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Preface

It is well known that all plants in the family of ginger have economic value. They can
be used as food additives, condiments, and medicines. Ginger is useful but requires
a special habitat to survive. The scientific research results will be beneficial for the
protection and utilization of ginger.

Ginger, as a bulbous plant, has been cultivated for a very long time. It is believed
that ginger is native to southern China, Southeast Asia, and India. It was introduced
to the Mediterranean in the first century, Japan in the third century, England in the
eleventh century, and America in 1585. Today, it is widely grown all over the world
as a major commercial spice crop. Ginger has also attracted more attention due to its
antibacterial and pharmaceutical functions.

Although there have been many reports and research on ginger, it is necessary to
have a comprehensive book covering this research. This book presents the lat-

est findings and research covering such diverse fields as taxonomy and systems,
molecular studies and phylogeny, phytochemistry and pharmacognosy, biodiversity
and conservation, horticulture and hybridization, and all aspects of ginger biology.
Authors present nine chapters of their work. In order to make it easier for read-

ers to find the corresponding content, the book is divided into four sections. The
“Introduction” section includes two chapters covering the basic information and a
review of ginger. The “Cultivation and Improvement” section will help readers to
understand how to grow and improve ginger. Some reviews and a number of events
are presented in the sections “Antimicrobial Potentials” and “Pharmacological
Potentials™

Due to the limited time and my academic level, there must be some deficiencies and
mistakes in this book. Readers’ corrections and criticisms are very welcome.

I would like to extend thanks to all authors who contributed to this book. My sincere
thanks go to the author service manager, Ms. Marina Dusevic. She has walked me
through all the stages of the book processing.

Haiping Wang

Institute of Vegetables and Flowers,
Chinese Academy of Agricultural Sciences,
Beijing, China
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Chapter1

Introductory Chapter: Studies on
Ginger

Haiping Wang

1. Introduction

Ginger (Zingiber officinale Roscoe), as a bulbous plant, has been cultivated for
avery long time. It is believed that ginger is native to southern China, Southeast
Asia, and India. It was introduced to the Mediterranean in the first century, Japan
in the third century, England in the eleventh century, and America in 1585 [1].

It is now widely cultivated in tropical and subtropical regions of the world but
mostly in Asia and Africa. The total harvest area of ginger in the world is more than
21,000 hac with a total production of more than 200,000 tons and an average yield
of 10,000 kg per hac. Ginger is mainly used as spice and flavour agent for food. The
characteristic fragrance and flavour of ginger are the result of volatile oils, primarily
consisting of zingerone, shogaols and gingerols as the major pungent compound. A
lot of studies have been carried out to discover the miracle of this plant. The book
will cover the history of ginger in cultivation, therapeutic benefits, modern cultiva-
tion and production, varieties and breeding.

2. Botanical character

The leafy stems of ginger grow about a metre high. The leaves are 6-12 inches
(15-30 cm) long, elongate, alternate in two vertical rows and arise from sheaths
enwrapping the stem. The flowers are in dense cone-like spikes about 1-inch thick
and 2-3 inches long that are composed of overlapping green bracts, which may
be edged with yellow. Each bract encloses a single, small, yellow-green and purple
flower. The consumed portion of the ginger plant is the rhizome, often called
“ginger root”, although it is not an actual root. The rhizome is the horizontal stem of
the plant that sends out the roots [2].

3. The history of ginger cultivation

Ginger, an herbaceous perennial plant of the family Zingiberaceae, probably
native to southeastern Asia [3], or its aromatic, pungent rhizome, is used as a
spice, flavouring, food and medicine. Its generic name Zingiber is derived from
the Greek zingiberis, which comes from the Sanskrit name of the spice, singabera.
Its use in India and China has been known from ancient times, and by the first
century, traders had taken ginger into the Mediterranean region. By the eleventh
century, it was well-known in England. The Spaniards brought it to the West
Indies and Mexico soon after the conquest, and by 1547 ginger was being exported
from Santiago to Spain [4].
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4. Ginger is mainly used as spice and flavouring agent for food

Ginger is well-known as spice and flavouring agent for food [5]. Ginger is used in
cooking, in various forms such as immature ginger, mature fresh ginger, dry ginger,
ginger oil, ginger oleoresin, dry-soluble ginger, ginger paste and ginger emulsion.

It is rich in secondary metabolites, namely, the oleoresins, contributing widely the
pungency and flavours. Ginger (Zingiber officinale Rosc.), which belongs to the
family Zingiberaceae, is an important tropical horticultural plant and an important
spice crop used in various medicinal and culinary preparations [6]. Besides, ginger
is very popular in the food industry as an additive to ginger ale, candies, pastries
and cakes [7]. Its uses, of course, aren’t confined to food preparation.

5. Ginger consumption is known for its health benefits

Ginger is an excellent source of several bioactive phenolics, including non-
volatile pungent compounds such as gingerols, paradols, shogaols and zingerones.
Ginger is also used in traditional oriental medicine (Ayurvedic, Chinese and
Unani systems of medicine) since antiquity (>2500 years) to treat different dis-
eases that include rheumatoid arthritis, sprains and muscular aches, sore throats,
nausea, constipation and indigestion, fever, infectious diseases and helminthiasis
[8, 9]. It is particularly valued in medicine as a carminative and stimulant to the
gastrointestinal tract. Ginger consumption is known for its health benefits and
widely known to be used in Ayurvedic formulations and Chinese medicine. It is
stimulative in nature and helps in relieving indigestion, stomach ache, diarrhoea
and nausea. It is widely used to cure common cold, cough and congestion. Clinical
studies have demonstrated it to be antiemetic, antiulcer, anti-platelet, anti-
inflammatory and antioxidant in nature [10, 11]. Ginger has many uses as home
remedies and can be used to help arthritis, diarrhoea, flu, headache, heart and
menstrual problems, diabetes, stomach upset and motion sickness. Wide studies
have been taken up involving ginger to cure complex diseases such as cancers to
the chronic conditions of migraines.

6. Germplasm and varieties

There are many genetic resources which were collected and preserved in the
word. Zingiberis family includes about 50 genera and 1300 species of ginger which
are known to exist worldwide [12-15]. They occur in different parts of the world,
namely, Japan, Australia, Haiti, Bangladesh, Jamaica, Sri Lanka and Nigeria.
However, most of the varieties used in commercial production were reported from
India and China [16, 17]. Several cultivars of ginger are grown in different ginger-
growing areas in India, and they are generally named after the localities where they
are grown [3]. Some of the prominent indigenous cultivars of ginger grown in India
are Himachal, Maran, Kuruppampady, Wayanad, Varadha, etc. Exotic cultivars such
as Rio de Janeiro have also become very popular among cultivars [3]. Maran, Nadia,
Karakkal and Rigodi are suited for high dry ginger. Varieties like Ernadn Chrnad,
China and Rio de Janeiro provide high oleoresin content. Sleve local, Narasapattam
and Himachal are suited for high volatile oil. Rio de Janeiro, China, Wayanad,
Maran and Varadha are suited for green ginger. The production of many very popu-
lar varieties used in China is exporting to other countries [18, 19]. The most famous
varieties includes Laiwu ginger, Tongling ginger, Pinghu ginger, Laifeng ginger,
etc. Due to vegetatively propagated characteristic, in vitro techniques, namely,
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micropropagation techniques [20], somatic embryogenesis [21], somatic hybridiza-
tion[21], germplasm conservation, transgenics and mutation breeding, are mostly
used [21, 22].

7. Production and disease arrangement during the cultivation

Ginger crop is affected by insect pests, pathogenic and non-pathogenic diseases
[23] and severely by various pathogenic diseases of viral, bacterial, fungal and
nematode origin, which reduces its potential yields drastically [24]. Among the
various diseases, soft rot, yellows, Phyllosticta leaf spot, storage rot, bacterial wilt,
mosaic and chlorotic fleck are important. Therefore, the selection of healthy seed
rhizomes has been found as an effective control measure for the disease. Efficacy
of a variety of chemicals has been evaluated for the management of this disease by
different workers, and they have found very promising effect of different chemicals
against the disease.

8. Biological management is a prosperous way to control ginger diseases
Application of a mixture of biological bacteria could be very promising to

increase rhizome production [25-28]. By using resistant or less susceptible cultivars
of ginger, the disease can be managed to a great extent [17].
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Chapter2

Utilisation and Functional
Components Evaluation of Ginger

Suwijiyo Pramono

Abstract

Ginger is a Zingiberaceae plant having different purposes in the community
and industry. The important parameters of quality of ginger are the functional
components so the aims of this chapter are to review the utilisation of ginger in
the community and industry and to evaluate the functional components of ginger
and its products. Ginger (Zingiber officinale Roscoe) has at least three types, i.e.
big ginger, small ginger and red ginger. Fresh, dried and preserved ginger and
also its extract, oleoresin and volatile oil were considered as basic products of the
utilisation of ginger. Different formulas have been developed for drinks, culinary
purposes, flavouring desert and herbal medicines. In folk medicines, ginger is used
as remedy for warming body, gastritis and fracture condition. Based on scientific
researches, ginger has been developed as anti-emetic, anti-inflammatory, analgesic
and anti-influenza. Evaluation of chemical constituents of ginger and its products
can be done qualitatively for authentication and quantitatively for standardization.
This chapter consists of the utilisation of ginger based on empirical and scientific
data, and the functional components evaluation consisting of authentication and
standardization.

Keywords: ginger, utilisation, functional components, authentication,
standardization

1. Introduction

Ginger (Zingiber officinale Roscoe) is a Zingiberaceae plant having different
purposes in the community and industry. People use its rhizome as spice, drink,
or as a component of herbal medicines. People use fresh or dried rhizomes and
preserved ginger. The scientific name of plant material is Rhizoma Zingiberis.
Actually there are several genus Zingiber in Zingiberaceae family such as Zingiber
zerumbet, Z. amaricans, Z. aromaticum and Z. purpureum and the name of plant
material must completely refer to the name of species such as Rhizoma Zingiberis
Zerumbeti and Rhizoma Zingiberis Purpurei, but especially for ginger, the name
refers only to genus even though some Pharmacopoeias use the complete name:
Rhizoma Zingiberis Officinalis [1]. There are three varieties of ginger, i.e. Zingiber
officinale var. officinale, namely big white ginger or big ginger; Zingiber officinale
var. amarum, namely small white ginger or small ginger; and Zingiber officinale
var. rubrum, namely red ginger. In Indonesia, big white ginger is called jahe gajah
(jahe: ginger, gadjah: elephant), small white ginger is called jahe emprit (jahe:
ginger, emprit: small bird) (Figure1).

9 IntechOpen
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Figure 1.
Fresh ginger: (A) big ginger, (B) small ginger and (C) red ginger.

2. Products of ginger
2.1 Fresh ginger

In South-East Asia, fresh ginger is used in cooking as flavouring or as a vegetable
and also to make ginger ale or other drinks. Fresh ginger is prepared from immature or
mature rhizomes. Big ginger contains less fibre and is less odorous and less pungent than
small and red ginger. Traditionally, people take three fingers of fresh ginger to grate and
bandage a sprained leg. The decoction of fresh ginger is taken orally to cure nausea and
vomitus [2]. Some traditional drinks often use fresh ginger than the dried one in order
to keep the aroma. In the market, there are a lot of ginger products especially in instant
dosage form with hot taste but lack of aroma. A remedy for headache caused by influ-
enza is to use 10 g of grilled fresh ginger and 20 g of coconut sugar, boiled with 200 mL
water and drink in warm condition. Javanese people have special drink, namely ‘serbat,
used for warming body, which consists of 5 g fresh ginger, 2 g lemongrass, 2 g clove, 1g
nutmeg, 1 g cinnamon, 2 g kaffir lime leaves, 5 g cubeba fruits and 100 g palm sugar,
boiled with 100 mL water for 10 min and then drink 2 times a day, 1 glass each [3].

2.2 Dried ginger

Ginger occurs in horizontal, laterally flattened, irregularly branching pieces,
3-16 cm long, 3-4 cm wide, up to 2 cm thick, sometimes split longitudinally; pale
yellowish buff or light brown externally, longitudinally striated, somewhat fibrous,
branches known as ‘fingers’ arise obliquely from the rhizomes, are flattish, obovate
and short, about 1-3 cm long; fracture, short and starchy with projecting fibres.
Internally, the colour is yellowish brown, showing a separating the narrow cortex
from the white stele. It contains and numerous scattered fibrovascular bundles,
scattered on the whole surface. Ginger has the following characteristics: odour, aro-
matic; taste, pungent and aromatic; and colour, internally pale yellow to brown [4].
Dried ginger is used in the form of powder and is applied worldwide for domestic
culinary purposes, and also extensively in the flavouring desserts. In folk medicine,
dried-powdered ginger is used as component of remedies for certain indications.
Powder of 1 g ginger, 1 g cardamom and 1 g cinnamon are mixed, divided into three
sachets and taken orally after mixed with 200 mL boiled water, 3 times a day, one
sachet each. This remedy is used for curing throat inflammatory [3]. A mixture of
1 g powdered ginger and 2 g rhubarb is divided into three sachets and then taken
orally 3 times a day after treated with boiled water to reduce gastritis [3].
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2.3 Preserved ginger

There are two methods in preparing preserved ginger. The first one is started by
freezing the fresh ginger overnight and then peeling and cutting it into small pieces.
Place water and ginger in a 3-quart pan. Remove the ginger and put the liquid back
in the pot, add sugar and then boil until the liquid becomes syrup [5]. The second
method begins by grating fresh ginger to obtain porridge. Press the porridge with
addition small quantity of water and then filter with a funnel and tissue. The sap is
evaporated until viscous and then white sugar or maltodextrin is added until crystal-
lization. In Indonesia, this product is popularly named instant ginger product. There
are a lot of these dosage form sold in the market with promotive indication [6].

2.4 Extract, oleoresin and essential oils of ginger

The fresh and dried rhizomes of ginger yield an essential oil (‘ginger oil’) and
oleoresin (‘ginger extract’). Ginger oil has the aroma and flavour of the spice but
lack of pungency. It is used for flavouring beverages and in cosmetics, perfumes
and pharmaceuticals. Ginger oleoresin has the aroma and flavour and pungency of
the spice. It is more often used in pharmaceuticals. In the United States, the regula-
tory status ‘generally recognized as safe” has been accorded to ginger (GRAS 2520),
ginger oil (GRAS 2522) and extract/oleoresin (GRAS 2521/2523) [4].

Ginger has been used medicinally in Asia since ancient times, e.g. in China and
India. In Indonesia, there is a term of indication that is not recognized in medical
dictionary, i.e. ‘masuk angin’ The term “masuk angin” is defined as a weakness
condition of body with several symptoms such as flatulent, cool in sweat but high
temperature of body, sleepy and pain in the muscles and the bones. The weak-
ness condition of body may be caused by fattigue, decrease of immune system or
influenza. The products contain ginger extract as the main component, and it is
considered as carminative, stimulant of gastrointestinal tract, rubefacient and
counterirritant. An example of famous product consists of Rhizoma Zingiberis,
Herba Echinacea, Radix Valerian, Radix Panax ginseng, Fructus Foeniculi,

Fructus Isorae, Semen Myristicae, Fructus Amomi, Folium Caryophylli and Herba
Menthae Arvensis [6]. People consider that ‘masuk angin’ is similar to influenza.
Furthermore, red ginger is considered having more potential as aphrodisiac in
comparison to small and big white ginger.

2.5 Pharmacological effects based on utilisation

Pharmacologically, ginger has anti-inflammatory activity with the increase of
arachidonic acid oxidation by inhibition of cyclooxygenase and 5-lipoxygenase, result-
ing in the synthesis of prostaglandin E and leukotriene B,. An in vitro experiment
showed that the aqueous extract of ginger inhibited cyclooxygenase and lipoxygenase
and decreased prostaglandin and leukotriene. The in vivo experiment showed that
oral treatment of rats with ginger extract reduced paw oedema. Furthermore, an
artefact constituent of ginger, namely shogaol, reduced paw oedema of rats induced
by carrageenan. Two labdane compounds isolated from ginger showed their ability as
inhibitor of 5-lipoxigenase in in vitro experiment. Injection of sterile preparation of
ginger extract to 113 patients suffering from rheumatic condition and back bone pain
in China reduced the level of pain, nodules and inflammatory, and ameliorated the
bone function [7]. Ginger extract showed peripheral antiemetic activity in dog but it
did not act on central nervous system. This anti-emetic effect is caused by synergism
between zingerone and shogaol. A clinical study showed that the oral treatment of
90 g powdered ginger was more effective in comparison to dimenhydrinate in reducing
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motion sickness symptom [8]. The oral treatment of 500 mg/kg BW water extract of
ginger for 4 weeks decreased significantly blood cholesterol levels in rats but did not
decrease triglyceride levels. Intraperitoneal treatment of this extract decreased blood
cholesterol in rats [8].

A crossover design of a double-blind, randomized placebo-controlled study
on 13 patients with history of motion sickness and circular vection showed that
pretreatment of 1000 and 2000 mg water extract of ginger reduced significantly
headache, nausea and plasma vasopressin [8]. Ginger also increased tonus and peri-
staltic of stomach [9]. A double-blind randomized trial without placebo compared
with scopolamine, dimenhydrinate and other conventional drugs on 1489 voluntary
subjects 2 h after pretreatment with 500 mg ginger before journey with car did
not have problem of motion sickness, statistically similar to all tested conventional
drugs [10]. A one double-blind placebo-controlled trial on women after gynaeco-
logic surgery randomly treated with 1 g powdered ginger or 10 mg metoclopramide
showed that patients with ginger treatment had less problem of vomiting [11]. From
six double-blind randomized clinical trials (RCT) with a total of 675 voluntary
patients and a prospective observational cohort study (z = 187), 4 of 6 RCT showed
high significant difference between ginger treatments and placebo; 2 RCT showed
that ginger treatments were more effective than those of Vit B¢ in managing nausea
and vomiting. There was no report on the undesirable effect in pregnancy [12].

Based on empirical and scientific data until 1999, the World Health Organization
divided ginger utilisation into three categories [13]:

Uses described in folk medicine, not supported by experimental or clinical data:
to treat cataracts, toothache, insomnia, baldness, and haemorrhoids and to increase
longevity.

Uses described in pharmacopoeias and in traditional systems of medicine: to treat
dyspepsia, flatulence, colic, vomiting, diarrhoea, spas and other stomach complaints.
Powdered ginger is further employed in the treatment of colds and flu, to stimulate
the appetite, as a narcotic antagonist and as an anti-inflammatory agent in the treat-
ment of migraine headache, rheumatic and muscular. In addition, Chinese Materia
Medica mentioned the use of ginger in the treatment of abdominal pain due to cold
from deficiency and stagnant blood; to warm the middle and expel cold: for warming
the spleen and stomach both in condition of excess due to externally contracted cold,
as well as cold from deficiency due to insufficiency of the yang qi; to warm the lungs
and transform phlegm: for lung cold with expectoration of thin, watery, or white
sputum; to warm the channels and stop bleeding: for cold from deficiency that may
present with haemorrhage of various types, especially uterine bleeding. It is used in
treating haemorrhage only if the bleeding is chronic and pale in colour, and is accom-
panied by cold limbs, ashen white face, and a soggy, thin pulse [14].

Uses supported by clinical data: the prophylaxis of nausea and vomiting associ-
ated with motion sickness, postoperative nausea, pernicious vomiting in pregnancy,
and seasickness. However, the use of ginger for early pregnant woman must be care-
ful because there were several experiments that showed teratogenic effect on rats.

In addition, based on scientific data published after 1999, utilisation of ginger has
been developed as an analgesic and anti-inflammatory agent. Ginger extract hasa
beneficial influence on morphine analgesia and can be an efficacious adjunct for pain
management [15]. Ginger oil (0.25-1.0 g/kg) inhibited significantly carrageenan-
induced paw oedema, active as adjuvant arthritis, anti-inflammatory mediators-
induced vascular permeability in rats [16]. An ethanolic extract of ginger (50 and
100 mg/kg BW) produced significant inhibition of carrageenan-induced rat paw
oedema and a reduction in the number of writhing induced by acetic acid in mice
[17]. Other potential benefits of ginger are antimicrobial, lowering blood pressure,
lowering cholesterol, antiplatelet aggregation, chemopreventive agent, antioxidant
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and hypoglycemic properties [18]. However, the antiplatelet aggregation effect gives
the possibility in enhancing blood dilution effect of acetosal, vitamin K, heparin and
other blood dilution substances. Ginger essential oils were reported having appetite
stimulant property in rats, so it will be contradictive with its lowering cholesterol
effect. The relatively high dose of ginger can stimulate lacrimation due to its hot taste.

3. Evaluation

The use of traditional medicines in a country is part of the practice and culture
for centuries. However, in general, herbal materials have not been supported by
adequate standardization. In this respect, it is deemed necessary to establish stan-
dards of herbal material as reference to reach optimum health control. In general,
pharmacopoeia is a good choice to be a reference for the evaluation of an herbal
material such as ginger. If an herbal material complies to the standard, it will give
reproducibility of product to be marketed. Evaluation of herbal material consists
of qualitative and quantitative assessment. The qualitative assessment is applied for
identification and authentication, while the quantitative assessment is applied for
standardization. Authentication of ginger can be done by evaluation of description,
microscopic data and chromatography. The last one can be thin-layer chromatog-
raphy, high-performance liquid chromatography or other qualitative methods.
Standardization of ginger consists of loss on drying, total ash, acid-insoluble ash,
water-soluble extract, ethanol-soluble extract and chemical content. The last one
can be determined by spectrophotometry or chromatography analysis.

4. Description

The sliced thin rhizome has a short-branch edge and reverse egg shape, is usually 3-4
cm in length and has 1-6.5 mm thickness, and is yellowish white coloured. Outer part is
yellowish brown. Cross-sectional cut shows narrow cortex, with the depth of less than a
third from the radius and endoderm. Xylem vessel is spread and greyish; oil globules are
yellowish smaller spots. It has strong characteristic odour and spicy taste [1] (Figure 2).

Figure 2.
Dried ginger rhizome.
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Figure 3.
Fragments of ginger powder.

5. Microscopic

Identification fragments are amylum, xylem, xylem vessel, periderm and fibers
[1] (Figure 3).

6. Chemical compounds as base of evaluation

Ginger contains two groups of important chemical constituents: 1 g volatile oil
and pungent principle. The volatile oil or essential oil gives the odour of the plant
material, while the second one is not volatile and gives the pungent taste of the
rhizome. The composition of volatile oil varies as a function of geographical origin,
but the main constituent sesquiterpene hydrocarbons (responsible for the aroma)
seems to remain constant. These compounds include (—) zingiberene, (+) ar-
curcumene, (—) B-sesquiphellandrene and p-bisabolene. Monoterpene aldehyde
and alcohol are also present. On the other hand, the chemical components of
pungent principle are gingerols (having a side chain with 7-10, 12, 14 or 16 carbon
atoms, respectively) and their corresponding dehydration products which are
known as shogaols [19]. Among the components of the pungent principle of ginger,
6-gingerol (IUPAC name: (S)-5-hydroxy-1-(4-hydroxy-3-methoxyphenyl)-3-
decanone) and 6-shogaol are the most available in the market. Thin-layer chroma-
tography (TLC) and high-performance liquid chromatography (HPLC) are suitable
for analysis of pungent principles, while gas chromatography-mass spectroscopy is
suitable to identify the components of volatile oil. Even though if the sample to be
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analysed is in the form of ethanolic extract, the obtained data will contain compo-
nents of volatile oil and those of pungent principle.
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7. Thin-layer chromatography

If one of the standard references (zingiberene, 6-gingerol or 6-shogaol) is avail-
able, use it for TLC analysis. If it is not available, use eugenol as standard reference.
Carry out thin-layer chromatography (TLC) using the following parameters:

Mobile phase: toluene—ethyl acetate (93:7 v/v); stationary phase: silica gel
60 F,s4; test solution: 10% ginger powder in ethanol; standard solution: 1.0% euge-
nol in ethanol; spotted volume: apply separately 3 pL test solution and 1 pL standard
solution in the plate; detection: anisaldehyde-sulphuric acid, dry at temperature
100°C for 5-10 min (Figure 4).

This procedure of TLC analysis uses eugenol as standard reference because it is
not easy to obtain shogaol as a marker substance. The correct evaluation is TLC with
zingiberene, gingerol or shogaol as a standard reference and Rf will be used instead
of Rx. Furthermore, the use of reagent for visualization such as anisaldehyde-
sulphuric acid is lack of reproducibility. If the constituents of plant material have
fluorescence under UV light such as those from ginger, it will be better to perform
TLC without reagent for visualization. The following figures represent TLC profile
of the three varieties of ginger with same system of TLC such as mentioned above.

Mobile phase: toluene—ethyl acetate (93:7 v/v); stationary phase: silica gel
60 Fys4; test solution: 10% ginger powder in ethanol; standard solution: 1.0%
6-shogaol in ethanol; spotted volume: apply separately 3 pL test solution and 1 pL
standard solution in the plate; detection: UV3¢6 (Figure 5).

The quantitative evaluation can be done by TLC-densitometry if shogaols or
gingerols are available in laboratory. If not, UV/vis spectrophotometry can be used
to determine total phenol using Folin-Ciocalteu method. In this method, eugenol
can be used as a standard reference. It must be noted that TLC method is the most
recommended method for phytochemical screening and not only for the colour
and precipitation observation in the tube. As we know that the colours of extract
to be tested are generally green or light chocolate. It gives confusion to the colour
produced by reaction occurs. In the colour reaction test of flavonoid for exemple,
the produced colour in the tube is yellow. If it is not intensively appears it will be
difficult to justify when the extract solution in the tube is green or light chocolate.
There were some publications reporting the existence of alkaloid in ginger accord-
ing to colour reaction in tube. After verification by TLC method, the result was
negative, so the colour reaction in tube was not true and we called it as a false
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Figure 5.
TLC profile of 3 ginger varieties: (A) small ginger, (B) big ginger, (C) red ginger and (D) 6-shogaol.

positive reaction. According to chemotaxonomic approach, the existence of alkaloid
in Zingiberaceae family is very rare. The similar case is sometimes found in the
colour reaction of steroid. The appearance of red-pink colour in green solution is
not easy to be detected; hence, it will be better and clear if we use TLC methods.

8. High-performance liquid chromatography

There are several publications concerning the HPLC analysis of gin-
ger. Kawakishi et al. used Develosil ODS-5 column (8 x 250 mm),
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methanol-water-acetic acid (80:20:1, v/v/v) mobile phase at flow rate of 3 mL/min;
detection at 254 nm [20]. Schwertner and Rios analysed 6-gingerol, 8-gingerol,
10-gingerol and 6-shogaol in ginger-containing dietary supplements, spices, teas
and beverages on C-8 reverse phase column at 282 nm [21]. A simple HPLC method
for analysis 6-gingerol in multiple shoot cultures of ginger was performed by Cafino
using an ODS column and the best mobile phase was found to be methanol-water
(90:10, v/v) with retention time observed at 3.8 min [22].

9. Gas chromatography-mass spectrophotometry

Ginger contains two main constituents, volatile oil and pungent substances.
The first one gives the specific aroma of ginger, while the second one expresses the
pungent taste of ginger. The volatile oil can be isolated by distillation method and
then Gas chromatography-mass spectrophotometry can be used for determination
of the components.

In order to evaluate the different components in ginger volatile oil, the peaks of
chromatogram can be determined, and their chemical structure by comparing the
recorded fragmentation with library. Furthermore, quantitative composition of
volatile oils can be seen from the values of area versus high of peak (A/H).

Table 1 represents the chemical composition of volatile oils of three varieties
of ginger. There is no significant difference between small and big ginger. Some
constituents of small ginger such as nerol, E-citral, endobornyl acetate and neryl
acetate are not present in both the other variety of ginger. On the contrary, a com-
ponent of big ginger, namely, geranyl acetate is not present in small ginger, while
interestingly volatile oil of red ginger contains substances totally different with
those of small and big ginger. These data are in line with the odour of those three
ginger. The aroma of small ginger is stronger than big ginger, while the aroma of red
ginger is totally different.

It can be seen in Figure 6 that all peaks of red ginger essential oil are recorded
after 8.9, and there is no overlap with big and small ginger that also can be seen in
Table1.

Retention Dried small ginger Dried big ginger Dried red ginger
times (area/high) (area/high) (area/high)
8.979 Z-citral 6.04 Z-citral 6.49
9.261 Nerol 264
9.342 E-citral 141
9.527 Endobornyl acetate 126
10.296 Geranyl acetate 173
10.298 Neryl acetate 2.26
11.165 Ar-curcumene 1.56 Ar-curcumene 124
11.280 Zingiberene 127 Zingiberene 148
11.325 Farnesene 114
11.385 cis-Farnesol 118 cis-Farnesol 1.24
11.493 Beta- 1.22 Beta- 1.29
sesquiphellandrene sesquiphellandrene
11.649 Elemol 141
12.072 Zingiberenol 147
12.355 Hedycaryol 2.01
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Retention Dried small ginger Dried big ginger Dried red ginger
times (area/high) (area/high) (area/high)
12.396 Unknown 4.82
12.509 Isospatulenol 135
12.589 1H-Benzo- 142
cycloheten-7-ol,
2,3,4,4a,5,6,7,8-
octahydro-
1,1,4a,7-
tetramethyl
12.650 4-Bromo-1- 141
naphthalen-
amine
12.786 Beta-maaliene 1.29
12.954 3-Oxatricyclo 222
[20.8.0.0E7,16]

triaconta-1(22),
7(16),9,13,23,29’

13.207 Beta-guaiene 129
13318 6-Isopropenyl- 141
4,8A-dimethyl-
3,5,6,7,8,8A-
hexahydro-1H
13.473 Zierone 115
14.774 9-Octadecenoic

acid, methylester

Table 1.
Component profile of volatile oil of small, big and red ginger.

Surprisingly, the data of gas-chromatography-mass spectrophotometry (GC-
MS) showed that the percentage of zingiberene and sesquiphellandrene, which are
mentioned in the WHO Monograph as responsible substances for specific flavour of
ginger, is only 1.27 and 1.22%. The biggest component is z-citral or neral that
represents 6.04% in small ginger and 6.49% in big ginger. As mentioned above, the
volatile oil of red ginger in point view of its components showed to be totally
different from small and big ginger. This is in line with the odour of the rhizome.
The odour of small and big ginger is stronger than that of red ginger but the pun-
gent taste of red ginger is stronger than small and big ginger (Figure 7).

o ,f'

'D/ Oﬁgm

Z-Citrel Mevall E-CiTal [Ceranizl)

Unfortunately our bibliography does not have data of the biggest substance of
red ginger. The fragmentation according to mass spectrophotometry is shown in
Figure 8.

The profile of fragmentations until m/e 190 is similar to other constituents but
between 190 and 220 is rather difficult to calculate. It is not methyl, acetyl, ethyl or
other alkyl. It is interesting to be programmed in the future research.
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Fragmentation recorded of unknown peak of gas chromatography profile of ved ginger.
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Chapter 3

Biotechnology and Crop
Improvement of Ginger (Zingiber
officinale Rosc.)

Neeta Shivakumar

Abstract

Ginger is the third most important spice used for its medicinal properties in day to
day life. Ginger is one of the widely studied plants for its biochemical and medicinal
properties. Biotechnological tools have played a pivotal role in the improvement of
this plant species. Many in vitro techniques namely micropropagation techniques,
somatic embryogenesis, somatic hybridization, germplasm conservation, transgenics
and mutation breeding have been widely studied whereas less studied for haploid
production, and cryogenic in ginger. Many of these have been used in the recent times
for the improvement of ginger mainly because of the vegetative mode of propagation.
Most varietal improvement programs of this species are confined to evaluation and
selection of naturally occurring clonal variations. Problems faced in ginger breeding
have so far been the very low genetic variation in ginger plant. Wide genetic variation
is needed in plant breeding in order to search ideal plant types during the process of
selection. Although traditional mutation breeding has lost its preeminent position,
induced mutations continue to be in great demand with the assistance of various bio-
technological tools. In vitro culture techniques provide an alternative means of plant
propagation and a tool for varietal improvement. Here, is an attempt made to collect
the information on the studies made in this regard and present the current status of
research in ginger.

Keywords: ginger, Zingiber officinale, in vitro culture, biotechnological tools,
crop improvement

1. Introduction

Ginger (Zingiber officinale Rosc.) belongs to the family Zingiberaceae, is an
important tropical horticultural plant and an important spice crop used in various
medicinal and culinary preparations. Ginger consumption is known for its health
benefits and widely known to be used in Ayurvedic formulations and Chinese medi-
cine. It is rich in secondary metabolites namely the oleoresins and shogaols contrib-
uting widely the pungency and flavors [1]. It is stimulative in nature and helps in
relieving the indigestion, stomach ache, diarrhea and nausea. It is widely used as to
cure common cold, cough and congestion. The clinical studies have demonstrated
it to be anti-emetic, anti-ulcer, anti-platelet, anti-inflammatory, and antioxidant in
nature. Ginger has many uses in the home remedies and can be used to help arthri-
tis, diarrhea, flu, headache, heart and menstrual problems, diabetes, stomach upset
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and motion sickness [2]. Wide studies have been taken up involving ginger to cure
complex diseases such as cancers to the chronic conditions of migraines.

Ginger has been widely used in various medicines viz., Ayurveda, Unani and
Chinese medicines to cure many of the health problems. It has been used in vari-
ous ways either in the food directly as or as a part of the formulations in medicines
to cure many of the ailments such as sore throat, muscle strains, chronic cough,
asthma, headaches, diabetes, relief of nausea and flatulence. Studies have proved
ginger to have anti-inflammatory effects, anti-cancerous specially colorectal and
ovarian and antiemetic anti-platelet activity [3].

Ginger is carminative, pungent, stimulant, used widely for indigestion, stomach
ache, malaria and fever. It is chiefly used to cure diseases due to morbidity of Kapha and
Vata. Ginger with lime juice and rock salt increases appetite and stimulates the secre-
tion of gastric juices. It is said to be used for abdominal pain, anorexia, arthritis, atonic
dyspepsia, bleeding, cancer, chest congestion, chicken pox, cholera, chronic bronchitis,
cold extremities, colic, colitis, common cold, cough, cystic fibrosis, diarrhea, difficulty
in breathing, dropsy, fever, flatulent, indigestion, disorders of gall bladder, hyperacid-
ity, hypercholesterolemia, hyperglycemia, indigestion, morning sickness, nausea,
rheumatism, sore throat, throat ache, stomach ache and vomiting. Ginger forms an
important constituent of many pharmacopoeial Ayurveda formulations [4].

1.1 Botany of the ginger plant

The ginger plant is an erect herbaceous perennial growing from one to three feet
in height. The stem is surrounded by the sheathing bases of the two-ranked leaves.
The plant is erect, aerial shoots (pseudostem) with leaves, and the underground
stem (rhizome). The fleshy and fibrous roots of ginger have indefinite growth from
the base of the sprouts. These are the fibrous roots, and the number of such roots
keeps on increasing with the growth of tillers [5] (Figure1).

A club-like spike of yellowish, purple-lipped flowers have showy greenish yellow
bracts beneath. Unfortunately, ginger rarely flowers in cultivation [5] (Figure 2).

Ginger is the modified rhizome stem having nodes with scale leaves and inter-
nodes. Except for the first few nodes, all the nodes have axillary buds. Generally, the
seed rhizome bit usually termed as setts is used for planting. There may be one or
more apical buds on it. Normally only one bud becomes active. When large pieces are

Figure 1.
Ginger cultivation. Source: https://in.images.searchyahoo.com/.
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Figure 2.
Flowering in ginger. Source: https://in.images.searchyahoo.com.

Scale leaf

" Adventitious root

Figure 3.
Botany of ginger plant. Source: https://in.images.searchyahoo.com/.

used, more than one bud may develop simultaneously. If more than one branch from
the parent rhizome is responsible for the ultimate growth and development of the
adult rhizome, the branches of the mature rhizome lie in the same plane (Figure 3).

1.2 Color and appearance

Ginger can be found in Yellowish brown or light brown colors. Scraped rhizome
with buff external surface showing longitudinal striations and occasional loose
fibers, outer surface dark brown [1] and more or less covered with cork which
shows conspicuous, narrow, longitudinal and transverse ridges (Figure 4).
1.3 Nutrient composition

Nutrient composition of ginger includes 80% moisture, 2.3%protein, 0.9%fat,

1.2% minerals, 2.4% fiber and 12.3% carbohydrates. The minerals present in ginger are
iron, calcium and phosphorous. It also contains vitamins such as thiamine, riboflavin,
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Figure 4.
Modified rhizome stem. Source: https://in.images.search.yahoo.com.

niacin and vitamin C. The composition varies with the type variety, agronomic condi-
tions, curing methods, drying and storage conditions. The rhizome, which is valued
for its flavor, contains two constituents such as the essential oils and oleoresins [5].

1.4 Ginger varieties and its constituents
1.4.1 Varieties of ginger

Zingiberus family includes about 50 genera and 1300 species of ginger are
known to exit worldwide. They occur in different parts of the world namely Japan,
Australia, Haiti, Bangladesh, Jamaica, Sri Lanka, Nigeria. Several cultivars of ginger
grown in different ginger growing areas in India and they are generally named after
the localities where they are grown. Some of the prominent indigenous cultivars
of ginger grown in India are Himachal, Maran, Kuruppampadi, Wayanad, Varada,
etc. Exotic cultivars such as Rio-de Janeiro have also become very popular among
cultivars. Maran, Nadia, Karakkal, Rigodi are suited for high dry ginger. Varieties
like Ernad Chernad, China and Rio-de Janeiro provide high oleoresin content.
Sleeve local, Narasapattam, Himachal are suited for high volatile oil. Rio de Janeiro,
China, Wayanad, Maran, Varada are suited for green ginger [6].

2. Biotechnology of ginger

Biotechnological tools have played a pivotal role in the improvement of plant
species. There are many techniques specially the micropropagation techniques,
production of enhanced secondary metabolite production using cell suspension
cultures [7]. In vitro production of haploids, somatic embryogenesis, somatic
hybridization [8], germplasm conservation and storage, recombinant DNA technol-
ogy and transgenic [9]. Many of these have been used in the recent times for the
improvement of ginger mainly because of the vegetative mode of propagation and
those techniques have been discussed below.

2.1 Micropropagation of ginger
Ginger is one of the important spice crops in India under the family Zingiberaceae.
This plant is a highly important horticultural crop and plays a very important role in

pharmaceuticals, food and beverage industries. In a vegetatively propagated plant
like ginger, risk of systemic Infections by root knot nematodes, bacterial wilt from the
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propagules is very high. Heavy losses in ginger productions is due to diseases caused
by bacterial wilt (P-50), soft rot (Pythium) and rhizome rot (E-Oxy). Therefore,

the diseases are mainly transmitted by rhizome propagules; production of disease
free clones is necessary. Micropropagation using tissue culture technique can be the
alternative method. Iz vitro culture technique provides an alternative means of plant
propagation and a tool for crop improvement [10]. Clonal multiplication of ginger
through shoot multiplication also has been reported. Clonal propagation is achieved
through direct organogenesis or indirect organogenesis [11]. Establishment of the
explants plays a very important role in micropropagation. The explants usually used
are the rhizome buds. Leaf explants, internodes and roots. However, the adventitious
buds have been widely used. The buds have the preformed primordia for the direct
organogenesis. Nutrients are provided for the development of the shoots from these
buds. In indirect organogenesis the explants is subjected to enter the callus phase and
then dedifferentiate into plantlets. Callus culture is proposed for rapid proliferation
of plant cells [12]. However, contamination plays a very important role in the estab-
lishment. In order to achieve contamination free cultures the buds thoroughly washed
with running water and with the detergents namely Tween 20 under running water.
These dust free/soil free buds are later subjected with surface sterilants such as mer-
curic chloride and ethanol, Followed by washing with distilled water and inoculated.
The following are the established cultures seen in the author’s lab (Figure 5).

These shoots are subjected to multiple shoot formation steps which needs the
specific media for multiplication. This requires the lower concentration of auxins
and cytokinins with 2 mg/l NAA and 0.1 mg/] BAP was used for the multiplication
[7]. Following are the established cultures seen in the author’s lab (Figure 6).

After multiplication is the elongation step where the gibberllic acid is added.
However since this step was not required the shoots are transferred to rooting media
(Figure7).

Multiple shoots transferred for rooting with MS medium supplemented with
2 mg/INAA and 0.1 mg/l BAP. Many other researchers have tried different con-
centrations growth enhancers. After rooting the shoots have been primarily accli-
matized by transferring to the netted pots filled with sterilized peat mixture and
kept in the growth chamber by maintaining a humidity of 80% and the light period
16 + 8 hrs. After 2 weeks transferred to green house for secondary acclimatization
of the plants in netted pots [7].

2.2 Enhanced secondary metabolite production

There are various studies conducted in ginger to compare the secondary metabo-
lite production both ix vitro and in vive. The In vitro culture did not enhance the
production of the gingerols and gingiberene. However, the in vivo produced the
same amount of secondary metabolites [11]. In another study the influence of
mevalonic acid (MVA) increased the production of 6-gingerol in in vitro grown
callus cultures compared to other precursors and biotic elicitors. Other active
substances did not influence the production of 6-shogaol, 8-gingerol and 10-gin-
gerol.30 pg/100 mg callus FW was recorded with 1 mg/l MVA [12]. Many elicitation
studies need to be conducted for different varieties of ginger.

2.3 In vitro production of haploids
Studies have not been done on haploid production in ginger. The probable reason

may be the poor flower setting which makes androgenic or gynogenic studies nearly
impossible.
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Figure 5.
Stages of micropropagation through callus (source: author’s vesearch work).

Figure 6.
Fully grown ginger explants via micropropagation (source: author’ research work).

Figure7.
Stages in hardening of ginger explants (source: author’s research).

2.4 Somatic embryogenesis

It has been studied in ginger using leaf explants The embryogenic callus was
maintained using MS media with dicamba as the best growth regulator [13].
Somatic embryogenic studies were taken using meristematic explants to produce
pathogen free seedling [14]. Not many studies have been taken up with respect to
different varieties of ginger for somatic embryogenesis.

2.5 Somatic hybridization

Plays a pivotal role in the improvement of the crop species specially the veg-
etatively propagated ones. Different methods of somatic hybridization have been
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proposed namely the physical and chemical method of fusion techniques. Chemical
method is commonly used technique using polyethylene glycol [14]. In this study,
two different species of ginger [‘Lushan Zhangliangjiang’ + ‘Chenggu Huang Jiang’
(LZ + CH)] were fused to obtain a hybrid and later regenerated after 15 months.
This technique could be adapted to create many other hybrids were the varieties are
low yielding in terms of quantity and quality of rhizomes.

2.6 Germplasm conservation and storage

Germplasm conservation is an important technique for conservation of the
plant diversity for any of the country. The plant species can be conserved mainly
through in situ and ex situ methods. In situ methods have many disadvantages
mainly being the land requirement for cultivation, seasonal changes which may
lead to destruction of the plant material and high cost incurred during cultiva-
tion. However Ex situ conservation in recent days has gained more prominence
and importance utilizes the in vitro techniques for the conservation of the species.
In vitro techniques are the widely used techniques for ex situ conservation and
utilizes the principle of the reduced amount of nutrients supplied to the explants
and in turn would reduce the growth of plant and less attention can be given for a
certain amount of time. Studies on the ginger germplasm conservation have shown
that the cultures can be maintained on half strength MS with reduced amount of
sucrose/carbohydrate source and maintain the cultures at ambient temperature of
22 + 20C. The cultures can be maintained for 200-240 days with 75-81 percentage
of survival. Half strength MS with 20 g/1 of sucrose extended the culture span to
360 days [14]. Usage of polypropylene caps is also reported to maintain the cultures
for 7 months. Around 100 accessions have been maintained at Indian Spice Research
Institute (IISR) and In vitro conservation provides a promising tool for maintain-
ing the ginger cultivars. However, there are no reports available for the successful
cryopreservation strategy.

2.7 Recombinant DNA technology
2.7.1 Transgenics

Nowadays, researches are taking place in bringing out transgenic varieties of
ginger. Trasgenics have been developed to overcome crop loss due to disease, lack
of resistance, and post-harvest losses. Since ginger is vegetatively propagated, the
genetic variability is limited. When compared to other spices, transgenic develop-
ments are very few in number in case of ginger.

Transient expression of GUS was successfully induced in ginger embryogenic
callus bombarded with plasmid vector pAHC 25 and promoter Ubi-1(maize ubiq-
uitin) callus tissue [15]. Helium bombarded ginger embryo-genic calli with micro-
projectiles (1.6 pm gold particles) using ‘BioRad’ PDS-1000/He gene gun at 900 and
1100 psi helium pressure with the target distance of either 6 or 9 cm. The pAHC 25
vector used contained GUS (p-glucuronidase) and BAR (phosphinothricin - acetyl
transferase) as reporter and selectable marker genes respectively. The best GUS
score was obtained when the target distance was 9 cm with 900 psi helium pressure.
The GUS score of 133 blue spots per cm” indicated not only the optimization and
efficiency of the biolistic process, but also the ability of the ubiquitin promoter to
drive the expression of the reporter gene. [16].

It was reported that the genetic transformation of ginger buds through somatic
embryogenesis. They found that young buds had very good embryogenic potential
and were superior to other explants. The transformation protocol included 3 day
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pre-culture of explants on callus induction medium, bacterial (Agrobacterium
tumefaciens strainEHA105/p35SG) dilution of 1:20 (v/v) as the initial inoculum,

an infection time of 5 minutes, 2 day co-cultivation with Agrobacterium and post
cultivation on callus induction medium with 100 mgL " kanamycin and 300 mg L™
cefotaxime under darkness for 2 weeks, followed by a 16/8 h photoperiod regime.
Acetosyringone was effective at a concentration of 200 pm for vir induction. With
young bud as explant, a transformation frequency of 1.1 to 2.2% was noticed. The
callus growth was very slow in the presence of antibiotics [17].

3. Breeding of ginger

Breeding of ginger is seriously handicapped by poor flowering and seed set.
Most crop improvement programs of this species are confined to evaluation and
selection of naturally occurring clonal variations. Problems faced in ginger breed-
ing have so far been the very low genetic variation in ginger plant. Wide genetic
variation is needed in plant breeding in order to search ideal plant types during the
process of selection [18]. Although traditional mutation breeding has lost its pre-
eminent position, induced mutations continue to be in great demand with various
biotechnological tools. The methods of mutation induction and analyses of mutants
have witnessed great changes in recent years. Iz vitro culture techniques provide
an alternative means of plant propagation and a tool for crop improvement (Vasil,
1988). The advent of tissue culture technology enables small and easily handled
amount of tissue to be treated. Excised stem tips or callus growing on standard
nutrient medium could be treated and the explants are grown to maturity and
evaluated for useful mutations. Advanced iz vitro manipulations such as somatic
embryogenesis and single cell cultures also reduce the problem of chimerism often
encountered in the induction of mutations on vegetatively propagated plants
(Chopra, 2005).

3.1 Mutational breeding in ginger

Mutational breeding has a very prominent role to play in breeding a new variety
specially the ones which are clonally propagated. The traditional methods of muta-
tion breeding involves the use of the mutagens in creating the mutation and check
for the mutated genes to pass from one generation to the other. These trails consume
lot of time, laborious and needs the involvement of large population. With the
advent of Biotechnology techniques, the process is made easier in mutation breed-
ing wherein the explants are treated with the mutagens and subjected to screen-
ing under iz vitro conditions. The other method of creating variation is through
somaclonal variation, somatic hybridization induced under in vitro conditions and
recently is through transgenic technology.

Mutation breeding can be taken up by treating large number of rhizomes under
in vivo conditions and screen for the phenotypic and genotypic characters. These
studies require large number of planting material, cost and space. The methods of
mutation induction and analysis of mutants have witnessed a great change in recent
years. With the advances in recent biotechnological studies, mutation studies can
be taken under in vitro conditions. The explants namely the adventitious buds, leaf
explants, stem and roots and generate the plants through direct regeneration or
indirect regeneration.

Ginger is severely affected bacterial wilt and rhizome rot diseases. The lack of
genetic variability among the genotypes for disease resistance is one of the bottle-
necks in ginger genetic improvement. Studies have been done to induce mutability
and radio sensitivity of the ginger genotypes using different doses gamma rays.
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Figure 8.
Stereo microscope images of the mutants.

Different mutation frequencies and width of mutation spectra were induced under
the action of different concentrations of the gamma rays (0.5-1.2kR). High fre-
quency of chlorophyll mutants (5.13%) indicates mutability of ginger. The spec-
trums of chlorophyll mutations (albino, xantha, and chlorina) were observed and
grouped. The overall mutation spectrum for ginger showed that xantha occurred
with the highest frequency, followed by chlorina and albino. The mutagenic effec-
tiveness decreased with the increase in dose of mutagen that negative relationship
between effectiveness and dose of mutagen. Compared to control, wide variability
was recorded for various morphological characters under different doses of gamma
rays. Artificial screening of mutants against Ralstonia solanacearum and Pythium
sp. led to identification of six potential mutants against these two pathogens [18].

The chlorophyll mutation frequency in mutation generation is the most depend-
able index for evaluating the genetic effects of mutagenic treatments. The effect
of Ethyl Methane Sulfonate (EMS), Sodium Azide and Colchicine on induction of
different types of chlorophyll mutants have been widely used to determine their
frequency in ginger. There are many mutagens which can be used namely physical
viz., UV rays, X rays, Gama rays mutagens etc., chemical EMS, Sodium azide and
Choline biological [19] (Figure 8).

Ethyl Methane Sulfonate (EMS) is a mutagenic which is carcinogenic in nature.
It produces random mutations in the genetic material. The EMS concentrations used
varied from 5 mM to 10 mM. Following are the chlorophyll variations observed and
classified as follows:

* Xantha: Leaves with little or no chlorophyll but have carotenoid pigmentation
and are yellow.

* Striata: They have yellow or white longitudinal bands alternating with green
color.

* Maculata: Have spots where chlorophyll and/or carotene have been destroyed.

The frequency of mutation can be calculated using the below formula:

No. of mutants x 100 (1)

i ) =
Mutation frequency (%) = Total no. of plants scored

Mutation studies have been taken up in the indigenous varieties of ginger from
India namely Bidar, Himachal and Humnabad. They observed the variation in 3
months plants of the mutant varieties and were studied with respect to various
growth parameters like survival percentage, sprouting percentage, plant height,
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number of tillers, etc. They found that the treatment with chemical mutagens had
significant effect on all the growth and yield parameters. Chlorophyll mutations
spectrums were observed and grouped. Mutation frequency was calculated for VM,
and VM; generation, mainly with the occurrence of maculata highest, followed by
xantha and striata. More number of mutants was found with the plants treated with
EMS, followed by colchicines and sodium azide. The albinism was rarely exhibited
by plants [20].

Similarly, Sri Lankan varieties have been studied for using EMS for the yield and
quality parameters studied different chlorophyll variants induced with gamma rays
and EMS and combination of both the treatments. Physical mutagens are mainly
the gamma radiations and UV radiations which have been studied. Most effective
being the Gamma radiations and can be used widely not only in ginger but also
other crops [20].

3.2 Role of markers in ginger breeding

Ginger (Zingiber officinale) is a crop grown widely in tropical and subtropical
regions which is of medicinal, economic and horticultural importance. There are
more than 150 varieties of ginger. In species like ginger which reproduces mainly
through vegetative modes, the chances of crop improvement are very limited. A
molecular marker is a molecule contained within a sample taken from an organism
or other matter. It can be used to reveal certain characteristics about the respective
source. Markers have played a tremendous role in breeding and conservation of
species like ginger [21].

Randomly Amplified Polymorphic DNA (RAPD) Markers are used for plant
species like ginger because no specific information about the genome is available.
Ginger genome is one among the poorly studied genomes and information available
is very little. Using phylogenetic analysis and metabolic profiling of diversity within
and among Zingiber species was investigated. It was found that Zingiber from differ-
ent geographical locations were indistinguishable [22]. Clones, cultivars, varieties,
accessions or genotypes can be distinguished by RAPD markers with high resolv-
ing power value. RAPD as a marker is well-established in generating reproducible
polymorphic bands. Variation among the induced mutant clones could be used to
support the selection process at the early stage of the plant. RAPD markers can
differentiate ginger populations based on their collection sources. Populations of
Z. zedoaria and Z. officinale were distributed into two groups that exist in hill areas
and plain areas, respectively, while farm collections showed wide genetic diver-
sity. RAPD has proven to be an effective tool for detecting genetic diversity at the
interspecific and intraspecific levels [23, 24]. Thus, it has been proves that RAPD
markers can be used for identification and classification of ginger species.

Amplified fragment length polymorphism (AFLP) markers are capable of
disclosing a greater number of polymorphisms with a single reaction. Thus, this
marker has become the main tool in genetic marker technologies [25]. The genetic
relationship within a species or genus could be determined using AFLP markers. The
polymorphic bands were quite low within species. Using AFLP analysis it was found
that ginger phylogenetic relationships mostly corresponded to their morphological
characteristics and modes of reproduction. Genetic diversity patterns within differ-
ent genome sizes of Curcuma populations were confirmed to be influenced by the
mode of reproduction. ALFP markers could provide species-specific identification
for examined species and produce a large number of reproducible markers to assess
diversity across the nuclear genome. Three species of Zingiber, Z. officinale, Z. monta-
num and Z. zerumbet, were identified by using this DNA fingerprinting marker. This
shows that ALFP can be used as a reliable parameter for identifying species [26].
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Simple sequence repeat (SSR) marker is believed to be one of the most powerful
markers in studying genetic diversity. It can accurately assess the level of genetic diver-
sity within a germplasm of any crop. Available polymorphic microsatellite markers have
been found in the ginger species Zingiber officinale and Curcuma longa [27]. Until now
56 genomic SSR markers and 17 EST-SSR markers have been developed for Curcuma
longa, while only eight genomic SSR markers have been reported in Z. officinale. SSR
markers displayed better polymorphism results compared to ISSR and IRAP markers
[28]. The development and characterization of microsatellite markers for ginger species
would be useful for future studies evaluating genetic diversity and genetic divergence
among species. SSR markers could be used for ginger breeding improvement programs.

Inter-Simple sequence repeats (ISSRs) are semi-arbitrary markers amplified by
PCR in the presence of one primer corresponding to a target microsatellite [25].
They are randomly distributed throughout the genome. The main advantage of
ISSRs is that the amplification does not require genome sequence information and
produces high fragments. ISSR is effective for differentiating relationships among
closely related ginger cultivars [29].

This technique has been confirmed to show higher polymorphisms compared
to RAPD and AFLP markers when tested on Curcuma species [30]. ISSR markers
were found to be less informative compared to AFLP in the case of wild the ginger
species, Z. moran and cultivars of Northwest Himalayan [28]. The differences in
resolving power of these markers is due to the difference portions of the genome
that are targeted. Thus, it is essential to apply different molecular techniques in
diversity studies of any crops.

Combination of RAPD and ISSR is also used in identification of ginger species.
Several ginger studies applied both RAPD and ISSR as molecular markers. RAPD
and ISSR have been used for genetic diversity studies in various plant species includ-
ing ginger. RAPD markers are reported to be more suitable for genetic diversity anal-
ysis. ISSR markers are more reproducible compared to RAPD markers. Therefore,
the percentage of polymorphisms using ISSR markers was quite higher than RAPD
markers. Combining data from the two markers would give a better result in terms
of species differentiation. RAPD and ISSR have been used to assess genetic diversity
among micro-propagated and cloned ginger species [31]. The aim of the studies was
to reveal monomorphic bands to confirm genetic stability or uniformity.

Other markers that have been used in ginger species include restriction fragment
length polymorphism (RFLP), sequence characterized amplified region (SCAR),
nucleotide binding site (NBS) and single nucleotide polymorphism (SNP) [31] have
been used to identify and characterize ginger species.
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Abstract

Ginger is grown extensively throughout India due to its high value and ginger
is used for wide range of purposes like in confectionery, traditional medicine
for stomach ache, food additives and pickles. The major ginger-producing states
include Kerala, Assam, Gujarat, Orissa, Sikkim, Meghalaya, Arunachal Pradesh
and Mizoram. It is one of the main cash crops in Himalayan state of Sikkim. In
Northeast India, especially in Sikkim, ginger serves as a source of income for
small and marginal farmers. It is cultivated in a varying degree of altitude, but the
elevation of 1500 above msl is found to be more suitable. Ginger is a tropical plant,
and warm, humid climate is the most ideal for ginger cultivation; it grows best in
rich soil and shady places. Sikkim has its own indigenous cultivars of ginger, and the
prominent varieties that are being cultivated in Sikkim are Bhaise, Gorubathane,
Majhaule, Tange, Patle and Jorethang. November to January after 8-9 months
of sowing is the optimum time for harvesting ginger; however, this follows the
market demand dynamics in Sikkim. Under organic conditions, farmers normally
get ayield of 90-100 gq/ha depending on ginger cultivation practices. Progressive
farmers by adopting improved method of ginger cultivation get on an average of
Rs. 150,000 per hectare (benefit-cost ratio varied from 3.50 to 3.80).

Keywords: Zingiber officinale Rosc, Sikkim, organic system

1. Introduction

Ginger botanically known as Zingiber officinale Rosc. is a crop of family
Zingiberaceae and grown extensively throughout India. It is a perennial herbaceous
flowering plant which grows annual pseudo-stems whose rhizome, ginger root or
ginger is widely used as a spice and a folk medicine. In India, ginger is used for wide
ranges of purposes like confectionery, traditional medicine for stomach ache, food
additives, pickles, etc. Traditionally, the rhizome is gathered when the stalk withers;
it is immediately scalded or washed and scraped, to kill it and prevent sprouting. In
China it is used as a typical traditional medicine that has been widely used for the
treatment of indigestion, sore throats, rheumatism and hypertension [1-4].

Ginger has been demonstrated to have various pharmacological activities, such
as antiemetic, antiulcer, anti-inflammatory, antioxidant, antiplatelet and anticancer
activities [5-8].

The major ginger-producing states include Kerala, Assam, Gujarat, Orissa,
Sikkim, Meghalaya, Arunachal Pradesh and Mizoram. Ginger is grown as an
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intercrop in coconut and areca nut plantations in the states of Kerala, Meghalaya,
Orissa and West Bengal and to some extent in Karnataka as well as pure crop in the
states of Andhra Pradesh and Tamil Nadu [9, 10].

It is one of the main cash crops in Himalayan state of Sikkim and locally known as
“Adua’, and its cultivation in the state can be traced in ancestral farming in ancient time.
Limboos, Phedamgmas, Rai and Bijuwas used ginger in religious practices as well as
medicinal application for different purposes. In Northeast India especially in Sikkim,
ginger serves as a source of income for small and marginal farmers. It is cultivated in a
varying degree of altitude, but an elevation of 1500 above msl is found to be more suit-
able. The areas which cover major area under ginger cultivation in the state are Tharpu,
Malbansey, Gyalshing, Mangalbaria belt, Chakung, Chumbung and Zoom in the West
district; Rhenock, Rongli, Rorathang, Pakyong, Pachekhani, Pandam, Khamdong,
Sirwani, Sang and Namziism in the East district; Turuk, Sumguk, Ratepani, Namthang,
Melli Dara, Maniram, Namchi, Temi Tarku and Bermiok in the South district; and small
pockets of Dzongu and Mangan area of the North district.

2. Crop botany

Ginger is an herbaceous perennial crop belonging to the family Zingiberaceae.
It is cultivated for its rhizome which is a modified system. It is an aromatic herb
with an underground rhizome and an erect stem, up to 75 cm in height. The leaves
are green, simple, alternate, sheathing at the base, sessile, acuminating at the apex,
glabrous, 15-20 cm long, narrow and linear-lanceolate with prominent midrib and
parallel venation. Inflorescence is a spike on a distinct scape; flowers are densely
arranged, bisexual and irregular, each subtended by a persistent scarious bract.

Calyx tubular shortly 3-lobed; corolla bilabiate, tubular below, yellow with
purplish spots stamens three in one whorl, one of which is perfect and the other two
united to form a labellum; ovary of three carpels, syncarpous, 3-celled, inferior;
ovules many on axile placentas; style filiform, lying in a groove of the anther;
stigma subglobose, filament of perfect stamen short, anther cells contiguous, con-
nective produced into a beak. Flowering in Sikkim is a common phenomenon, but
it flowers only in a specific climatic conditions. Ginger produces clusters of white
and pink flower buds that bloom into yellow flowers. It is a perennial reed-like plant
with annual leafy stems, about a metre (3-4 feet) tall.

3. Uses

Ginger has a wide range of traditional and present-day uses in Indian house-
holds, and Sikkim is not an exception too. In Sikkim conditions, ginger is marketed
as fresh and used mostly in salad, tea blends, sauces and additives as well as a sole
constituent of curry and pickles, confectionery, curry powder, ginger chocolates and
candies and for beverage purposes like ginger cordial, ginger cocktail, ginger tonic,
ginger brandy, ginger wine, ginger beer, etc. It has many medical values and is used
as carminative and stimulant for gastritis, dyspepsia and flatulence and a remedy for
bee bites, etc. Ginger contains a variety of oleoresin and volatile oils which are low-
volume high-cost products for marketing and fetches high monetary returns.

4, Climate and varieties

Ginger is a tropical plant, and warm, humid climate is the most ideal for ginger
cultivation; it grows best in rich soil and shady places. Ginger can be grown both
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under rainfed and irrigated conditions. The well-distributed rain during the grow-
ing season, i.e. from April to October, is ideal for its cultivation. This is the reason
that this crop is grown from 300 to 1500 m above msl in Sikkim, where

the temperature remains higher during the growing period. It is partially a shade-
loving crop and can be grown in semi-shaded condition. Sikkim has its own indig-
enous cultivars of ginger, and the prominent varieties which are being cultivated in
Sikkim are Bhaise, Gorubathane, Majhaule, Tange, Patle and Jorethang.

5. Existing practices of ginger cultivation

It is usually cultivated vegetation, meaning the pieces of rhizome are planted in the
soil and each sprouts to form a new plant. Modern micropropagation is also being used
where new plants are cloned from cells taken from a single plant [11]. The propagation
through rhizome cuttings includes small bits of rhizome; each containing a bud is
planted in holes or trenches 10-15 cm deep and about 30 cm apart during the months
from March to May. The plants produce aerial shoots which are dried after flowering
and fruiting in a span of about 8-10 months. Though ginger requires ample rainfall,
there should not be any waterlogging at any time; otherwise, it may result in rotting.

In Jamaican practice, rhizomes are dug up and washed with water to remove
adhered soil and dirt. Rhizomes are then peeled and washed in clean water often con-
taining lime juice. The cleaned materials are sun-dried for 120-140 hrs; proper care
should be taken that there should not be any damping or mouldy condition during the
process of drying. They are then bleached by washing and again dried for 2 days.

In traditional Indian practice, the rhizome is peeled on the flat sides only
followed by treatment with boiling water and sun-drying. Sometimes the dug-up
rhizomes are washed in clear water and peeled or scrapped and then coated with
carbonate or sulphate of lime. This protects the rhizomes from insect attack. The
skin gathered from such peeled rhizomes is often distilled and oil is obtained.

Here in Sikkim, the most common practice of ginger cultivation is growing
in terrace as well as in hill slopes. Ginger prefers light-textured soil which is rich
in organic matter; this results in good yield of crop, and rhizomes have a better
size and appearance and texture as well. Heavy soil with poor drainage should be
avoided since it causes waterlogging and physiological drought.

6. Land preparation

Ginger needs fine bed preparation before sowing which is done by 2-3 plough-
ings or is dug 2-3 times. The sizes of the beds are variable according to available
land size, but a width of 75-100 cm and height of about 15-20 cm with 30-45 cm
are recommended for sowing. Raised beds should have a gentle outward slope to
tackle the problem of avoid.

7. Seed selection and treatment and sowing

Healthy and disease-free planting material is the first requirement of any crop,
and the same is followed in ginger too. When the crop is 6-8 months old and still
green, the clumps are marked in the field. The seed rhizomes are treated with a
mixture of 10% solution of bioagents, viz. Pseudomonas and Bacillus, for 30 min and
dried under shade before storage or before sowing. In order to obtain good germina-
tion, the seed rhizomes are to be stored properly in pits under shade.

41



Ginger Cultivation and Its Antimicrobial and Pharmacological Potentials

In Sikkim the last week of February to March is the most optimum timing of
sowing; however, in most of the location, it is continued till April.

8. Sowing and spacing

Generally line sowing in shallow pits on raised beds with a row-to-row distance
of 30-45 cm and plant to plant 15-20 cm is followed in ginger. Where ginger is
sown as intercrop like with maize, then it is sown in 2—4 lines with spacing main-
tained at 60-90 cm, and maize is sown in between the rows of ginger. Usually seed
rhizomes are broken into small pieces of 5-8 cm in length, weighing 30-60 quintal/
ha, or even more seed is sown; however, many farmers sow full rhizome without
breaking.

9. Nutrition management

Application of 20-40 tonnes of cow dung or compost in soil is recommended
before sowing though heavy manuring (up to 50 tonnes/ha) in ginger field is a com-
mon practice. Farmers in Sikkim do not use any fertilizer in ginger field citing their
observation that the use of fertilizers enhances rotting (soft rot), while others use
dolomite which reduces rotting.

10. Mulching

To tackle the problem of post-sowing water stress, beds are covered with dry
leaves, straw or other plant residues. Covering the bed with green leaves and twigs
of Chillaune (Schima wallichii) or other forest plants is a common practice followed
by some farmers. Based on the availability, mulch may vary from 5 to 20 tonnes/
ha on a dry basis. Mulching not only helps in moisture management, but it also
gives heat to the beds, enhances germination, reduces weeds, protects young
emerging plants with heavy rain and hailstorms and minimizes soil erosion. In post-
decomposition phase, mulch turns into a source of nutrients to the soil and copes up
the need of growing plants.

11. Weeding and earthling up

Heavy rain is a major issue in ginger cultivation in Sikkim; it not only causes
weed problem but waterlogging and soil runoff and favours outbreak of insect pest
as well. To tackle the weed problem, 2-4 hand weeding is recommended as per the
growth stages of the crop and weed. Weeding is followed by earthling up to cover
the exposed rhizome.

12. Removal of mother rhizome (Mau)

Mother rhizome locally known as Mau is dug up by the month of May-June,
leaving the sprouted bit of rhizome in the soil. This is done to maintain proper space
to the developing rhizome and earn extra income during off season. In Sikkim,
farmers get almost equal quantity, whatsoever sown, though it is of inferior quality,
but being an off-season product, it fetches good market price.
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13. Intercropping and crop rotation

Though ginger is grown as a sole crop in majority, it is not an uncommon thing
to grow it with soybean, French bean and cowpea as intercrop. In order to provide
better shade and utilize the vacant space up to maximum, farmers cultivate ginger
in citrus and guava orchards as well.

Crop rotation is a common practice seen in Sikkim, and farmers tend not to
cultivate ginger continuously year after year. Based on the size and suitability of
the land holdings, sometimes crop rotation is followed for more than 2-4 years. The
main reason of adopting crop rotation as cited by the farmers is the incidence of
rhizome rot which can be minimized.

14. Issues and constraints in better production

Sikkim is a state with highly undulating topography and difficult area of reach.
Farmers have small or marginal land holding which limits their choice of crops
and adoption of improved technology. The steep slope and difficult terrain are
other permanent issues which cause problem in field preparation, transportation
of inputs and carrying of harvest to the house and markets. Winter is a dry spell in
most of the areas and limits the moisture availability to crop which results in the
reduced yield level, whereas during the rainy season, excess rainfall is conducive to
the luxuriant growth of many weed florae which not only compete with the main
crop but act as an alternate and collateral host for many insect pest and diseases.
Poor infrastructural facilities and transportation issues force farmers to sale their
produce at lower rates in local markets. The farmers of Sikkim are sound neither
technically nor financially; this restricts the use of adequate fertilizer, improved
varieties, pesticides and other inputs and recent technologies.

Sikkim is characterized by high annual rainfall (more than 2500 mm), high
humidity and rather a mild and favourable range of temperature (13-23°C), most
of the time cloudy, less duration of bright sunshine and great variation in altitude;
a wide variety of florae and faunae give an opportunity for the survival, perpetu-
ation and building up of many plant pathogens. The continuous rain from June—
September reduces the labour efficiency drastically. It affects weeding, spraying and
other agricultural operations. Sometimes severe hailstorms in April-May damage
the early sown crop badly.

Due to the above reasons, this crop suffers with a number of insect pests and
diseases in the field as well as in the storage causing heavy yield loss every year. Lack
of knowledge, the use of poor quality seed, no crop rotation, extraction of mother
rhizomes and poor storage condition are some other production constraints.

15. Insect pests

Ginger has a wide range of insects and pests affecting the crop and loss in yield.
The major insect pest and their management are discussed below.

15.1 Stem borer/shoot borer (Conogethes punctiferalis Guen.)
This is one of the most serious pests in ginger; the infestation generally starts in
June and continues till October. This pest is found more severe in Central Pendam,

Sajong, Bhurung and Pachekhani areas. Shoot borer’ caterpillar damages the plant by
boring central shoot of the plants which in due course of time turn yellow and get dry.
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Its intensity was very high (15-33%) in Zoom, Chakung, Chumbung and Malbasey
areas in West Sikkim. Rouging, removing and burning the affected shoots and main-
taining proper phytosanitation are the primary management strategies for this pest.
Spraying of NKAE 5.0% solution or 3% neem oil at 3 ml/l of water or 0.3% of Bacillus
thuringiensis product in an interval of 2-3 weeks during June-October is found to be
effective. The process of spraying should be initiated as soon as the symptoms appear
on pseudo-stem or leaves without any delay. Pruning and rouging of freshly infested
pseudo-stems at fortnight intervals along with spraying are effective against the pest.

15.2 White grub (Holotrichia spp.)

White grub is another major pest in ginger which damages the crop by feeding
upon the feeder roots and the rhizomes. The infestation of this pest is well recorded
in the state and was found localized. During the August-September months of 1989,
white grub was recorded an epidemic form in Bikmat village (Namthang area) of
South District. The intensity of infestation was so severe that it affected 80-90% of
ginger crop and forced the farmers to go for premature harvesting. The control mea-
sures include collection of adult beetles, and killing during their breeding season
manages this pest as well as removal and destruction of alternate hosts like Nebhara,
Gagun, Utis, Dudhilo, Bar, etc., to avoid resurrection in adult stage of pest.

16. Diseases

Though there has been the considerable number of diseases in ginger, major
diseases in Sikkim conditions are classified as (i) root and rhizome diseases,
(ii) foliar diseases and (iii) storage diseases and discussed below in detail. Root
and rhizome diseases are very serious as they cause heavy yield loss. Among
these, soft rot, yellow/dry rot, bacterial wilt and nematode diseases are the most
important.

16.1 Root and rhizome diseases
16.1.1 Soft root

Soft root is one of the most devastating diseases of ginger caused by Pythium sp.
And among them Pythium aphanidermatum is the most common; this disease may
account the yield loss up to 50%.

Symptoms of this disease include yellowing of the tips of lower leaves which
gradually spreads down to the leaf blade and leaf sheath along the margin. Initially
leaves show yellowing only in the marginal area, and the middle portion remains
green but later on the yellowing spreads to the whole leaf followed by drooping,
withering and drying. The collar region of the pseudo-stem turns pale brown
and appears as water soaked. The infected shoot can be easily pulled out from the
soil; the infection from the collar spreads to the rhizome gradually. There are two
stages of the disease: (a) seed rhizome stage in which the shoots arising from such
rhizomes show the damping-off symptom in the seedling stage and (b) post-
germination stage where the fully grown pseudo-stem withers and dies.

Soft root of ginger spreads either through infected planting material or the
spores present in the soil, and rainwater assists the infestation in the second case
from one field to another. Treating the seed rhizomes with 10% solution of mixture
of Pseudomonas and Bacillus for 30 min followed by drying in shade before storage
and the same treatment before sowing reduces the incidence of the disease.
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16.1.2 Rhizome vot/dry vot/Fusarium wilt

Rhizome rot/dry rot/Fusarium wilt caused by Fusarium oxysporum is a common
disease of ginger particularly in South Sikkim.

The disease can be identified by peculiar symptom yellowing which first appears
on the lower leaves of young plants followed by yellowing involves whole of the leaf
and wilting in The pseudo-stem is very weak and wilted and can be easily pulled out
from the mother rhizome. The underground symptoms of the disease appear on the
rhizomes and roots, showing creamy brown discoloration of vascular system. Asa
result of this, rotting of roots takes place and rhizome formation ceases.

16.1.3 Bacterial wilt

Bacterial wilt caused by Pseudomonas solanacearum was first observed in Sikkim in
Rhenock and adjoining areas in an epiphytotic form causing yield loss. Water-soaked
linear streaks/lesions or patches on the collar region of the pseudo-stems followed
by yellowish to bronze coloration of the margin of the lower most leaf which gradu-
ally progress upwards are common symptoms of the disease. In due course of time,
the leaves become flaccid showing typical wilting, yellow bronze-coloured margins
and drooping. The affected pseudo-stems and rhizomes at the advanced stage of
infection are slimy to touch with a varying degree of tissue disintegration, and milky
bacterial exudates ooze when pressed gently. Symptoms of this disease mimics as of
Pythium; however, when a small piece of infected rhizome is kept in water, it gives off
turbid bacterial ooze, a symptom distinctly different from that of Pythium-infected
rhizomes. P. solanacearum, the casual organism of bacterial wilt, grows best at 34°C.

It is difficult to manage the root and rhizome disease of ginger due to seed- and
soil-borne nature; hence, intergraded disease management strategies are advised to
minimize the intensity of the disease. In cultural practices, such as selection of well-
drained soils for planting, avoidance of the stagnation of water, selection of disease-
free planting material, removal of affected clumps and drenching of the affected and
surrounding beds with 0.3% COC, drenching with 10% Pseudomonas and Bacillus helps
to reduce the disease infestation. Along with the above practices, treatment of seed
rhizomes with 1% Bordeaux mixture or 0.2% copper oxychloride can also be done.

16.2 Foliar disease
16.2.1 Leaf blight/leaf spot

Leaf blight/leaf spot of ginger is caused by Leptosphaeria zingiberis and can be
identified by initial symptoms of spindle-shaped 5- to 10-mm-long yellow spots.
Gradually the spots increase in size and become necrotic with ashy appearance in
the centre and distinct yellow diffuse margin. The presence of light brown colour
in between the central necrotic zone and outer yellow margin is another trait of the
disease. Under high humid conditions, two or more spots coalesced and resulted
in brightening of the affected leaves, and black dot-like minute fruiting bodies are
noticed in the central necrotic portion of the affected leaves.

Spraying with 10% Bacillus/Pseudomonas solution or 0.2% COC at an interval of
10-15 days helps to reduce the disease intensity.

16.2.2 Phyllosticta leaf spot

Phyllosticta leaf spot is caused by Phyllosticta zingiberi, and peculiar symptoms
are appearance of 1- to 10-mm small oval to elongated spots on leaves. The spots are
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usually isolated but may coalesce forming big lesions causing extensive discolor-
ation and desiccation. A mature spot is white and papery at the centre and has dark
brown margin with a yellowish hallo surrounding it.

Control measure for Phyllosticta leaf spot is as the same as in the case of

leaf blight.
16.3 Storage diseases

Climatic conditions in Sikkim are highly favourable for fungal disease of ginger
in storage conditions causing deterioration and subsequent heavy loss. In storage,
Fusarium spp., Botryodiplodia theobromae, Memnoniella echinata and Stachybotrys
atra are found to be primary fungi responsible for diseases.

To minimize or avoid disease infestation in storage, the temperature and relative
humidity should be maintained at 13°C and 67%, respectively. Prestorage treat-
ment of rhizome with 10% solution of mixture of Pseudomonas and Bacillus for
30 min dipping and there after drying in shade is helpful to reduce the incidence of
the disease.

17. Recommendations for better production

* Procure ginger seed from the areas/fields where there was no disease or very
less disease.

* Use always healthy (disease-free) rhizomes for sowing.

* Use always well-rotten cow dung/compost in the field.

* Follow crop rotation at least for 3-4 years.

* Avoid waterlogging in ginger field.

* Try to avoid removal of mother rhizomes as it enhances disease intensity.
* Keep the field weed-free.

* After every weeding, earthing up should be done. No rhizome should be
exposed to sunshine.

* Suitable intercrop, viz. soybean, French bean and cowpea, may be practised
for getting higher and higher yield.

* Take appropriate measures for disease and pest management.

* Select fully mature seed rhizomes for storage free from insect and disease
attack.

* For the overall management of the insect pests and disease, in this hilly state,
one should adopt as a rule integrated pest management (IPM) strategies.
Sikkim is declared as an organic state and hence application of chemical to
be avoided. We should encourage natural biocontrol agent and other cultural
practices for the management of the pest and diseases.
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* Departments/agencies should arrange regular training for the field functionar-
ies and farers for the adoption of improved methods of ginger cultivation and
plant protection measures.

* Local varieties are very promising, but their regular cultivation may pose
some degeneration problem therefore. Selection of healthy and bold rhizomes
should be regular practices.

18. Harvesting and yield

November to January after 8-9 months of sowing is the optimum time of
harvesting the ginger; however, this follows the market demand dynamics in
Sikkim. Yellowing of green leafy pseudo-stem turns followed by withering is
maturity index for ginger, and crop is said to be ready for harvest. Mature rhi-
zomes are dug carefully with a spade taking care not to bruise or break the fingers
and can be stored at 13°C temperature and 67% relative humidity for the period
of 10 months. Farmers normally get a yield 90-100 q/ha depending on ginger
cultivation practices.

19. Processing

Ginger is extremely versatile and has a wide range of uses right from food
additives to medicinal. Ginger is processed to give ginger oil, oleoresins, candy,
preserves, ginger powder, starch from sport ginger, ginger brandy wine, beer and
medicinal beverages and treatment for dehydration. Some of the ginger products
are drained ginger, syrup ginger, dusted ginger, crystallized ginger, brined ginger,
pickled ginger, dried ginger, etc. Ginger can be used in a myriad of food products
ranging from bakery items to confectionary, beverages, marinades and sources,
candies, ice cream and desserts, jams and spreads, prepared foods, health foils
and nutraceuticals.

20. Storage

Farmers store ginger rhizomes in their houses either on floor or racks made of
bamboo, while a few keep in pits and cover with paddy straw, dry leaves and soil.
The bottom of the pits is covered with sand and paddy straw, and a roof is provided
over it. Normally healthy and bold rhizomes are selected for storage, and frequently
diseased rhizomes are sorted out to avoid spread of diseases.

21. Marketing

There is a ready market for fresh ginger in Sikkim. Before bringing the ginger
to the market, farmers clean the ginger after harvest by removing adhering soil
particles. Sorting is done at the trader’s level to remove light, diseased, cut or
deformed ginger rhizomes. In this process 8-10% produce is discarded. About 30%
produce is sold in the village itself to the local merchants or commission agents.
The remaining produce is taken to the market for sale to commission agents/
wholesalers. The main marketing centre in Sikkim are Gangtok, Pakyong, Singtam
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and Rangpo in the East district; Namchi, Jorethang and Melli in the South district;
Mangan and Dikchu in the North district; and Gyalshing, Rishi, Legship and
Nayabazar in the West district.
22. Economic returns

Progressive farmers by adopting improved method of ginger cultivation get on

an average of Rs. 150,000 per hectare (benefit-cost ratio varied from 3.50 to 3.80)
provided the crop is not damaged by rhizome rot or any other devastating pest.
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Chapter 5
Diseases of Ginger

Gupta Meenu and Tennyson Jebasingh

Abstract

Ginger is one of the earliest known oriental spices grown for its edible rhi-
zome, which is widely used as a fresh vegetable, spice, and as a popular folk
medicine. Ginger crop is being affected by insect pests, and pathogenic and non-
pathogenic diseases cause production constraints. Severely, various pathogenic
diseases of viral, bacterial, fungal, and nematode origin reduce its potential yields
drastically. Among the various diseases, soft rot, yellows, Phyllosticta leaf spot,
storage rot, bacterial wilt, mosaic, and chlorotic fleck are important. The present
chapter includes the symptoms, causative agent, disease cycle, epidemiology and
host resistance, cultural, biological, chemical, and integrated management of
these diseases.

Keywords: ginger, soft rot, yellows, leaf spot, wilt, mosaic, chlorotic fleck

1. Introduction

India is considered as a ‘magical land of spices’ with diverse variety of spices.
Ginger (Zingiber officinale Roscoe) is earliest known oriental spices, belonging
to the family, Zingiberaceae. Though entire plant is refreshingly aromatic, the
underground rhizomes of this crop are valued as spice. It is one of the commonly
consumed dietary condiments in the world and has high medicinal properties.

Ginger is being cultivated in the various parts of the world. The total production
of ginger in the world is 1683 thousand tons with the total acreage of 310.43 thou-
sand ha [1]. China, India, Nepal and Thailand are the major producers of ginger
in the world. India is the leading producer and exporter of ginger in the world.
Annually, India produces 385.33 thousand tons of ginger [1].

The production of ginger is being affected by biotic and abiotic factors. Biotic
factors include virus, bacteria, fungus and nematodes [2, 3]. Among the biotic fac-
tors, bacteria are most important, causes wilt and soft rot. Fungus is the next major
pathogen causes rhizome rot, soft rot, Sclerotium rot and yellows disease. Nematode
produces root knot disease and virus’s causes mosaic and chlorotic fleck in ginger
plants reduce the yield of the rhizome. The ginger is also affected by various insects
like Conogethes punctiferalis, Aspidiella hartii, rhizome scale, rhizome fly and thrips.
Abiotic factor causes sunburn (due to high light intensity) and lime-induced chloro-
sis (due to excessive liming in soil) in the ginger crop.

It is imperative to know the symptoms of the disease, the organism responsible
and the protection measures. This chapter emphasizes the importance of diseases
of ginger by including the symptoms, causative agent, epidemiology and protection
from these diseases.
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2. Viral disease
2.1 Mosaic
2.1.1 Symptoms

The symptoms appear with yellowish and dark-green mosaic on leaves of ginger
in the early stage and stunted of leaves and rhizomes at the late stage of infection.
Infection of this virus on ginger causes severe reduction of rhizome yield.

2.1.2 Causative agent

Virus isolated from affected ginger plants by So [4] named the virus as Ginger
mosaic virus. The virus infected ginger possesses spherical particles with a diameter
of 23-38 nm. The purified virus particle showed positive to serological reaction for
cucumber mosaic virus (CMV) antiserum. Serological relationship and electron
microscopic observation of this virus conclusively suggested that ginger mosaic
virus could be the CMV group. To support this, last year (2018), a group from
Malaysia identified that the mosaic disease in ginger was due to the CMV which is
based on the partial nucleic acid sequence of coat protein (GenBank: MH355647.1).

2.1.3 Epidemiology

Virus produces mosaic disease in 18 cultivars of ginger and 23 other plant species
[4]. The virus is transmitted through the sap to different plants which are believed
to the hosts of CMV [4]. Nambiar and Sarma [5] failed to absorb the sap transmis-
sion from ginger to ginger, ginger to Nicotiana tabacum var. Harrison special, N.
tabacum var. xanthi, N. tabacum var. rustica, N. glutinosa, Elettaria cardamomum,
Curcuma longa, and C. aromatica. Assessing the concentration of virus in various
parts of ginger revealed that leaves and flower possess higher concentration of virus
than rhizome, stem and other parts of the plant.

2.1.4 Transmission

The virus is transmitted by insect vectors such as Myzus persicae, M. certus, M.
humuli, Macrosiphum euphorbiae and Rhopalosiphum insertum. Myzus persicae and
M. certus are comparatively more efficient vectors for this virus.

2.1.5 Protection

Hot-water and hot-air treatments of affected rhizomes at 45 and 50°C for 3, 6,
and 12 h does not alleviate symptoms [5]. Ginger mosaic virus in standard extract is
inactivated with 10 min exposure at 60°C [4].

2.2 Chlorotic fleck
Thomas [6] from Australia reported the chlorotic fleck in ginger is because of
ginger chlorotic fleck virus (GCFV). From Australia, this virus is distributed to a

number of countries which import ginger from Australia.

2.2.1 Symptoms

The leaves of infected plants show chlorotic flecks, 1-10 mm long on the cen-
tered and parallel to the veins (Figure 1). Symptoms started appearing in the young
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leaves at the 3-4 weeks of infection and subsequently to other leaves. No obvious
symptoms occur on the rhizomes.

2.2.2 Causative agent

Chlorotic fleck in ginger is due to ginger chlorotic fleck virus (GCFV). It can
be readily purified from the virus ginger leaves through ultracentrifugation with
a sedimentation coefficient of 111 s. The purified virus is an isometric nature with
size of 28-33 nm. Virus particle contains a major coat protein with molecular weight
of 29 kDa and single stranded RNA with molecular weight of 1.5 x 106 Da.

2.2.3 Epidemiology

It differs from mosaic virus in particle properties, host range and serology.
Many properties namely size of particles, possession of ssRNA, salt-labile nature of
particles and a limited host range of this virus are similar to sobemovirus group [7]
but it, serologically unrelated to several sobemoviruses including lucerne transient
streak virus, cocksfoot mottle virus, sowbane mosaic virus, Solanum nodiflorum
mottle virus, southern bean mosaic virus, velvet tobacco mottle virus and turnip
rosette virus.

Figure 1.
Chlorotic fleck symptoms on ginger leaf (source: https://www.plantwise.org).
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2.2.4 Transmission

GCFV is mechanically transmitted only to ginger but not like ginger mosaic
virus, transmitted by Myzus persicae, Pentalonia nigronervosa and Rhopalosiphum
maidis or R. padi.

2.2.5 Protection

The viral diseases of ginger are controlled in tissue cultures by heating at 50°C
for 5 min [8].

2.3 Viruses infecting flowering ginger

Flowering ginger is a member of the Alpinia genus of Zingiberales order of
Zingiberaceae family. Banana bract mosaic virus (BBrMV) (Potyvirus genus of the
family Potyviridae), Canna yellow mottle virus (CaYMV) and Banana streak virus
(BSV) of Badnavirus genus of the Caulimoviridae family are reported to infect
flowering ginger [9].

3. Bacterial diseases
3.1 Bacteria wilt

Bacterial wilt of ginger is the most serious rhizome-borne diseases. It is also soil
and seed-borne disease. It is widespread and exceedingly destructive for the ginger
grows in tropical, subtropical and warm temperate regions of the world. Bacterium
causes rapid wilt in ginger within 5-10 days of the infection [10]. The severity of
the disease is occurred due to the rapid spread of the pathogen happens during the
favorable environment conditions like high rain fall and warm weather.

3.1.1 Symptoms

Initially, water soaked patches or linear streaks appear at the collar region of
the pseudo stem and then progresses both upwards and downwards. The pseudo
stems from the infected plant can be easily separated with a gentle pull and can
be broken off at the base. Mild drooping and curling of leaf margins of lower leaf
is the first prominent symptom occurred after the infection, then the infection
spread upwards later. Yellowing starts from the lower-most leaves which gradually
progresses upwards. In the advanced stage, infected ginger exhibit intense yellowish
and wilting symptoms (Figure 2). Dark streaks are observed in the vascular tissues
of the affected pseudo stems. In the infected plants, leaf sheaths look yellowish to
dull green. The leaves roll up and the whole plant dries up, finally. The plants which
are infested by the disease stand persistently and do not collapse. The base of the
infected pseudo stem and the rhizome emit foul smell. The affected pseudo stem
and rhizome extrudes milky ooze from the vascular strands while they pressed
gently. Milky bacterial exudates ooze out from the cut end (Figure 2).

3.1.2 Causative agent

Ralstonia solanacearum Yabuuchi causes bacterial wild disease in ginger. It is
considered as the second most important destructive bacterial pathogens identified
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Figure 2.
Yellowing of leaves and oozing of rhizome due to bacteria wilt disease (source: Vikaspedia).

to date. Four biotypes of R. solanacearum have been identified so far. Biotype III
from India causes the wilt in ginger [11]. Biotype III of the bacterium cause slow
wilt and biotype IV causes rapid wilting and death [12]. Biotype III is restricted to
ginger plant and its weeds whereas biotype IV infects a wide host range including
potato, tomato, eggplant, Capsicum frutescens, Zinnia elegans and Physalis peruvi-
ana. Biotype Il is reported to infect only potato plants [13]. In Indonesia, the race
1 of biovar III is responsible for bacterial wilt in ginger [14]. Nematodes in the soil
increase the incidence of wilt in ginger [15]. Nelson [16] observed that the host
range of race 4 of biovar III of R. solanacearum is restricted to edible ginger. Twelve
of 14 species of ginger belonging to Zingiberaceae and Costaceae are highly suscep-
tible to all the strains of race 4 and susceptible plants wilted within 21 days [17].

Yu et al. [18] studied the genetic diversity of R. solanacearum strains collected
from ginger plants growing in Hawaii island with amplified fragment length
polymorphisms (AFLPs) showed a high degree of similarity between the strains
with the value of 0.853. Strains from ginger in Hawaii showed less similarity for
the strains from tomato (race 1) and heliconia (race 2) [18]. Kumar and Sarma [10]
have characterized the isolates of R. solanacearum on the basis of their membrane
protein pattern on SDS PAGE and serological detection (NCM-ELISA) using R.
solanacearum specific antibodies. Detection of R. solanacearum from rhizomes and
soil through PCR was developed for bacterial wilt [19-21]. Shan et al. [22] reported
the complete genome sequence of R. solanacearum SD54, a race 4 biovar 4 (R4B4)
strain from a diseased ginger plant.

3.1.3 Transmission

R. solanacearum is a soil-borne disease spreads from the soil by adhering to
hands, boots, tools, vehicle tires and field equipment; through water during irriga-
tion and rainfall; and through infected ginger rhizomes [23]. From the soil, this
bacterium enters into the ginger plant through the roots and rhizomes via the open-
ings where lateral roots emerge or through wounds caused while handling and by
root-knot nematodes or parasitic insects [24]. The bacteria survive in the infected
plant debris and as free-living in soil. Ginger crops on this infested soil severely
affected and completely lost to the disease [16].
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3.1.4 Protection

Difficulties are associated with controlling this pathogen due to its endophytic
nature, survive in deep soil, travel along water, and its relationship with weeds. The
available physical, chemical, biological, methods and cultural practices to manage
this pathogen are discussed below.

3.1.4.1 Physical methods

Physical control methods like solarization and hot water treatment have proved
to be effective against the pathogen. Rhizome solarization for 2-4 h on ginger seeds
reduce the bacterial wilt (90-100%) at 120" day of planting, and further with
discontinuous microwaving (10-s pulses) at 45°C reduces the wilt by 100% [25].
Tsang and Shintaku [26] reported that bacterial wilt pathogen is eliminated when
the rhizome is exposed to heat for 30 min at 50°C and 45 min at 49°C, respectively.
Exposing ginger seed pieces to hot air at 75% RH until their temperatures attained
49°C for 30 and 60 min and 50°C for 30 min, resulted in minimal injury to the hosts.
More than 87% of the seed pieces germinated without adverse effect on growth.

3.1.4.2 Chemical methods

Treating seed rhizomes with emisan in addition to plantomycin for 30 min
followed by three sprayings, first at 30 days after planting and others at an interval
of 15 days, gave good protection against wilt disease [27]. Streptocyclin (20 g/100 1
water) treatment on seed and drenching the soil with 0.2% copper oxychloride,
protect the seed from the bacteria infection. Sinha et al. [28] observed that strep-
tomycin and streptopenicillin are superior over the other antibiotics against the
bacterial wilt pathogen.

3.1.4.3 Biological methods

Bacillus subtilis strain IJN2, Myroides odoratimimus 3YWS8, B. amyloliquefaciens
5YNB8, and Stenotrophomonas maltophilia 2JW6 are used as biocontrol showed effica-
cies greater than 50% against bacterial wilt of ginger [29].

3.1.4.4 Cultural practices

The effective management of ginger against the pathogen is depends up on the
various factors. Selecting the disease free seeds, sowing the disease free seed on dis-
ease free land based on previous history, following 4-5 years of crop rotation with
non-solanaceous plants, planting on raised beds (help to avoid water stagnation
during rainy season), giving thick mulching (to avoid weed growth and to conserve
soil moisture), reduces the disease causing potential of the soil. Indrasenan et al.
[30] suggested selection of healthy seed rhizomes, eradication of weeds and adop-
tion of an effective crop rotation as control measures for the disease.

3.2 Bacterial soft rot
This is not considered as a major problem in ginger, but periodic outbreaks occur
when ginger is planted in waterlogged soil [12]. The disease is more prevalent in

rhizomes that have formed deep in the ground. The sections closer to the surface are
generally healthy. Disease is not found in well-drained soils.
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3.2.1 Symptoms

The disease causes a gradual softening of the rhizome tissue accompanied by an
offensive odor.

3.2.2 Causative agent

Erwinia chrysanthemi is the only Erwinia species responsible soft-rot of ginger.
High temperatures, saturated soils and injury during seed preparation all tend to
exacerbate the disease.

3.2.3 Disease cycle

Ginger can have the bacteria either from the infected seed, or from direct
inoculation, through wounds or natural openings. The bacteria started to feed
liquids released from injured cells and multiply. Bacteria secrete pectolytic enzymes
degrade and break the cells providing more food for the bacteria. Often the epider-
mis is left unscathed, keeping the rotten flesh contained within until a crack allows
the ooze to leak out and infect others around it. The bacteria from the harvested
infected plant to others placed with it and also through the insects.

3.2.4 Prevention

The most effective way to prevent this disease is simply keeping sanitary grow-
ing practices. It includes removing all plant debris from storage ware houses and
disinfecting walls and floors with either formaldehyde or copper sulfate between
harvests, maintaining low humidity and temperature of the storage facility with
an adequate ventilation system. It also by planting in well-drained soils, rotating
susceptible plants with non-susceptible plants.

4. Fungal diseases

Ginger plantation is majorly affected by deuteromycetous group of fungi cause
variable symptoms [31]. In India, fungal diseases reduce the potential yield to a greater
extent in field, storage and market and may cause losses of even more than 50% [32].

4.1 Soft rot/rhizome rot

Soft rot found in all the ginger growing countries, reported as the most danger-
ous and destructive disease of ginger which can reduce the production by 50-90%.
Disease cause significant losses during warm and humid conditions. Butler on 1907,
recorded this disease first time in Surat district of Gujarat, India [33].

4.1.1 Symptoms

This disease is prevalent in ginger crop throughout the growing period.
Sprouts, roots, developing rhizome and collar region of the pseudo stem are
highly prone to infection. Symptoms first appear on the aerial parts of the plant.
Pathogen form watery and brown lesions in the collar region of the pseudo stem.
Later the lesion enlarges, coalesce and cause the stem to rot and collapse [34]. In
the old leaves, initially, yellowing (chlorosis) symptoms appear in the tips, which
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then spread downward along the margin involving the rest of the leaf blade

and, eventually, the leaf sheath. Later, chlorosis from the older leaves progress
to younger leaves start developing a similar symptom progression until the

entire plant dies [35] (Figure 3). The appearance of lesion in pseudo stem and
chlorosis in the leaf indirectly show the sign of rhizome rot. Due to the infection,
rhizomes appear soft, brown, water soaked, rotten, and decay gradually [34]
(Figure 3). It is not like bacterial rots, the soft rot caused by fungus does not
produce offensive odors.

4.1.2 Causative agent

Eleven species of Pythium are responsible for the soft rot diseases in ginger are
identified so far. Among the 11 species, P. myriotylum and P. aphanidermatum cause
severe damage in warm climates. Fusarium is another fungus reported to cause soft
rot of ginger. Among different species of Fusarium, F. oxysporum causes decaying of
ginger rhizomes [36].

Booster PCR method to detect P. myriotylum from the infected ginger rhizomes
has been established [37]. Yella et al. [38] has developed a simple technique to pro-
duce oospores in P. myriotylum. Le et al. [39] developed PCR-RFLP based detection
of isolates of Pythium by studying the genetic variation between P. myriotylum.

4.1.3 Disease cycle and epidemiology

It is seed and soil borne disease carried by two ways: (1) Through diseased
rhizomes scales [40] and (2) through soil as oospores. Pythium survive in plant
debris as perennating oospores, an important source for infections. The favor-
able conditions like wet soil conditions, high soil moisture and soil temperature
influence the development of the oospore [41]. Severity of disease is influenced
by high rainfall and when rhizomes planted in heavy clay soil with poor drainage.
Temperature, 34°C is optimum for the germination of P. aphanidermatum and P.
myriotylum spores.

4.1.4 Protection

Soft rot is a complex disease problem and various methods should be applied to
combat the disease.

Figure 3.
Yellowing of leaves and rotting of rhizome due to soft vot disease (source: Vikaspedia).
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4.1.4.1 Physical methods

Using disease-free seeds is an essential step to prevent the contamination of
Pythium [41]. The various strategies like seed protection (biologically, physically or
in combination), seed disinfestations (to control spores on the seed surface), seed
disinfection (to eliminate pathogens living inside the cells) such as chemical infusion
protect the seed from the infection as well as improve the germination of seeds [42].
In order to protect the plant from the persistence nature of the pathogen in soil, crop
rotation with rice and corn (tolerant to pathogens of ginger) can be done to mini-
mize the recurrence of pathogen in the next harvest [42-44]. Using soil with higher
clay content and lower pH, suppress P, zingiberum and F. oxysporum [45]. Soil solar-
ization with biological control methods is beneficial to plant growth and antagonistic
to many pathogens like fungi, bacteria, nematodes, and arthropods. Phytosanitation
is needed when the symptoms of soft rot appear in the ginger plantations.

4.1.4.2 Chemical methods

Pythium spp. is soil borne pathogen survive in the soil for a long period [46]. Itis
very difficult to control this. Treating the rhizomes with mancozeb, ziram, guaza-
tine, propineb and copper oxychloride for 30 min effectively control this pathogen
[47, 48]. Treating seed with Ridomil MZ (1.25 g/L) increase the survival of rhi-
zomes (about 30%) in comparison to hot water treatment (at 51°C for 30 min) [49].
Rajan et al. [50] reported that rhizomes are protected from Pythium while treating
the seed with Fytolan (copper oxychloride) (0.2%), Ridomil (500 ppm), Bavistin
(carbendazim) (0.2%) and Thimet. Application of fungicides such as metalaxyl,
Ridomil, Maxam XL (fludioxonil) and Proplant (propyl carbamate hydrochloride)
on seed give significantly better result for P myriotylum than carbendzim alone [51].
Soil drenching with Zineb, captafol, methyl bromide, mercuric chloride, thiram,
phenyl mercury acetate, copper oxide and mancozeb protect the ginger crop from
soft rot disease [52]. Application of Metalaxyl in soil is effective to control the soft
rot [53]. Treating seed with a mixture of metalaxyl and captafol and treating the
soil with the same chemicals after 3 months of planting controlled the disease [54].
Metalaxyl formulations (Ridomil 5G and Apron 35 WS) in soil and treating the seed
gave very good protection against soft rot [55]. Srivastava [56] effectively managed
P. aphanidermatum by drenching Zineb or Mancozeb in the soil after treating the
rhizome with carbendazim. Treating with 1% formaldehyde and then planting
the ginger under shade had lower incidence (19.4%) of soft rot as without shade
(41.3%) [57].

4.1.4.3 Biological methods

Trichoderma spp. is the best biocontrol agents for soft rot. Non-volatile and vola-
tile compounds from T viride inhibit the growth of P. myriotylum [58]. Similarly, T.
harzgianum and T. saturnisporum also showed strong antagonism against P. splendens
[59]. Several rhizobacteria were reported to possess strong antagonistic activity on
P. myriotylum growth [60]. Growth of P aphanidermatum on potato dextrose agar
(PDA) was completely inhibited when it amended with onion and garlic extracts
at 5 and 7.5% (v/v), respectively [61]. Rakesh et al. [62] showed inhibition of P
aphanidermatum with treatment of fresh and stored cow urine at a concentration of
20% (v/v). Application of Boerhavia diffusa leaves and seed powder of Azadirachta
indica in the soil before the planting reduces the infection [63]. Adding neem cake
in the soil also found to suppress P. aphanidermatum [64]. Application of Jeevatu
based organic liquid manure in the field, control the soft rot and the spreading of
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this disease [65]. Coating the seeds with Trichoderma spp. reduce the soft rot, 2-3
times less than that of the untreated control [66]. Reduction of soft rot occurred
when seed was first disinfested with HOCI (1%) followed by soaking in Trichoderma
spp. and followed by three applications of talc-based formulation (3 x 10° CFU/g) to
the soil at 15 day intervals from the time of planting [67]. Treating with T. har-
gianum, Glomus mosseae and fluorescent Pseudomonad strain G4 together inhibit
the infection up to 10% than treating individually with 30, 43, and 50% infection,
respectively [68].

Treating with Burkholderia cepacia and T. harzianum showed production
efficiency of 84% with reduction of disease incidence of 79.7% [67]. Extracts from
Jacaranda mimosifolia and Moringa oleifera gave the best inhibitory effect of 27.7%
against P aphanidermatum [69].

4.1.4.4 Cultural practices

Cultural practices such as seed selection, crop rotation, organic amendment,
tillage, drainage and quarantine practicing in ginger plantation not only control the
disease but also limit the spread of Pythium spp. [70].

Planting the disease free rhizomes is the best method to manage the disease [71].
Harvey and Lawrence [72] believed that crop rotations reduce Pythium spp. popula-
tions. Rames et al. [73] found that fungal and bacterial populations were signifi-
cantly greater in soil when pasture grass (Digitaria eriantha subsp. pentzii) grown
continuously than the soil is treated with fumigant or left as bare fallow.

Addition of organic matter from various plants, oil seed cakes and neem cake,
reduce the incidence of soft rot [74, 75]. Mixing organic matter with poultry
manure and sawdust enriched the soil microbial populations in the ginger growing
soils [73] and enhance the soil carbon levels and water infiltration rates, support the
growth and yield of ginger [51, 76]. Kadam et al. [77] reported that neem seed cake
with least average mortality (20.3%) followed by poultry manure (22.7). Kumar
et al. [78] also reported that Schima wallichii and Datura spp. were the best mulches
with respect to inhibit soft rot caused by P. aphanidermatum. Smith and Abbas [51]
recommended proper water drainage in the ginger filed to inhibit the Pythium spp.
zoospores germination and spreading.

4.1.4.5 Host resistance

Identifying Pythium resistant ginger is an ideal for effective soft rot disease
management. Indrasenan and Paily [79] identified Maran cultivar resistant
against P. aphanidermatum. Setty et al. [80] identified Supraba and Himachal
Pradesh cultivars showing less than 3% soft rot incidence. Senapati and Sugata
[81] found one resistant cultivar and eight others with moderate resistance while
screening 134 ginger varieties available in Koraput, Orissa, India. Kavita and
Thomas [82] reported that Zingiber zerumbet accession is suitable candidates
to obtain soft rot resistance for ginger. Screening 650 ginger accessions by Bhai
et al. [83] found that only 7% of the accessions have the relative resistance to the
Pythium sp.

4.1.4.6 Integrated management
Following a single approach is not ideal way to a have soft rot resistant. It is an

important to have a multiple approach. Smith and Abbas [51] focused on cultural
practices with strict quarantine procedure to manage the disease. Soil solarization

60



Diseases of Ginger
DOI: http://dx.doi.org/10.5772/intechopen.88839

with fungicides effectively reduces the P. myriotylum [84]. Treating rhizomes with
Ridomil MZ (metalaxyl and mancozeb) and soil drenching with Thimet (Phorate)
and Ridomil MZ after planting gave the best control of P. myriotylum. Seed solariza-
tion at 47°C for 30 min within a polyethylene sheet is ideal for Pythium sp. disin-
festations [85]. Having soil solarization for longer periods reduces Pythium spp.
populations with lower disease incidence [86]. Applications of bioagents such as

T. hargianum, P. fluorescens and B. subtilis together reduce the disease than individu-
ally on the rhizomes (8.64%) as well as on tillers (12.50%) [87]. Rhizome treatment
with copper oxychloride followed by neem extract, suppresses the soft rot disease
[88]. Rhizome treatment in hot water at 47°C for 30 min and drenching of soil

T. hargianum, followed by mancozeb are most effective in inhibiting Pythium sp. as
well as improve the yield of ginger [89].

4.2 Yellows/wet rot

Yellows disease is serious problems of ginger causes stem and rhizome rot. It is
wide spread and prevailed in warm and humid environmental conditions. It was
first described by Simmonds [90] from Queensland. Later this disease was reported
from Hawaii [91] and India [92].

4.2.1 Symptoms

Yellowing starts on the margins of the lower leaves which gradually spreads and
cover the entire leaves. Later, the yellowing diffuse to older leaves. Old leaves dry
first and then younger leaves. The affected plants wilt and dry up but do not fall on
the ground in contrast to soft rot and bacterial wilt. Infected pseudo stem comes
off from the rhizome with a gentle pull. Rhizomes become soft and watery with
a creamy discoloration of the vascular system and cortical rot. Plants may show
a premature drooping, wilting, yellowing, drying in patches or in whole bed and
show stunting. Rotting of roots is common. Mycelial growth in the form of white,
peach or buff colored cushions can be seen on the surface of rhizomes [93].

4.2.2 Causative agent

Fusarium oxysporum f.sp. zingiberi Trujillo is a causative agent for yellow disease
[94]. Other species of Fusarium such as F. solani (Mart.) Sacc., F. equiseti (Corda)
Sacc., E. graminearum Schwabe, F. moniliforme Sheld and some unidentified
Fusarium spp. were also reported to be associated with yellow disease ([95-97].

F. solani is the second most important species [96, 98]. Isolates of F. oxysporum
f. sp. zingiberi differed in their aggressiveness [99].

Genetic variation of F. oxysporum f.sp. zingiberi isolates with DNA amplifica-
tion fingerprinting (DAF) segregated the isolates into three haplotypes based on
17 polymorphic bands generated with five primers [100]. Two haplotypes showed
very little genetic variation (98.6% similarity), whereas the third haplotype was
quite distinct in terms of its molecular profile (77.2% similarity). Shanmugan et al.
(2013b) studied genetic variability of 32 Fusarium isolates from diseased ginger
rhizomes from Western Himalayas in India. They were analyzed by the unweighted
pair group method with arithmetic averaging using randomly amplified poly-
morphic DNA amplicons. Of two major clusters formed, one was dominated by
F. oxysporum and the other by E solani. Morphological, cultural, pathological and
molecular variability among F. oxysporum f.sp. zingiberi isolates were studied by
Gupta et al. [101]. Molecular variability revealed 0 to 80% variation among 19
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isolates and they were grouped into two different major groups each comprising of
10 and 9 isolates, respectively.

4.2.3 Disease cycle and epidemiology

The seasonal carryover of fungus inoculum takes place through infected rhi-
zomes and soil. The fungus survives in soil as chlamydospores which may remain
viable for many years in the field. The fungus spreads through infected seed
rhizomes and about 87% of field infection is due to infected rhizomes [102]. The
secondary spread of the disease can also take place through irrigation water and by
mechanical means.

For the development of yellows disease, a temperature range of 15-30°C is
favorable (the optimum being 23-29°C) with very high humidity and continu-
ous presence of free water [103]. Maximum disease incidence occurred when soil
temperature ranged from 24 to 25°C and the soil moisture from 25 to 30% [104].

4.2.4 Protection
4.2.4.1 Chemical methods

The various chemicals have been shown promising result against the pathogen
[105-109]. So far fungicides like Bavistin 50WP, Ridomil Gold MZ-72, Captan,
Dithane M-45, copper oxychloride and Bordeaux mixture are found to be effective
against the disease [110, 111].

4.2.4.2 Biological methods

Microorganisms like Trichoderma hargianum and Gliocladium vivens [112],
T viride and T. harzianum [113], T viride [114] inhibits E oxysporum. Among
six Streptomyces species, SSC-MB-02 was effective against F. oxysporum [115].
Treatment of Bacillus cepacia and T. harzianum, increased the production of
rhizome as well as protect the plant from yellow disease [59]. Talc-based formula-
tions with rhizobacteria strain XXBC-TN (Bacillus subtilis) and a mixture of S2BC-1
(B. subtilis) and TEPF-Sungal (Burkholderia cepacia), inhibit F. oxysporum and F.
solani. Treatment resulted in increased rhizome production with reduced yellows.
Increased protection is due to increase in defense enzymes such as chitinase, $-1,3-
glucanase and polyphenol oxidase and promote plant growth and rhizome [67].

Among 14 plant extracts, the plant extract of Ferula asafoetida (68.51%) has high
protection against Fusarium, followed by Ocimum leaf extract (60.16%) [116]. Leaf
extracts of Swietenia macrophylla King, Azadirachta indica A. Juss., Hyptis suaveolens
(L.) Poit., Polyalthia longifolia (Sonn.) Thw., Boerhavia repens L. var. diffusa (L.)
Hook. and Tithonia diversifolia A. Gray showed 100% resistance against F. solani
[117]. Among the various nanoparticles synthesized from plants, a sulfur nanopar-
ticle has high inhibitory effect on F. oxysporum [118]. Further, sulfur nanoparticles
with fungicides like bavistin, ridomil gold, sunflex and streptocycline were evalu-
ated for the inhibition of the fungus showed that sulfur nanoparticles with bavistin
with high inhibition.

4.2.4.3 Cultural practices
The disease is spread mainly through contaminated rhizomes. Planting healthy

seed rhizomes is the best way to avoid this disease [71, 119]. Applying organic
manure, tillage and crop rotation reduces the yellows disease [76]. Planting the seed
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rhizome (size of 50-75 g) with spacing of 25 x 30 cm is ideal for good yield and
lower disease incidence [120].

4.2.4.4 Host resistance

Developing a Fusarium resistant variety would be ideal for effective yellows dis-
ease management. Two cultivars: SG 666 [121] and Kerala local [122] are reported
to have disease resistant. The resistance is due to the presence of a resistance (R)
gene of CC-NBS-LRR [123].

4.2.4.5 Integrated management

The integrated approach like treating the seed and well as in soil with fungicides
mancozeb and carbendazim and biocontrol agents like T harzianum, T. hamatum
and G. virens reduces the incidence of disease [124]. Hasnat et al. [110] reported
lowest yellows disease while treating with Ridomil Gold along with poultry waste,
Bavistin 50WP, Dithane M-45 and saw dust in the soil at 240™ days of planting.

4.3 Leaf spot

Leaf spot disease is becoming increasingly important in many places of India due
to severe leaf rot and blight it causes. Ramakrishnan [125] reported this disease first
time from Godavari district of Andhra Pradesh and Malabar area of Kerala.

4.3.1 Symptoms

On the young leaves, small spindle to oval to elongated spots size of
1-10 mm x 0.5-4 mm appears. Later, the spots developed as white papery center
and dark brown margins surrounded by yellow halos [125]. The spots increase in
size and coalesce to form larger lesions which lead to the reduction of effective
photosynthetic area on the leaves. The affected leaves become shredded and may
suffer extensive desiccation (Figure 4). Symptoms appear first on younger leaves.
As the plants put forth fresh leaves, these get infected subsequently.

4.3.2 Causal organism

Phyllosticta leaf spot is caused by Phyllosticta zingiberi T.S. Ramakr. The fungus
forms amphigynous, subglobose, dark brown ostiolate pycnidia on the host measur-
ing 78-150 pm in diameter. On standard media, the fungus forms pycnidia having
100-270 pm diameter bearing hyaline, unicellular, oblong, big guttulate spores
measuring 3.7-74 x 1.2-2.5 pm [125].

4.3.3 Disease cycle and epidemiology

Primarily, disease is spread from the debris of infected plants and from the
infected seeds. Under the laboratory condition, pycnidiospores and mycelia of
fungi alive for 14 months [126] and spores remain viable in soil even at 25 cm
depth for 6 months. Pycnidia of Phyllosticta survive in the leaf debris even during
the summer. Mycelium of Phyllosticta grows at 25.0-27.5°C with maximum and
minimum of 32.5 and 10.0°C, respectively. The mycelial growth was inhibited at 5
and 35°C [127].

During the rainfall, the dispersal of spore occurred. Higher precipitation along
with high wind give greater impact on dispersion of spores to many leaves which are
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Figure 4.
Symptoms of spot on ginger leaf (source: Vikaspedia,).

in longer distances [128]. Factors like air temperature, relative humidity and rainfall
influence the incidence of disease to an extent of 85.5% [129]. Six to seven months
old plants are prone to infection of Phyllosticta and 2 weeks old leaves are most
susceptible. Temperature of 23-28°C with intermittent rain favored the occurrence
of this disease. Senapati et al. [130] observed that incidence of leaf spot disease was
less for the plants grown under partial shade or as intercrop in coconut. Incidence
of disease is higher and yield of rhizome is reduced when the ginger is cultivated
continuously without the rotation of the crop [131].

4.3.4 Protection
4.3.4.1 Chemical methods

Treating the plant with Bordeaux mixture, zineb and maneb are effective in treating
the disease [132]. Grech and Frean [133] observed that spraying mixture of benomyl
(0.1%), mancozeb (0.2%) and soluble boron (0.1%) and iprodione (0.2%) reduces the
production of disease. Highest reduction of the incidence of disease is observed with
spraying chlorothalonil [127]. Verma and Vyas [134] observed higher protection while
spraying carbendazim (0.15%) and mancozeb (0.25%) and due to this higher yield
also obtained. Increased yield of rhizome and decrease disease incidence was found
while treating the rhizome and doing foliar spraying with Bordeaux mixture (1%),
Companion (0.2%), Indofil M-45 (0.25%), Unilax (0.2%) and Baycor (0.05%) [129].

4.3.4.2 Cultural practices

Growing the crop under the partial shade reduce the severity of Phyllosticta leaf
spot. Growing the ginger under the partial shade of mandarin orange increase the
growth of the plant and reduce the disease intensity [135]. Reduction of leaf spot
and sun burn on leaves occurred while growing plants under shade have increased
the number of tillers per clump recommends the growing of ginger in partial shade
to avoid the fungicidal spray [107].

4.3.4.3 Host resistance
None of the 18 cultivars tested in Karnataka, India were resistant to Phyllosticta

leaf spot [136]. However, the cultivars Narasapatom, Tura, Nadia, Tetraploid and

64



Diseases of Ginger
DOI: http://dx.doi.org/10.5772/intechopen.88839

Thingpani were classed as moderately resistant with a disease index less than 5%. In
Himachal Pradesh, India none of the tested material of ginger was rated resistant to
P, zingiberi, however, eight lines showed moderate resistance [137]. Different work-
ers obtained variable results and none of the tested cultivars showed high degree

of resistance [137, 138]. Nageshwar et al. [138] screened 100 accessions of ginger
for their reaction and tolerance to leaf spot under field conditions and of them, 11
accessions were found tolerant and further 42 were moderately tolerant. Senapati
et al. [130] found that PGS-16, PGS-17 and Anamica as moderately resistant out of
135 ginger cultivars tested.

4.4 Storage rots

Post-harvest losses in ginger are a serious concern. The post-harvest losses are
affected by various biotic and abiotic causes. Rhizomes are stored for seed and
commercial purpose. During storage, rhizomes soft are affected by fungi [71] and
bacteria.

4.4.1 Symptoms

Fungal mycelia discolored the surface of rhizome accompanied with dry rotting
and decaying (Figure 5).

4.4.2 Causal organism

Fungus like . oxysporum Schlechtend ex Fr., P, deliense Meurs and P. myriotylum
Drechs. [139], Geotrichum candidum Link [140], Aspergillus flavus Link ex. Fr.
[141], Cladosporium tenuissimum, Gliocladium roseum Bainer, Graphium album
(Corda) Sacc., Mucor racemosus Fresen., Stachybotrys sansevieriae, Thanatephorus
cucumeris (Frank) donk and Verticillium chlamydosporium Goddard [142]. Pythium
ultimum, Fusarium oxysporum and Verticillium chlamydosporium are responsible for
storage rot. 85% of the rhizomes possess the mold growth of Penicillium brevicom-
pactum [143].

Pathogenicity test is available for Acremonium murorum, Acrostalagmus luteo-
albus, Fusarium sp., F. oxysporum, Lasiodiplodia theobromae and Sclerotium rolfsii
associated storage rot [36].

Figures.
Rotting of rhizome due to the infestation of F. oxysporum (source: pestnet.org).
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4.4.3 Protection
4.4.3.1 Chemical methods

Incidence of storage rots is reduced while the rhizome is treated with benomyl
(750 ppm) and/or gibberellic acid (150 ppm) before the storage [144]. Dipping the
rhizomes with imazalil or prochloraz (0.8 g a.i/liter) and then storing at 10°C gave
good protection against Botryodiplodia, Aspergillus, Diplodia, Fusarium, Rhizoctonia
and Pythium [145]. Mancozeb and carbendazim together treatment on ginger
rhizomes protect the rhizomes from the rot [146, 147]. Application of 0.3% Ridomil
MZ during the storage condition causes the low infection [107]. Steeping of rhi-
zomes in carbendazim (0.1%) for 60 min before storage also controlled storage rots
and reduced the disease incidence from 71.4 to 18.2% [112].

Treating the rhizome with aureofungin (0.02%) and Benomyl (0.2%) before the
Storage, control the disease [148]. Immersing the rhizome in carbendazim (0.1%)
for 60 min reduce the disease from 71.4 to 18.2% [112].

Sharma et al. [149] reported that mancozeb fungicides compared to carben-
dazim is best chemical to protect the rhizome for the longer period from the fungus
infection. The presence of Mancozeb was observed at 120™ days of storage. But
the health point of human, carbendazim treated rhizomes is safe than mancozeb
treated rhizome Pre-storage treatment of rhizome with Topsin-M and Bavistin (each
at 0.2% concentration for 60 min) reduce the appearance of disease on rhizome,
increase the weight of rhizome, surface shriveling and sprouting of rhizomes [31].

4.4.3.2 Cultural practices

Storing the rhizomes in lower temperature avoid weight loss, increase the
sprouting but with higher risk of infection when comparing with storage at room
temperature. Rhizomes packed in PVC film preserve the weight but has high chance
of disease [150]. Dipping the rhizomes in the Allium sativum extract or immersing
in a suspension of P. fluorescens and T. hargianum (0.5% for 30 min) before storage,
reduce disease incidence [151]. Similarly, dipping in garlic extract (20% w/v for
30 min) also reduces the disease incidence [152].

5. Nematodes causing disease in ginger

Meloidogyne sp., Radopholus similis and Pratylenchus sp. are major nematodes
cause significant loss to ginger.

5.1 Root-knot

Disease causes 74% of reduction in rhizome weight. Nematode infections aggre-
gate the fungus and bacterial infection.

5.1.1 Symptoms

Nematode feeds rhizomes, roots and base of the pseudo stems. In the root, it
causes the swellings or knots. The symptoms of root knot are very similar to root
gall. Irregular round galls and spindle-shaped enlargements appear on the tap
and side roots. Diameter of gall is 3.3 cm. Infested plants show stunting, chlorosis
and marginal necrosis of leaves. Roots are often stunted and deformed. Roots and
rhizomes exhibit galling and rotting. Cortex of the rhizomes becomes lumpy and
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cracked during the severe infection. During the infection process, female nematode
attains the maturity and emerges from the gall by breaking the epidermis of the rhi-
zome which gives corky in appearance for rhizome. Small, circular, water soaked,
slightly brown lesions with mature females of the nematode (Figure 6) below the
epidermis of the rhizomes are quite numerous in severely infected rhizomes. The
lesions serve as entry points for bacteria and fungi, invade, extend the injury into
other tissues and destroy the rhizomes.

5.1.2 Causative agent

It is caused by the plant parasitic nematode, Meloidogyne sp. They are seden-
tary, endoparasitic and produce gall. Due to this, crop is severely affected without
destroying the rhizomes. Nematode does not produce galls in ginger rhizomes as
it occurred in other plants but it invades immature tissues. The infective stage of
the nematode is the second stage juveniles, which have lightly sclerotized cephalic
framework.

5.1.3 Protection

Crop rotation with non-hosts such as graminaceous and a few antagonistic crops for
1 or 2 years reduces the nematode. Crop rotation with groundnut-mustard was effec-
tive in reducing the population of M. incognita. Decomposition of soil amendments
(dry or green crop residues, oil cakes, meals, sawdust, FYM etc.) in the nematode
infested field not only reduce the nematode but also alter the physical, chemical and
biotic conditions of the soil which improve the plant growth. Application of nema-
ticides like Thimet or Phorate (12-15 kg/ha) followed by light irrigation before the
sowing reduce the incidence of nematode. Biocontrol agents like Paecilomyces lilacinus,
Pasteuria penetrans and Pseudomonas fluorescens are effective against M. incognita.

5.2 Burrowing nematode

5.2.1 Symptoms

Infected plants exhibits stunting, reduced vigor and tillering. Top most leaves
become chlorotic with scorched tips. Infected plants show yellow leaves with less

:_-,___ " . .
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Figure 6.
Brown lesions on the root knot nematode infected rhizome (below) (source: http://www.eastbranchginger.com,).
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number of shoots and stunted growth. Infected rhizomes possess small, water-
soaked shallow lesions which later turn brown. These small lesions merge and rot
the rhizome.
5.2.2 Causative agent
The causative agent is Radopholus similis.
5.2.3 Protection

Crop rotation with taro and cassava, applying large qualities of poultry manure,
dipping seed in hot water at 51°C for 10 min before sowing, reduce the infection of
Radopholus similis. Chemical control is not recommended for the control of this disease.
5.3 Lesion nematodes
5.3.1 Symptoms

It affects roots and rhizome severely. It causes extensive damage to cortical
tissues of root. Infestation of the nematodes causes yellowing of leaves and dry rot
on rhizome. Dark brown necrotic lesion is observed in nematode infected rhizomes.
The fingers are severely affected by this nematode.

5.3.2 Causative agent

Several species of Pratylenchus namely P. brachyurus, P. coffeae, P. indicus and P,
zeae are infecting ginger.

6. Minor diseases

Some diseases of minor importance have also been reported on ginger like
Cercospora leaf spot caused by Cercospora zingibericola [153], anthracnose caused
by Colletotrichum zingiberis [154], Pyricularia leaf spot caused by Pyricularia zingib-
eri [155], basal rot caused by Sclerotium rolfsii [92, 156] and Septoria leaf spot caused
by Septoria zingiberis [157].

7. Nonparasitic diseases
71 Sunburn

Young ginger plants are very susceptible to sunburn when the temperatures
exceed 90°F due to high light intensity. Mild sunburn affects only the leaves, but
acute sunburn damages the entire shoot [158]. Drought and lack of water may cause
the same effects as sunburn.

7.2 Lime-induced chlorosis

Excessive liming or abundant coral sand in the soil may cause yellowing of the
blades and poor growth.
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8. Disease caused by arthropods

Insect involved in spreading the pathogens responsible for the diseases and also
involved in damaging the foliage and rhizomes.

8.1 Shoot borer
8.1.1 Symptoms

The moth lay eggs on the growing bud, petiole or leaf of the young plants.
Caterpillars bore through the central shoots, feed the growing buds resulting in
withered and dried shoot referred to as “Dead Heart”. The presence of a bore hole
on the pseudo stem through which frass is extruded and withered and yellow
central shoot is a characteristic symptom of pest infestation.

8.1.2 Causative pest

Shoot borer caused by Dichocoris punctiferalis (Figure 7).
8.1.3 Management

Ginger is protected from the shoot borer by collecting the entire emerged adult,
destroying and by installing light trap for adult mass trapping, destroying infested
plant and by chemical application of Metarhizium and treating with Beauveria
bassiana.
8.2 White grub
8.2.1 Symptoms

It feeds the base of the pseudo stem, roots and newly formed rhizomes. Pest
infestation leads to yellowing of the leaves. It make large hole in the rhizome and
reduce its market value. The entire crop may be lost in severely infested plantations.

The adults are dark brown beetles and measures about 2.5 mm x 1.5 mm in size. The
grubs are creamy white and live in soil.

Figure 7.
Dichocoris punctiferalis cause shoot bover in the ginger (source: Ref. [159] ).
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8.2.2 Causative pest

White grub caused by Holotrichia spp. (Figure 8).

8.2.3 Management

Leaving the land fallow for 2 consecutive years reduce the pest population.
Growing of resistant crops such as sunflower also checks the buildup of grub
population. Sowing of trap crops such as sorghum, maize and onion reduce the
white grub infestation. Application of Beauveria bassiana or Metarhizium anisopliae
with vermicompost (5 g/kg) or drenching the soil with these entomopathogenic
fungi (5 g/1) reduces the pest. Two sprays of neem oil 0.15 EC (1500 ppm) at 3 ml/1
at 15 days interval is found to be effective.

8.3 Leaf roller
8.3.1 Symptoms

It is an olive green caterpillar with a distinct black head. It folds the leaves and
stays inside the fold and defoliates the leaves from the tip and margins. When one
portion is complete, it moves and makes another fold.

8.3.2 Causal organism

Leaf roller is caused by Udaspes folus (Figure 9).

8.3.3 Protection

Maintain the field sanitation and application of Bacillus thuringiensis (1-2 g/1)
prevents the leaf roller.

8.4 Chinese rose beetle

The Chinese rose beetle, Adoretus sinicus (Burm.), (Figure 10) is pale reddish-
brown and has nocturnal feeding habits. The damage on the foliage is characteristic,
being peppered or shot with holes, or more or less skeletonized. The eggs, which are

Figure 8.
Holotrichia responsible for white grub in ginger (source: Ref. [159]).
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Figure 9.
Udaspes folus causes leaf roller in ginger (source: Ref. [159] ).

Figure 10.
Chinese rose beetle (source: Vikaspedia).

laid in the soil, hatch in about 4 days, and the entire life cycle from egg to adult takes
about 6-7 weeks. The larvae apparently feed on decaying plant material; pupation
occurs in the soil. During the daytime, adults are usually found hiding in loose soil
or among dead leaves. This pest is prevalent in the field at low elevations [160].

8.4.1 Protection

Chinese rose beetles are repelled by bright light and so shining the plants with bright
light deter them from feeding; covering young plants with e.g. floating row covers can
help to protect plants until they are old enough to withstand attacks by the beetle.
8.5 Fullers rose beetle

The Fullers rose beetle, Pantomorus godmani (Crotch), feeds ginger leaves [160].

The adults are 7-9 mm long and more prevalent at higher elevations, apparently
requiring cooler temperatures for survival.
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8.6 Grasshoppers

Ginger leaves are occasionally damaged by grasshoppers. This occurs at times
when there is a high population incidence of these insects [160].

8.7 Scavenger flies

These flies breed in decayed plant tissues of ginger. These include Eumerus mar-
ginatus (Grims) (syrphid fly), Euxesta quadrivittata (Macq.) (otitid scavenger fly)
and sciarid gnat fly. The importance of these insects in ginger production remains
to be determined. Syrphid fly may be a threat to ginger when the crop becomes

dormant. Sometime, the eggs laid on the decaying flower stalk, develop into larva,
reaches the rhizome and reduce the quality of rhizome [160].
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Chapter 6

Harnessing the Therapeutic
Properties of Ginger (Zingiber
officinale Roscoe) for the
Management of Plant Diseases

Elias Nortaa Kunedeb Sowley and Frederick Kankam

Abstract

Ginger (Zingiber officinale Roscoe) is one of the most widely used spices in the
world. The therapeutic benefits of ginger are mainly due to the presence of volatile
oils, phenols, alkaloid, and high oleoresin content. Ginger extracts have been
extensively studied for a broad range of biological activities including antibacterial,
antifungal, antiviral, anticonvulsant, analgesic, antiulcer, gastric antisecretory, and
antitumor. This is all the more necessary because ginger is of plant origin, specifi-
cally more biodegradable, readily available, cheaper, and environmentally friendlier
than synthetic chemicals. Since, some farmers in developing countries use ginger
extracts as traditional medicine in the treatment of human diseases, it will be easy
for them to adopt these extracts as biopesticides for the management of plant dis-
eases. This book chapter seeks to outline the bioactive compounds and therapeutic
benefits of ginger in plant disease management, and the mechanisms of action are
also discussed.

Keywords: antibacterial, antifungal, biodegradable, synthetic chemicals, ginger

1. Introduction

Ginger (Zingiber officinale Roscoe) is a spicy aromatic plant from the family
Zingiberaceae. There are about 150 species in the genus Zingiber, but Zingiber offi-
cinale is the widely cultivated and spicy species [1]. Ginger is largely grown in the
tropics [2]. In China, ginger has been useful in various indigenous medicines over
the centuries [3]. Ginger is regarded as a general medicinal material in the Chinese
ayurvedic culture for the treatment of digestion-related discomforts [4]. According
to the Transparency Market Research [5] report, ginger is among the high-valued
and economic herbal commodities of about the 6.5% per year projected increase in
market value which could go up as high as US$ 4.18 billion with about 7.5% esti-
mated rapid growth in consumption by 2022.

Ginger has several uses or functions in our daily lives. It is importantly used
in households, pharmaceutical, brewery, food, and other related industries to
manufacture products such as ginger oil, ginger wine, gingerbread, ginger cake,
ginger spice, ginger syrup, ginger drink, and ginger coffee [6]. Ginger oil is pro-
duced in economic and commercial quantities in countries like Australia, China,
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Indonesia, and India. Recently, the oil obtained from ginger has been found to
protect and maintain the kidney against toxicity [7]. Ginger is a medicinal plant and
antimicrobial agent. It contains gingerols as its primary bioactive compound with
high flavonoid, phytochemical, and pharmacological effects [3]. Various studies

in vivo, in vitro, and clinical analysis have over the years been carried out and, thus,
affirmed ginger’s therapeutic properties which cannot be downplayed. For instance,
some of the volatile oils contained in red ginger, namely, trimethyl-heptadien-

ol, ar-curcumene, camphene, carbaldehyde, sesquiphellandrene, and nerol, were
found to inhibit the growth of bacteria including Bacillus cereus, Escherichia coli,
Salmonella typhimurium, and Pseudomonas aeruginosa [8].

2. Nutritional components of ginger

Ginger is extensively used in various traditional and manufactured foods as a
result of its richness in essential nutrients. The rhizome, which is the principal eco-
nomic part of the ginger plant, possesses good amount of carbohydrate, minerals,
and vitamins, among others. Ginger rhizome is a rich source of minerals including
iron, calcium, and phosphorous. It also contains vitamins such as thiamine, ribo-
flavin, niacin, and vitamin C. Ginger rhizomes also possess a potent proteolytic
enzyme called zingibain [9]. Torch ginger (Etlingera elatior Jack.) inflorescence
contains high amounts of dietary fiber, unsaturated fatty acids (palmitoleic acid,
linoleic acid, and oleic acid), and essential amino acids (leucine and lysine) [10].
The inflorescence of torch ginger is enriched with essential minerals such as K
(1589 mg/100 g), Ca (775 mg/100 g), Mg (327 mg/100 g), P (286 mg/100 g), and S
(167 mg/100 g) with lower levels of heavy metal contaminants (Cd, As, Pb, Hg, Ni)
[11, 12]. Raw ginger is also reported to contain useful minerals like Mg, Ca, Mn, Fe,
Cu, and Zn [13]. Studies on ginger rhizomes obtained from Malaysia and Nigeria
showed higher moisture (90.9% vs. 76.9%), crude fiber (3.8 g/100 g), and lower
carbohydrate content (6.3 g/100 g sample) than the USDA database [14]. In other
studies, inductively coupled plasma-mass spectrometry-based multi-elemental
profiling was used to evaluate the quantitative complement of elements and
nutritional quality of ginger rhizome, and the result revealed an abundance of 18
elements quantified [13]. The acid-digested rhizomes were found to have K > Mg >
Fe>Ca>Na>Mn>Zn>Ba>Cu>Cr>Ni>Pbs> Co>Se> As > Be > Cd metals in
that order of abundance. Generally, it is supposed that paradol, formed on hydro-
genation of shogaol, in ginger plant contains significant antioxidant content which
produces protective health benefits in various diseases [15].

3. Bioactive components of ginger

Ginger is a rich source of some important bioactive molecules and compounds
such as phenolic groups, alkaloids, and steroids which have medicinal effect [14].
The main aromatic agent of the rhizome is the zingiberol [3]. It has embedded in
it some bioactive compounds such as shogaols, zingerone, paradols, and gingerols,
which are structurally shown (Figure 1). These components do not easily vaporize
and are responsible for the “burning” effect, felt in the mouth [16]. In addition to the
main bio-compounds, ginger also contains other sub-compounds like 4-gingerol,
6-gingerol, 8-gingerol, 10-gingerols, 6-shogaols, 14-shogaols (Figure 1), and many
other identified components which are reactive against inflammation [17] (Table1).

The most identified and investigated components of ginger which act against
oxidation reactions in biological systems are shogaols and gingerols, possessing a lot
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Figure 1.
Chemical structure of major bioactive compounds of ginger.
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Ginger Mechanism of actions References
constituent
Zingerone Act against inflammation of cells [19]
Moderation of prostaglandins synthesis
10-Gingerol Inhibition of cell expression, declining the rate of cell multiplication, [20]
halt and weakening of the S phase cell cycle
Paradol Controlling blood sugar levels [21]
Enhances cells recovery and resistance against cancer
Promoting the formation and action of antibodies
8-Gingerol Inhibition of cancer cell growth [22]
Antiplatelet actions
Inhibition of blood vessels generations
Flavonoid Antioxidant actions against reactive oxygen, which can endanger plant [23,24]
and cells. Protecting cells against risks of damage by oxidation related
imbalances
Oleoresin Antimicrobial actions against the growth of plants and animal disease [25-27]
microorganism like Staphylococcus aureus, Candida albicans, Escherichia coli
6-Gingerol Causing cell cycle actions in the GO/G1-phase to cease [28]
Reducing cyclin E1, cyclin A, and cyclin D1 levels. Increasing caspase
manifestation
Stopping the sensing channel of mammalian target of rapamycin (mTOR)
Phenolic Inhibiting reactive nitrogen and oxygen generation in plants and animal [24,29]
acid cells, as a result of its ability to stop certain enzymes from action
Removing reactive oxygen and nitrogen from cells
6-Shogaol Suppress prostaglandin E2 and nitric oxide generation [30]
Essential oil Inhibitory actions against microbes [25,27]

Antioxidative reactions

Table 1.
Some ginger constituents and possible means of bio-actions.
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of therapeutic properties like anti-hepatotoxicity and antiprostaglandin production
among others [18]. Ginger contains some chemical derivatives and other constitu-
ents aside the primary bioactive compounds, which are also highly reactive and
with useful therapeutic mechanisms (Table 1).

4. Methods of extraction of components of ginger

Before the introduction of modern methods, conventional methods such as
infusion, decoction, and percolation, which are a direct simple solvent extraction,
were used [31]. Although new techniques have been developed, these conventional
methods are still used in Phytochemistry Laboratories. Traditional extraction tech-
niques, though still in use, pose several challenges during extraction. These methods
consume a lot of energy and time as well as require large amount of solvents and
are also difficult to automate. In recent times, modern extraction techniques such
as microwave-assisted, ultrasound-assisted extraction, negative pressure cavitation
extraction, and accelerated solvent extraction have been developed to curb the chal-
lenges associated with the traditional extraction methods. These techniques are easy
to automate and require shorter extraction time and smaller amount of solvents [31].

5. Pharmacological properties

Ginger is used in herbal treatment for colds and other viral infections, poor
appetite, digestive problems, arthritis, and headache [32]. Ginger and its constitu-
ents have antiemetic, antithrombotic, anti-inflammatory, and antioxidant effects
[33]. The major pharmacological activity of ginger appears to be due to gingerol
and shogaol [34]. Studies have shown that ginger exhibits several pharmacological
activities, such as antioxidant, cytotoxic agent, gastrointestinal, cardiovascular
disorders and anti-vomiting, anti-inflammatory, antimicrobial action, and pesti-
cidal effects [34].

5.1 Antioxidant effects of ginger

Many cell culture studies have revealed the antioxidant actions of ginger [35-38].
Some progressive biological studies also show the protective actions of gingerol and
ginger extract on many tissues against shocks on the account of several actions that
cause oxidation [35]. Ginger is a strong antioxidant substance and may either miti-
gate or prevent generation of free radicals. Ginger, which is the underground stem
or rhizome of the plant Zingiber officinale Roscoe, contains polyphenol compounds
(6-gingerol and its derivatives), which have a high antioxidant activity [39].

Beverage products obtained through lactic anaerobic biochemical processing of
plants from the ginger family contain antioxidant properties [40]. Ginger is one of
the prominent herbs noted for its “shock-absorber” actions, which helps to promote
insulation for the human system including pregnancy [41, 42]. The antioxidant
property of ginger was also confirmed in a study where the extract effectively
inhibited rancidity of fats and prevented linoleic acid from oxidizing [43]. The
application of ginger also interfered with the generation of nitric oxide [44].

5.2 Cytotoxic properties

The potency of ginger against various forms of cancer like cervical, breast, and
prostate have been largely studied [45, 46], and ginger has been found to be effective
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against the rapid degeneration of cancers, the death of affected cells [22, 47]. Ginger
terpenoids were found to promote the stimulation of p53 and thus making the
cancer cells relating to endometrium inactive [48]. Rapid multiplication of PC-3
prostate cancer cell was cooperatively prevented by the double mixture of 6-shogaol,
8-gingerol, 6-gingerol, and 10-gingerol [49]. Cell culture studies have demonstrated
that ginger served as an inhibitory substance toward cancer of the skin and abnor-
mal growth in the bladder and lung [50, 51].

Recent studies have shown that the administration of ginger powder at two
grams per day for a period of 4 weeks suppresses the development of cyclooxy-
genase-1, an inflammatory-related enzyme which is closely associated with cancer
of the large intestine [52]. In similar studies, it was reported that 6-gingerol, a
bioactive component responsible for the stingy sensation of ginger, was highly
effective against the formation and generation of new blood vessels either within an
organism or in an artificial medium outside an organism, and this action could best
prevent an abnormal growth and spread of cancers from one cell to the other [53].
Research has revealed that 6-shogaol exhibited inhibitory action against cancer of
the breast by stopping the colonization of cells and decreasing of metalloprotein-
ase-9 manifestation [54].

5.3 Gastrointestinal properties of ginger

Ginger has been helpful in the alleviation of numerous gastrointestinal dis-
comforts such as ulcers of the duodenum and other digestive canal. The stomachic
mucous membrane is being secured against a number of potential ulcer factors
due to its antagonistic reactions toward oxidation [55, 56]. Essence from ginger
reportedly blocked Helicobacter pylori in a study conducted in an artificial environ-
ment [57]. A study has shown that signs of vomiting and nausea were effectively
relieved when the powdered form of ginger was administered by mouth, 4 times
per day at 250 mg, to 27 gravida women with pregnancy-related morning discom-
fort for more than a 4-day period [58]. Ginger helps to get rid of constipation when
used in the fresh form [59]. The phenolic content in aqueous extract of ginger is
reported to have potential ulcer-preventing ability; the aqueous extract of ginger
will also reduce free radical damage during ulceration. Hence, ginger is used as an
ulcer-preventive agent [60].

5.4 Cardio and antivomitory actions of ginger

Several studies have identified the medicinal properties of shogaol and gingerol
bioactive groups of ginger components. Ginger helps to stimulate the muscles of the
heart to facilitate blood flow, lower the concentration of blood, and boost metabolic
reactions in the cells, which greatly secure the organ systems against offensive
muscular contractions [61]. Powdered ginger root in the dose used was found to be
effective in reducing nausea and vomiting induced by low-dose cyclophosphamide
in combination with drugs causing mild emesis [62].

The 6-gingerol, 6-shogaol, and other ginger-based compounds with two car-
bonyl groups are catalytically active against the bio-generation of leukotriene,
prostaglandin, and thromboxane [63]. Chemo-constituents of ginger like alkaloids,
flavonoids, saponins, peptides, and non-primary amino acids showed characteristic
actions of dilation and blood pressure reduction [64].

Ginger is a good bio-inhibitory agent against neurotransmitter receptors, which
promote flexibility and movement in the lumen of the intestines. Ginger also
induces a supportive counteraction in the alimentary canal toward the 5-hydroxy-
tryptamine receptors [55, 56]. Powdered ginger administered at 1 g or more per day
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suppressed intense and excessive vomiting during pregnancy for about 92% of the
studies carried out [65].

5.5 Anti-inflammatory action of ginger

The expression of an inflammation-producing related gene was inhibited in LPS-
activated BV2 neuron-supportive cells of the immune system, thereby suppressing
neuron-related inflammations [66]. Oral administrations of ginger oil and eugenol
against acute arthritis in rats significantly inhibited the expression of joints and paw
swollen [67]. The infusion of ginger oil can inhibit prolonged swelling of joints [68].

Ginger structural components like shogaol and gingerol effectively stopped
leukotrienes and prostaglandins bio-generations by preventing either 5-lipoxy-
genase or prostaglandin synthase from expressing [69, 70]. In a published report,
ginger was found to have given an outstanding performance against arthritis actions
in humans, when consumed in a fresh a state [71]. The study also found out that the
generation of many arthritics or inflammation reactions related genes was actively
suppressed by using Alpinia galanga and essence of ginger [19].

5.6 Antimicrobial action of ginger

Ginger extract has showed antimicrobial activity against a broad spectrum of
pathogenic microorganisms. Ginger extract at the rate of 10% has been reported to
possess some economic level of anti-pathogenic properties against disease-causing
organisms [72]. The floral part and root of ginger contain an extractable oil that
averagely act positively against Bacillus licheniformis, Staphylococcus aureus (gram-
positive bacteria), Klebsiella pneumonia, and Pseudomonas stutzeri (gram-negative
bacteria) [73].

An in vitro analysis demonstrated the suppressive ability of ginger essence and
other components against the growth and development of contagious bacteria like
Listeria monocytogenes [74]. Studies have shown that ginger impedes the reproduction
and growth of the colon bacteria, some strains of Salmonella, carcinogen (23, 24),
and Aspergillus. Again, the undiluted juice obtained from ginger rhizome has proven
to be effective, under room temperature at the rate of 12 and 4% against the develop-
ment of Mycoderma spp. and Aspergillus niger, respectively [75].

A study conducted by Chakotiya et al. [76] also revealed how the development
of a breed of Pseudomonas aeruginosa was suppressed by ginger and its bioactive
compounds through the prevention of the synthesis of biofilms. Paste prepared
from ginger also exhibited a positive counteraction against the growth of 0157:H7
strain of Escherichia coli (E. coli) when studied in laboratory culture, using beef
and laboratory broth [77, 78]. In our previous studies, it was found that the growth
of Aspergillus niger on yam tubers was suppressed by 65.5% when treated with
an ethanol ginger extract [79]. Similarly, Z. officinale inhibited the growth of
Rhizopus stolonifer, Aspergillus niger, Aspergillus flavus, Fusavium oxysporum, and
Botryodiplodia theobromae significantly [80].

Several reports have demonstrated the effectiveness of ginger against viruses, some
parasites, and a group of fungi [81-83]. The highly valued oil extracted from ginger
has showed high potency against Aspergillus flavus development and the multiplication
of certain genes linked to aflatoxin [84, 85]. An ethanol-containing extract obtained
from ginger was found to have high efficacy against the multiplication of candida bac-
teria [86]. Ginger was used to cure tuber rot disease, a fungal disease of an economic
importance in yam, by suppressing the growth of Fusarium oxysporum, Penicillium
oxalicum, and Trichoderma viride, which are the primary causative agents [87].
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6. Pesticidal properties of ginger

It has been reported that ginger extract at 3% exhibited pesticidal potential
thereby reducing cabbage looper (Trichoplusia binotalis) [88]. Several stud-
ies have shown that the methanol extract obtained from ginger can be used in
controlling trypanosomiasis, commonly known as “sleeping sickness” due to its
counteractions against parasites [89-91]. A good result was achieved when an
extract of ginger was evaluated for pestilence against leaf hoppers and defoliators
of cowpea (Vigna unguiculata L.) in a field study [92].

Studies have also shown that ginger is effective in managing pests like hoppers,
root-knot nematodes, aphids, American bollworm, thrips, and mango anthracnose,
among others [93]. In a study under both field and laboratory environments, the
residues taken from the water extraction process of ginger was found to be active at
the rate of about 25-30% in suppressing the oviposition process and development
of matured flea beetle of okra (Callosobruchus maculatus F.) on the field and in
storage [94].

7. Other useful properties of ginger

It has been reported that an ethanolic essence of ginger ultimately reduces
the sugar level of blood when given orally to a rat suffering from diabetes. Oral
intake of 100 mg/kg of ginger extract, dissolved in 80% of alcohol, gave 38%
suppression of yeast-associated fever among rats [95, 96]. 6-Gingerone helps
to control obesity by inhibiting and reducing of fats buildup and weight gain
among mice [97]. 10-Gingerol exhibited an excellent performance against the
growth of Angiostrongylus cantonensis larvae, a type of nematode of an economic
importance in some regions of the Pacific and Asia [98]. Several studies in recent
times have identified ginger as a suppressive medicinal material, which influ-
ences recollection ability of the minds and is capable of relieving or prevent-
ing neuron inflammations that may help to control infections associated with
debasement of neurons [99, 100]. Ginger plays a preventive role against rapid
multiplication of cell and growth of cancer-affected cells [101, 102]. Ginger has
also been reported to have a good antagonistic action against the virulence of the
hepatitis C virus [61, 103].

8. Conclusions

This particular review tried to bring together various research findings and
reports of the past, on the therapeutic characteristic properties of ginger. The
review also comments on the numerous applications of ginger in the traditional
medicine and its pharmaceutical importance. A good number of therapeutic
reactions of ginger have been identified, which include anti-inflammatory
actions, anti-cancer properties, antioxidant actions, anti-pesticidal properties,
cytotoxicity, gastrointestinal actions, antimicrobial effects, and other conven-
tional uses of ginger in plants, animals, and human health. Ginger is a recognized
plant in the world of medical and health sciences. It contains gingerols as its pri-
mary bioactive compound with high flavonoid and phytochemical and pharma-
cological effects. Several studies in vivo, in vitro, and clinical analysis have over
the years been conducted out and, thus, affirmed ginger’s therapeutic properties
which cannot be overlook.
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Abstract

Zingiber officinale Roscoe, commonly known as gengibre, ajengibre, jengibre
dulce (Brazil, Argentina, and Spain), ginger (United States and England), and
gingembre (France), is a perennial herbaceous plant that produces a fleshy and
articulated rhizome, with rough brownish epidermis. As a medicinal plant, ginger
is one of the oldest and most popular in the world. Several properties of the ginger
have been verified in scientific experiments, with emphasis to the antimicrobial
activity. Ginger essence oil has been investigated by several in vitro microbiologi-
cal techniques, in which most of its essential oils presented antimicrobial activity
against all selected bacteria. The antimicrobial effect is attributed mainly to several
phytochemicals, such as camphene, phellandrene, zingiberene, and zingerone. This
review provides an overview of the experimental evidence for the antimicrobial
potential of Z. officinale.

Keywords: essential oil, chemical composition, ginger, gengibre

1. Introduction

Vegetable kingdom organisms are the major contributors to the significant num-
ber of organic substances in nature. Plants have enormous potential to biosynthe-
size the most varied types of molecular structures that perform various functions
in your body. The substances responsible for ensuring the cells development and
maintenance are called primary metabolites. From these compounds, through very
complex biosynthetic routes, plants produce secondary metabolites, which help in
the defense and adaptation of plants to the environment.

Composed of several secondary metabolites synthesized by plants, we highlight
the essential oils that are characterized by being a complex mixture of low molecu-
lar weight liposoluble constituents with strong aroma. Essential oils stand out for
their great therapeutic and economic importance, occupying a preponderant place
in the pharmaceutical, cosmetic, and agri-food industries due to their high biologi-
cal activity [1].

Although plants have been used since ancient times for spice and medicinal
purposes, only in recent decades research has been intensifying for application of
these compounds in food preservation and control of diseases of microbial origin.

101 IntechOpen



Ginger Cultivation and Its Antimicrobial and Pharmacological Potentials

Nowadays, there is a serious problem of bacterial resistance to commercially
available antibiotics that occurs due to the wide distribution of antimicrobials and
easy access to consumption by the population, which leads to indiscriminate use
and self-medication. The uncertain diagnosis, the absence of a rational program for
antimicrobial use, and subdoses of antimicrobial are also factors that contribute to
the increased prevalence of drug-resistant microorganisms, rendering antibiotics
ineffective [2].

Assuming the resistance of microorganisms to available drugs, the toxicity
of synthetic antimicrobials, and the growing consumer awareness of the use of
environmentally safe and health-friendly products, natural products emerge as a
potential alternative for the replacement of synthetic antimicrobial agents.

One of the largest sources of research in this area is the evaluation of antimi-
crobial activity of plants popularly used for medicinal purposes. Zingiber officinale
Roscoe, popularly known as ginger, is used in cooking, the pharmaceutical industry,
and folk medicine to treat numerous conditions [3].

Thus, this review chapter aims to discuss the antimicrobial activity of ginger
essential oil evaluated by various in vitro microbiological techniques against patho-
genic microorganisms. This book chapter reviews the real contribution of ginger as
a naturally occurring antimicrobial.

2. Methods

The bibliographic search was performed from May 2019 by a single researcher,
searching for keywords such as antimicrobial, ginger, antibacterial, antifungal,
Zingiber officinale, and their combinations, in PubMed and ScienceDirect. The
productions were selected by reading and analyzing the titles and abstracts of all
identified articles. After the initial screening, the selected studies were read, which
allowed other texts that did not meet the review proposal to be excluded. The main
information from the selected articles was synthesized in spreadsheets that guided
the descriptive and critical analysis of the studies.

3. Results and discussion
3.1 Ginger plant

Ginger, scientifically named Zingiber officinale Roscoe, was first described in
1807 by the English botanist Willian Roscoe. It is a species in the Zingiberaceae fam-
ily, from southwestern Asia and the Malay Archipelago, including over 1200 species
and 53 genera [4].

Ginger has been known and used practically worldwide and in all medicines. It
has been cultivated for thousands of years in China and India, reaching the West for
at least 2000 years. The name of this genus, Zingiber, derives from a Sanskrit word
meaning “horn-shaped” in reference to the protrusions on the surface of the rhi-
zome. Ginger has several names, including gengibre, ajengibre, and jengibre dulce
(Brazil, Argentina, and Spain), ginger (United States and England), and gingembre
(France) [5, 6].

In Brazil, its cultivation was introduced shortly after the beginning of
European colonization. However, only in the 1980s, with the introduction of
giant rhizome varieties by Japanese farmers, ginger cultivation became effectively
commercial in Brazil, especially in the coasts of Santa Catarina, Sao Paulo, and
Parana [7].
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Ginger has a herbaceous habit, is perennial, produces articulated rhizome, and
has adventitious roots and distal leaves, with the basilars reduced and floral bracts
obliterated, each involving a single flower [8]. The ginger rhizome has an elongated,
slightly flattened body, with a color ranging from yellow to bright brown leather,
striated longitudinally, with endings known as “fingers” that arise obliquely from
the rhizomes. Internally yellowish brown, it has a yellow endoderm, with numerous
fibrovascular bundles and abundant oil cells. It presents pleasant and aromatic odor
and strongly pungent taste [7].

As amedicinal plant, ginger is one of the oldest and most popular in the world.
It is used to relieve symptoms of inflammation, rheumatic diseases, and gastroin-
testinal discomfort [9]. Its root has carminative, digestive, sweat, anti-influenza,
and stimulating properties [8]. In gastronomy, ginger is used as a seasoning and
flavoring, giving spicy and refreshing characteristics. It is a raw material for the
manufacture of beverages and bakery products such as breads, cakes, cookies, and
jams. In the cosmetics industry, its use is due to its fragrance [10].

Ginger has shown a variety of biological activities such as antifungal [11, 12],
anti-inflammatory [13], antiviral [14], antimicrobial [3, 15], antioxidant [16], and
antitumor [17-19]. Due to these properties, the use of rhizomes to obtain ginger
essential oils, extracts, and concentrates has attracted interest from the pharmaceu-
tical and food industries.

3.2 Chemical profile of ginger essential oils

Chemical analysis of ginger shows that it contains over 400 different compounds
where the main components of ginger rhizomes are carbohydrates (50-70%),
lipids (3-8%), terpenes, and phenolic compounds. Terpenes include zingiberene,
p-bisabolene, a-farnesene, p-sesquifelenolene, and a-curcumene, while phenolic
compounds include gingerol, paradols, and shogaol [20], as shown in Table 1.

In studies from 2006 to 2018 with Z. officinale, geranial and a-zingiberene were
the major compounds in their chemical composition [12, 22, 27]. Significant quanti-
ties of the terpene family chemical constituents have also been reported [12, 22].

The least common constituent found in ginger essential oil is ar-curcumene [25, 27].
Compounds such as 1,8-cineole, eucalyptol, and 1,8-cinerol that are not very common
in the chemical composition of Zingiber officinale have also been noted [21, 26, 28].

The variation in the composition of the essential oils obtained from this species
may be due to genetic and/or environmental factors, plant age, and different extrac-
tion methods. The composition of essential oils directly influences their antimicro-
bial activity, as each secondary metabolite has a specific ability to break or penetrate
the structure of the microorganism [24].

3.3 Antimicrobial assays with ginger

The most used methods for the determination of antimicrobial activity of Z.
officinale vary among researches as can be seen in Table 2. The main methods are
disk and well agar diffusion and agar and broth microdilution technique that deter-
mine the minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC).

It was verified [16] that the Z. officinale essential oil tested by two methods
showed strong inhibitory effects by well diffusion, demonstrating that the tech-
nique used can influence the result, while the agar diffusion test had less effect. As
can be seen in Table 2, there is no standardization of ginger oil dilution, which can
lead to uncertain results as it is an oil, and, because it is a less dense material than
water, the oil cannot be diluted directly in the broth, which limits their miscibility

103



Ginger Cultivation and Its Antimicrobial and Pharmacological Potentials

Reference Major compounds %
[12] a-Zingiber 24.0
Geraniale 15.0

B-Phellandrene 8.0
[21] Comphene 12.0
B-Phellandrene 11.0
1,8-cineal 10.0

a-Zingiberene 7.0
[22] a-Zingiberene 25.0
B-Sesquiphellan 18.0
B-Bisobeolene 12.5
[16] Geraniale 26.0
a-Zingiberene 9.5

a-Farnesene 76

Neral 74
[23] Geraniale 16.0
z-Citral 9.2

B-Cedrene 8.6

Geranyl acetate 84
[24] Geraniale 26.0
a-Zingibere 9.5

Farnesene 76

Neral 74

[25] pB-Sesquiphellandrene 27.0
Caryophyllene 15.3

Zingiberene 14.0

a-Farnesense 10.5

[26] ar-Curcumene 11.3
Geraniale 11.0

Camphene 5.0

Eucalypto 3.0

[27] a-Zingiberene 20.0
ar-Curcumene 15.0

B-Bisabalene 11.0

B-Sesquiphellandrene 13.0

[28] ar-Curamene 59.0
1,8-Cinerol 8.0

Citral 75

a-Zingiberene 75

Table 1.

Chemical composition of different Zingiber officinale essential oil described in literature.
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Method Dilution Reference
Disk and well diffusion agar DMSO [16]
Broth microdilution MIC and MBC DMSO 5% [21]
MIC—diffusion agar Ethanol [29]
Agar disk diffusion Acetone [30]
MIC—broth microdilution Ginger essential oil [31]
Agar disk diffusion Essential oil [32]
MIC—broth microdilution Tween 80 [33]
Agar disk diffusion Ginger essential oil [34]
MIC-broth microdilution Tween 126 [35]
Agar-agar diffusion DMSO [36]
Broth microdilution MIC and MBC DMSO [37]

DMSO, dimethyl sulfoxide; MIC, minimum inhibitory concentration; MBC, minimum bactericidal concentration.

Table 2.
Methods used to establish antimicrobial activity of Zingiber officinale essential oil.

in the test media. Therefore, a surfactant should be added, and we found that the
most commonly used was DMSO [16, 21, 36, 37], tween [33, 35], some solvents like
ethanol [29] and acetone [30], and even ginger oil [31, 32, 34].

The disk diffusion and well diffusion tests have been used to evidence antimi-
crobial activities, assuming that all components of the oil have the same solubility,
but as verified in Tables 3 and 4, the diffusion of oil in the agar, during the test,
may not diffuse into the agar, limiting the use of this method. However, the use of
several methods to determine antimicrobial activity, as verified in [16], can directly
interfere with the result. Although interference of chemical composition is possible,
the MIC values found in several studies do not demonstrate a reproducibility using
broth dilutions [21, 31, 33, 35, 37].

3.4 Antimicrobial activity of ginger
3.4.1 Antibacterial activity of ginger

Essential oils have a chemical composition rich in volatile and odorous second-
ary metabolites, mainly monoterpenes and sesquiterpenes. Several studies reported
the antimicrobial properties of Z. officinale essential oil against various bacteria, as
can be seen in Table 3.

A research showed that Z. officinale essential oil obtained by hydrodistillation
verified that L. monocytogenes showed the highest sensitivity to oil when compared
to other bacteria and presented the largest zone of inhibition (37 mm). Ginger
essential oil has been shown to be active against the V alginolyticus strain, despite
the high MIC value range of 0.05-0.2 mg/mL reported [29].

The description of a moderate activity, with MIC values of 0.16-0.63 mg/mL,
against Gram-positive bacteria indicates that Gram-negative bacteria are more
resistant to Z. officinale essential oils compared to Gram-positive bacteria [21].

However, the essential oil showed activity against Shigella and E. coli, prob-
ably due to the presence of active constituents such as zingiberene, endoborneol,
and gingerol [39]. The MIC value found for K. pneumonia (ATCC 13383) and S.
enterica (ATCC 7251) strains was 1 mg/mL. These results are expected due to the
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constitution of the Gram-negative cell wall [16], although the effect of high sen-
sitivity on Gram-negative strains such as K. pneumonia has been observed [39]. A
survey of 15 strains of bacteria reported results that validate the use of Z. officinale
as a medicine to treat diseases of possible infectious origin [9].

Reference Country Bacteria MIC MBC Halo (mm)
[16] India P, vulgaris 184
K. pneumoniae 20.5
[21] Tunisia V. alginolyticus >25
[23] Brazil S. mutans 250 pg/mL 500 pg/mL
[29] Saudi Arabia S. aureus 15.8
B. cereus 83
E. coli 0.0
S. typhi 0.0
P, aeruginosa 11.2
[30] Brazil S. enteritidis 8.8
L. plantarum 7.0
[32] Saudi Arabia E. faecalis 61.94%
P, aeruginosa 21.65%
E. coli 106.02%
Shigella 119.79%
[37] Canada S. pyogenes >1000 pg/mL >1000 pg/mL
[33] Brazil L. monoctogenes 4.7 pL/mL 94 pL/mL
S. aureus 2.3 puL/mL 4.7 pL/mL
E. coli O157:H7 94 pL/mL 18.7 pL/mL
S. typhimurium 94 pL/mL 18.7 pL/mL
P, aeruginosa 23 pL/mL 4.7 pL/mL
[38] India B. cereus 911
L. monocytogenes 9.00
M. I nkluteus 6.86
S. aureus 8.90
E. coli 8.00
S. typhimurium 6.61
[39] Negeri B. licheniformis 0.16 mg/mL
Sembilan B. spizizenii 0.24 mg/mL
E. coli 0.31 mg/mL
K. pneumoniae 0.47 mg/mL
P stutzeri 0.63 mg/mL
[40] Mexico S. aureus 0.25 mg/mL
S. epidemidis 0.5 mg/mL
E. faecalis 1.0 mg/mL
Table 3.

Antibacterial activity of Zingiber officinale essential oil.
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Reference Fungi MIC Disk diffusion
Halo Concentration
[16] A flavus 20.6 mm 6 pg/mL
A. solani 66.3 mm
A. oryzae 51.3 mm
A. Niger 66.7 mm
E moniliforme 100 mm
[35] C. albicans 25 mm 100 pg/mL
G. candidum 21 mm
E oxysporum 22 mm
A. flavus 20 mm
[36] F verticillioides 2500 pg/mL
[41] A. terrus 50% 10 pL
A. Niger 31.3%
A. flavus 87.5%
E oxysporum 87.5%
C. palliscens 87.5%
T. roseum 100%
FE graminearum 62.5%
FE. monoliforme 75%
[42] Penicillium spp 869.2 mg/mL
Table 4.

Zingiber officinale antifungal activity.

A research conducted in Brazil with a substance (zerumbone) isolated from
ginger essential oil showed its efficacy against S. mutans, resulting in 250 pg/mL MIC
and 500 pg/mL MBC. Another investigation of the effect of oil against growth activ-
ity and biofilm formation of S. pyogenes showed MIC and MBC of 1 mg/mL [37].

We found that the studies reported in this review show that the antibacterial
effect of essential oil has significant differences according to the collection site, its
genetic and environmental composition of the plant, and extraction methods, as
well as significant differences in the inhibition of Gram-positive and Gram-negative
bacteria. Gram-positive strains are more sensitive, suggesting that the cell wall
composed of a thick layer of peptidoglycan surrounding the cytoplasmic membrane
would be the microbial target of essential oil [43].

However, the possibility of another target is not ruled out, as we found that,
depending on the location, the oil tested demonstrates a better effect on Gram-
negative, suggesting other microbial targets, such as the plasma membrane, since
the constituents of essential oils have lipophilic properties that interact with
membranes by changing their fluidity and permeability [44].

3.4.2 Antifungal activity of ginger
In the evaluation of antifungal activity, we found that antifungal tests with
Z. officinale oil showed inhibitory effects against all fungal tested. Ginger oil was

found to completely inhibit F. moniliforme growth at the highest concentration
tested, and Aspergillus inhibition was also reported.
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A study with oils obtained by different drying methods against six fungi
(Candida albicans, Geotrichum candidum, Trichophyton rubrum, Aspergillus flavus,
Fusarium oxysporum, and Scopulariopsis brevicaulis) revealed that hot-drying ginger
exhibited potent antifungal activity except against T. rubrum and S. brevicaulis
when the oil was obtained by drying indoors. In open-air drying, the oil showed
antifungal activity only against C. albicans [35].

The activity against Fusarium verticillioides determined by broth dilution
exhibited MIC of 2500 pg/mL, suggesting that ginger oil is capable of controlling
F. verticillioides growth and subsequent fumonisin production [36]. Both essential
oil and ginger resin totally inhibited (100%) Fusarium moniliforme [41]. Activity
against other fungi showed moderated to good effect (Table 4).

The antimicrobial activity of ginger oil can be attributed to its constituent
monoterpenes and sesquiterpenes, as they are capable of altering the permeability
and fluidity of the plasma membrane of microorganisms. The lipophilic character
of its hydrocarbon skeleton and the hydrophilic character of some of its functional
groups confer this property [40].

Z. officinale essential oil contains considerable amounts of phenolic compounds
(eugenol, shogaols, zingerone, gingerdiols, gingerols, etc.), which may be respon-
sible for the observed effects, and has different chemotypes in which the efficiency
can be attributed to the major compounds, although the possibility of a synergistic
action of all constituents is not ruled out either [41].

4, Conclusions

The studies reported in this literature review made the determination of the spe-
cies, the indication of the place of collection, and the extraction method, since these
data are fundamental for adequate comparison of the results, as well as a secondary
metabolite identification technique where we found that the most used techniques
were gas chromatography (GC) and liquid chromatography (HPLC) to indicate
the present compounds. Geographical location, oil extraction method, techniques,
media types, dilution used in antimicrobial activity at different concentrations, and
microorganisms can certainly lead to different results. Ginger essential oil has com-
pounds that are present in varying proportions as verified in this review; therefore,
there is no parameter for their composition as they have several chemotypes. The
lack of oil standardization makes it difficult to compare the work done and to obtain
an adequate result of the antimicrobial activity of the oil. However, numerous
reports of antimicrobial activity, even with the various variables described above,
lead us to believe that ginger essential oil has a potential antimicrobial activity to be
explored, and further studies are needed to ensure this activity.

108



Ginger (Zingiber officinale) Antimicrobial Potential: A Review
DOI: http://dx.doi.org/10.5772/intechopen.89780

Author details

Amanda Mara Teles!, Bianca Aratijo dos Santos!, Cleidiane Gomes Ferreiral,
Adenilde Nascimento Mouchreck!, Katia da Silva Calabrese?,

Ana Lucia Abreu-Silva® and Fernando Almeida-Souza®*

1 Federal University of Maranhdo, Sdo Luis, Brazil

2 Oswaldo Cruz Institute, Rio de Janeiro, Brazil

3 State University of Maranhdo, Sdo Lufs, Brazil

*Address all correspondence to: fernandoalsouza@gmail.com

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/

by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

109



Ginger Cultivation and Its Antimicrobial and Pharmacological Potentials

References

[1] Andrade MA. Oleos essenciais de
Cinnamomum zeylanicum, Cymbopogon
nardus e Zingiber officinale: Caracterizacdo
quimica, atividade antioxidante e
antibacteriana [Dissertacdo (Mestrado
em Agroquimica)]. Minas Gerais:
Universidade Federal de Lavras; 2010.
101p

[2] Mota LM, Vilar FC, Dias LBA,
Nunes TF, Moriguti JC. Uso racional de
antimicrobianos. Medicina (Ribeirdo
Preto). 2010;43(2):164-172

[3] Diemer AW. Acdo antimicrobiana
de Rosmarinusofficinalis e Zingiber
officinale frente a Escherichia coli

e Staphylococcus aureus em carne
mecanicamente separada de

frango [Dissertacdo (Mestrado em
Biotecnologia)]. Lajeado, Rio Grande
do Sul: Centro Universitario Univates;
2016. 67 p

[4] Lorenzi H, Matos FJA. Plantas
medicinais no Brasil: Nativas e exdticas.
Plantarum: Nova Odessa; 2002. 512 p

[5] Corréa Junior C, Ming LC,

Scheffer MC. Cultivo de plantas
medicinais, condimentares e aromdticas.
22_ed. Jaboticabal: FUNEP; 1994. 151 p

[6] Morgan R. Enciclopédia das Ervase
Plantas Medicinais. Hemus: S3o Paulo;
1994

[7]1 Martins AGLA. Atividade
antibacteriana dos 6leos essenciais

do manjericdo (Ocimum basilicum
Linnaeus) e do gengibre (Zingiber
officinale Roscoe) frente a linhagens

de Escherichia coli enteropatogénicas
isoladas de hortalicas [Tese (Doutorada
em Ciéncias dos Alimentos)]. Jodo
Pessoa: Universidade Federal do
Paraiba; 2010. 110 p

[8] Soares RP. Atividade biolégica dos 6leos
essenciais de gengibre, acafrio e louro

sobre o fungo Aspergillus carbonarius

110

[Dissertgdo (Mestrado em Agroquimica)].
Lavras, Minas Gerais: Universidade
Federal de Lavras; 2009. 79 p

[9] Pfeiffer E, Heuschmid FF,

Kranz S, Metzler M. Microsomal
hydroxylation and glucuronidation of
[6]-gingerol. Journal of Agricultural
and Food Chemistry, Easton.
2006;54(23):8769-8774

[10] Mukkavilli R, Yang C, Singh
Tanwar R, Ghareeb A, Luthra L,
AnejaR. Absorption, metabolic stability,
and pharmacokinetics of ginger
phytochemicals. Molecules. 2017;22:553

[11] Freire JCP, Jinior JK d O, Silva

D d F, de Sousa JP, Guerra FQS, de
Oliveira Lima E. Antifungal activity
of essential oils against Candida
albicans strains isolated from users
of dental prostheses. Evidence-based
Complementary and Alternative
Medicine. 2017;2017:1-9

[12] Ferreira FMD, Hirooka EY,
Ferreira FD, Silva MV, Mossini SAG,
Machinski M Jr. Effect of Zingiber
officinale Roscoe essential oil in
fungus control and deoxynivalenol
production of Fusarium graminearum
Schwabe in vitro. Food Additives

& Contaminants: Part A.
2018;35(11):2168-2174

[13] Camargo LCS. Efeito antiin-
flamatorio do extrato de Zingiber
officinale aplicado por fonoforese sobre
o edema de pata de ratos [Dissertacdo
(Mestrado em Ciéncias Bioldgicas)]. Sdo
José dos Campos: Instituto de Pesquisa e
Desenvolvimento, Universidade do Vale
do Paraiba; 2006. 89 p

[14] Camero M, Lanave G, Catella C,
Capozza P, Gentile A, Fracchiolla G,
et al. Virucidal activity of ginger
essentialoilagainstcaprinealphaherpes
virus-1. Veterinary Microbiology.
2019;230:150-155



Ginger (Zingiber officinale) Antimicrobial Potential: A Review

DOI: hitp://dx.doi.ovg/10.5772/intechopen.89780

[15] Cutrim ESM, Teles AM,

Mouchrek AN, Mouchrek Filho VE,
Everton GO. Avaliagdo da Atividade
Antimicrobiana e Antioxidante dos Oleos
Essenciais e Extratos Hidroalcodlicos

de Zingiber officinale (Gengibre)

e Rosmarinus officinalis (Alecrim). Revista
Virtual de Quimica. 2019;11(1):60-81

[16] Singh G, Kapoor IPS, Singh P,
Heluani CS, Lampasona MP,

Catalan CAN. Chemistry, antioxidant
and antimicrobial investigations

on essential oil and oleoresins

of Zingiber officinale. Food and
Chemical Toxicology, Oxford.
2008;46(10):3295-3302

[17] Dorai T, Aggarwal BB. Role
of chemopreventive agents in

cancer therapy. Cancer Letters.
2004;215:129-140

[18] Manju V, Nalini N. Chemopreventive
efficacy of ginger, a naturally

occurring anticarcinogen during

the initiation, post-initiation

stages of 1,2dimethylhydrazine-
inducedcoloncancer. Clinica Chimica
Acta. 2005;358:60-67

[19] Shukla Y, Singh M. Cancer
preventive properties of ginger: A brief
review. Food and Chemical Toxicology.
2007;45:683-690

[20] Grzanna R, Lindmark L,
Frondoza CG. Ginger—An herbal
medicinal product with broad anti-
inflammatory actions. Journal of
Medicinal Food. 2005;8(2):125-132

[21] Snuossi M, Trabelsi N, Taleb S,
Dehmeni A, Flamini G, Feo V. Laurus
nobilis, Zingiber officinale and Anethum
graveolens essential oils: Composition,
antioxidant and antibacterial activities
against bacteria isolated from fish and
shellfish. Molecules. 2016;21:1414. DOI:
10.3390/molecules21101414

[22] Varoni EM, Lo Faro AF,
Sharifi-Rad J, Iriti M. Anticancer

111

molecular mechanisms of resveratrol.
Frontiers in Nutrition. 2016;3:8. DOI:
10.3389/fnut.2016.00008

[23] Silva M, Pinheiro C, Orlandi P,
Pinheiro C, Pontesa J. Zerumbone from
Zingiber zerumbet (L.) smith: A
potential prophylactic and therapeutic
agent against the cariogenic

bacterium Streptococcus mutans. BMC
Complementary and Alternative
Medicine. 2018;18:301. DOI: 10.1186/
s12906-018-2360-3010

[24] Chmit M, Kanaan H, Habib J,
Abbass M, Mcheik A, Chokr A.
Antibacterial and antibiofilm activities
of polysaccharides, essential oil,

and fatty oil extracted from Laurus
nobilis growing in Lebanon. Asian
Pacific Journal of Tropical Medicine.
2014:546-552. DOI: 10.1016/
$1995-7645(14)60288-1

[25] Borah A, Sethi L, Sarkar S,
Hazarika K. Effect of drying on texture
and color characteristics of ginger and
turmeric in a solar biomass integrated
dryer. Journal of Food Process
Engineering. 2017;40:€12264. DOL:
10.1111/jfpe.12310

[26] Mesomo MC, Corazza ML,

Ndiaye PM, Dalla Santa OR, Cardozo L,
de Paula Scheer A. Supercritical CO,
extracts and essential oil of ginger
(Zingiber officinale R.): Chemical
composition and antibacterial

activity. Journal of Supercritical

Fluids. 2013;80:44-49. DOI: 10.1016/j.
supflu.2013.03.031

[27] Wang Z, Wang L, Li T, Zhou X,
Ding L, YuY, et al. Rapid analysis of
the essential oils from dried Illicium
verum Hook. f. and Zingiber officinale
Rosc. by improved solvent-free
microwave extraction with three types
of microwave-absorption medium.
Analytical and Bioanalytical Chemistry.
2006;386(6):1863-1868. DOI: 10.1007/
s00216-006-0778-6



Ginger Cultivation and Its Antimicrobial and Pharmacological Potentials

[28] Nogueira de Melo GA, Grespan R,
Fonseca JP, Farinha TO, da Silva EL,
Romero AL, et al. Inhibitory effects
of ginger (Zingiber officinale roscoe)
essential oil on leukocyte migration

in vivo and in vitro. Journal of Natural
Medicines. 2011;65:241-246. DOI:
10.1007/s11418-010-0479-5

[29] Mostafa A, Abdulaziz A,

Al-Askar A, Khalid S, Turki M,

Essam N, et al. Antimicrobial activity
of some plant extracts against bacterial
strains causing food poisoning diseases.
Saudi Journal of Biological Sciences.
2018;25(2):361-366. DOI: 10.1016/
j-sjbs.2017.02.004

[30] Ambrosio MS, Severino M,

Alencar LM, Sousa M, Gloria M.
Antimicrobial activity of several
essential oils on pathogenic and
beneficial bacteria. Industrial Crops and
Products. 2017;97(2017):128-136. DOI:
10.1016/j.indcrop.0926-6690

[31] Chakotiya A, Tanwar A,

Narula A, Sharma R. Zingiber officinale:
Its antibacterial activity on Pseudomonas
aeruginosa and mode of action
evaluated by flow cytometry. Microbial
Pathogenesis. 2017;107:254-260.

DOI: 10.1016/j.micpath.2017.03.02-9
0882-4010

[32] Ashraf S, Al-Shammari E,

Hussain T, Tajuddin S, Panda B. In-vitro
antimicrobial activity and identification
of bioactive components using GC-MS
of commercially available essential

oils in Saudi Arabia. Association of
Food Scientists & Technologists.
2017;54(12):3948-3958. DOI: 10.1007/
s13197-017-2859-2

[33] Tavares F, Cunha K, Fonseca L,
Antunes M, Mello S, Fiorentini A, et al.
Action of ginger essential oil (Zingiber
officinale) encapsulated in proteins
ultrafine fibers on the antimicrobial
control in situ. International Journal

of Biological Macromolecules.

112

2018;118(2018):107-115. DOI: 10.1016/j.
ijbiomac.2018.06.079

[34] EI-Shouny WA, Ali SS, Sun ],

Samy SM, Ali A. Drug resistance profile
and molecular characterization of
extended spectrum beta-lactamase
(ESBL)-producing Pseudomonas
aeruginosa isolated from burn wound
infections. Essential oils and their
potential for utilization. Microbial
Pathogenesis. 2018;116:301-312. DOI:
10.1016/j.micpath.2018.02.005

[35] Ghasemzadeh A, Jaafar H,
Baghdadi A, Tayebi-Meigooni A.
Formation of 6-, 8- and 10-Shogaol

in ginger through application of
different drying methods: Altered
antioxidant and antimicrobial activity.
Molecules. 2018;23:1646. DOI: 10.3390/
molecules23071646

[36] Yamamoto-Ribeiro MMG,
Grespan R, Kohiyama CY, Ferreira FD,
Mossini SAG, Silva EL, et al. Effect

of Zingiber officinale essential oil on
Fusarium verticillioides and fumonisin
production. Food Chemistry.
2013;141(3):3147-3152. DOI: 10.1016/j.
foodchem.2013.05.144

[37] Wijesundara NM, Rupasinghe HPV.
Essential oils from Origanum vulgare and
Salvia officinalis exhibit antibacterial
and anti-biofilm activities against
streptococcus pyogenes. Microbial
Pathogenesis. 2018;13(6):612-632. DOI:
10.1016/j.micpath.2018.02.026

[38] Bag A, Chattopadhyay RR.
Evaluation of synergistic antibacterial
and antioxidant efficacy of essential
oils of spices and herbs in combination.
PLoS One. 2015;10(7):e0131321. https://
doi.org/10.1371/journal.pone.0131321

[39] Sivasothy Y, Chong WK,
Hamid A, Eldeen IM, Sulaiman SF,
Awang K. Essential oils of Zingiber
officinale var. rubrum Theilade and
their antibacterial activities. Food



Ginger (Zingiber officinale) Antimicrobial Potential: A Review
DOI: hitp://dx.doi.ovg/10.5772/intechopen.89780

Chemistry. 2011;124:514-517. DOI:
10.1016/j.foodchem.2010.06.062

[40] Lépez EIC, Balcazar MFH,
Mendoza JMR, Ortiz ADR, Melo MTO,
Parrales RS, et al. Antimicrobial
activity of essential oil of Zingiber
officinale roscoe (Zingiberaceae).

American Journal of Plant Sciences.
2017;8(07):1511

[41] Singh G, Maurya S, Catalan C, De
Lampasona MP. Studies on essential
oils, part 42: Chemical, antifungal,
antioxidant and sprout suppressant
studies on ginger essential oil and

its oleoresin. Flavour and Fragrance
Journal. 2005;20(1):1-6

[42] BELLIKY. Total antioxidant activity
and antimicrobial potency of the
essential oil and oleoresin of Zingiber

officinale roscoe. Asian Pacific Journal of
Tropical Disease. 2014;4(1):40-44

[43] Burt S. Essential oils: Their
antibacterial properties and
potential applications in foods—A
review. International Journal of
Food Microbiology. 2004;94:223-
253. DOLI: doi.org/10.1016/j.
ijfoodmicro.2004.03.022

[44] Berger RG. Bioactivity of essential
oils and their components. In:

Flavors and Fragrances: Chemistry,
Bioprocessing, and Sustainability.
Berlin: Springer; 2007. pp. 88-90. DOI:
10.1007/978-3-540-49339-6

113






Section 4

Pharmacological Potentials

115






Chapter 8

A Review of the Antidiabetic
Activities of Ginger

Gloria Aderonke Otunola and Anthony Jide Afolayan

Abstract

Diabetes mellitus, a chronic metabolic disorder with major health care burden
worldwide, is increasing, with 173 million adults being diabetic and over 8 million
deaths recorded annually. Undesirable pathological conditions and high rates of
secondary failure limit the use of current antidiabetic agents, thus, the need for
more effective antidiabetic agents. Medicinal plants such as spices, rich in bioactive
components that promote prevention and treatment of chronic conditions such
as heart disease, cancer and Type-2 diabetes, are inexpensive with no side effects.
The Zingiberaceae family, of which ginger is a member, consists of many species
frequently cited for their antidiabetic and hypoglycemic properties. All important
scientific literatures from 2000 to 2018 on the antidiabetic potentials of Zingiber
officinale were evaluated. According to these studies, ginger exerts its antidiabetic
effects through restorative effects on pancreatic -cells, increasing insulin sen-
sitivity, action and peripheral utilization of glucose. Other mechanisms include
increased synthesis of hepatic glycogen through the enhancement of glycogen
regulatory enzyme expression in the liver, inhibition of carbohydrate metabolizing
enzymes, stimulation of pancreatic insulin release and inhibition of hepatic glucose
production. Further studies, especially in humans are needed, more so, since ginger
is one of the spices generally regarded as safe.

Keywords: spices, diabetes, ginger, pharmacology, mechanism of action

1. Introduction

Diabetes mellitus (DM) is the most common endocrine disorder that affects
more than 100 million people worldwide. It is a heterogeneous group of diseases,
all of which ultimately lead to an elevation of glucose in the blood (hyperglycemia)
and loss of glucose in the urine as hyperglycemia increases. It is characterized by
increased urine production (polyurea) excessive thirst (polydipsia) and excessive
eating (polyphagia).

Diabetes mellitus is a chronic metabolic disorder of the endocrine system that
is characterized by defects in impaired metabolism of glucose, lipid and protein as
well as insulin secretion or insufficiency. Diabetes continues to be a major health
care problem worldwide and its prevalence is expected to rise from the current
382-471 million individuals by 2035 [1, 2]. There are three main types of diabetes-
Type 1 diabetes (T1D), which is an autoimmune disorder leading to the destruction of
pancreatic beta-cells; Type 2 diabetes (T2D), which is much more common and pri-
marily caused by impaired glucose regulation due to a combination of dysfunctional
pancreatic beta cells and insulin resistance and gestational diabetes mellitus (GDM).
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Different treatments, such as insulin, pharmacotherapy and diet therapies,
which exert antidiabetic effects through different mechanisms, are currently used
for the management of diabetes. Such mechanisms include stimulation of insulin
secretion by sulfonylurea and meglitinides drugs, increase of peripheral absorption
of glucose by biguanides and thiazolidinediones, delay in the absorption of carbo-
hydrates from the intestine by alpha-glucosidase and reduction of hepatic gluconeo-
genesis by biguanides [3-5].

In spite of the appreciable progress that has been made in the management of
diabetes through the use of conventional drugs and management strategies, diabe-
tes and its complications continue to be a major medical problem and rising burden
of disease. Most synthetic oral hypoglycemic agents available for the treatment of
the disease have some disadvantages, including drug resistance, serious side effects,
cannot be used during pregnancy, are toxic and also costly [6, 7].

Spices and herbs have played important roles in civilization and history of many
nations of the world. Their flavor and pungency makes them indispensable in the
preparation of palatable dishes; but beyond adding flavor, spices are reputed to
possess several medicinal and pharmacological properties and hence find use in the
preparation of a number of medicines. Spices can be the dried leaf (e.g., bay leaf),
buds (cloves), bark (cinnamon), rhizome/root (ginger), berries (grains of pepper),
seeds (cumin), or even the stigma of the flower (saffron) [8].

The Zingiberaceae plant family consists of many species used as culinary herbs
and spices, frequently cited for their antidiabetic and hypoglycemic properties.
Ginger (Zingiber officinale) belongs to this family, and has a long and wide history
of usage both as a culinary spice and in traditional/alternative medicine. This study
attempts to update the available scientific information on the antidiabetic and
hypoglycemic potentials of ginger.

2. Methodology

Online published articles from Google Scholar, ScienceDirect, Scopus,
ResearchGate, PubMed and SciELO were explored for data collection. For literature
search, key words such as spices, diabetes, Zingiberaceae, ginger, in vivo, in vitro,
pharmacological, medicinal, hypoglycemic and antidiabetic were used. The study
reviewed all important literature from 2000 to 2018.

3. Results

The following sections describe various studies reporting the hypoglycemic and
antidiabetic properties of ginger, phytochemical constituents responsible for these
properties and its mechanisms of action.

3.1 Ginger (Zingiber officinale Roscoe)

The ginger (Zingiberaceae) family consists of 53 genera and over 1200 medici-
nal plants, typically tropical annuals or perennials, often with large rhizomes.
This plant family is well-known for its medicinal values and is distributed widely
throughout the tropics, particularly in Southeast Asia.

Ginger (Figure 1) has been used for thousands of years for the treatment of
numerous ailments, such as colds, nausea, arthritis, migraines and hypertension.
Several authors have reviewed the medicinal, chemical, and pharmacological
properties of ginger [9-13]. Ginger is recognized by the U.S. Food and Drug
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Figure 1.
Zingiber officinale (ginger) rhizomes. Source: www.amazon.com/Culinary-Ginger-Zingiber-Officinalecooking/
dp/Bo1NAJQ6C6 [28].

Administration (FDA) as a food additive that is “generally recognized as safe” [14]
and has a long history of use as a culinary spice and in herbal medicine to treat
many ailments.

Ginger helps to relieve various inflammatory disorders like gout, osteoarthritis
and rheumatoid arthritis; as an analgesic, hypoglycemic, cardiotonic, antiemetic,
antimicrobial and antifungal. Other uses include as an antidiabetic, antidyslipid-
emia, hypotensive, vasodilator, antiobesity and anticancer agent [15-18].

In addition, the spice has shown prominent protective effects on diabetic liver,
kidney, eye, and neural system complications [19]. Several experimental studies
have reported that administration of ginger extracts significantly decreased blood
glucose level in Type 1- and Type 2-induced diabetic animals in a dose-dependent
pattern [20-27].

3.2 Antidiabetic properties of ginger

Lamuchi-Deli et al. [29] evaluated the effects of the hydroalcoholic extract of
Zingiber officinale on arginase I activity and expression in the retina of strepto-
zotocin-induced diabetic rats. The study showed that blood glucose concentration
was significantly decreased, arginase I activity and expression was significantly
(P < 0.05) down regulated and 400 mg/kg of the extract reduced significant
elevation in body weight in diabetic rats compared to untreated diabetic controls
(P < 0.01). Serum insulin was also significantly increased in diabetic rats treated
with 400 mg/kg of the extract compared to diabetic controls (P < 0.05). The study
suggested that ginger could be a promising therapeutic option for treating diabetes-
induced vascular disorders.

A recent study by de Las Heras et al. [30] which evaluated the hypolipidemic-
and insulin sensitizing effects of hydroethanolic extract of ginger in the liver of
high-fat diet (HFD) fed rats, revealed that ginger extract improved lipid profile
and attenuated the increase of plasma levels of glucose, insulin, and leptin in
HFD rats. Wei et al. [31], also reported that 6-Paradol and 6-Shogaol, the pungent
compounds of ginger, promoted glucose utilization in adipocytes and myotubes,
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and 6-paradol reduced blood glucose in HFD-fed mice. Al-Qudah et al. [32]
reported that aqueous extract of ginger was effective in lowering serum glucose,
restoration of hematological indices to normal and repair damaged pancreas in
alloxan-induced diabetic rats.

In another study, Oludoyin and Adegoke [33] investigated the effect of ginger
extracts on blood glucose in normal and streptozotocin-induced diabetic rats.

The authors reported that the fasting blood glucose in diabetic rats was reduced to
normal by both raw and cooked ginger extracts in a manner comparable to gliben-
clamide. Evaluation of the nutritional and antidiabetic activity of ginger powder,
its aqueous and methanolic extract, as well as the essential oil in streptozotocin-
induced diabetic rats [34] revealed reduction in levels of alanine and aspartate
aminotransferase (ALT and AST), alkaline phosphatase (ALP), liver total lipid and
cholesterol of diabetic rats; and increased levels of liver glycogen and triglyceride
compared to positive control group. In the study, ginger oil showed the best anti-
diabetic activity, followed by ginger extracts. Again, another study reported that
ginger extract administered at 200 mg/kg/day/kg body weight for 10 weeks to male
Sprague-Dawley diabetic rats, exhibited protective activity against insulin resis-
tance [34].

Al-Noory et al. [35] showed that fresh ginger extracts led to decrease in the
levels of total cholesterol (TC) and low density lipoprotein (LDL) in the serum
of alloxan-induced diabetic rats, compared with the control groups; and previous
extracts caused reduction in LDL to levels comparable to normal group and equal
to the effect of atorvastatin given at a dosage of 10 mg/day. Similarly, oral admin-
istration of aqueous ginger extract to streptozotocin (STZ)-induced diabetic rats
for a period of 30 days was reported to give a dose-dependent antihyperglycemic
effect, 68% decrease in plasma glucose level at a daily dose of 500 mg/kg body
weight, indicating that ginger is a potential phytomedicine for the treatment of
diabetes [36]. Iranloye et al. [37] also showed that ginger effectively reduced fasting
blood glucose, malondialdehyde levels and enhanced insulin sensitivity in alloxan-
induced and insulin-resistant diabetic rats compared to control rats.

Treatment of streptozotocin-induced Type I diabetic rats with Z. officinale juice
(4 mL kg™, p.o. daily for 6 weeks) was reported to produce a significant increase
in insulin levels, decrease in fasting glucose levels, as well as significant decrease in
the area under the curve of glucose in an oral glucose tolerance test [38]. According
to Nammi et al. [23], treatment with an ethanolic extract of ginger at doses of 100,
200, and 400 mg/kg for 6 weeks, significantly reduced the marked increase in body
weight, serum glucose, insulin, total cholesterol, LDL cholesterol, triglycerides, free
fatty acid and phospholipids induced by high-fat diet.

The study conducted by Al-Amin et al. [39] on the antidiabetic and hypolipid-
emic properties of ginger (Zingiber officinale) in streptozotocin-induced diabetic
rats revealed that raw ginger at a dose of 500 mg/kg, was significantly effective in
lowering serum glucose, cholesterol and triacylglycerol as well as reduction in urine
protein (reversal of diabetic proteinuria) levels, of diabetic rats. Ethanolic extracts
of Zingiber officinale (200 mg/kg) given orally for 20 days was reported to produce
significant antihyperglycemic effect (P < 0.01) in diabetic rats, while also lowering
serum total cholesterol and triglycerides, coupled with increased HDL-cholesterol
levels when compared with pathogenic diabetic rats [40].

Hypoglycemic effect of ginger (4 and 8 g/kg), administered intraperitoneally to
rats after 30 min of diabetes induction, with the effect being more pronounced after
2 hhas been reported. In another study, Otunola and Afolayan [41], showed that
aqueous extract of a spice mixture containing ginger at 500 mg/kg body weight extract
significantly (p < 0.05) lowered the elevated fasting blood glucose, lipid and hemato-
logical indices of alloxan-induced diabetic rats at equipotent level with glibenclamide.
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Several in vitro hypoglycemic potentials of ginger and its bioactive constituents
especially 6-shogaol have been reported (Table1).

The capacity of ginger for hypoglycemic, antidiabetic, insulogenic, better
glucose tolerance, increased serum insulin levels, reduction in elevated lipid levels,
and prevention of weight loss associated with diabetes in human diabetic patients
have also been reported (Table 2).

3.3 Phytochemical components of Zingiber officinale

GC-MS profiling of diethyl extracts as reported by Koch et al. [46] showed
the presence of monoterpenes such as (a-pinene, camphene, myrcene, and
a-phellandrene), oxygenated monoterpenes (geranial, citronellal, neral, linalool,
borneol, and a-terpineol), and sesquiterpenes (a-and B-farnesene, ar-curcumene,
zingiberene, zingiberenol, copaene, or cadinene). The most abundant substances in
the extracts were a-zingiberene (37.9%), f-sesquiphellandrene (11.4%), (E,E)-a-
farnesene (9.6%), geranial (8.2%), ar-curcumene (6.3%), and y-terpinene (5.1%).

Similarly, Sharma et al. [47] reported that the essential oil of fresh ginger rhi-
zome was characterized by high percentage of sesquiterpenes (66.66%), monoter-
penes (17.28%) and aliphatic compounds (13.58%). The predominant sesquiterpene
was zingiberene (46.71%) followed by valencene (7.61%), p-funebrene (3.09%) and
selina-4(14),7(11)-diene (1.03%).

3.4 Mechanism of action

Various mechanisms have been proposed for the antidiabetic and hypoglycemic
activities of medicinal plants. These include peripheral utilization of glucose,
increased synthesis of hepatic glycogen by enhancement of glycogen regulatory
enzyme expression in the liver, inhibition of carbohydrate metabolizing enzymes,
stimulation of pancreatic insulin release, insulomimetic actions and inhibition of
hepatic glucose production [55, 56].

According to Dearlove et al. [57], spices such as cinnamon, cloves, oregano,
and allspice possess bioactive compounds that have (1) antiglycation properties
which inhibit the formation of AGEs; (2) antioxidant activities that neutralize the

In vitro study Result/outcome References

[6]-Gingerol on 3 T3-L1 cells Enhanced differentiation of 3T3-L1 preadipocytes and Sekiya et al. [42]
insulin-sensitive glucose uptake

[6]-Shogaol or [6]-gingerol Significant inhibition of TNF-a-mediated adiponectin Isaetal. [43]
on 3 T3-L1 cells expression in 3T3-L1 adipocytes.

[6]-Shogaol acted as a peroxisome proliferator-

activated receptor (PPAR)y agonist, while [6]-gingerol

acted by suppressing TNF-a-induced JNKs signaling

Ethyl acetate extract of Stimulated glucose uptake and GLUT4 expression in Rani et al., [44]
ginger on L6 myotube cell L6 myotube cell surface, reduced lipid content in 3T3
surface adipocyte, and inhibited protein glycation.

Inhibited a-amylase (ICsy = 980.2 pg/mL) and
a-glucosidase (ICsp = 180.1 pg/mL)

Aqueous extract of ginger at Dose-dependent, antidiabetic activity through Sattar et al., [45]
5,10, 20, 40 g/L incubated inhibition of glucose diffusion and reduced glycation

with (PBS), glucose + BSA

for 5 weeks

Table 1.
In vitro hypoglycemic potentials of ginger and its bioactive constituents.
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Human trials/dosage

Results

References

Type 2 diabetic men (40-60 years)
given 3 g/day of dry ginger powder in
divided doses for 30 days. Number-8
T2D, 8 placebo

Significant reduction of blood glucose,
triglyceride, total cholesterol, LDL and
VLDL cholesterol

Andallu et al. [48]

Randomized double-blind placebo-
controlled trial, patients with Type

2 diabetes, given 2 g/day of ginger
extract supplementation. Number-28
T2D, 30 Placebo

Significantly lowered levels of

insulin, LDL-C, TG, HOMA index

and increased the QUICKI index; no
significant changes in FPG, TC, HDL-C
and HbA1c; improved insulin sensitivity

Mabhluji et al. [49]

Randomized controlled trial of
Type 2 diabetic men between 30 and
70 years given 1.6 g/day of ginger

or wheat flour capsule. Number-33
T2D, 30 Placebo

Decreased fasting blood glucose,
glycosylated hemoglobin, fasting
insulin, homeostasis model assessment-
insulin resistance index, total
cholesterol and triglyceride. No change
in BMI, LDL-C, LDL-C and HDL-C

Arablou et al. [50]

Randomized controlled trial of Type
2 diabetic patients (30-70years)
given either 3 g/day ginger or
cellulose microcrystalline capsules for
8 weeks. Number-40 T2D, 41Placebo

Significant reduction in fasting blood
glucose and glycosylated hemoglobin;
no change in BMI, fasting insulin and
homeostasis model assessment-insulin
resistance index

Mozaffari-Khosravi
etal. [51]

Randomized, double-blind, placebo-
controlled, clinical trial where Type 2
diabetic patients received 2 g/day of
ginger powder supplement or lactose
as placebo for 12 weeks. Number-22
T2D, 19 placebo

Significant reduction of fasting blood
sugar, hemoglobin Alc, apolipoprotein
B, apolipoprotein B/apolipoprotein
A-T'and malondialdehyde in ginger
group compared to baseline and control
group, while increasing apolipoprotein
A-Tin Type 2 diabetic patients

Khandouzi et al. [52]

Randomized controlled trial of Type
2 diabetic patients (20-60y) T2DM
given 3 g ginger or lactose capsule/
day for 3 months. Number-22 T2D,
23 Placebo

Reduced fasting blood glucose,
glycosylated hemoglobin, fasting
insulin, homeostasis model assessment-
insulin resistance index

Shidfar et al. [53]

Double-blind placebo-controlled
trials of Type 2 diabetic patients were
randomly allocated to 2000 mg/day
of ginger or placebo for 10 weeks.
Number-25T2D, 25 placebo

Reduced serum levels of fasting blood
glucose, hemoglobin A1C compared to
placebo group, reduced ratio of LDL-C/
HDL-C; but no significant change in
serum concentrations of triglycerides,
total cholesterol, LDL-C, and HDL-C

Arzatii et al. [54]

Table 2.

Clinical (human) trials of the antidiabetic potentials of ginger.

effects of ROS; and (3) anti-inflammatory potentials. Some studies associate the
antidiabetic action of ginger to its bioactive principles such as gingerol and shogaol
which have the capacity to enhance glucose uptake in rat’s skeletal muscle cells, and
promote increased expression and translocation of GLUT-4 glucose transporter to
the plasma membrane of the cells thus clearing excess glucose from the serum [34].
Another mechanism proposed was the inhibition of key enzymes of carbohy-
drate metabolism-a-glucosidase and a-amylase by phenolic compounds (gingerols
and shogaols) present in ginger [23, 45]; while other authors showed that ginger
increases muscle and liver glycogen stores by enhancing peripheral utilization of
glucose, thus limiting gluconeogenesis in the liver and kidney in a manner similar to

insulin [37].

Son et al. [58], posits that-gingerol exerts its antidiabetic effects through
multiple mechanisms that include—(1) increased glucose uptake in the absence

122



A Review of the Antidiabetic Activities of Ginger
DOI: http://dx.doi.org/10.5772/intechopen.88899

of insulin, (2) induction of 5’ adenosine monophosphate-activated protein kinase
phosphorylation, (3) promotion of glucose transporter 4 (GLUT4) translocation to
plasma membrane, (4) suppression of advanced glycation end product-induced rise
of ROS levels in pancreatic p-cells, (5) reduction of fasting blood glucose levels and
improved glucose intolerance, (6) regulation of hepatic gene expression of enzymes
involved in glucose metabolism toward decreased gluconeogenesis and glycogenoly-
sis, while increasing glycogenesis, thereby reducing blood glucose concentrations.

4, Conclusion

This study presented an update on the antidiabetic potentials of ginger from
the Zingiberaceae family. Although several in vivo and in vitro reports were avail-
able, there were relatively few clinical (human) trials. The doses and outcomes also
varied; as well as the mechanism of action through which antidiabetic effects were
mediated. Although these reports are indicative of the anti-diabetic or hypoglyce-
mic potentials of ginger, the doses and outcomes also varied; most importantly, the
mechanisms of action through which anti-diabetic effects are mediated were high-
lighted. Ginger, according to these studies, exerts its anti-diabetic effects through
restorative effects on pancreatic p-cells, increasing insulin sensitivity, insulin-like
action and peripheral utilization of glucose. Other mechanisms include increased
synthesis of hepatic glycogen through the enhancement of glycogen regulatory
enzyme expression in the liver, inhibition of carbohydrate metabolizing enzymes,
stimulation of pancreatic insulin release, and inhibition of hepatic glucose produc-
tion. However, further studies, especially in humans are therefore needed and the
oral safety of the various extracts under prolonged usage must be confirmed, more
so, since ginger is one of the spices generally regarded as safe.
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Chapter 9

Pharmacological Potentials of
Ginger
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Abstract

Zingiber officinale, belonging to the family Zingiberaceae, is a popular spice and
herb used as delicacy and to manage numerous diseases such as diabetes, hyperten-
sion, cancer, ulcer, diarrhea, cold, cough, spasm, vomiting, etc. in folk medicine
from China, India, and Arabia Peninsula to other continents of the world including
Africa (Nigeria, Egypt, and so on). Though this review is aimed at summarizing
the pharmacological potentials of this well-endowed spice, interestingly, we found
out that these reported ethnobotanical uses are attributed to a number of inherent
chemical constituents including gingerol, 6-, 8-, 10-gingerol, 6-shogaol, 6-hydro-
shogaol, oleoresin, etc., eliciting various pharmacological effects, not limited
to antioxidant, antitumor/anticancer, anti-inflammatory, antihyperglycemic,
antihypertensive, anticholesterolemic, antibiotic/antimicrobial, neuroprotective,
antiulcer/gastroprotective, antiemetic, hepatoprotective, and antiplatelet aggrega-
tion, safety profiles established through a number of studies (in vitro, in vivo, and
cell lines), though some of these potentials are yet to be explored. Sadly, even few of
these established effects are yet to be experimented in clinical trials, and only until
these are intensified would there be prospect toward drug development for preven-
tive and curative treatments. In conclusion, we are able to highlight and sum up the
therapeutic implications of ginger and its related derivatives in the management of
ailments confronting humanity.

Keywords: ginger, spice, pharmacological potentials, gingerol, 6-, 8-, 10-gingerol,
6-shogaol, 6-hydroshogaol, oleoresin

1. Introduction

Ginger (Zingiber officinale Roscoe) is a well-known herbal spice believed to
have originated from either India [1] or Southeast Asia [2]. It is a sterile plant, thus
reproduced by rhizomes, not by seeds [3], and grows well in tropical and subtropi-
cal regions of the world [4]. It is used for culinary purposes, as a seasoning or
condiment and as a therapeutic agent [5]. It is known to be an effective spasmolytic,
antipyretic, antiemetic, antioxidant, antiulcer, analgesic, hypotensive, antidiabetic,
and anti-inflammatory agent [6, 7] containing scented essential oils and spicy oleo-
resins [8]. Ginger has long been in use therapeutically and currently still validated
as a potent medicinal spice for the treatment of various ailments. Indigenously, it
has been used against colds [9], sore throats [10], and Staphylococcus aureus [11]
and tested effectively against cancer cells [12]. Ginger can be used as a dietary
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supplement and as additives in the production of various snacks and merchantable
products [13]. Additionally, it is considered a safe herbal drug [14], as the spices
have been categorized to be generally regarded as safe: “GRAS.”

2. Botanical description, occurrence, and distribution

Zingiber officinale (Roscoe), ginger of the family Zingiberaceae, is an herbaceous
(available as rhizomes) perennial plant growing as tall as 90 cm. The leaves, lanceo-
late, appear to be simple, alternate, distichous, narrow, long possessing sheathing
bases with 2-3 cm broad, while the rhizomes (7-15 cm long and 1-1.5 cm broad) are
aromatic, thick lobed with pale yellow coloration. The flowers are small, have calyx
that are lofty, have sepals very united, are three toothed, and split open on a side with
three subequal corolla forming an oblong to lanceolate connate segment with green
coloration [15, 16]. Ginger give rise to numerous lateral clump shoot which on matu-
ration appeared dry. Ginger originate from Southeast Asia predominately in India but
now well distributed or cultivated in China, Bangladesh, Australia, and Nigeria [17].

3. Ethnobotanical uses

Ginger had been used medicinally since time immemorial with documented use
from Sanskrit, Chinese, Greek, Arabic, and Roman ethnomedicine book. However,
in the ninth century, Europe recognized the indigenous use of this wonderful spice,
and England followed suit in the tenth century. Ginger is used in folkloric medicine
for indigestion, high blood pressure, arthritis, intestinal and throat infections,
vomiting, nausea, lung diseases, cold, cough, pain, swellings, etc. [15, 17, 18]. Other
nutritional uses are found in condiment, beer, wine, and so on [18].

4. Phytochemistry of ginger

Ginger, a spice of diverse health benefits, has been found to be rich in nonnutri-
tive and biologically active compounds known as phytochemicals [19, 20], which
have been linked to its health functions. The nutritional and therapeutic values
have been recognized in its nutraceutical benefits linked to the presence of certain
phytochemicals contained in it. The use of ginger as a nutraceutical agent is not only
attributed to its health-augmenting benefits but also to its availability, affordability,
and safety.

More than 400 compounds have been found in the chemical analyses of ginger
[21]. These compounds includes alkaloids; saponins; flavonoids; steroids; tannins;
carbohydrates; glycosides; proteins; amino acids; dietary fiber; ash; phytosterols;
vitamins A, B, and C; minerals; and terpenoids [22-24] while detected to be devoid
of acid compounds and reducing sugars [23].

The main components of the ginger rhizome are in the order carbohydrates,
lipids, terpenes, and phenolic compounds [25]. The terpenes and the phenolic
compounds make up the two foremost classes of phytochemicals in ginger [26].
Phenolic compounds of ginger are also referred to as its nonvolatile components,
which have been incriminated in its pharmacological activity. They consist of gin-
gerols and its 6, 8, and 10 derivatives and the corresponding series of homologous
shogaol and zingerone, obtained from heat or alkali treated gingerols [26]. Shogaol,
paradol, and gingerols have been depicted to be responsible for the pungent taste
and smell of ginger [1, 27]. The terpene components of ginger, sesquiterpenes and
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monoterpenes, are believed to be the volatile fractions [27]. The sesquiterpenes are
thought to be a major contributor to the savor of ginger, while the monoterpenes are
referred to as the most abundant terpenes in fresh ginger oil [24]. The main sesqui-
terpenes, zingiberene and B-bisabolene, are responsible for its aromatic scent, while
others include a-farnesene, B-sesquiphellandrene, and a-curcumene [21].

Phenolic compounds of ginger are majorly derived from fresh ginger rhizomes,
while the terpenes are derived from distillation of ginger oils [26] although their
quantity has been found to vary depending on the region of germination. This
may be dependent on climate or edaphic conditions as well as genetic variations
[28]. The pungent compounds (gingerols, methyl gingerols, shogaols, paradol, and
gingerdiones), volatile oil, and other compounds extracted by means of ethanol or
acetone constitute the oleoresin [29, 30]. Volatile oils are about 1-4%, lipids about
6-8%, proteins about 9%, and carbohydrates about 50-80% [28] while geraniol is
the major essential oil derived in ginger [8].

Zingerone, geraniol, gingerols, shogaols, gingerdiols, gingerdiones, and dehydro-
gingerdiones have been reported to have antioxidant activity; 6-, 8-, and 10-gingerol
and 6-gingerdiol possessed antifungal activity. While 6-gingerol had established
antidiabetic and reno-protective activities, zingerone, 6-shogaol, 6-gingerol (anti-
cancer, anti-obesity, and gastroprotective activities), and gingerol and its pungent
derivatives (anti-inflammatory activity), 6-shogaol (analgesic, neuroprotective, and
strong gastroprotective activities), 6-gingerol, and 6-shogaol, acted against platelet
aggregation; 10-gingerol had larvicidal activity; and 6-, 8-, 10-gingerol possessed
inotropic activity [24].

5. Pharmacological potentials

The review from most countries of the world such as Egypt [20], Korea [17],
Pakistan [15], India [16, 31, 32], Oman [5], Brazil [33], Canada [34] etc. had
established the pharmacological potentials of this popular plant, Zingiber officinale
(Roscoe), used most times as spice. Additionally, while some reports centers on
the action of ginger, others point to the effect of its active components as they
target specific diseases including but not limited to diabetes [35], inflammation
[25], cancer [22], emetics [36], nausea and vomiting [37] and so on. Thus, the
pharmacological potentials (antioxidant, anticancer, antitumor, anti-inflammatory,
antihyperglycemic, antihypertensive, anticholesterolemic, antimicrobial, neuro-
protective, antiulcer, antiemetic, hepatoprotective) and toxicity profiles of ginger
as submitted in these reports are presented one after the other below.

5.1 Antioxidant

The overproduction of free radicals (ROS) in situation where the antioxidant
defense mechanism is compromised results into a state of oxidative stress. In order
to overcome the excessive free radical (FR) generation and oxidative stress, anti-
oxidants play an important role. Numerous medicinal plants (MPs) and/or their
constituents have established their prominence in preventing the onset of diseases
particularly those triggered by FR. Ginger, a good example of MPs with excellent
antioxidative effect, has been found to exert this action by lowering peroxidation
of lipid such as the inhibition of ascorbate/ferrous complex in rat liver microsomes
as cited by Rahmani et al. [20] and Mele [17] in the report of Reddy and Lokesh
[38] using a concentration of 150 mM (Table 1). Ginger or its derivatives (extracts,
compounds, or active components) and gingerol are found to have good scaveng-
ing effect against superoxide anion and hydroxyl radicals [63-65]. In fact, further
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reports indicated that upon further heating (ginger), this activity remained
unaffected [66]. Furthermore, it diminishes the ultraviolet B (UVB)-induced
intracellular reactive oxygen species (ROS) and cyclooxygenase (COX)-2 in in vitro
and in vivo studies [40]. Other derivatives of ginger such as oleoresin, 6-shogaol,
6-dehydroshogaol, 1-dehydro-6-gingerdione, 6-gingerol, 8-gingerol, 10-gingerol,
and essential oil possess pharmacological activities such as antioxidant, antimicro-
bial, etc., against 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS),
1,1-diphenyl-2-picrylhydrazyl (DPPH), hydroxyl radical, and microbial strains such
as Bacillus subtilis, Bacillus cereus, Staphylococcus aureus, Escherichia coli, Candida
albicans, Penicillium spp., and Aspergillus niger [42-44].

5.2 Antitumor/anticancer

Cancer is one of the noncommunicable diseases with great negative impact on
global population. It is caused by persistent increase in abnormal human body cells
leading to the formation of tumors (of malignant cells) with the possibility to be
metastatic [67]. The continuous multiplication of these cells is sometimes associ-
ated to influence oxidative stress. A number of treatment (chemotherapy, radio-
therapy, synthetic drugs, etc.) are currently available; however, they come with
one or several side effects (nausea, hair fall), hence, the need for alternative form
of treatment or therapy particularly from MPs. In recent times, quite a number of
plant species had found their relevance in the prevention and treatment of cancer,
and efforts of researchers to continually develop new moieties are overwhelming.
Ginger is a great example of such MPs with excellent prophylactic and curative
anticancer properties. Although it must be noted that these effects are not available
for all cancer types, several reports on ginger and its derivative (gingerol) have
established numerous effects on different types of cancer (lung, colon, ovar-
ian, prostrate, etc.) in a study conducted in the United States by Karna et al. [45]
however, daily oral administration of ginger at a concentration of 100 mg/kg body
weight (bw) inhibited PC-3 xenograft growth, indicating its effect against prostate
cancer in vitro and in vivo. Additionally, the same concentration in another study
[46] reduced the increased activity of tumor necrosis factor-alpha (TNF-a) due
to the blockage of rat’s liver cancer. Its effect on Panc-1 cells and other cell lines in
an in vitro and animal model had been established against cancer of the pancreas,
while combining the spice with other spices such as garlic and turmeric provided
effectiveness against breast cancer [68]. In line with the aforementioned effects,
derivatives of ginger, e.g., 6-shogaol, 8-shogaol, 10-shogaols, 6-gingerol, 6-paradol,
and zingerone in several studies had also exhibited activities against different
form of cancer including lung, colon, colorectal, ovarian, prostrate as cited by
Rahmani et al. [20] and Gunathilake and Rupasinghe [34] from numerous studies.
Interestingly, ginger was also reported to hinder tumor growth achieved through
different molecular mechanism such as upregulation of suppressor gene, apoptosis,
induction, and inactivation of vascular endothelial growth factor (VEGF) (molecu-
lar pathways), a tumor angiogenic factor that triggers tumor development and
progression [20].

5.3 Anti-inflammatory

Inflammation is a response (defense) felt by the body to dangerous stimuli such
as injury to tissues or allergens. However, when these responses are beyond normal,
it manifest into arrays of derangements including but not limited to allergies, cancer,
autoimmune disorder, metabolic syndrome, and cardiovascular diseases [69].
Interestingly, there are reports of relationship between oxidative stress-triggered FR
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and inflammation. The use of nonsteroidal anti-inflammatory drugs (NSAIDs) is
employed to ameliorate acute and chronic types of inflammation. NSAIDs exhibit
this action by inhibiting the enzyme (cyclooxygenase, COX 1 and 2, and/or lipoxy-
genase, 5, 10, 15) involved in the breakdown of arachidonic acid to prostaglandins.
Unfortunately, there are numerous side effects emanating from the use of NSAIDs,
hence the search for alternative form of treatment with minimal or no side effects
in natural products. Intriguingly, numerous MPs have shown to be effective against
inflammatory diseases. Ginger, an example of such MPs including its derivatives, has
been reported to possess anti-inflammatory potentials [17] in vitro and in vivo stud-
ies [34]. Ojewole [48] submitted the analgesic, anti-inflammatory, hypoglycemic,
and safety effect of ginger extract at a dose range of 50-800 mg/kg bw (Table1).
Thirty-three mg/kg bw ginger oil given to rats also alleviated acute and chronic
arthritis [49]. Interestingly, ginger exhibits its anti-inflammatory activity in other
solvents aside water (used in folkloric medicine), as the reports of Rani et al. [70]
corroborate this when ethyl acetate-extracted ginger revealed the best anti-inflam-
matory effect better than water, methanol (polar solvents), and hexane (nonpolar)
against cyclooxygenase and lipoxygenase known as anti-inflammatory enzymes

as cited by Gunathilake and Rupasinghe [34] and Mele [17] from various reports.
Additionally, ginger plays a very good role in regulating the release of mediators
(nitric oxide, prostaglandins), cytokines, TNF, and interleukin (IL)-1, IL-8, via
several biochemical pathways attributed to inflammation, etc. [17, 20, 25, 33, 34].

5.4 Antihyperglycemic

Diabetes mellitus (DM) is one of the noncommunicable diseases with major
prevalence globally. It is an endocrine disorder or metabolic derangement character-
ized by hyperglycemia (elevated level of glucose in the blood) due to insufficient or
ineffective insulin arising from abnormalities in carbohydrate, lipid, and protein.
The treatment or management of DM could be non-pharmacological (exercise,
dietary regimen) or pharmacological which entails the use of oral hypoglycemic
agents (OHAs) such as sulphonyl ureas, biguanides, and so on. However, the use of
these chemicals or synthetic agents is prone to side effects (obesity), unavailability,
and unaffordability, hence the dire need for alternative form of treatment with little
or no side effects. Surprisingly, these qualities are now found in medicinal plants.

In fact, the World Health Organization in a number of their technical reports
advocated and encouraged the use of MPs for diabetic control and management.

It is interesting to note that quite avalanches of MPs have found their relevance as
antidote to curing diabetes [71] and some of its related complications. Ginger is

one of such MPs traditionally used to salvage diabetes. In fact, numerous reports
are available in the literature [17, 34, 35] establishing the potential of this spice

in in vitro and in vivo studies. A similar example is the report of Ojewole [48] as
submitted previously in a section (above) of this report. Similarly, 500 mg/kg bw
of its aqueous extract lowers plasma sugar level following streptozotocin induction
[50] in animal model and in vitro [51]. Since there is a report of correlation between
oxidative stress and DM [20] as well as other complications of DM such as hyperlip-
idemia, hypercholesterolemia, retinopathy, and neuropathy, various publications
had revealed the potentials of ginger and its derivatives against these complications
as cited by Gunathilake and Rupasinghe [34].

5.5 Antihypertensive

Hypertension, a silent killer (because it shows no symptoms), is characterized
by continuous increase in blood pressure in the arteries of a person. It occurs
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when the systolic and diastolic blood pressures rise above 140/90 mmHg, respec-
tively. Findings revealed excessive salt intake, smoking, alcohol consumption,
narrowing of the kidney, and use of birth control pills as some of the causes of
hypertension, a risk factor to many cardiovascular diseases (CVD). Like diabetes,
the treatment option may be non-pharmacological (lifestyle modification, etc.)
or pharmacological involving the use of synthetic moieties such as diuretics,

beta blockers (atenolol), angiotensin-converting enzyme inhibitor (Lisinopril),
calcium channel blockers, etc. [72]. However, sadly too, all these antihyperten-
sive agents bring about grievous adverse effects such as angioedema, dry cough,
weakness, headaches, etc.; thus, there is need for a substitute form of therapy for
sufferers of high blood pressure (HBP). Herbal products from MPs have come
very handy in the fight geared toward treating HBP, and a notable example of
such plant is ginger. In a study involving rats and guinea pigs, extracts of ginger
at concentration range of 0.3-3 mg/kg lower the arterial blood pressure of these
animals [34]. Additionally, similar study using ginger aqueous extract and its
derivatives revealed similar action [53] (Table 1). The activity of ginger as anti-
hypertensive agent was also corroborated in a study [73] involving human subject
when twice daily intake of 10 g of the spice reduced the arterial blood pressure to
94.80 mmHg after 2 months. It is worthy of mention that the mechanism of the
established action of this spice was through the stimulation of muscarinic recep-
tors and calcium channel blockage.

5.6 Anticholesterolemic

Cholesterol is a constituent of the plasma membranes (eukaryotic) repre-
senting sterols [74], needed for growth and development of higher organism.
Hypercholesterolemia occurs when there is an elevated level of cholesterol
though it suffices to say that there are good (high-density lipoprotein cholesterol
(HDL-c)) and bad (low-density lipoprotein cholesterol (LDL-c)) cholesterol.
Hypercholesterolemia is a risk factor to many diseases including CVD, atheroscle-
rosis, myocardial infarction (MI), etc. [75] and there are reports of high level of
cholesterol in the blood on the influence of excessive production of FRs [76-78].
The use of herbal medicines or MPs for therapeutic/curative or preventive measures
against diseases is an age-long tradition [79]. Ginger is one of such herbal medicine
with cholesterol-lowering properties. In a study by Thomson et al. [80] as cited by
Gunathilake and Rupasinghe [34], oral administration of 500 mg/kg bw of aqueous
extract brought down elevated level of cholesterol in Wistar rats. Another study
using mice revealed a 29% reduction in the cholesterol level and other lipid profiles
on the administration of 250 pmkg ethanolic extract studied on rabbits [81] and rats
(100, 400 mg/kg bw) in a high-fat diet-fed rodents [82]. In the same vein, a study
on human subject revealed a positive coadministration of atorvastatin (low dose)
and ginger reducing cholesterol level in the blood particularly those subjects suffer-
ing from hepatic lesion or inflammation [83].

5.7 Antibiotic/antimicrobial

Infectious diseases are becoming the fastest cause of death globally. A number of
bacterial etiological agents cause infections, and the use of antibiotics has become a
panacea treatment to the ravishing effects of these microbiological agents. However,
it is worthy of mention that the use of antibiotics despite their side effects is in
recent times becoming ineffective due to the resistance of these microorganisms
which is rapidly increasing [20]. In fact, as a result of these unpalatable trend in the
antibiotics use, ongoing efforts have embraced the use of MPs in treating infectious
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ailments, and a number of plants such as ginger are endowed with established
antimicrobial effects as reflected in arrays of in vitro, in vivo, and preclinical
studies using different solvents of extraction (ethanol, ethyl acetate, hexane) to
inhibit microbial growth as presented by Rahmani et al. [20] and Gunathilake and
Rupasinghe [34] from many submissions. Ginger derivatives such as 6-dehydro-
gingerdione, 6-gingerol, 10-gingerol, and 6-shogaol have established antibacte-
rial effects against strains of bacteria and mycobacterial including Acinetobacter
bawmannii, Helicobacter pylori, Mycobacterium avium, and M. tuberculosis [17, 20,
34]. Interestingly, to corroborate the effectiveness of ginger and/or its derivatives,
areport of potency surpassing common synthetic antibiotics in the fight against
infectious diseases is noted [17, 34, 57].

5.8 Neuroprotective

Neuroprotection refers to the way and manner the central nervous system
(CNS) is shielded from neuronal damages resulting from acute and/or chronic
neurodegenerative disorders (such as stroke, Alzheimer’s, Huntington’s, Parkinson’s
diseases) as a consequence of CNS neurons breakdown and/or worsening of the
cognitive or intellectual reasoning of the patients [84]. Intriguingly, the emergence
of neurodegenerative diseases (NDD) is age-related, i.e., as individual age, so the
possibility of suffering from NDD [85]. Medicinal plants such as ginger have con-
tinued to find its place in the management and/or treatment of diseases particularly
NDD, and these effects are attributed to its inherent phenolic and flavonoid com-
pounds [17, 20]. A root extract of ginger at 100 mg/kg bw extenuates the effect of
monosodium glutamate-induced toxicity in rats (Table 1). The emergence or onset
of many diseases is triggered by the production of FRs; similarly, since one of the
complications of DM is neuropathy, hence, a relationship between FR, NDD, and
diabetes is noted. Actually, ginger in separate studies was reported to promote or
strengthen the antioxidant defense mechanism of the rat’s brain following strepto-
zotocin induction [86-88]. Furthermore, 6-shogaol was studied to inhibit microglia
in transient global ischemia [89].

5.9 Antiulcer/gastroprotective

Ulcer (gastric or duodenal) is also a disease affecting majority of the populations
of the world for more than ten (10) decades now [90], caused by discrepancies
between the protective factors (bicarbonates, prostaglandins, mucin, nitric oxide)
and aggressive factors (acid and pepsin) leading to a great deal of mortality and
morbidity. Several factors [etiologic (Helicobacter pylori) or otherwise, e.g., sed-
entary lifestyle, diet, drug (NSAIDs), smoking, bacterial infection, free radicals,
etc.] influence the emergence and/or progression of ulcer. The treatment involves
the use of antimicrobial drugs (metronidazole, tetracycline, amoxicillin, etc.)
geared toward eliminating H. pylori, antisecretory agents (omeprazole and so on),
antagonist of H2 receptors (cimetidine, ranitidine, etc.), and other agents targeting
the disruption of the cell wall or membrane of the bacteria (bismuth salt). However,
these series of therapies bring about toxicities, thus the clamor for the alternative
form of treatment with little or no toxicities, qualities found in medicinal plants
such as ginger. The antiulcerative action of ginger is achieved via the elevation of
mucin production [20] and enzyme (thromboxane synthetase) inhibition [17]. A
number of studies proving the gastroprotective properties of ginger and some of its
constituents such as 6-gingerol and 6-shogaol had been established as compiled or
presented in the work of Rahmani et al. [20].
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5.10 Antiemetic

Ginger in a study using rodents was found to possess anti-serotonin and 5-HT3
receptor antagonism effect in inducing nausea and vomiting during post-surgery
[91]. Derivatives of ginger such as gingerol, shogaols, galanolactone, and diterpe-
noid were also established to reduce nausea and vomiting [92]. Others revealed
that the reports of management of nausea and vomiting in cancer patients are also
available in the literature [93].

5.11 Hepatoprotective

The liver is the second largest organ (after the skin) in the body where metabo-
lism of drugs or chemical substance occurs. Hence, important attention is required
for this organ for good health status and well-being. Liver ailments also constitute a
major health problem in the world today caused sometimes by exposure or inges-
tion of toxic chemicals (carbon tetrachloride, thioacetamide, certain antibiotics,
excessive alcohol intake, etc.), and the use of conventional drugs for the treatment
of liver diseases is ineffective and comes with side effects. However, solace has
been found with MPs such as ginger as alternative means to treating these ailments.
Report of relief from liver cirrhosis following carbon tetrachloride-induced liver
toxicity in rats as ginger singly or either in combination with curcumin at 100 mg/
kg bw ameliorated the liver injury to the animal [94]. Additionally, ginger in
another report at 200, 400 mg/kg bw fortified the activity of antioxidants enzymes
(superoxide dismutase, catalase, glutathione peroxidase) while lowering the activ-
ity of liver function enzymes (alanine transaminase, aspartate aminotransferase)
in the acetaminophen-induced hepatic injury [62] as also corroborated by Rahmani
et al. [20] in several studies.

5.12 Toxicity profiles

Toxicity may be acute, subacute, chronic, and subchronic [95]. These stud-
ies are carried out to provide information about the safety profile of a substance.
Medicinal plants are used as a form of therapeutic measure over a long period
against numerous diseases. In fact, despite the fact that the active precursors of a
number of chemical moieties or drugs are obtained from plant, the acceptance of
herbal medicine and/or formulations are exceedingly growing globally. Intriguingly,
80% of the entire global population are using herbal products for the maintenance
of their health due to their perceived thought of originating from nature, lesser
side effects, efficacy, safety, affordability, etc., although in some quarters, a very
few of these medicinal plants have been reported to cause one form of illness (to
the liver and kidney). However, report from several studies has not linked ginger in
a way to any of these injuries. This fact is corroborated in reports ascertaining the
safety of ginger in different concentrations, 0.5-1.0 g, 2.5 g/kg, 100, 333, 500, 1000,
2000 mg/kg bw, in animal studies for different experimental study period ranging
from 10 days, 35 days, 3 months to 2 and half years as nontoxic [20] even during
pregnancy (rats) and gynecological operation as revealed by a clinical study [34].

5.13 Other pharmacological activities
The effectiveness of ginger against diseases affecting the eye and other ailments

such as osteoarthritis, migraine attack, platelet aggregation, gastrointestinal distur-
bances, nematode invasion, etc. has been established [15, 17, 18, 20, 34].
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6. Conclusion

The world is filled with enormous diseases causing major setbacks to the health
status of humanity. Unfortunately, the synthetic moieties adopted for therapeutic
and preventive measures are not helping (at all) as they are characterized with side
effects. Medicinal plants such as ginger are now being embraced as the alternative
options for combating various simple or life-threatening ailments. Since various
efforts had established the effectiveness of ginger and its corresponding derivatives
on a number of ill-health (though lacking clinical reports), there is much hope
in the future that ginger might be able to rescue humankind from these evolving
derangements causing setbacks to their living and/or survival.
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