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Traditional uses of the family Zingiberaceae have a long history and include everything from folk medicine to culinary
applications. There are more than 70 different species of Curcuma, most of which are grown extensively in Western
Africa, Asia, and Australia. Numerous Curcuma species have been the subject of numerous phytochemical,
pharmacological, and molecular studies worldwide. The identification of novel bioactive molecules with a variety of
bioactivities, including antioxidant, antiviral, antibacterial, and anti-inflammation activities, has boosted interest in its
therapeutic qualities. Additionally, this priceless plant is employed as a pesticide, natural dye, and repellant. The goal of
this review is to collect data on the genus Curcuma, including information on its morphological traits, phytochemicals,
and the biological and pharmacological effects of these compounds, which will be used to inform future research projects.
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INTRODUCTION

Nature has been a source of medicinal agents for thousands of years and an impressive number of modern drugs
have been isolated from natural sources that play a vital role in treatment of diseases [1]. Traditional knowledge of
medicinal plants has always explored the search for new cures. Traditional medicinal plants are often cheaper, locally
available and easily consumable, raw or as simple medicinal preparations. These simple medicinal preparations often
bring out beneficial responses due to their active chemical constituents [2]. Medicinal plants are generally known as
“Chemical Goldmines” as they contain natural chemicals, which are acceptable to human and animal systems. All these
chemicals cannot be synthesised in laboratories. Many secondary metabolites of plant are commercially important and
find use in a number of pharmaceutical compounds. Human beings have been dependent on plants for their health care
needs since the beginning of civilisation. Of the 2,50000 higher plant species on earth, more than 80,000 are medicinal in
Nature [3]. Ginger scientifically known as Zingiber officinale Roscoe, belonging to family Zingiberaceae is one of the
most important plant with several medicinal, nutritional and ethnomedical values therefore, used extensively worldwide
as a spice, flavouring agent and herbal remedy. Traditionally, Z. officinale is used in Ayurveda, Siddha, Chinese, Arabian,
Africans, Caribbean and many other medicinal systems to cure a variety of diseases viz, nausea, vomiting, asthma,
cough, palpitaion, inflammation, dyspepsia, loss of appetite, constipation, indigestion and pain [4].

The family of Zingiberaceae includes about 53 genera with more than 1200 species. Zingiberaceae is distributed
across south and Southeast Asia. Some plants within this family commonly used in herbal medicines are Zingiber
officinale (ginger), Zingiber zerumbet (bitter ginger) and Curcuma longa (turmeric) [5]. Currently, some members of the
Zingiberaceae family have attracted enormous interest among researchers due to their popularity as spices and herbal
components in traditional medicine. One of the most well-known members of the Zingiberaceae family is the common
ginger, namely Zingiber officinale Roscoe or known as Jahe Emprit, Zingiber officinale Roscoe var. officinale, known as
Jahe Gajah and Zingiber officinale Roscoe var. rubrum or called as Jahe Merah [6]. The rhizomes of these three gingers.
The name ginger comes from the Middle English gingivere, but this spice dates back over 3000 years to the Sanskrit
word srngaveram (horn root) [7]. The rhizome of ginger, the horizontal stem from which the roots grow, is a medicinal
plant that has been widely used in Ayurvedic, Chinese, and Tibb-Unani herbal medicines for more than 3000 years in the
Asian regions including Indonesia, Sri Lanka, Japan, Burma, China, India, and others such as the Arab nations, Congo,
Germany, Greece, Tibet and the United States of America due to its beneficial characteristics such as its pungency,
aroma, nutrients and pharmacological activity with negligible side effects all over the world [8]. The rhizomes contain
two groups of materials, volatile compounds constituting the essential oil and non-volatile compounds, including
oleoresin (a source of pungency) and other phytochemicals having biological activities which are beneficial to human
health such asphenolics and flavonoids [9] With the development in science and modern technology in food products,
ginger has been formulated into several products including ginger tea, ginger beer, ginger powder, ginger candies, and
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ginger juice [10]. The medicinal use of ginger is well known in India and its neighboring countries for more than 2000
years as one of the most versatile medicinal plants. Ginger has been using both as Ayurvedic and Chinese medicine for
curing heart problems, treat stomach upset, diarrhea, and nausea [11]. It is also used as a disguise the taste of medicines;
promotes the release of bile from the gall bladder [12, 13], decrease joint pain from arthritis, useful for the treatment of
heart diseases and lungs diseases [9]; relief cough and cold, throat infection [14].

Systematic position and morphology

The family zingiberaceae is represented by about 46 genera, distributed through the tropics and subtropics. The type
genus of this family is Zingiber. The plant is an aromatic herb and its taxonomic paosition is as follows;

Table 1. Scientific classification

Kingdom Plantae
Divislon Magnollophyta
Class Liliopsida
Order Zingiberales
Family Zingiberaceae
Genus Zingiber
Specles Z. officinale

The ginger plant has a perennial, tuberous root or rhizome; the stems are erect, oblique, round, annual, and invested
by the smooth sheaths of the leaves, 2 or 3 feet in height, yellow green flowers and thick tuberous rhizome. Laterally
compressed rhizomes are 7-15 cm long and 1-1.5 cm broad. About 1-3 cm long branches arise and terminate in depress
scars or in undeveloped buds. The flesh of the ginger rhizome can be yellow, white or red in color, depending upon the
variety. It is covered with a brownish skin that may either be thick or thin, depending upon whether the plant was
harvested when it was mature or young [15].

METHODOLOGY

Throughout this review, the strategy of literature selection consisted of searching and studying the literature using
several databases SciFinder, Web of Knowledge, Scopus, PubMed, and Google Scholars which appear in several
publishers including American Chemical Society, Science Direct, Springer, Francis and Taylor, Wiley, and BioMed
Central. The keywords used are Ginger or (Zingiber officinale Roscoe) or (Zingiber officinale Roscoe var. officinale) or
(Zingiber officinale Roscoe var. rubrum) + phytochemicals or chemical composition + biological activities or
pharmacological activities + authenticity or authentication analysis. After that, the obtained literature was subjected to
screening by removing the redundant articles appearing in several databases. The selected articles were critically
evaluated by applying inclusion and exclusion criteria and critical assessment and then used for making a review in
logical structure according to the journal’s guidelines. The inclusion criteria of selected papers were: (1) studies regarding
phytochemical compositions, biological activities and authenticity analysis of ginger; (2) year of publication of 2000-
2020, while the exclusion criteria used are all papers written in non-English. Phytochemical composition and stability It
is reported that the rhizome of ginger contains carbohydrates (60—70%), protein 9%, crude fibre of approximately 3-8%,
ash 8%, fatty oil 3-6% and volatile oil 2-3%. The carbohydrates consist of polysaccharides, soluble sugar, and cellulose
[16] Table 1 shows some of the phytochemical compounds of the ginger rhizome. The protein contains a variety of amino
acids namely aspartic acid, serine, glutamate, alanine, glycine, threonine, methionine, cysteine, valine, tyrosine, leucine,
isoleucine, histidine, lysine, phenylalanine proline, tryptophan, and arginine [17]. Some compounds namely zingerone,
shogaols, gingerols, and volatile (essential) oils account for up to 3% (mainly alfa-zingiberene, Bsesquiphellandrene, f3-
phellandrene, camphene, cineol, geraniol, citral) contributed to the characteristic flavor of ginger (Srinivasan, 2017). The
chemical structures are depicted in Figure 2.
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Figure 2: Gingerol compounds in Zingiber officinale consist of gingerol (23-25%), shagaol (18-20%), paradol (1-3%)
and zerumbone (1-3%)

Biological activities include gingerols, shogaols, and paradols. Gingerol is the component responsible for the spicy
taste of ginger. It consists of several compounds such as gingerol, shogaol, zingerones, paradols, gingerdiols, and
gingerdiones which all of them having a functional group of 3-methoxy-4-hidroxyphenyl. The difference of each
compound is based on the different fatty chains connected by the functional group [17]. Gingerols such as 6-gingerol, 8-
gingerol, and 10-gingerolin are the major polyphenols found in fresh ginger. During storage or heat treatment, the levels
of gingerol can be decreased and can be transformed into corresponding shogaols. Furthermore, shogaols can be
transformed into paradols after hydrogenation. Besides, the other phenolics present in ginger are zingerone, gingerenone-
A, 6-dehydrogingerdione and quercetin [18] In the fresh ginger rhizome, the gingerols were identified as the major active
components [19] The sensory perception of ginger arises from two distinct groups of chemical namely volatile oils and
non-volatile pungent compounds. The volatile oil components in ginger consists mainly of sesquiterpene hydrocarbons,
predominantly zingeberene (35%), curcumene (18%) and farnesene (10%) [20].

Biological activities
Antioxidant

The in vitro antioxidant assays of different extracts of ginger have been studied using different methods which can
be categorized into radical scavenging assay, reducing power, chelating agent, and lipid peroxidation inhibition using
linoleic-thyocyanate or beta carotene bleaching. The natural antioxidants extracted from rhizome were frequently
correlated with the presence of phenolics, flavonoid and carotenoid contents. The antioxidant activities along with total
phenolics contents of ethanolic extract of ginger have been evaluated by Stoilova [21]. The ginger extract had a phenolics
content of 870.1 mg/g dry extract, while antioxidant activities as determined by DPPH radical scavenging assay, linoleic
acid/water emulsion system and chelating activities revealed strong activities. Including the capability to inhibit hydroxy
radical, the ethanolic extract (IC50 of 1.90 pg/mL) showed higher activity than the positive control of quercetin (IC50 of
2.78 ng/mL). Some extracts (methanol, ethyl acetate, and hexane) were evaluated for in vitro antioxidant assays using
radical scavenging of DPPH, ABTS, and nitric oxide. The methanolic extract of ginger (MEG) revealed the highest
radical scavenging activities toward DPPH, ABTS and nitric oxide assays with inhibition percentages of 86.26%, 91.04%
and 86.72%, respectively. Using GC-MS, some bioactive compounds are responsible for radical scavenging in MEG,
such as 6-gingerol, zingiberene, dihydrocapsaicin, zingerone, curcumene, beta bisabolene and 8-gingerol [22].

Anti-inflammation

Using approaches of systematic review and metaanalysis, Morvaridzadeh et al. have evaluated the effect of ginger
supplementation on anti-inflammation activities by investigating the concentrations of Creactive protein (CRP), high
sensitivity C-reactive protein (hs-CRP), tumour necrosis factor-alpha (TNF-a), soluble intercellular adhesion molecule
(sSICAM), and interleukin-6 (IL-6) in randomized controlled trials (RCTs). The increased levels of IL-6, TNF-0. and CRP
are related to the increased risk of inflammation. These increased markers are coming from the increased expression of
immune system factors, such as nuclear factor- kappa-B (NF-xB) and peroxisome proliferatoractivated receptor-gamma
(PPAR-y) [23]. As a consequence, the suppression of the inflammatory response is an important point in the management
of some chronic diseases such as cardiovascular diseases. The results revealed that there was a significant reduction in
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circulating CRP, hs-CRP and TNF-a levels due to ginger supplementation. However, from the meta-analysis, the
supplementation of ginger did not show any significant impact on IL-6 and SICAM levels [24]. Ginger is also used as an
adjuvant of chemotherapy to ameliorate nausea and vomiting induced by chemotherapy through studies of a systematic
review and meta-analysis. Ginger supplementation might have the benefit to ameliorate chemotherapy-induced vomiting
and fatigue, however, because of the clinical heterogeneity; this systematic review reported that there is no association
between ginger supplementation and chemotherapy-induced nausea and vomiting-related outcomes [25].

Gastrointestinal relief

Modern scientific research has revealed that ginger possesses numerous therapeutic properties including antioxidant
effects, an ability to inhibit the formation of inflammatory compounds, and direct antiinflammatory effects. Ginger is
very effective in preventing the symptoms of motion sickness, especially seasickness. Ginger reduces all symptoms
associated with motion sickness including dizziness, nausea, vomiting, and cold sweating [26]. Some active components
of ginger are reported to stimulate digestion, absorption, relieve constipation and flatulence by increasing muscular
activity in the digestive tract [27, 28].

Antimicrobial activity of ginger

Ginger has been traditionally exploited for having broad range of antimicrobial activity against both gram positive
and gram negative bacteria and fungi. In vitro studies have shown that active constituents of ginger inhibit multiplication
of colon bacteria, these bacteria ferment undigested carbohydrates causing flatulence, this can be counteracted with
ginger [29]. It inhibits the growth of Escherichia coli, Proteus sp, Staphylococci, Streptococci and Salmonella [30].
Ginger has strong antibacterial activity and to some extent antifungal properties [31]. Ginger inhibits Aspergillus sp, a
fungus known for the production of aflatoxin, a carcinogen [32]. Fresh ginger juice showed inhibitory action against
Aspergillus niger, Sacharomyces cerevisiae, Mycoderma sp. and Lactobacillus acidophilus. Thus, ginger which is a
normal ingredient of our routine food preparations can provide protection against our natural enemies like bacterial and
fungal pathogens.

Anti-obesity activity

Ginger is reported to have anti-obesity and related metabolic disorders. The anti-obesity effect of ginger associated
with energy metabolism in mice has been evaluated. Mice were divided into two groups, hamely the control (given with
normal diet) and the treated group with a high-fat diet (HFD) with and without ginger at a dose of 500 mg/kg (wt/wt).
The results revealed that the administration of ginger could alleviate HFD-induced body weight and fat accumulation.
Ginger also reduces the levels of triglyceride, cholesterol and serum glucose. Therefore, it can be deduced that ginger
plays a role in preventing obesity and related metabolic disorders [33]. Previously, it is reported that the anti-obesity of
ginger, especially bioactive compounds of 6-shogaol and 6-gingerol, was due to the activation of Peroxisome
proliferator-activated receptor 6 (PPARS), a major transcriptional regulator of energy metabolism in skeletal muscle and
adipose pathway. Ginger, also improved the capacity of exercise endurance by increasing the fat catabolism in skeletal
muscle. In micemodels, the supplementation of ginger also exhibited anti-obesity effects through modulation of the gut
microbiota capable of increasing the levels of beneficial bacteria (probiotics) such as Bifidobacterium [34].

Larvicidal activity

Larvicidal activity of isolated compounds from the rhizome of ginger was reported against Adese aegypti and Culex
quinquefasciatus. The study reported the larvicidal activity of (4) gingerol, (6)dehydrogingerdione and (6)-
dihydrogingerdione against fourth instar larvae of A. aegypti (LC50 4.25, 9.80, 18.20 ppm) and C. quinquefasciatus
(LC50 5.52, 7.66, 27.24 ppm), respectively. Similarly, larvicidal activity of ginger was reported against Angiostrongylus
Cantonensis, a roundworm. A. cantonens is a parasitic nematode which causes angiostrongyliasis, the most common
cause of eosinophilic meningitis in Southeast Asia and the Pacific Basin. In the study, [6]-gingerol were isolate from the
roots of ginger and screened for larvicidal activity against the larvae of A. Cantonensis [35].

Breast cancer

The effects of chronic treatment with hot water extract of ginger rhizome on spontaneous mammary tumorigenesis
have been examined in mice. In mice given free access to extract of ginger (0.125%) in drinking water, the development
of mammary tumors was significantly inhibited [36].

Marketed products
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