, the
present study was undertaken to determine the
nutritional composition of dry ginger as well as its
antioxidant activity and components. An attempt
was also made to investigate association between
the antioxidant activities and components of dry
ginger extracted in different solvents.

Ginger has many biologically active components
like polyphenols and flavonoids contain health
related properties including anticancer, antiviral and
antihypertensive [125]. This review will cover all
the aspects of bioactive components of ginger and
their healthbenefits especially hypocholesterolemic
and hypoglycemic role [125]. In medicinal plants,
Zingiber officinale commonly known as Ginger or
‘Adrak’ has gained much importance. Ginger has
been used in foods and medicines from ancient
times. From previous few decades, massive research
has been done to explore the pharmacological
characteristics of a delicate and attractive spicy herb
known as scientific name Zingiber officinale.
Ginger rhizome is a product of Zingiberofficinale
plant. It is a monocotyledon herbaceous plant of the
tropical and subtropical region. It belongs to the
sub-family Zingiberoideae, which is also very
famous for two spice crops i.e. turmeric and
cardamom. The genus Zingiber Boehm consists of
80-90 species of rhizomatous perennial herbs, very
ordinary in South-East Asia, Japan, India, Nepal,
China, Bangladesh, Queensland, Jamaica, Mexico,
Hawaii and Pakistan [126]. The minerals present in
ginger are sodium, potassium, calcium, magnesium
iron, and phosphorous [127].

Anti-ulcer and anticholinergic

Ginger acts and protect gastric mucosa against
several ulcerogenic agents and is very useful in
cases of ulcerogenesis because of its antioxidant
properties [85,128]. his has both many benefits and
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drawbacks. Prostaglandin has been shown to have
housekeeping and gastro-protective function by
maintaining gastric mucosal integrity [40, 44, 89,
101, 129].

Effects on the gastrointestinal tract

Ginger is used in Mexican traditional medicine,
mainly for gastrointestinal complaints. The active
components of ginger is reported to stimulate
digestion, absorption, relieve constipation and
flatulence by increasing muscular activity in the
digestive tract. The effectiveness of ginger (940 mg)
in motion sickness was compared to that of
dimenhydrinate (100 mg) in 18 male and 18 female
college students, who were self rated as having
extreme or very high susceptibility to motion
sickness [130]. The study concluded that ginger was
superior to dimenhydrinate in preventing motion
sickness. Ginger administration (1g) prior to
elective gynaecologic laparoscopy was also found to
be effective in preventing postoperative nausea and
vomiting. The effect of ginger was similar to that
observed with 100 mg metoclopramide. In addition,
a double blind study in 27 pregnant women
suffering from morning sickness demonstrated that
oral administration of 250 mg of powdered ginger 4
times daily over 4 days significantly reduced
symptoms of nausea and vomiting [131]. Ginger is
very useful in the treatment of several
gastrointestinal  diseases including peptic and
duodenal ulcer. Ulcer is generally caused due to
imbalance between defensive and offensive factors
like acid, pepsin and Helicobacter pylori; and in this
case, ginger is useful due to its anti-inflammatory
properties. Ginger acts and protects gastric mucosa
against several ulcerogenic agents. Ginger is also
very useful in cases of ulcerogenesis due to its
antioxidant activities [85,128, 132, 133].

Effects on cardiovascular system

In traditional Chinese medicine, ginger is used to
improve the flow of body fluids. It stimulates blood
circulation throughout the body by powerful
stimulatory effect on the heart muscle and by
diluting blood [134]. Several pieces of evidence,
mainly from rat studies, have suggested that ginger
exerts many direct and indirect effects on blood
pressure and heart rate. More recently, Ghayur et al.
[135] reported that the crude extract of ginger
induced a dose-dependent (0.3-3 mg/kg) fall in the
arterial blood pressure of anesthetized rats.
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Antiparasitic and Antiviral action

Ginger acts as anti-parasitic; study shows the in vivo
potential of methanolic extract of Zingiber officinale
in the treatment of trypanosomiasis [60, 61, 101,
112, 133, 136]. Ginger has shown antiviral effect;
however, more published literature is needed to
prove efficacy [52,104, 107,108, 139].

Headache

Ginger is used for the treatment of headache and
havinggood effect on reducing symptoms of pain.
This effect is due to reduction in prostaglandin
synthesis. It also has been reported that ginger
suppresses leukotriene biosynthesis by inhibiting 5-
lipoxyganse [103,108,111].

Gingers Hyperglycemic/ Anti-Diabetic Effects

Previously, several human illnesses have been
treated by using ginger rhizome extract. Functional
and nutraceutical ingredients present in ginger
rhizome have hypocholesterolemic and
hypoglycemic effects especially antioxidants, fat-
soluble vitamins, phytosterols and some pyrazanol
containing moieties [140,141]. The gingerol shows
antioxidant [142], and anti-inflammatory behavior
[107]. 1 g of ginger powder on an average contained
2.56 mg, 0.47 mg 0.36 mg and 1.27 mg of 6-
gingerol, 8-gingerol, 10-gingerol and 6-shogaols,
respectively [143]. Pretreatment of ginger inhibits
the induced hyperglycemia, hyperinsulinemia and
hyperlipidemia [144]. Its contains zingiberol, the
principal aroma contributing component as well as
gingerol, shogaols, paradols, zingiberene, gingediol,
diarylheptanoids, vitamins and phytosteroles [145].
The antioxidant activity of ginger extract is depend
on the concentration of 6-gingerol in the extract. In
a study, it was investigated the concentration 6-
gingerol is highly related to the antihyperlipidemic
effects of ginger extract in fructose induced
hypolipidemic rats [146]. Diabetes is disorder of
carbohydrate metabolism that leads to low blood
insulin level [147-149]. Ginger and its constituents
significantly controlled diabetes through decreasing
blood glucose level86 and inhibition of oxidative
stress and anti-inflammatory process. Studies have
suggested that ginger may improve insulin
sensitivity in body. The mineral element of ginger is
effective for the same [61, 89, 136, 137, 150].
Ginger has been used as a spice and as natural
additives for more than 2000 years [2]. Also, ginger
has many medicinal properties.
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Studies have shown that, the long term dietary
intake of ginger has hypoglycaemic and
hypolipidaemic effect [149]. The change in the
dietary style and low physical activity generates
many lifestyle related disorders like blood pressure,
obesity, CVD and many others. Among these
Diabetes mellitus is rapidly growing health
complication and one of the foremost reasons of
casualties in the world. In a survey, it has been
estimated that if this diseases remain increasing
with the current rate then in 2030 it will harm about
367 million peoples worldwide [151]. It is a
persistent metabolic disorder occurs in result of
lower physiological activity and high caloric intake
[152]. In this context, scientist and doctors are
trying to explore anti-diabetic activity of different
plants based food items. In the past few years the
effectiveness and anti-diabetic activity of ginger has
been tested in many studies and it is proved as a
safe herbal medicine. Bhandari and Pillai [153]
studies on that the oral administration of ethanolic
ginger extract in rabbits has significantly reduce the
blood glucose level. Another study was conducted
to explore the cholesterol reducing effect of ginger
extract by Al-Qattan et al. [154] in which aqueous
ginger extract was given at dose of 500 mg/kg of
rats for 4 weeks. The hematological studies proved
that ginger extract subsequently reduces the fasting
blood glucose level. The anti-diabetic activity of
ginger extract is depends upon the concentration of
6-gingerol. It enhances insulin-sensitive glucose
uptake by stimulating the differentiation of 3T3-L1
preadipocytes [155]. Akhnai et al. [156] reported
that the ginger juice significantly cures the 5-
hydroxytryptamine-(5-HT-) induced acute
hyperglycemia. It was also conclude from study that
in STZ-induced diabetic rats oral glucose tolerance
test shows that ginger consumption significantly
reduces the area under the curve of serum glucose
level and increases the area under insulin curve.
Commonly conventional solvents are considered as
best extraction medium for 6-gingerol. The
methanol gives best results as compared to the other
organic solvents. Kadnur and Goyal, [157]
examined that the methanolic extract of ginger is
also more effective in reducing lipid profiles, body
weight, glucose and insulin levels in the fructose
induced hyperglycemic rats. Its activity depends on
the higher concentration of 6-gingerol present in it.
Bhandari et al. [158] compared the anti-diabetic
potential of dried ethanolic extract against the
standard anti-hyperglycemic drug “Gliclzide”.
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The ginger extracts oral administration for 20 days
shows significant hypoglycemic effect comparison
of drug. Likewise Han et al. [159] explored that
aqueous extract of ginger reduces the hydrolysis of
triolein emulsified with phosphatidylcholine by
pancreatic lipase in vitro and reduced the elevation
of rat plasma triacylglycerol levels after oral
administration of a lipid emulsion containing corn
oil. Recently, Al-Amin et al. [160] studied the
hypoglycemic potentials of ginger in streptozotocin
(STZ)-induced diabetic rats given an aqueous
extract of raw ginger daily (500 mg/kg,
intraperitoneally) for a period of 7 weeks. Blood
serum from fasting animals was analyzed for
glucose, cholesterol and triacylglycerol levels. The
STZ-injected rats  exhibited  hyperglycemia
accompanied by weight loss. At a dose of 500
mg/kg, raw ginger was significantly effective in
lowering serum  glucose, cholesterol and
triacylglycerol levels in the ginger-treated diabetic
rats compared with the control diabetic rats. The
ginger-treated diabetic rats sustained their initial
weights during the treatment period, decreased
water intake. Thus, ginger may be of value in
managing the effects of diabetic complications in
human subjects.

Aldose reductase inhibitors are now considered to
have remarkable potential for the treatment of
diabetes and its complications without increased
risk of hypoglycemia [161]. In a study concluded
that ginger has glucose lowering effect in the
normal rats after the 1 hour of administration [162].
In the STZ- induced diabetic rat models investigated
that ethanolic extract of ginger (800mg/kg)
significantly lower the blood glucose concentration
after 1 hour of administration. Its highest activity
was recorded after 4 hours, where it showed dose
(100-800 mg/kg) dependent decrease in blood
glucose level about 24-53% [162]. In the
streptozotocin-induced diabetic rat model, rats that
were fed ginger exhibited better glucose tolerance
and higher serum insulin levels than untreated rats,
suggesting that it could help control blood sugar
levels [163]. Further-more, Nammi et al. [164]
assert that the ethanolic extract of ginger at 100,
200, and 400 mg/kg body weight reduced body
weights and levels of glucose, insulin, total
cholesterol, LDL cholesterol, triglycerides, free
fatty acids, and phospholipids in high-fat diets
[162]. Recently, Heimes et al. [165] supported the
hypoglycemic potential of ginger.
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Islam and Choi [163] suggested that ginger has
insulin optropic properties that are mainly attributed
to its glucose-lowering potential [146, 155, 165].
Diabetes mellitus is known as a severe metabolic
disorder caused by insulin deficiency and/or insulin
resistance, resulting in an abnormal increase in
blood glucose. Prolonged hyperglycemia could
accelerate protein glycation and the formation of
advanced glycation end products (AGEs) [166].
Many research works have evaluated the
antidiabetic e_ect of ginger and its major active
constituents [167]. An in vitro experiment resulted
in both 6-shogaol and 6-gingerol preventing the
progression of diabetic complications, and they
inhibited the production of AGEs by trapping
methylglyoxal (MGO), the precursor of AGESs
[166]. Ginger is having powerful antioxidant
activity due to its oil which has protective effect on
DNA damage. They have demonstrated this effect
in many cell culture [106,113,168-170]. The genus
Zingiber contains approximately 85 species [171].
The main species of ginger consumed in Brazil is Z.
officinale Roscoe, whose bioactive compounds
gingerol, shogaol and other gingerones confer its
characteristic flavor, aromaand anti-inflammatory
properties. For these reasons it is mainlyused in
medicines and for culinary purposes [172, 173].

Neuroprotective and Antiemetic effect

Ginger and its constituents showed neuroprotective
effect through the inhibition of microglia by
accelerating brain antioxidant defense mechanisms
and decreasing the MDA levels to the normal levels
in the diabetic rats [162, 174]. Ginger and its
constituents such as  gingerols, shogaols,
galanolactone and diterpenoid illustrate a significant
effect on nausea and vomiting [50, 175]. The extract
of ginger also possessed 5HT3 receptor antagonism
and anti-serotoninergic effect on animal model [50,
175, 176].

4.Conclusion

It can be concluded that ginger is a good source of
antioxidant and most of the antioxidant components
exhibit higher activities in alcoholic media as
determined by different assays. Hence, apart from
its medicinal properties, ginger can also be used as
an antioxidant supplement. The present review
sought to document and comment on the
publications that have appeared on ginger and its
constituents in the last 10 years or so.
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The papers reviewed provide another example of
how it may be possible to explain the action(s) of
folk medicines in terms of conventional
biochemistry and pharmacology. Ginger and many
of its chemical constituents have strong anti-oxidant
actions. Ginger and many of its chemical
constituents have been shown, in numerous clinical
studies, to be useful in combating postoperative
vomiting and vomiting of pregnancy. More studies
are also required on the kinetics of ginger and its
constituents and on the effects of their consumption
over a long period of time. Ginger is considered to
be a safe herbal medicine with only few and
insignificant adverse/side effects [4]. There are
several evidences from literatures on the medicinal
properties of ginger. Apart from their appreciable
roles in nutrition, they have been reported to possess
several medicinal properties such as antioxidant,
anti-inflammatory, rheumatologic, blood circulation
booster, anti-cramp, anti-ulcer, anticholinergic,
analgesic, antimicrobial, anti-stress, anti-cancer,
immunity booster and anti-diabetic.

The active components of ginger is reported to
stimulate digestion, absorption, relieve constipation
and flatulence by increasing muscular activity in the
digestive. The rhizome of Ginger, Zingiberaceae
family, is widely used and most popular as a
culinary spice in cooking to add flavor and color in
Traditional medicines for more than thousands of
years. Ginger contains a number of chemical
constituents such as gingerol, shogaol, paradol,
oleoresins which are responsible to provide different
pharmacological actions. Ginger used in beverage
formulations, condiments, baby foods and in bakery
products to enhance and create a spicy and crunch
flavor. Many researchers have lot of interest in
developing ginger as a less toxic and effective
therapy for diseases and they have been proven
about ginger’s pharmacological activities such as
cardio-protective activity, anti-inflammatory
activity,  anti-microbial  activity, antioxidant
property, anti-proliferative activity, neuro-protective
activity and hepato protective activities. Even
though from these activites of ginger, respiratory
tract infection, cancer and tumor treatments are still
remaining to be prove that extending the further and
future research with a positive outcome [59].



Tatiana Zhukovets et. al. / Journal of Agroalimentary Processes and Technologies 2020, 26(3)

Compliance with Ethics
declare

Authors
ethics

Requirements.

that they respect the journal’s

requirements. Authors declare that they have no conflict
of interest and all procedures involving human or animal
subjects (if exist) respect the specific regulation and
standards.

References

1.

10.

11.

12.

Han, Y.A., Song, C.W., Koh, W.S., Yon, G.H.,
Kim, Y.S., Ryu, S.Y., Kwon, H.J., Lee, K.H., Anti-
inflammatory effects of the Zingiber offcinale
Roscoe constituent  12-dehydrogingerdione in
lipopolysaccharide-stimulated raw 264.7 cells.
Phytother. Res., 2013, 27, 1200-1205.

Bartley, J., Jacobs, A. Effects of drying on flavour
compounds in Australian-grown ginger (Zingiber
officinale). J. Sci. Food Agric., 2000, 80(2), 209-
215.

Chevallier, A. Acta Otolaryngol. 1989, 108(3-4),
168-74.

Zadeh, J.B., Moradi-Kor, N. Physiological and
pharmaceutical effects of Ginger (Zingiber
officinale Roscoe) as a valuable medicinal plant.
European Journal of Experimental Biology. 2013,
4(1), 87-90

Evans WC. Trease and Evans Pharmacognosy, 16th
Edn, Saunders Elsevier, 2002, 289-292. Evans,
W.C. Ginger Trease and Evans Pharmacognosy,
15th Ed. WB Saunders, Edinburgh, UK., 2002, 277-
280.

Ali, B.H., Blunden, G., Tanira, M.O., Nemmar A.
Some  phytochemical, pharmacological and
toxicological properties of ginger (Zingiber
officinale): a review of recent research. Food Chem.
Toxicol. 2008, 46, 409-420.

Park, J., Hwang, H., Lee, J. Quality of ginger
powder as affected by concentration and
dehydration methods of ginger extracts. Korean J.
Food Sci. Technol. 2006, 36, 311-318.

Shukla, Y., Singh, M. Cancer preventive properties
of ginger: a brief review. Food Chem.Toxicol.,
2007, 45, 683-690.

Everett, T.H. The New York Botanical Garden
Illustrated Encyclopedia of Horticulture. Taylor &
Francis, 1982, 10, 3591.

Connell, D., Sutherland, M. A re-examination of
gingerol, shogaol and zingerone, the pungent
principles ofGinger (Zingiber officinale Roscoe).
Aust. J. Chem., 1969, 22(5), 1033-1043.

Srivastava, K.C. Aqueous extracts of onion, garlic
and ginger inhibit platelet aggregation and alter
arachidonic acid metabolism. Biomed. Biochim.
Acta. 1984, 43(8-9), 335-346.

Prasad, S., Tyagi, A.K. Ginger and its constituents:
role in prevention and treatment of gastrointestinal
cancer. Gastroent. Res. Pract. 2015, 142979.

210

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Tyler, V.E. The Therapeutic Use of
Phytomedicinals, Pharmaceutical Products Press,
New York, NY, USA, 1994.

Mao,Q-Q., Xu, X.-Y., Cao, S.-Y., Gan, R.-Y,,
Corke, H., Beta, T., Li, H.-B. Bioactive
Compounds and Bioactivities of Ginger (Zingiber
offcinale Roscoe). Foods. 2019, 8,185-206.

Stoner, G.D.. Ginger: Is it ready for prime time?
Cancer Prev. Res. 2013, 6, 257-262. [CrossRef]
Ghafoor, K., Al Juhaimi, F., Ozcan, M.M., Uslu, N.,
Babiker, E.E., Ahmed, I.A.M. Total phenolics, total
carotenoids, individual phenolics and antioxidant
activity of ginger (Zingiber officinale) rhizome as
affected by drying methods. LWT - Food Science
and Technology. 2020, 126, 109354.

Al-Awwadi, N.A.J. Anti diabetics effect of Achillea
santolina aqueous leaves extract, Int. J. Med. Plants
Res. 2013, 4(7), 151-156.

Nile, S.H., Park, S.W. Chromatographic analysis,
antioxidant, anti-inflammatory, and xanthine
oxidase inhibitory activities of ginger extracts and
its reference compounds. Indust. Crops Prod. 2015,
70, 238-244

Zhang, M., Viennois, E., Prasad, M., Zhang,
Y.,Wang, L., Zhang, Z., Han, M.K., Xiao, B., Xu,
C., Srinivasan, S., et al. Edible ginger-derived
nanoparticles: A novel therapeutic approach for the
prevention and treatment of inflammatory bowel
disease and colitis-associated cancer. Biomaterials,
2016, 101, 321-340.

Kumar, N.V., Murthy, P.S., Manjunatha, J.R.,
Bettadaiah, B.K. Synthesis and quorum sensing
inhibitory activity of key phenolic compounds of
ginger and their derivatives. Food Chem. 2014, 159,
451-457.

Citronberg, J., Bostick, R., Ahearn, T., Turgeon,
D.K., Run, M.T., Djuric, Z., Sen, A., Langner, E.,
Greifenberg, S., Gruenwald, J. Ginger: history and
use. Advances in Therapy, 1998, 15, 25-44.

Ho, S., Chang, K., Lin, C. Anti-neuroinflammatory
capacity of fresh ginger is attributed mainly to 10-
gingerol. Food Chem. 2013, 141, 3183-3191.
Akinyemi, AJ., Thome, G.R., Morsch, V.M,
Stefanello, N., Goularte, J.F., Bello-Klein, A,
Oboh, G., Chitolina Schetinger, M.R. Effect of
dietary supplementation of ginger and turmeric
rhizomes on angiotensin-1 converting enzyme
(ACE) and arginase activities in L-NAME induced
hypertensive rats. J. Funct. Foods. 2015, 17, 792—
801.

Suk, S., Kwon, G.T., Lee, E., Jang, W.J., Yang, H.,
Kim, J.H., Thimmegowda, N.R., Chung, M., Kwon,
J.Y., Yang, S.; et al. Gingerenone A, a polyphenol
present in ginger, suppresses obesity and adipose
tissue inflammation in high-fat diet-fed mice. Mol.
Nutr. Food Res. 2017, 61, 1700139.


https://www.researchgate.net/journal/2248-9215_European_Journal_of_Experimental_Biology

Tatiana Zhukovets et. al. / Journal of Agroalimentary Processes and Technologies 2020, 26(3)

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Wei, C., Tsai, Y., Korinek, M., Hung, P., El-Shazly,
M., Cheng, Y.Wu, Y., Hsieh, T., Chang, F. 6-
Paradol and shogaol, the pungent compounds of
ginger, promote glucose utilization in adipocytes
and myotubes, and 6-paradol reduces blood glucose
in high-fat diet-fed mice. Int. J. Mol. Sci. 2017, 18,
168.

Walstab, J., Krueger, D., Stark, T., Hofmann, T.,
Demir, LE., Ceyhan, G.O., Feistel, B., Schemann,
M., Niesler, B. Ginger and its pungent constituents
non-competitively inhibit activation of human
recombinant and native 5-HT3 receptors of enteric
neurons. Neurogastroent. Motil. 2013, 25, 439-447.
Townsend, E.A., Siviski, M.E., Zhang, Y., Xu, C,,
Hoonjan, B., Emala, C.W. Effects of ginger and its
constituents on airway smooth muscle relaxation
and calcium regulation. Am. J. Resp. Cell Mol.
2013, 48, 157-163.

Deb, L., Singh, K.R., Singh, K.B., Thongam, B.
Some ethno-medicinal plants usedby the native
practitioners of chandel district, Manipur, India. Int.
Res. J. Pharm. 2011, 2, 199-200.

Mustafa, T., Srivastava, K.C. Possible leads for
arachidonic acid metabolism altering drugs from
natural products. J. Drug Dev. 1990, 3, 47-60.
Schadich, E., Hlavac, J., Volna, T., Varanasi, L.,
Hajduch, M., Dzubak, P. Effects of ginger
phenylpropanoids and quercetin on Nrf2-ARE
pathway in human BJ fibroblasts and HaCaT
keratinocytes. Biomed Res. Int. 2016, 2173275.

Ji, K., Fang, L., Zhao, H., Li, Q., Shi, Y., Xu, C,,
Wang, Y., Du, L., Wang, J., Liu, Q. Ginger
oleoresin alleviated gamma-ray irradiation-induced
reactive oxygen species via the Nrf2 protective
response in human mesenchymal stem cells. Oxid.
Med. Cell. Longev. 2017, 1480294.

Yeh, H.; Chuang, C.; Chen, H.; Wan, C.; Chen, T.;
Lin, L. Bioactive components analysis of two
various gingers (Zingiber offcinale Roscoe) and
antioxidant effect of ginger extracts. LWT-Food Sci.
Technol. 2014, 55, 329-334.

Shirin, A.P., Prakash, J. Chemical composition and
antioxidant properties of ginger root (Zingiber
officinale).  Journal of Medicinal Plant
Research 2011, 4(24), 2674-2679.

Demin, G., Yingying, Z. Comparative antibacterial
activities of crude polysaccharides and flavonoids
from Zingiber officinale and their extraction,”
American Journal of Tropical Medicine, 2010, 5,
235-238.

Gugnani, H.C. and Ezenwanze, E.C. (1985).
Antibacterial activity of extracts of ginger and
African oil bean seed. J. Commun Dis. 1985, 17,
233.

Nwinuka N, Ibeh G, Ekeke. Proximate composition
and levels of some toxicants in four commonly
consumed spices. J. Appl. Sci. Environ. Mgt. 2005,
9(1), 150-155.

211

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Hussain, J., Bahader, A., Ullah, F., Rehman, N.,
Khan, A., Ullah, W., Shinwari, Z. Proximate and
Nutrient Analysis of the Locally Manufactured
Herbal Medicines and its Raw Material. J. Am. Sci.
2009, 5(6), 1-5.

Odebunmi, E., Oluwaniyi, O., Bashiru, M.
Comparative Proximate Analysis of Some Food
Condiments. J. App. Sci. Res., 2010, 6(3), 272-274.
Gopalan, C., Rama Sastri, B.V., Balasubramanian,
S.C., Rao, N.B.S., Deosthale,. YG., Pant, K.C.
Nutritive value of indian foods. Hyderabad,
National Institute of Nutrition Indian Council of
Medical Research, 2004

Duke, J.A., Ayensu, E.S. Medicinal Plants of China.
Medicinal Plants of the World. Algonac, MI:
Reference Publications, USA, 1985, 362.

Langner, E., Greifenberg, S.and J. Gruenwald,
Ginger: history and use. Advances in Therapy,
1998, 15(1), 25-44.

Avato, P., Tursil, E., Vitali, C., Miccolis, V.,
Cadido, V. Allyl Sulphide Constituents of Garlic
Volatile  Qil as  Antimicrobial Agents.
Phytomedicine. 2000, 7, 239-243.

Kapil, U., Sood, A.K., Gaur, D.R. Maternal Beliefs
Regarding Diet during Common Childhood
IlInesses. Indian Pediatr. 1990, 27, 595-599.
Qureshi, S., Shah, A.H., Tarig, M., Ageel, A.M.
Studies on Herbal Aphrodisiacs Used In Arab
System of Medicine. Am. J. Chin. Med. 1989, 17,
57-63.

Blumenthal, M., Busse, W., German, C.E.
Monographs:  Therapeutic  Monographs  on
Medicinal Plants for Human Use. Austin, TX:
American Botanical Council. 1997

Kamtchouing, P., Mbongue, F.G.Y., Dimo, T.,
Jasta, H.B., Evaluation of andogenic activity of
Zingiber officinale Andpentadiplandra Brazzeara In
Male. Asian J. Androl. 2000, 4, 299-301.

Afzal, M., Al-hadidi, D., Menon, M., Pesek, J.,
Dhami, M.S. Ginger: An Ethnomedical, Chemical
and Pharmacological Review. Drug Interact. 2011,
18, 159-190.

Grzanna, R., Lindmark, L.and C. G. Frondoza,
Ginger - an herbal medicinal product with broad
anti-inflammatory actions. Journal of Medicinal
Food, 2005, 8, 125-132.

Qian, D.S., Liu, Z.S. Pharmacologic studies of
antimotion sickness actions of ginger. Chung Kuo
Chung Hsi | Chieh Ho Tsa Chih 1992, 12, 95-98.
Huang, Q., lwamoto, M., Aoki, S., Tanaka, N.,
Tajima, K., Yamahara, J. Anti-5-hydroxytryptamine
effect of galanolactone, diterpenoid isolated from
ginger. Chem. Pharm. Bull. 1991, 39, 397-399.
Pecoraro, A., Patel, J., Guthrie, T., Ndubisi, B.
Efficacy of ginger as an adjunctive anti-emetic in
acute chemotherapy-induced nausea and vomiting.
ASHP Midyear Clinical Meeting. 1998, 33, 429.


https://www.researchgate.net/journal/1996-0875_Journal_of_medicinal_plant_research
https://www.researchgate.net/journal/1996-0875_Journal_of_medicinal_plant_research

Tatiana Zhukovets et. al. / Journal of Agroalimentary Processes and Technologies 2020, 26(3)

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Anonymous. Monographs on the medicinal uses of
plants. Exeter: European Scientific Cooperative on
Phytotherapy, 1997

Frisch, C., Hasenohrl, R.U., Mattern, C.M., Hacker,
R., Huston, J.P. Blockade of lithium chloride-
induced conditioned place aversion as a test for
antiemetic agents: comparison of metoclopramide
with combined extracts of Zingiber officinale and
Ginkgo biloba. Pharmacol. Biochem. Behav. 1995,
52, 321-327.

Kelly, C.Z., Marques, M.O.M., Petenate, A.J.,
Meireles,M.A.A. Extraction of ginger (Zingiber
officinale Roscoe) oleoresin with CO, and co-
solvents: a study of the antioxidant action of the
extracts. J. Supercrit. Fluids. 2002, 24, 57-76.
Sasidharan, 1., Venugopal, V.V., Menon, A.N.
Essential oil composition of two unique ginger
(Zingiber officinale) cultivars from Sikkim. Natural
Product Res. 2012, 26, 1759-1764

Govindarajan, V.S. Ginger: Chemistry, technology,
and quality evaluation: Part 1. Crit Rev Food Sci
Nutr. 1982, 17, 1-96.

Wang, W.H., Wang, Z.M. Studies of commonly
used traditional medicine-ginger. Zhongguo Zhong
Yao Za Zhi, 2005, 30, 1569-1573.

Tapsell, L.C., Hemphill, I., Cobiac, L., Patch, C.S.,
Sullivan, D.R., Fenech, M., Roodenrys, S., Keogh,
J.B., Clifton, P.M., Williams, P.G., Fazio, V.A,,
Inge, K.E. Health benefits of herbs and spices: the

past the present, the future. Med. J. Aust. 2006,
185, 4-24.

59.Pratap, S.R., Gangadharappa, H. V.,
Mruthunjaya, K. Ginger: A Potential

Neutraceutical, An Updated Review. Int. J. Pharm.
Phytochem. Res. 2017, 9(9), 1227-1238

Kumar, A., Goyal, R., Kumar, S., Jain, S., Jain, N.,
et al. Estrogenic and Anti-Alzheimer’s studies of
Zingiber officinalis as well as Amomum subulatum
Roxb.: the success story of dry techniques. Med
Chem Res. 2015, 24(3), 1089-1097.

Pushpanathan, T. The essential oil of Zingiber
officinalis Linn (Zingiberaceae) as a mosquito
larvicidal and repellent agent against the filarial
vector Culex quinquefasciatus Say (Diptera
Culicidae). Parasitol. Res. 2008, 102(6), 1289-
1291.

Verma, S.K., Singh, J., Khamesra, R., Bordia, A.
(1993). Effect of ginger on platelet aggregation in
man. Indian J. Med. Res. 1993, 98, 240-242.
Poprac, P., Jomova, K., Simunkova, M., Kollar, V.,
Rhodes, C.J., Valko, M. Targeting free radicals in
oxidative stress-related human diseases. Trends
Pharmacol. Sci. 2017, 38, 592-607.

Song, F., Gan, R., Zhang, Y., Xiao, Q., Kuang, L.,
Li, H. Total phenolic contents and antioxidant
capacities of selected chinese medicinal plants. Int.
J. Mol. Sci. 2010, 11, 2362-2372.

212

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Fu, L., Xu, B., Gan, R., Zhang, Y., Xu, X., Xia, E.,
Li, H. Total phenolic contents and antioxidant
capacities of herbal and tea infusions. Int. J. Mol.
Sci. 2011a, 12, 2112-2124.

Fu, L., Xu, B., Xu, X., Gan, R., Zhang, Y., Xia, E.,
Li, H. Antioxidant capacities and total phenolic
contents of 62 fruits. Food Chem. 2011b, 129, 345—
350.

Guo, Y., Deng, G., Xu, X., Wu, S,, Li, S., Xia, E.,
Li, F., Chen, F.,, LingW., Li, H. Antioxidant
capacities, phenolic compounds and polysaccharide
contents of 49 edible macro-fungi. Food Funct.
2012, 3, 1195-1205.

Deng, G., Xu, X., Guo, Y., Xia, E., Li, S., Wu, S,,
Chen, F., Ling, W., Li, H. Determination of
antioxidant property and their lipophilic and
hydrophilic phenolic contents in cereal grains. J.
Funct. Foods 2012, 4, 906-914.

Li, S., Li, S., Gan, R,, Song, F., Kuang, L., Li, H.
Antioxidant capacities and total phenolic contents
of infusions from 223 medicinal plants. Ind. Crop.
Prod. 2013, 51, 289-298.

Deng, G., Lin, X., Xu, X,; Gao, L., Xie, J., Li, H.
Antioxidant capacities and total phenolic contents
of 56 vegetables. J. Funct. Foods, 2013, 5, 260-
266.

Abolaji, A.O., Ojo, M., Afolabi, T.T., Arowoogun,
M.D., Nwawolor, D., Farombi, E.O. Protective
properties of 6-gingerol-rich fraction from Zingiber
offcinale (ginger) on chlorpyrifos-induced oxidative
damage and inflammation in the brain, ovary and
uterus of rats. Chem. Biol. Interact. 2017, 270, 15—
23.

Li, Y., Hong, Y., Han, Y., Wang, Y. Xia, L.
Chemical characterization and antioxidant activities
comparison in fresh, dried, stir-frying and
carbonized ginger. J. Chromatogr. B, 2016, 1011,
223-232.

Sakulnarmrat, K., Srzednicki, G., Konczak, |I.
Antioxidant, enzyme inhibitory and antiproliferative
activity of polyphenolic-rich fraction of commercial
dry ginger powder. Int. J. Food Sci. Tech. 2015, 50,
2229-2235.

Akinyemi, A.J., Ademiluyi, A.O., Oboh, G.
Aqueous extracts of two varieties of ginger
(Zingiber  officinale) inhibit angiotensin |-
converting enzyme, iron(ll), and  sodium

nitroprusside-induced lipid peroxidation in the rat
heart in vitro. J. Med. Food, 2013, 16, 641-646.
Awan, U.A., Ali, S., Shahnawaz, A.M., Shafique, I.,
Zafar, A., Khan, M.ARR., Ghous, T., Saleem, A,
Andleeb, S. Biological activities of Allium sativum
and Zingiber offcinale extracts on clinically
important bacterial pathogens, their phytochemical
and FT-IR spectroscopic analysis. Pak. J. Pharm.
Sci. 2017, 30, 729-745.



Tatiana Zhukovets et. al. / Journal of Agroalimentary Processes and Technologies 2020, 26(3)

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Moon, Y., Lee, H., Lee, S. Inhibitory effects of
three monoterpenes from ginger essential oil on
growth and aflatoxin production of Aspergillus
flavus and their gene regulation in aflatoxin
biosynthesis. Appl. Biol. Chem. 2018, 61, 243-250.
Nassan, M.A., Mohamed, E.H. Immunopathological
and antimicrobial effect of black pepper, ginger and
thyme extracts on experimental model of acute
hematogenous pyelonephritis in albino rats. Int. J.
Immunopath. Ph. 2014, 27, 531-541.

Nerilo, S.B., Rocha, G.H.O., Tomoike, C., Mossini,
S.A.G., Grespan, R., Mikcha, J.M.G., Machinski,
M., Jr. Antifungal properties and inhibitory effects
upon aflatoxin production by Zingiber offcinale
essential oil in Aspergillus flavus. Int. J. Food Sci.
Tech. 2016, 51, 286-292.

Hasan, S.; Danishuddin, M.; Khan, A.U. Inhibitory
effect of Zingiber offcinale towards Streptococcus
mutans virulence and caries development: in vitro
and in vivo studies. BMC Microbiol. 2015, 15, 1.
Chen, I., Chang, C., Ng, C., Wang, C., Shyu, Y.,
Chang, T. Antioxidant and antimicrobial activity of
Zingiberaceae plants in Taiwan. Plant Food Hum.
Nutr. 2008, 63(1), 15-20.

Ramaa, C.S., Shirode, A.R., Mundada, A.S.,
Kadam,V.J. Nutraceuticals-an emerging era in the
treatment and prevention of cardiovascular diseases.
Current pharma. Biotechnol. 2006, 7, 15-23.

Kota, N., Krishna, P., Polasa, K. Alterations in
antioxidant status of rats following intake of ginger
through diet. Food Chem. 2008, 106, 991-996.
Hussein, M.R., Abu-Dief, E.E., Abd EI-Reheem,
M.H., Abd-Elrahman, A.Ultrastructural evaluation
of the radioprotective effects of melatonin 237
against X-ray-induced skin damage in Albino rats.
Int. J. Exp. Pathol. 2005, 86, 45-55.

Huang, G.J., Deng, J.S., Chen, H.J., Huang, S.S.,
Wu, C.H., Liao, J.C., Lin,Y.H. Inhibition of reactive
nitrogen species and vivo by thioredoxin from sweet
potato ‘Tainong 57’storage roots. Food Chem.
2012, 131, 552-557.

Dugasani, S, Pichika MR, Nadarajah VD,
Balijepalli MK, Tandra S, Korlakunta, J.N.
Comparative antioxidant and anti-inflammatory
effects of [6]-gingerol, [8]-gingerol, [10]-gingerol
and [6]-shogaol. J. Ethnopharmacol. 2010, 127,
515-520.

Topic, B., Hasenohrl, R.U., Hacker,R., Huston, J.P.
Enhanced conditioned inhibitory avoidance by a
combined extract of (Zingiber officinale) and
Ginkgo biloba. Phytother Res. 2002, 6, 312-315.
Mallikarjuna, K., Sahitya, C.P.S., Reddy, K.,
Rajendra,W. Ethanol toxicity: rehabilitation of
hepatic antioxidant defense system with dietary
ginger. Fitoterapia. 2008, 79, 174-178.

213

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Chrubasik, S., Pittler, M.H., Roufogalis, B.D.
Zingiber isrhizoma: a comprehensive review on the
ginger effect and efficacy profiles. Phytomed. 2005,
12, 684-701.

El-Sharaky, A.S., Newairy, A.A.,, Kamel, M.A.
Protective effect of ginger extract against
bromobenzene-induced hepatotoxicity in male rats.
Food Chem. Toxicol. 2009, 47(7), 1584-1590.
Ippoushi, K., Azuma, K., Ito, H., Horie, H.,
Higashio, H. Gingerol inhibits nitric oxide synthesis
in activated J774.1 mouse macrophages and
prevents  peroxynitrite-induced oxidation and
nitration reactions. Life Sci., 2003, 73, 3427-3437.
Park, S.H., Kyeong, M.S., Hwang, Y., Ryu, S.Y.,
Han, S.B., Kim,Y. Inhibition of LPS binding to
MD-2 co-receptor for suppressing TLR4-mediated
expression of inflammatory cytokine by 1-dehydro-
10-gingerdione from dietary ginger.
Biochem.Biophys. Res. Commun. 2012, 419, 735-
740.

Ahmed, R.S., Suke, S.G., Seth, V., Chakraborti, A.,
Tripathi, A.K., Banerjee, B.D. Protective effects of
dietary ginger (Zingiber officinales Rosc.) on
lindane-induced oxidative stress in rats. Phytother.
Res. 2008, 22(7), 902-906.

Hasham-Hisam, R., Noor, N.M., Roslan, M.N.,
Sarmidi, M.R., Aziz, R.A., Opti-mization of
extraction conditions of antioxidant activity from
Zingiber zerumbet oleoresin. J. Appl. Sci. 2011, 11,
2394-2399

Uz,. E, Karatas, O.F.,, Mete E., Bayrak, R., Bayrak,
0., Atmaca, A.F., Atis, O., Yildirim, M.E., Akcay,
A. The effect of dietary ginger (Zingiber officinale
Rosc.) on renal ischemia/reperfusion injury in rat
kidneys. Ren Fail. 2009, 31(4), 251-260.

Ceriello, A., Mercuri, F., Quagliaro, L., Assaloni,
R., Motz, E., Tonutti, L., Taboga, C. Detection of
nitro tyrosine in the diabetic plasma: evidence of
oxidative stress. Diabetologia. 2001, 44, 834-838.
Brownlee, M. The pathobiology of diabetic
complications: a unifying mechanism. Diabetes,
2005, 54, 1615- 1625.

Shyur, L.F., Tsung, J.H., Chen, J.H., Chiu, C.Y,,
Lo, C.P. Antioxidant Properties of Extracts from
Medicinal Plants Popularly Used in Taiwan
Oxidative stress play a significant effect in the
pathogenesis of various types of disease. Int. J.
Appl. Sci. Eng. 2005, 3, 195-202.

Krishnakantha,. TP., Lokesh,. BR. Scavenging of
superoxide anions by spice principles. Indian J.
Biochem. Biophys. 1993, 30, 133-134.

Reddy, V., Urooj, A., Kumar, A. Evaluation of
antioxidant activity of some plant extracts and their
application in biscuits. Food Chem. 2005, 50, 6550-
6556.

100. Ody, P. London: Dorling- Kinderesly. 2000



Tatiana Zhukovets et. al. / Journal of Agroalimentary Processes and Technologies 2020, 26(3)

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112,

Duarte, M.C. Antileishmanial activity and
mechanism of action from a purified fraction of
Zingiber officinalis Roscoe against Leishmania
amazonensis. Exp. Parasitol. 2016, 166, 21-28.

Li, F., Nitteranon, V., Tang, X., Liang, J., Zhang,
G., Parkin, K.L., Hu, Q. In vitro antioxidant and
anti-inflammatory activities of 1-dehydro-[6]-
gingerdione, 6-shogaol, 6-dehydroshogaol and
hexahydrocurcumin. Food Chem. 2012, 135(2),
332-337.

Nasri, H., Nematbakhsh, M., Ghobadi, S., Ansari,
R., Shahinfard, N., Rafieian- Kopaei, M. Preventive
and curative effects of ginger extract against
histopathologic changes of gentamicin-induced
tubular toxicity in rats. Int. J. Prev. Med. 2013, 4(3),
316-321.

Ha, S.K., Moon E., Ju, M.S., Kim, D.H., Ryu, J.H.,
Oh, M.S., Kim, S.Y. 6-Shogaol, a ginger product,
modulates neuroinflammation: a new approach to
neuroprotection. Neuropharmacology 2012, 63(2),
211-223.

Chen, B.H., Wu, P.Y., Chen, K.M., Fu, T.F., Wang,
H.M., Chen, C.Y. Antiallergic potential on RBL-
2H3 cells of some phenolic constituents of Zingiber
officinale (Ginger) J. Nat. Prod. 2009, 72, 950-953.
Chaiyakunapruk, N., Kitikannakorn, N.,,
Nathisuwan S., Leeprakobboon, K., Leelasettagool,
C. The efficacy of ginger for the prevention of
postoperative nausea and vomiting: a meta-analysis.
Am. J. Obstet. Gynecol 2006, 194(1), 95-99.

Lantz,. RC., Chen, G.J., Sarihan, M., S6lyom, A.M.,
Jolad, S.D., Timmermann, B.N. The effect of
extracts from ginger rhizome on inflammatory
mediator production. Phytomedicine 2007, 14, 123-
128.

Ernst, E., Pittle,r M.H. Randomized controlled trial
of ginger to treat nausea and vomiting in pregnancy.
Obstet. Gynecol. 2004, 103(4), 639-645.

Liao, Y.R., Leu, Y.L., Chan, Y.Y., Kuo, P.C., Wu,
T.S. Anti-platelet aggregation and vasorelaxing
effects of the constituents of the rhizomes of
Zingiber officinale. Molecules 2012, 17(8), 8928-
8937.

Jagetia, G., Baliga,, M, Venkatesh, P. Ginger
(Zingiber officinale Rosc.), a dietary supplement,
protects mice against radiation-induced lethality:
Mechanism of action. Cancer Biother Radiopharm.
2004, 19(4), 422-435.

Tjendraputra, E., Tran, V.H., Liu-Brennan, D.,
Roufogalis, B.D., Duke, C.C. Effect of ginger
constituents and  synthetic  analogues on
cyclooxygenase-2 enzyme in intact cells.
Bioorganic Chem. 2001, 29, 156-163.

Kubra, I.R., Murthy, P.S., Rao, L.J. In vitro
antifungal activity of dehydrozingerone and its
fungitoxic properties. J. Food Sci. 2013, 78(1), 64-
69

214

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Ramkissoon, J.S., Mahomoodally, M.F., Ahmed,
N., Subratty, A.H. Relationship between total
phenolic content, antioxidant potential, and
antiglycation abilities of common culinary herbs
and spices. J. Med. Food 2012, 15(12), 1116-1123.
Azu, N., Onyeagba, R. Antimicrobial Properties of
extracts of Allium cepa (Onions) and Zingiber
officinale (Ginger) on Escherichia coli, Salmonella
typhi and Bacillus subtilis. The Internet Journal of
Tropical Medicine 2007, 3, 1-10.

Miri, P., Bae, J., Lee, D.S. Antibacterial activity of
[10]-gingerol and [12]-gingerol isolated from ginger
rhizome against periodontal bacteria. Phytothery
Res. 2008, 22, 1446-1449.

Atai, Z., Atapour, M., Mohseni, M. Inhibitory effect
of Ginger Extract on Candida Albicans. Am. J.
Applied Sci. 2009, 6, 1067-1069.

Ficker, C.E., Smith, M.L., Susiarti, S., Leaman,
D.J., Irawati, C., Arnason, J.T. Inhibition of human
pathogenic fungi by members of Zingiber aceae
used by the Kenyah (Indonesian Borneo). J.
Ethnopharmacol. 2003, 85, 289-293.
Chairgulprasert, V., Prasertsongskun, S,
Wichaporn, W. Chemical constituents of the
essential oil and antibacterial activity of Zingiber
wrayi var. halabala. Songklanakarin J. Sci.
Technol. 2005, 27, 813-818

Kader, G., Nikkon, F., Rashid, M.A., Yeasmin, T.
Antimicrobial activities of therhizome extract of
Zingiber zerumbet Linn. Asian Pac. J. Trop.
Biomed., 2011, 409-412.

Misawa, K., Hashizume, K., Yamamoto, M.,
Minegishi, Y., Hase, T., Shimotoyodome, A. Ginger
extract prevents high-fat diet-induced obesity in
mice via activation of the peroxisome proliferator-
activated receptor delta pathway. J. Nutr. Biochem.
2015, 26, 1058-1067.

Mahmoud, R.H., Elnour, W.A. Comparative
evaluation of the e_cacy of ginger and orlistat on
obesity management, pancreatic lipase and liver
peroxisomal catalase enzyme in male albino rats.
Eur. Rev. Med. Pharmaco. 2013, 17, 75-83.
Townsend, E.A., Zhang, Y., Xu, C., Wakita, R,
Emala, C.W. Active components of ginger
potentiate beta-agonist-induced relaxation of airway
smooth muscle by modulating cytoskeletal
regulatory proteins. Am. J. Resp. Cell Mol. 2014,
50, 115-124.

123.  Mangprayool, T., Kupittayanant, S,
Chudapongse, N. Participation of citral in the
bronchodilatory effect of ginger oil and possible
mechanism of action. Fitoterapia, 2013, 89, 68-73.
Imo, C., Za’aku, J.S. Medicinal Properties of
Ginger and Garlic: A Review. Curr Trends
Biomedical Eng & Biosci, 2019, 18(2), 47-52.



Tatiana Zhukovets et. al. / Journal of Agroalimentary Processes and Technologies 2020, 26(3)

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Shoaib, M., Shehzad, A., Butt, M.S., Saeed, M.,
Raza, H., Niazi, S., Khan, I.M., Shakeel, A. An
Overview: Ginger, A Ttremendous Herb. J. Glob.
Innov. Agric. Soc. Sci., 2016, 4(4), 172-187.

Grant, K.L., Lutz, R.B. Alternative Therapies:
Ginger. Am. J. Health Syat. Pharm. 2000, 57, 945-
947.

Jolad, S.D., Lantz, R.C., Solyom, A.M., Chen, G.J.,
Bates, R.B., Timmermann, B.N. Fresh organically
grown ginger (Zingiber officinale) composition and

effects on LPS-induced PGE production.
Phytochem. 2004, 65,1937-1954.
Gull, 1., Saeed, M., Shaukat, H., Aslam, S.M.,

Samra, Z.Q., et al. Inhibitory effect of Allium
sativum and Zingiber officinale extracts on
clinically important drug resistant pathogenic
bacteria. Ann Clin Microbiol Antimicrob 2012, 11,
8.

Ajith, T.A., Aswathy, M.S., Hema, U. Protective
effect of Zingiber officinale roscoe against
anticancer  drug  doxorubicin-induced  acute
nephrotoxicity. Food Chem. Toxicol. 2008, 46(9),
3178-81.

Tanabe, M., Chen, Y.D., Saits, K. and Kano, Y.
Cholesterol biosynthesis inhibitory component from
Zingiber officinale Roscoe. Chem Pharm Bull.
1993, 41, 710.

Yamabhara, J., Rong, H.Q., Naitoh, Y., Kitani, T.,
Fujimura, H. Inhibition of cytotoxic drug-induced
vomiting in suncus by a ginger constituent. J
Ethnopharmacol. 1989, 27(3), 353-355.

Lumb, A.B. Effect of dried ginger on human
platelet function. Thromb Haemost. 1994, 71, 110-
111.

Halvorsen, B.L., Holte, K., Myhrstad, M.C.,
Barikmo |., Hvattum, E., Remberg, S.F., Wold,
A.B., Haffner, K., Baugergd, H., Andersen, L..F,
Moskaug, @. A systematic screening of total
antioxidants in dietary plants. J. Nutr. 2002, 132(3),
461-471.

Mowrey, D.B. and Clayson, D.E. Motion sickness,
ginger, and psychophysics Lancet I. 1982, 655-657
Ghayur, M.N., Gilani, AH., Afridi, M.B,
Houghton, P.J. Cardiovascular effects of ginger
aqueous extract and its phenolic constituents are
mediated through multiple pathways. Vascul.
Pharmacol. 2005, 43, 234-241.

Jagetia, G.C., Baliga, M.S., Venkatesh, P., Ulloor,
J.N. Influence of ginger rhizome (Zingiber
officinale Rosc.) on survival, glutathione and lipid
peroxidation in mice after whole-body exposure to
gamma radiation. Radiat Res. 2003, 160(5), 584-
592.

Choi, Y.Y., Kim, M.H., Hong, J., Kim, S.H., Yang,
W.M. Dried Ginger (Zingiber officinalis) Inhibits
Inflammation in a Lipopolysaccharide- Induced
Mouse Model. Evidence-Based Complement.
Altern. Med. 2013, P.914563

215

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

Saraswat, M. Antiglycating potential of Zingiber
officinalis and delay of diabetic cataract in rats.
Mol. Vision. 2010, 16(165-66), 1525-1537.

Gong, Q.M., Wang, S.L., Gan, C. A clinical study
on the treatment of acute upper digestive tract
hemorrhage with wen-she decoction. Chung Hsi |
Chieh Ho Tsa Chih 1989, 9, 272-273, 260.

Singh, G., Kapoor, I.S., Singh, P., Heluani, C.S,,
Lampasona, M.P., Catalan, C.A.N. Chemistry,
antioxidant and antimicrobial investigation on
essential oil and oleoresine of Zingiber officinale.
Food Chem. Toxicol. 2008, 46, 3295-3302.
Matsuura, E., Hughes, G.R., Khamashta, M.A.
Oxidation of LDL and its clinical implication.
Autoimmun. Rev. 2008, 7,558-566.

Masuda, Y., Kikuzaki,H., Hisamoto, M., Nakatani,
N. Antioxidant properties of gingerol related
compounds from ginger. Biofactors. 2004, 21, 293-
296.

Schwertner, H.A., Rios, D.C. High-pressure liquid
chromatographic analysis of 6- gingerol, 8-gingerol,
10-gingerol, and 6-shogaol in ginger containing
dietary supplements, spices, teas, and beverages. J.
Chrom. 2007, 856, 41-47.

Akhani, S.P., Vishwakarma, S.L., Goyal, R.K. Anti-
diabetic activity of Zingiber officinale in
streptozotocin-induced type | diabetic rats. J.
Pharmac Pharmacal. 2004, 56, 101-105.
Balachandran, S., Kentish, S. E., Mawson, R. The
effect of both preparation method and season on the
supercritical extraction of ginger. Sep. Purif.
Technol. 2006, 48, 94-105.

Goyal, R.K., Kadnur, S.V. Beneficial effects of
Zingiber officinale on goldthioglucose induced
obesity. Fitoterapia. 2006, 77, 160-163.

Maiti, R., Jana, D.,, Das U.K., Ghosh, D. Anti-
diabetic effect of aqueous extract of seed of
Tamarindus indica in streptozotocin induced
diabetic rats. J. Ethnopharmacol. 2004, 92, 85-91.
Sharma, M., Shukla, S. Hypoglycemic effect of
ginger. J Res Indian Yoga Homoeop 1977, 12, 127-
130.

Ahmed, R.S., Sharma, S.B. Biological studies on
combined effects of garlic (Allium sativum Linn)
and ginger (Zingiber officinale Roscoe) in albino
rats. J. Exp. Biol. 1997, 35, 841-843.

El-Abhar, H.S.,, Hamma.d L.N., Gawad,. H.S.
Modulating effect of ginger extract on rats with
ulcerative colitis. J. Ethnopharmacol. 2008, 118(3),
367-172.

Lapshina, E.A., Sudnikovich, E.J., Maksimchik,
J.Z., Zabrodskaya, S.V. Zavodnik, L.B.,
Kubyshin,V.L., Zavodnik, 1.B. Antioxidative

enzyme and glutathione transferase activities in
diabetic rats exposed to long-term ASA treatment.
Life Sci. 2006, 79, 1804-1811.



Tatiana Zhukovets et. al. / Journal of Agroalimentary Processes and Technologies 2020, 26(3)

152.

153.

154,

155.

156.

157.

158.

159.

160.

161.

162.

163.

Eckel, R.H., Grundy, S.M., P.Z. Zimmet, P.Z. The
metabolic syndrome. The Lancet. 2005, 365, 1415-
1428.

153.Bhandaria, U., Kanojia, R., Pillai, K.K. Effect
of ethanolic extract of Zingiber officinale
ondyslipidaemia in diabetic rats. J.

Ethnopharmacolo. 2005, 97, 227-230.

Al-Qattan, K., Thomson, M., Ali, M. Garlic (Allium
sativum) and ginger (Zingiber officinale) attenuate
structural nephropathy progression in
streptozotocin-induced diabetic rats. Eur. J. Clin.
Nutr. Metabol. 2008, 3, 62-71.

Sekiya, K., Ohtani, A., Kusano, S. Enhancement of
instlin sensitivity in adipocytes by ginger. Bio.
Factors, 2004, 22, 153-156.

Akhani, S.P., Vishwakarma, S.L., Goyal, R.K. Anti-
diabetic activity of Zingiber officinale in
streptozotocin-induced type | diabetic rats. J.
Pharmac Pharmacal. 2004, 56, 101-105.

Kadnur, S.V., Goyal, R.K. Beneficial effects of
Zingiber officinale Roscoe of fructose induced
hyperlipidemia and hyperinsulinemia in rats. Indian
J. Exp. Biol. 2005, 43, 1161-1164.

Bhandaria, U., Kanojia, R., Pillai, K.K. Effect of
ethanolic  extract of  Zingiber  officinale
ondyslipidaemia in diabetic rats. J.
Ethnopharmacolo. 2005, 97, 227-230.

Han, Y.A., Song, C.W., Koh, W.S., Yon, G.H.,
Kim, Y.S., Ryu, S.Y., Kwon, H.J., Lee, K.H. Anti-
inflammatory effects of the Zingiber offcinale
Roscoe constituent  12-dehydrogingerdione in
lipopolysaccharide-stimulated raw 264.7 cells.
Phytother. Res. 2013, 27, 1200-1205.

Al-Amin, Z.M., Thomson, M., Al-Qattan, K.K,,
Peltonen-Shalaby, R., Ali, M. Anti-diabetic and
hypolipidaemic properties of ginger (Zingiber
officinale) in streptozotocin-induced diabetic rats.
Br. J. Nutr. 2006, 96, 660-666.

Ali, B. H., Blunden, G., Tanira, M. O., Nemmar, A.
Some  phytochemical, pharmacological and
toxicological properties of ginger (Zingiber
officinale): a review of recent research. Food Chem.
Toxicol. 2008, 46, 409-420.

Ojewole, J.A.O.Analgesic, antiinflammatory and
hypoglycaemic effects of ethanol extract of
Zingiber officinale (Roscoe) rhizomes
(Zingiberaceae) in mice and rats. Phytothera. Res.
2006, 20, 764-772.

Islam, M.S., Haymie, C. Comparative effects of
ginger (Zingiber officinale) and garlic (Allium
sativum) investigated in type 2 diabetes model of
rats. J. Med. Food. 2008, 11,152-159.

216

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

164: Nammi, S., Sreemantula, S., Roufogalis, B.D.
Protective effects of ethanolic extract of Zingiber
officinale rhizome on the development of metabolic
syndrome in high-fat diet-fed rats. Basic Clini.
Pharma.Toxicol. 2009, 104, 366-373.

165. Heimes, K., Feistel, B., Verspohl, E.J. Impact
of the 5-HT3 receptor channel system for insulin
secretion and interaction of ginger extracts. Euro. J.
Pharmacol, 2006, 624, 58-65.

Zhu, Y., Zhao, Y., Wang, P., Ahmedna, M., Sang,
S. Bioactive ginger constituents alleviate protein
glycation by trapping methylglyoxal. Chem. Res.
Toxicol. 2015, 28, 1842-1849.

Sampath, C., Rashid, M.R., Sang, S., Ahmedna, M.
Specific bioactive compounds in ginger and apple
alleviate hyperglycemia in mice with high fat diet-
induced obesity via Nrf2 mediated pathway. Food
Chem. 2017, 226, 79-88.

Kabuto, H., Nishizawa, M., Tada, M., Higashio, C.,
Shishibori, T., Kohno, M. Zingerone [4-(4-hydroxy-
3-methoxyphenyl)-2-butanone] sprevents 6-
hydroxydopamine-induced dopamine depression in
mouse  striatum and  increases  superoxide
scavenging activity in serum. Neurochem. Res.
2005, 30, 325-232.

Mahmoud, M.F., Diaai, A.A., Ahmed, F. Evaluation
of the efficacy of ginger, Arabic gum, and
Boswellia in acute and chronic renal failure. Ren
Fail 2012, 34, 73-82.

Al-Awwadi, N.A.J. Effects of Achillea Santolina
extracts and fractions on human platelet aggregation
in vitro and on rat arteriovenous shunt thrombosis in
vivo, Thi-Qar Med. J. (TQMJ), 2010.

Chaveerach, A., Mokkamul, P., Sudmoon, R.,
Tanee, T., A new species of Zingiber
(Zingiberaceae) from northern Thailand. Taiwania
2007, 52, 159-163.

Elpo, E.R.S., Negrelle, R.R.B. Zingiber officinale
Roscoe: aspectos botanicos eecoldgicos. Visdo
Acad. 2004, 5, 27-32.

Andreo, D., Jorge, N. Capacidade antioxidante e
estabilidade oxidativa de Zingiber officinale. Cient.
Ciénc. Biol. Saude 2011, 13, 33-37.

Shanmugam, K. R., Mallikarjuna, K., Kesireddy,
N., Sathyavelu, R. K. Neuroprotective effect of
ginger on antioxidant enzymes in streptozotocin
induced diabetic rats. Food Chem. Toxicol. 2011,
49, 893-897.

Bhattarai, S., Tran, V.H., Duke, C.C. The stability
of gingerol and shogaol in aqueous solutions. J.
Pharm. Sci. 2001, 90, 1658-1664.

Lumb AB. Mechanism of antiemetic effect of
ginger. Anaesthesia 1993, 48(12), 1118.



