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Preface

Ginger is a member of the family Zingiberaceae. Ginger was probably initially
domesticated by peoples from Maritime Southeast Asia, who brought it with them
during the Austronesian expansion (about 5,000 years ago), as they traveled across
the Indo-Pacific region all the way to Hawaii. Ancient Greeks and Romans made use
of ginger, one of the earliest spices to be sold from Asia and brought to Europe as part
of the spice trade. Because of their flavour, the dicot plants belonging to the genus
Asarum, which are very distantly related to one another, are sometimes referred to as
wild ginger. The output of ginger throughout the globe reached 4.1 million tonnes
in 2019, with India accounting for 44% of the global total.

Ginger is a natural spice that is used in cuisines worldwide to add a flavorful punch
to the food that is being cooked. It also has a long history of use as a traditional
herbal remedy for a number of common conditions. Although it is used in traditional
medicine and as a dietary supplement, there is insufficient evidence to support the
claim that ingesting ginger or its extracts has any positive impact on human health
or is a cure for various illnesses. However, there is a good deal of interest in using
ginger in therapeutic applications where there is an expectation of clinical results. The
therapeutic uses of ginger may be divided into six categories: nausea and vomiting,
gastrointestinal function, pain, inflammation, metabolic syndromes, and other
symptoms. According to the findings of the vast majority of studies, ginger has been
shown to be effective in a variety of settings, such as the treatment of nausea and
vomiting during pregnancy (NVP), the improvement of digestive function, the
reduction of colorectal cancer risk markers, and anti-inflammatory functions.

This book contains 12 chapters, each of which examines a different aspect of the thera-
peutic uses of ginger, providing an overview of current advances in the field. The book
will be a useful reference manual for those engaged in the study of ginger, including
students, academics, and industry professionals. In addition, I hope that it will inspire
new research ideas for the future.

Dr. Prashant Kaushik
Universitat Politecnica de Valencia,

Valencia, Spain

CULTA Inc.,
Tokyo, Japan
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Chapter 1

Introductory Chapter: Curcumin 
and Its Therapeutic Potency
Rabia Shabir Ahmad, Muhammad Imran,  
Muhammad Kamran Khan, Muhammad Haseeb Ahmad,  
Ali Imran and Huda Ateeq

1. Introduction

Turmeric (Curcuma longa Linn) a natural herb, is a Zingiberaceae plant that is grown 
mostly in subtropical and tropical climates all over the world. It’s a product of Southeast 
Asia, Indonesia, and India [1]. Mostly, it is utilized to give colors and flavors to curry, 
gravy, and mustards. In the sub-continent, it is utilized to keep teeth and gums healthy. It 
is also used to cure some serious diseases like hepatitis and certain other liver problems. 
Turmeric is used as a source of medicine in some nations, like India and China [2]. 
Turmeric has about 200 biologically active compounds, which are recently becoming the 
subject of investigation. The active bi-phenolic component of turmeric is “Curcumin” 
(diferuloylmethane), which has been commonly utilized as a natural medicine to cure 
various diseases hundreds of years ago [3]. Curcuminoids, which include curcumin 
(Cur) and two similar substances called desmethoxycurcumin (dMC) and bisdeme-
thoxycurcumin (bDC), are primarily responsible for turmeric’s pharmacological effect 
(BdMC). Curcumin has a lot of benefits, such as anti-inflammatory, antioxidant, 
chemoprotective, metabolic regulating, immune-modulating, antibacterial, antifungal, 
antiviral, and anti-depressant qualities, as well as antineoplastic capabilities [4].

2. History and discovery of curcumin

Curcumin can be obtained from C. longa rhizomes, a plant of Zingiberaceae, and 
it is the main functional compound in turmeric. Curcumin was initially found around 
200 years ago when Vogel and Peltier extracted a “yellow substance” from C. longa 
Linn’s rhizomes and termed it curcumin. Milobedeska et al. [5] described it, and 
Lampe [6], made it for the first time.

3. Therapeutic potential of curcumin

3.1 Curcumin and its anti-inflammatory properties

Curcumin’s anti-inflammatory properties are well-known, and several therapeutic 
investigations had been approved to assess its bio-active properties in a variety of 
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inflammatory situations. Curcumin is well-known for its powerful antioxidant activity 
as well as strong anti-inflammatory activity. It helps and fights with the body’s immune 
cells against foreign invaders. Curcumin helps to suppress the molecules that cause 
inflammation in the body tissues. It is effective against “Arthritis”, a chronic illness 
defined by acute joint inflammation that leads to joint damage and disability Curcumin’s 
anti-inflammatory efficacy has largely been studied in individuals with osteoarthritis 
and rheumatoid arthritis and its anti-arthritic activity has been verified [7, 8].

Various doses of oral curcumin administration formulations (200–2000 mg/day) 
and its combination with other plant extracts have been studied for a period of 
(2 weeks–6 months) in which different symptoms of inflammatory, stress, and 
skin diseases were studied. The results suggested by Dcodhar et al., that curcumin 
and phenylbutazone had similar effects on morning sickness, swelling of the joints, 
and walking time in patients with rheumatoid arthritis, but none had an impact on 
erythrocyte sedimentation rate (ESR), grip strength and joint index [9].

Curcumin is an indispensable component in the treatment of many types of skin 
diseases and allergies as well, including psoriasis, pruritus, and radiation-induced 
dermatitis. The research was performed for the effects of oral curcumin administra-
tion in psoriasis, a severe inflammatory and hyper-proliferative condition of skin  
[10] in the form of a tonic or an ointment [11]. The ointment of curcumin lowered 
serine/threonine-specific protein activity of kinase and the expression of keratinocyte 
transferrin receptor (TRR), as well as parakeratosis severity and epidermal cell density. 
A poor response rate was noted in the outcome of oral intake of curcumin in psoriasis 
patients. Only two patients out of a total of 12 showed signs of improvement [12].

Orally given curcumin, on the other hand, lowered Psoriasis Area and Severity 
Index (PASI) scores when paired with topical treatments [10]. Clinical research on the 
effect of curcumin on various ophthalmological problems revealed that this chemical 
has high effectiveness whether administered by oral ingestion. In addition, individu-
als with central serous chorioretinopathy saw a considerable improvement after 
taking oral curcumin [13].

3.2 Curcumin in cardiovascular protection

Curcumin’s cardioprotective efficiency has been proven in a growing number of 
clinical investigations, owing to its anti-atherosclerotic and anti-hyperlipidemic proper-
ties. The active components of curcumin help in the regulation of epithelium walls of 
the blood vessels and help in smooth blood flow. An oral administration of curcumin in 
doses ranging from 20 to 4000 mg has been shown to improve the blood lipid profile of 
the patient along with the increase in the levels of antioxidant status [14]. The findings 
of the study by Baum et al., suggested curcumin intake (4000 mg/day) for 180 days 
altered TG levels and had no effect on other metabolic parameters like TC, HDL-C, or 
LDL-C. Higher doses, on the other hand, were shown to be ineffective [15].

3.3 Curcumin and gastrointestinal diseases

The bio-active components of turmeric and curcumin help in the proliferation 
of healthy gut microbiota. Recently, it is also being used for the treatment of gut 
dysbiosis (unbalance of gut microbiota that is associated with digestive problems and 
inflammation) that is also linked with a number of metabolic diseases as well.

Many studies were performed against irritable bowel syndrome (IBS), inflam-
matory bowel disease (IBD), pancreatitis, helicobacter pylori infections, and ulcers. 
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However, there is limited literature on pancreatitis and a lot more work in this field 
is still required. The patients having pancreatitis were treated with 500 mg dosage of 
curcumin along with piperine and which results in the reduction of erythrocyte malo-
ndialdehyde (MDA) levels significantly, indicating curcumin’s antioxidant effect [16].

Hanai et al. found that giving patients with ulcerative colitis 1–3 g of oral cur-
cumin along with mesalamine/sulfasalazine for almost 27 weeks, which resulted in 
a significant drop in ulcers rate [17]. A study conducted by Lang et al. [18] found 
that individuals having ulcers were subjected to 3 g dosage of curcumin for 30 days, 
which resulted in much better results than the placebo group. Indeed, 53.8% of the 
curcumin group reached a reduction of the ulcers in 4th week compared to 0 percent 
in the placebo group, however, 65.3 percent of the curcumin group obtained clinical 
response compared to 12.5 percent in the placebo group.

Curcumin also proved efficient for the treatment of H. pylori-related prob-
lems. A dosage of 30 mg curcumin was orally taken by a group of examined 
patients in combination with 100 mg lactoferrin with 20 mg pantoprazole and 
600 mg N-acetylcysteine, for only 7 days and resulted in limited overall inflammation 
severity [19]. Curcumin alone, given at 2100 mg/day for 4 weeks, had a very poor 
eradication rate and had little effect on inflammatory cytokines [20].

3.4 Curcumin and liver diseases

As curcumin has an antioxidant activity along with other biological properties, it helps 
the liver to detoxify and helps eliminate the toxins. It can be helpful in those patients that 
took medicines and drugs for the treatment of ailments i.e. diabetes and other chronic 
health problems, to reduce the levels of oxidative stress and eliminates toxins along with 
the smooth flow of the bile duct. According to Kim et al., curcumin supplementation in 
fermented turmeric powder form was given to subjects and it resulted in high ALT level, 
Gamma-glutamyl Transferase (GGT), total bilirubin level (TB), and wrapped profiles [21].

3.5 Curcumin and diabetes

Diabetes is another chronic disease in which the human body fails to produce insu-
lin or the body does not respond to the prepared insulin. As a result, sugar concentra-
tion in the blood becomes high (hyperglycemia) and it can cause damage to body 
organs. This condition describes the production and oxidative stress of highly inflam-
matory cytokines. Curcumin can be useful to treat this condition and its antioxidant 
stress. Curcumin, first used in the treatment of diabetes, which resulted in blood 
sugar was treated with 5 grams of turmeric powder and it resulted in the reduction of 
blood sugar in the affected patients [22].

The impact of Curcumin (C. Longa) was inspected in a trial study on post-Prandal, 
plasma glucose, glycemic index (GI), and insulin levels in a group of healthy patients 
[23]. After giving the turmeric dosage (6 g), oral glucose-tolerinus test (OGTT) was 
conducted and there no change was detected in both glycemic index and glucose 
levels, but significant changes in the levels of insulin were recorded which was the 
indication that turmeric has an effect on the release of insulin.

3.6 Curcumin and cancer treatment

Multiple factors are involved in the occurrence of cancer. It can be characterized 
as uncontrolled cell growth that in some cases can spread to other body organs as 
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well. Along with the strong antioxidant activity, curcumin has the ability to fight with 
cancerous cells as well. Many studies were conducted in order to estimate the posi-
tive effects of curcumin in cancer patients. Results from studies showed that many 
symptoms e.g. multiple myeloma, lesions on the skin, cancers of the neck, head, and 
orbits, cancers of the lungs, brain, colon, breasts, and prostate were eliminated. It has 
been confirmed that it can be improved [24]. Mostly, the application of the extracts 
of turmeric oil also improved symptoms of cancer and improved the condition of 
lesions. When myeloma patients were given curcumin dosage through oral adminis-
tration (1–12 g/day), it reduces urinary paraprotein and interpeptide levels of type 
I collagen and downregulates NFƙB, STAT3, and COX2 [25]. In addition, the use of 
curcumin has a positive effect on patients with orbital pseudotumor, squamous cell 
carcinoma of the head, neck, lung, breast, and prostate cancer, with a decrease in the 
size of the tumor and a reduction in secretory mutants [21]. In colorectal cancer, the 
patients ingested curcumin in the form of the C3 complex and it significantly reduced 
M1G and serum TNFα levels, polyps and abnormal crypt foci, and increased apopto-
sis. Tumor cell count and Bls2 [26].

4. Conclusion

Turmeric is a commercially important spice (C. longa L., Zingiberaceae) that 
is widely utilized as a nutritional component in Asia and Western countries. It has 
long been renowned for its therapeutic and medicinal properties against a wide 
range of ailments, as reported in traditional, herbal, and other alternative forms 
of mainstream medicine. The bioactive component of turmeric (curcuminoid) is 
famous for its abundant pharmacological properties. Researches had shown that 
active components in turmeric other than curcuminoids are equally useful and have 
several medicinal potentials. Finally, as autoimmune-related diseases are increasingly 
associated with cumulative exposure, special attention should also be paid to their 
prominent potential in both toxic and pollutant exposures.

© 2022 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. 
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Chapter 2

Anti-Inflammatory and 
Antioxidant Activities of Ginger
Saja Shareef

Abstract

Ginger (Zingiber officinale Rosc.), a member of the Zingiberaceae family, is a 
medicinal herb utilized for its anti-inflammatory and antioxidant qualities. Ginger’s 
influence on health was discovered due to its high phytochemical content, which 
includes compounds that eliminate free radicals created by biological systems. 
Gingerol, shogaol, and other related ginger chemicals limit the body’s produc-
tion of prostaglandins and leukotrienes. They can also suppress the production of 
pro-inflammatory cytokines, such as IL-1, TNF-, NF-B, and IL-8. According to our 
knowledge, NF-B activation is associated with a number of inflammatory disorders, 
including cancer, kidney injury, and Alzheimer’s disease.

Keywords: ginger, anti-inflammatory, antioxidant, shogaol, anticancer

1. Introduction

Ginger (Zingiber officinale Rosc.) is a member of the Zingiberaceae family. Ginger 
is native to Southeast Asia and is used in many nations as a spice and condiment to 
give flavor to cuisine. In addition, ginger rhizome has been utilized in traditional 
herbal medicine [1]. The pharmacological potential of ginger is ascribed to its rich 
phytochemistry [2]. Jolad et al. classify fresh ginger into two broad categories: vola-
tiles and non-volatiles. Sesquiterpene and monoterpenoid hydrocarbons are volatiles 
that give ginger its distinctive scent and flavor. In contrast, non-volatile pungent 
chemicals include gingerols, shogaols, paradols, and zingerone [3]. The health 
advantages of ginger are attributed primarily to its phenolic components, such as 
gingerols and shogaols. Ginger offers many biological actions, including antioxidant, 
anti-inflammatory, anticancer, renoprotective impact, antinausea, and antiemetic 
properties, according to accumulated research.

2. Pharmacological activities of ginger (Zingiber officinale Rosc.)

2.1 Ginger’s antioxidant activity

Overproduction of free radicals, such as reactive oxygen species (ROS), has been 
shown to play a significant role in the development of numerous chronic diseases [4].
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Ginger’s antioxidant activity was assessed in vitro using the ferric-reducing anti-
oxidant power (FRAP), 2,2-diphenyl-1-picrylhydrazyl (DPPH), and 2,2′-azinobis-
(3-ethylbenzothiazole-6-sulfonic acid) (ABTS) techniques. The number of phenolic 
compounds in dried ginger was 5,2 times, 1,1 times, and 2,4 times greater than in 
fresh, stir-fried, and carbonized ginger, respectively. The antioxidant activity of 
various gingers tended to exhibit the following characteristics: dried ginger > stir-
fried ginger > carbonized ginger > and fresh ginger [5].

Moreover, data from FRAP, oxygen radical absorbance capacity, and cellular 
antioxidant activity experiments revealed that a polyphenol-rich fraction of the dried 
ginger powder exhibited strong antioxidant activity [6].

Additionally, the kind of extraction solvent may influence the antioxidant activity 
of ginger. An ethanolic extract of ginger revealed a significant antioxidant capacity 
and ferric-reducing ability, whereas an aqueous extract exhibited potent free radical 
scavenging activity and chelating capacity [6]. In human chondrocyte cells, ginger 
extract exhibited antioxidant properties, with oxidative stress mediated by inter-
leukin-1 [7]. It increased the production of antioxidant enzymes and decreased the 
production of reactive oxygen species and lipid peroxidation. Ginger extract lowered 
the level of malondialdehyde (MDA), which is connected to lipid peroxidation, in 
stressed rat heart homogenates [8].

Via the nuclear factor erythroid 2-related factor 2 (Nrf2) signaling pathway, 
ginger and its bioactive components (such as 6-Shogaol) displayed antioxidant action 
[9]. Nrf2 is a redox-sensitive transcription factor that is mostly expressed in metabolic 
and detoxifying renal organs and protects against oxidative stress in cells. In addi-
tion, ginger phenylpropanoids improved Nrf2 activity and increased the levels of 
glutathione S-transferase P1 (GSTP1) and the Nrf2 antioxidant response element's 
downstream effector in foreskin fibroblast cells [10]. In a human mesenchymal stem 
cell model, the effects of ginger oleoresin on ionizing radiation-induced damage were 
examined. By translocating Nrf2 to the cell nucleus and stimulating the gene expres-
sion of HO-1 and NQO1 (nicotinamide adenine dinucleotide phosphate (NADPH) 
quinone dehydrogenase 1), oleoresin could reduce the level of reactive oxygen species 
(ROS). In rats with chlorpyrifos-induced oxidative damage, the 6-gingerol-rich 
fraction from ginger reduced H2O2 and MDA levels, enhanced antioxidant enzyme 
activity, and increased glutathione [11].

In addition, ginger extract treatment increased serum levels of antioxidants 
and testosterone and protected rat testes from cyclophosphamide-induced 
damage.

2.2 Ginger’s anti-inflammatory activity

Several studies have demonstrated that ginger and its active ingredients exhibit 
anti-inflammatory properties that may protect against inflammation-related disor-
ders [12]. Phoshatidylinositol-3-kinase (PI3K), protein kinase B (Akt), and nuclear 
factor kappa light chain-enhancer of activated B cells (NF-B) were primarily respon-
sible for the anti-inflammatory effects. In human intestinal cell models, 6-Shogaol 
also showed protective properties against tumor necrosis factor (TNF-)-induced 
intestinal barrier disruption. It also blocked the overexpression of Claudin-2 and the 
disassembly of Claudin-1 by inhibiting the PI3K/Akt and NF-B signaling pathways 
[13]. Moreover, a 6-gingerol-rich fraction reduced an increase in inflammatory 
markers such as myeloperoxidase, NO, and TNF- in the brain, ovaries, and uterus of 
chlorpyrifos-treated rats [11].
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2.3 Renoprotective effect of ginger

Many studies revealed the effect of ginger on kidney dysfunction. From these 
studies, it was found ginger significantly protects the renal cells and reduces the 
severity of tubular damage caused by gentamicin. Ginger was effective as a prophy-
laxis agent, but it has no curative activity [14]. Interestingly the presence of polyphe-
nols and flavonoids in the Z. officinale extract might be responsible for the antioxidant 
and nephroprotective activities [15]. Furthermore, it was found that injecting ginger 
(200 mg/kg) in rats induces a considerable decrease in the concentration of urea and 
creatinine in rat model, improved, restored, and recovered the affected kidney tissue 
after inducing kidney injury by azathioprine [16].

2.4 Ginger’s kidney protective effect

Numerous research has demonstrated ginger’s efficacy on renal impairment. 
Ginger greatly protects renal cells and lowers the severity of tubular damage produced 
by gentamicin, according to these investigations. Ginger was useful as a preventative, 
but it lacks curative properties [14]. Intriguingly, the antioxidant and nephroprotec-
tive properties of the Z. officinale extract may be due to the presence of polyphenols 
and flavonoids [15]. Moreover, it was discovered that 200 mg/kg of ginger generates 
a significant drop in the levels of urea and creatinine in rat models, and improves, 
restores, and recovers damaged kidney tissue induced by azathioprine [16].

2.5 Ginger’s anticancer effect

The method by which ginger acts as a cytotoxin against cancer cells is still a matter 
of debate among scientists. Ginger contains anti-inflammatory and anti-tumorigenic 
substances, including [6]-gingerol, [6]-shogaol, [6]-paradol, and zerumbone. Ginger 
and its bioactive compounds inhibit the progression of colorectal, gastric, ovarian, 
liver, skin, breast, and prostate cancers [17].

2.6 Ginger’s antiemetic effect

Ginger (and its compounds) exert its antiemetic effects peripherally, within the 
gastrointestinal system, by boosting gastric tone and motility via anticholinergic and 
antiserotonergic activities [18]. Additionally, it is said to enhance gastric emptying. 
This combination of roles explains ginger’s well-known capacity to alleviate symp-
toms of functional gastrointestinal diseases, such as dyspepsia, abdominal pain, and 
nausea, which are frequently associated with impaired gastric motility. Three recent 
studies have explored the effect of ginger on serotonin (5-hydroxytryptamine, 5-HT3, 
and 5-HT4) and cholinergic (M3) receptor activity; however, the precise mechanism 
of action of ginger concerning its antiemetic qualities is yet unknown [19].

2.7 Ginger’s effect on liver

In a mouse model, dried ginger (Zingiber officinale) suppresses inflammation, 
improves pathological alterations, and lowers INF and IL6 levels. It may poten-
tially cause liver damage. NF-B activation is inhibited to reduce proinflammatory 
responses, TNF, IL-6, and other inflammatory cytokines levels [20].
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2.8 Ginger’s effect on diabetes

The consumption of ginger has an impact on lipid profiles, insulin sensitivity, 
glycemic status, and other metabolic abnormalities in people with type 2 diabetes 
mellitus (T2DM). Reducing inflammatory substances, such as CRP, IL6, TNF, and 
others, improves them [21].

It reveals an antagonistic effect against serotonin receptors. Notably, it decreases 
intestine glucosidase and amylase activity, which reduces glucose absorption [22]. 
Ginger’s neuroprotective effects on the brains of streptozotocin-induced diabetic rats 
may also result from changes in astrocyte function. Damage response, decreasing 
the expression of acetylcholinesterase (AchE), and improving the construction of 
neurons [23].

2.9 Ginger effect on neurological degenerative diseases

Ginger’s active component, 6-Shogaol, reduces neuroinflammation and cognitive 
impairments in animal dementia models. Therefore, it plays a significant role in the 
amelioration of symptoms in Alzheimer’s and other neurological illness patients. It 
enhances memory in animal models of dementia by suppressing the activity of glial 
cells and by minimizing memory corruption [24].

In addition, ginger inhibits NF-B,16,17 iNOS, and cyclooxygenase2 activity 
(COX2) [25]. It protects C57BL/6 mice from inflammation caused by ultraviolet B 
[26]. Ginger has an inhibitory effect on melanogenesis in B16F10 melanoma cells and 
can therefore prevent the darkening of the skin (Figure 1) [27].

3. Conclusion

Ginger’s pharmacological effects are generally known. Anti-oxidant and anti-
inflammatory responses allow it to cure a wide variety of disorders. Ginger’s antican-
cer effect is well-documented, and its functional components, gingerols, shogaol, and 
paradols, are useful chemicals that can prevent various malignancies, metastasis, and 
prevention of cell-cycle development. Additionally, it enhances the condition of the 
kidneys and digestive tract.

Figure 1. 
Multiple health benefits of ginger [28].
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Chapter 3

Antioxidant Potential of 
Phytoconstituents with Special 
Emphasis on Curcumin
Uday Deokate and Mohini Upadhye

Abstract

Various fruits, vegetables, cereal grains, edible macrofungi, microalgae, and 
medicinal plants are containing phytoconstituents which are considered to be 
antioxidants. Polyphenols and carotenoids are the two main kinds of antioxidant 
phytochemicals and they contribute the most to the antioxidant properties of plant 
and its derivatives are widely employed as antioxidants. Turmeric is a rhizomatous 
herbaceous perennial plant (Curcuma longa) of the ginger family. The medicinal 
properties of turmeric, the source of curcumin, have been known for thousands 
of years; however, the ability to determine the exact mechanism(s) of action and 
to determine the bioactive components have only recently been investigated. 
Curcumin (1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione), also 
called diferuloylmethane, is the main natural polyphenol found in the rhizome of 
Curcuma longa (turmeric) and in others Curcuma spp. Curcumin, a polyphenol, 
has been shown to target multiple signaling molecules while also demonstrat-
ing activity at the cellular level, which has helped to support its multiple health 
benefits such as antioxidant, anti-inflammatory, antimutagenic, antimicrobial and 
anticancer properties. Curcumin has received worldwide attention for its multiple 
health benefits, which appear to act primarily through its anti-oxidant and  
anti-inflammatory mechanisms.

Keywords: curcumin, phytoconsituents, free radicals, antioxidant

1. Introduction

Free radicals are produced during routine cellular metabolic processes. These free 
radicals are considered as important part of the pathological complications including 
diabetes mellitus, cardiovascular disorders, neurodegenerative disorders, cancer, 
cataracts, asthamatic conditions, rheumatoid arthritis, inflammatory conditions, 
intestinal complications, ischemic and postischemic conditions.

Antioxidants are those substances which at very low concentrations are capable 
of significantly reducing or preventing the oxidation of the substrates which can be 
oxidized are called as antioxidants. There is a highly complex system including enzy-
matic and non-enzymatic systems which is effective in synergistic way with each 
other, so as to protect the body cells and different organs from the damage caused b 
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free radicals. There are different types such as endogenous antioxidants and exog-
enous antioxidants such as the diet or various dietary supplements. There are differ-
ent examples of dietary substances which actually do not scavenge the free radicals 
but they stimulate the endogenous activity ultimately categorized as antioxidants. 
An antioxidant which are considered as ideal, should easily absorbed and eliminate 
the free radicals and can able to cause chelation of redox metal ions at the levels 
which are considered as physiologically suitable. This should be active at the aqueous 
and/or in the membrane domains and can result in effective expression of gene at a 
positive direction. These endogenous antioxidants suppose to be highly potential in 
maintain the optimum cellular functioning and ultimately systemic healthy condi-
tions and the well being also. But many a times, these endogenous antioxidants are 
considered as insufficient to support the oxidative or nitrosative stress, so along with 
it dietary antioxidants are important for maintain the highest cellular functioning. 
The highly potential enzymatic antioxidants consist of glutathione peroxidase, 
catalase, superoxide dismutase. Various examples in nonenzymatic antioxidants 
are vitamin C, vitamin E, thiol antioxidants including lipoic acid, glutathione etc., 
carotenoids, melatonins, flavanoids and other resembling compounds. One of the 
mechanisms called as antioxidant network, which involves the regeneration of the 
original properties of one antioxidant after interaction with other antioxidants. In 
various diseased conditions, it is reported that there is established link between the 
raised levels in ROS or RNS and deterioration of actions related to enzymatic or non 
enzymatic antioxidants [1–3].

2. Enzymatic and non enzymatic antioxidants

2.1 Enzymatic antioxidants

2.1.1 Glutathione peroxidase

The oxidation of the glutathione directed as hydroperoxide which can be consid-
ered as hydrogen peroxide or others for example lipid hydroperoxide.

 2ROOH 2GSH GSSG H O ROH+ → + +  (1)

Selenium dependent that is GPx, EC 1.11.1.19 and independent on selenium 
for example glutathione S transferase, GST, EC 2.5.1.18 are considered as the two 
different forms. In the humans, reported are four types of se-dependent glutathione 
peroxidases which are mentioned as addition of two electrons to carry out reduction 
of peroxides through formation of selenole (SeOH) and these antioxidant proper-
ties of the selenoenzymes carries elimination of peroxides as important substrate 
for the reaction termed as Fenton reaction. Along with the tripeptide glutathione 
that is GSH, selenium dependent glutathione peroxides will be acting, and it exists 
in comparatively higher concentrations present in the cells and also catalyses the 
formation of hydrogen peroxide or the organic peroxide into water or alcohol, while 
causing oxidation of GSH simultaneously. It is able to compete with that of catalase 
and hydrogen peroxide as a substrate so, considered as an important source of giv-
ing protection against oxidative or the nitrosative stress which at very low levels [4].
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2.1.2 Catalase

The first antioxidant enzyme was considered as the Catalase that is EC 1.11.1.6 and 
it was reported to carry out the conversion of hydrogen peroxide into the water and 
oxygen as indicated:

 2 2 2 2H O 2H O O→ +  (2)

Amongst all the enzymes, catalase was reported to have the highest rate of turn-
over, one molecule of the catalase is having capacity to converting around 6 millions 
of hydrogen peroxides to water and oxygen, each of minute. Some from this catalase 
is found in all the tissues, majorly activity of catalase is found in liver and erythro-
cytes [5].

2.1.3 Superoxide dismutase

One from the enzymatic antioxidants that is superoxide dismutase called as  
EC 1.15.1.1, can reported to be an intracellular enzymatic antioxidant and is 
responsible to convert superoxide dismutase anions in dioxygen and ions of 
hydrogen peroxide as:

 2 2 2 2 2O O 2H H O O− −+ + +→ +  (3)

This superoxide dismutase, is existing in the form of various isoforms, which 
majorly different in the natures of the active metal centre, composition of the amino 
acids, cofactors and other related features. Three different froms related to SOD 
are available in the human beings for example cytosolic, Zinc- SOD, mitochondrial 
Mn-SOD, and extracellular SOD. By undergoing successive oxidative and reductive 
pathways related to transition metal ions at their sites of activity, neutralization of 
superoxide ions by superoxide dismutase is carried out [6].

2.2 Nonenzymatic antioxidants

2.2.1 Vitamin E

Vitamin E majorly available as fat soluble and it can be found in eight different 
varieties [7]. A chromanol ring along with the phytyl tail and difference in numbers 
and position related to methyl groups in these rings are observed in the tocopherols 
including α, β, γ, and δ. These substances are reported to be lipid soluble with a 
prominent antioxidant potential. According to the literature, these are found to be 
more active than that of polyunsaturated fatty acids which are having peroxyl radicals 
and thus show their action by breaking the lipid peroxidation [8].

The important role of this vitamin is to give protection from the lipid peroxidation 
and also literature is available to support this, there is synergestic effect of ɑ tocoph-
erol and ascorbic acid, involved in cyclic type reactions. Due to the donation of the 
hydrogen from ɑ tocopherol to the lipid radical or lipid peroxide radical and it gets 
converted to ɑ tocopherol radical. Further, this ɑ tocopherol radical can get reduced in 
the form of ɑ tocopherol due to the ascorbic acid [9].



Ginger - Cultivation and Use

20

2.2.2 Vitamin C-ascorbic acid

This considered as one of the antioxidants reported to work in an aqueous 
medium of the body. In the presence of metal ions it is oxidized into dehydroascorbic 
acid in an extracellular environment of the body, which is further carried into the 
cells with help of glucose transporters. It works alone with the antioxidant enzymes 
and also Vitamin E and carotenoids are termed as its primary partners. From the ɑ 
tocopherol radicals it forms ɑ tocopherol in the membranes and lipoproteins, vitamin 
C plays an important role along with vitamin E, ultimately it increases the levels 
in glutathione in cells, thus protecting the protein thiol groups against oxidative 
damage. It is present in the reduced form in the cells, due to reaction with glutathi-
one, thus catalyzing protein disulfide isomerase and glutaredoxins. Ascorbic acid is 
reported as the best potential reducing agent that effectively causes neutralization of 
ROS for example hydrogen peroxide [10].

2.2.3 Thiol antioxidants

This is a very important intracellular thiol antioxidant which is present in 
intracellular region is tripeptideglutathione which is also known as GSH. Acoording 
to the literature, it is considered as a redox buffer of the cell. It is found to be present 
in the cytosol, mitochondria and nuclei and present in the soluble form of antioxi-
dants in these compartments. The levels of glutathione are important for inducing 
the postmititic phenotype, which are confirmed based upon the studies on the 
human fibroblasts, and hence it is reported that the implementation of the deple-
tion of glutathione has very important role during the control in aging at cellular 
level from human skin.

As this glutathione acts as cofactor for various enzymes which cause detoxifying 
actions, its participation in the amino acid transport through the plasma membrane, 
scavenging of hyrdroxyl radical and direct scavenging of the singlet oxygen, regen-
eration of the active forms of vitamin C and E, has a very potential role for protective 
action against oxidative or nitrosative stress [11].

Decrease in the glutathione levels are the signals of the oxidative stress which 
is increased in the ischemic brain disorders, cancer, cardiovascular disorders and 
decreased concentrations of glutathione are also indicative of both that is type 1 and 
type 2 diabetes mellitus [12–16].

2.2.4 Thioredoxin

Another potential example of the thiol antioxidants is thioredoxin which is also 
known as TRX system, which are the types of proteins available both in the mam-
malian and prokaryotic cells and capable of oxidoreductase activity. It is consisting of 
disulphide and two cysteins which are redox active with conserved active sites as Cys- 
Gly-Pro-Cys. This antioxidants consists of two –SH groups which are adjacent forms 
which are present in the reduction form, then are converted into disulphide units 
in the oxidized form as TRX after it undergoes redox reactions including multiple 
proteins in it. The levels of thioredoxin is comparatively lesser than that of GSH, but 
these may be having functions which are overlapping and in similar compartments 
related to the stimulation and regulation of various transcription factors. Many of the 
normal and neoplastic cells, secrets this thioredoxin in the oxidative or nitrosative 
stress and also in the inflammatory conditions [17, 18].
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2.2.5 α-Lipoic acid—1, 2-dithione-3-pentanoic acid

Metal chelating and antiglycation potentials are associated with this third thiol 
antioxidant which is present as natural substance called as α-Lipoic acid called as 
ALA. Different than other antioxidants which are either lipid soluble or soluble in 
aqueous medium, lipoic acid can be considered as active in the aqueous as well as lipid 
phases. In most of the tissues, lipoic acid is transferred to dihydrolipoic acid that is 
DHLA through the action of NADH or NADPH, and then it can be readily digested 
and absorbed too. There are various actions which are related to lipoic acid such as 
direct termination of the free radicals, chelation of transition metal ions for example 
copper and iron, glutathione levels observe to be increased, vitamin C levels and 
prevention of the toxicities which are associated with their loss [19].

Lipoic acid is also capable of crossing the blood brain barrier and thus it can be 
covered by all central and peripheral regions of nervous system. For the free radicals 
associated with the oxidative stress, lipid peroxides that is LPO is considered as the 
biomarker. A sequence of the reactions is initiated after the action of free radicals on 
the polyunsaturated fatty acids called as PUFA in the biological systems, which ulti-
mately results in the production of the conjugated dienes and lipid peroxidases [20].

2.2.6 N-acetylcysteine

To decrease the conditions related oxidative or nitrosative stress, one of the thiol 
antioxidant is N-acetylcysteine. It prevents from liver damage related to paracetamol 
caused in the human beings, causes attenuation in liver damage and also reported to 
prevent the GSH depletion in the mice [21].

N-acetylcysteine also possesses properties such as metachelation, and is 
implemented in several clinical conditions. Due to the thio groups present in this 
N-acetylcysteine, it decreases the free radicals and supplies chelation sites to that for 
metals. Hence, in the metal poisoning conditions and various diseased conditions, 
N-acetylcysteine is found to have a potential role as is effective in renovating inbal-
anced prooxidant and antioxidant conditions.

2.2.7 Melatonin

The melatonin shows its free radical scavenging potential due to donation of 
electron so as it can release variety of ROS or RNS, containing majorly toxic hydroxyl 
radicals. Along with that melatonin also increases an enzymes which are considered 
as antioxidative such as superoxide dismutase, glutathione peroxidase, glutathione 
reductase, catalase etc [22].

This efficiency related to electron transport chain is reported to be increased and 
as a result decreased electron leakage and production of the free radicals. Due these 
highly potential actions of melatonin, it is considered as a very important entity used 
in treating variety of neurological diseases which are having oxidative damage as a 
part of the etiology concerned [23].

2.2.8 Carotenoids

One of the potential antioxidants, which are reported to be lipid soluble and 
containing isoprenoid carbok skeleton is the carotenoids. These are reported to be 
present in the membranes along with the lipoproteins and a very useful example is 
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ɑ- carotene. The efficiency of these antioxidants is considered to be as equivalent 
as that of ɑ tocopherol as they effectively scavenge singlet oxygen and also result in 
trapping of the peroxyl radicals at low levels of oxygen pressures (Table 1). Those 
caratenoids show brings are distinguished with the pro-vitamin A activity. As in 
β- carotene, it indicates presence of two brings on the both the ends related to carbon 
chain, it possesses highest activity. Vitamin A is also reported to show highly potential 
antioxidant activity which is independent on that of the oxygen concentration [24].

2.2.9 Flavonoids

One of the highly potential antioxidants which are considered as a part of regular diet 
and considered as a wide class of plant metabolites having a low molecular weight are 
Flavanoids. These are considered as the groups of derivatives of benzo-γ- pyrone which 
are made up of phenolic and the pyrane ring with attached hydroxyl groups are added 
during normal metabolism. The most important activity of flavanoids is considered as 
their protective action against that of oxidative or nitrosative stress. The catalytic break-
down of the hydrogen peroxide radicals that is Fentonn chemistry, is resulted due to the 
scavenging of peroxyl radicals, minimizing lipid peroxidation, chelation of redox active 
metals. In other certain conditions, flavanoids are reported to indicate the poroxidant 
activity which is considered to be in direct proportion to the presence of total hydroxyl 
groups and as per literature also indicated cell signaling modulation [25].

The process called as Oxidation, involves the formation of various intermediates 
which are reactive and can cause aerobic cell metabolism. Thus it is reported that the 
cells are having a chance of damage which is protected by this antioxidant systems in 
the cells. Different pathological conditions such as cancerous conditions, cardiovas-
cular disorders, cataract, diabetes mellitus, gastrointestinal disorders, liver disorders, 
macular degenerations periodontal disorders, other inflammatory conditions are 
observed due to loss of balance in the ROS production and defence to antioxidants thus 
causing oxidative stress as a result of deregulation of the cellular functioning [26].

3. Turmeric containing curcumin as potential phytoconstituent

Curcuma longa, as turmeric is one of the perennial herbs and classified under the 
family Zingiberaceae. This is cultivated majorly in India and China. Yellow powder of 
the rhizome from the plant is considered for many of the medicinal purpose. Dried 
form of Curcuma longa that is turmeric used as an ingredient in many of the food 
preparations. It is known by many other names such as Indian saffron Curcum in the, 
Arab region, Jianghuang (yellow ginger in Chinese), Haridra (Sanskrit, Ayurvedic), 
Kyoo or Ukon (Japanese) [27].

ROS Neutralizing antioxidants

Hydroxyl radical Vitamin C, glutathione, Flavonoids, lipoic acid

Superoxide radical Vitamin C, glutathione, Flavonoids, SOD

Hydrogen peroxide Vitamin C, glutathione, beta Carotene, vitamin E, CoQ10, Flavonoids, lipoic acid

Lipid peroxides β-carotene, vitamin E, ubiquinone, flavonoids & Glutathione peroxidase

Table 1. 
Various reactive oxygen species and their neutralizing antioxidants.
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Powder of Turmeric is applicable as flavoring and coloring agent in various food 
preparations. For maintaining oral hygiene, it has been in use from many years [28]. 
In India and China, turmeric is considered as the choice of treatment for jaundice 
and other liver problems. This is one of the potential herbs having different phar-
macological potentials including anti-protozoal, anti-venom activities, antioxidant, 
anti-microbial, anti-angiogenic, anti-malarial, anti-inflammatory, anti-proliferative, 
anti-tumor and anti-aging properties [29–40]. It has also been used to treat parasitic 
infections, ulcers, skin disorders, immunity related disorders and curing the symp-
toms of colds and flus [41]. Curcumin (CUR) and two related compounds demethoxy 
curcumin (DMC) and bisdemethoxycurcumin (BDMC) are considered as important 
curcuminoids responsible for the pharmacological action of turmeric. The active 
constituents of present are considered as a mixture of bisdesmethoxycurcumin, 
curcumin (diferuloylmethane), monodexmethoxycurcumin. Around 90% of cur-
cuminoids are present in turmeric. Apart from this it also consists of proteins, sugars, 
and resins 0.3–5.4% of curcumin is found to be present in the raw turmeric [42].

Turmeric is containing a mixture of three curcuminoids: curcumin (diferuloyl-
methane), demethoxycurcumin and bisdemethoxycurcumin, along with that volatile 
oil containing atlantone, zingiberone and tumerone, proteins resins and sugars. 
Lipophilic polyphenol that is Curcumin is nearly insoluble in water but is found to be 
stable in the acidic pH of the stomach [43].

Curcumin is containing phenolic groups due to which it can eliminate free radicals 
derived from oxygen.

The free radicals such as hydroxyl radical, singlet oxygen, superoxide radical, 
nitrogen dioxide and NO which can be eliminated by curcumin [44].

Curcumin and its derivatives has the most potential biological effects disease 
prevention and health promotion including inflammatory, antioxidant and anticancer 
potential [45].

3.1 Anti-inflammatory properties

Curcumin activity for inflammation after giving oral administration was com-
parable to that of cortisone or phenylbutazone. Curcuma longa after this treatment 
has potentially reduced inflammatory swelling. This effect can be resulted due to its 
potential of inhibiting biosynthesis of inflammatory prostaglandins from arachidonic 
acid and neutrophil function during inflammatory states [46, 47].

3.2 Hepatoprotective activity

Turmeric is having hepatoprotective activity similar to that of silymarin. 
From studies, it can be concluded that turmeric has hepatoprotective potential 
in various including carbon tetrachloride (CCl4), acetaminophen (paracetamol) 
and galactosamine. This hepatoprotective effect is mainly a observed due to the 
antioxidant activity of turmeric along with its ability to decrease the formation of 
proinflammatory cytokines. Administration of curcumin is resulted in decrease of 
liver injury [48–50].

3.3 Anticarcinogenic properties

All three stages of this carcinogenesis-initiation, promotion, and progression are 
inhibited by curcumin.
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During initiation and promotion, curcumin modulates transcription factors 
controlling phase I and II detoxification of carcinogens; down-regulates  
proinflammatory cytokines, free radical-activated transcription factors, and 
arachidonic acid metabolism vicyclooxygenase and lipoxygenase pathways and 
scavenges free radicals [51, 52].

3.4 Antidiabetic activity

ar-turmerone, ar-turmerone, curcumin, demethoxycurcumin and bisdemethoxyc-
urcumin present in hexane and ehanol extract had reported to stimulate adipocyte 
differentiation in a dose dependent manner. The results also concluded that turmeric 
ethanolic extract found to contain curcuminoids and sesquiterpenoids is more strongly 
hypoglycemic as compared to either sesquiterpenoids or curcuminoids [53].

3.5 Antimicrobial activity

Antibacterial, antifungal, cytotoxic, insecticidal and phytotoxic activity of an etha-
nolic extract of turmeric was evaluated. The extract showed antifungal activity against 
Trichophyton longifusus and Microsporum canis and weak antibacterial activity 
against Staphylococcus aureus. Toxic activity was observed against Lemna minor [54].

3.6 Antidepressant properties

In cases of chronic mild stress that is CMS model, curcumin was studied for 
antidepressant activity.

Ethanolic extract had indicated increase in sucrose intake as compared to normal 
control levels, reduction in serum IL-6 and TNF-α and CRF levels in medulla oblon-
gata and serum to limits lower than normal.

Cortisol levels were found to be reduced than the normal levels. Through the 
inhibition of monoamine oxidize, it had shown its antidepressant activity. It caused 
reversal of decreased serotonin, dopamine and noradrenalin concentrations and 
increase in the turnover of serotonin [55, 56].

3.7 Cardiovascular diseases

The protective effect was observed due to lowering of triglyceride and cholesterol 
levels and decrease in LDL and also due to inhibition of aggregation of platelet [57].

Effect of turmeric extract on cholesterol levels may be due to decreased cholesterol 
uptake in the intestines and increased conversion of cholesterol to bile acids in the 
liver. Inhibition of platelet aggregation by C. longa constituents is thought to be via 
potentiation of prostacyclin synthesis and inhibition of thromboxane synthesis [58].

Oral intake of 500 mg/d of curcumin was given for 7 days and further it resulted 
in comparable decrease in the serum peroxide levels by 33% and increase in HDL 
cholesterol by 29% and decrease in level of total serum cholesterol by 12% [59].

3.8 Dyspepsia and gastric ulcer

During a phase II clinical trial for peptic ulcer which was diagnosed with endo-
scopically in 45 subjects, given with 600 mg curcumin five times daily for 12 weeks, 
it was observed that ulcers were absent in 48% patients after 8 weeks, and in 76% 
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patients after 12 weeks. In remaining patients also within 1-2 weeks abdominal pain 
and other symptoms had decreased significantly [60].

3.9 Irritable bowel syndrome

The most common symptoms of irritable bowel syndrome (IBS) are considered as 
altered bowel habits, abdominal pain, bloating etc.

After pilot study for eight week of IBS patients, it was found that 53% and 60% 
reduction in IBS prevalence. In post-study analysis, abdominal pain and discomfort 
scores were reduced by 22 and 25% [61].

3.10 Inflammatory bowel disease

Ulcerative colitis (UC) and Crohn’s disease (CD) are considered as two types of 
IBD, inflammatory bowel disease. In a pilot study performed in 2005, hematological, 
erythrocyte sedimentation rate (ESR) and biochemical blood analysis, C-reactive 
protein (CRP) (the latter two inflammatory indicators), sigmoidoscopy, and biopsy 
were all performed. The authors from this study concluded that curcumin plus stan-
dard therapy was more effective in maintaining remission than placebo plus standard 
UC treatment [62, 63].

3.11 Neurological disorders

Investigations on animal models for Alzheimer’s disease (AD) was indicated a 
direct effect curcumin in reducing the amyloid pathology of AD.

Results have also shown that curcumin exhibited multiple effects in brain. 
Curcumin is considered as a future drug of therapy for the treatment of various 
neurological disorders including tardive dyskinesia, diabetic neuropathy and 
depression [64].

3.12 Antioxidant potential

The two primary mechanisms as antioxidant and anti-inflammatory which 
explain the benefits of curcumin have proven for various pharmacological actions. 
Systemic marker of oxidative stress have been found to be improved due to presence 
of curcumin. Also, from previous literature, it had proven to increase serum activities 
of important antioxidants such as superoxide dismutase (SOD).

A recent data and analysis of randomized control studies related to the potential 
effect of supplementation with purified curcuminoids on various oxidative stress 
parameters had indicated a significant effect on plasma activities of SOD and 
catalase, as well as serum concentrations of glutathione peroxidase (GSH) and  
lipid peroxides. The activity of Curcumin on free radicals has been performed 
based upon many mechanisms. Many forms of free radicals are scavenged by 
Curcumin, including reactive oxygen and nitrogen species (ROS and RNS, respec-
tively), and can also it was found to alter the activity of GSH, catalase, and SOD 
enzymes during the neutralization of free radicals and resulted in inhibition of 
ROS-generating enzymes such as lipoxygenase/cyclooxygenase and xanthine 
hydrogenase/oxidase. In addition to this, curcumin is considered as a lipophilic 
compound that makes it an effective scavenger of peroxyl radicals, hence can be 
effective as a chain-breaking antioxidant [65–71].
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Antioxidant activity of the turmeric is evaluated by performing DPPH radical 
scavenging activity and FRAP values. Many of the literature suggest that, various 
extracts of turmeric are having antioxidant activities calculated referring to the DPPH 
radical-scavenging potential.

In this method, 1 mL of the extract was added to around 1.2 mL of 0.003% DPPH 
in methanol using at varying concentrations (2.5–80.0 μg/mL). The percentage 
of DPPH inhibition was then calculated using the equation: % of DPPH inhibi-
tion = [(ADPPH − AS ADPPH)] × 100, in this ADPPH is the absorbance measured 
for DPPH in the absence of a sample and AS is the absorbance value of DPPH in the 
presence of either a sample or the standard. DPPH scavenging activity can be given 
as concentration of a sample required to reduce absorbance of DPPH by 50% (IC50). 
This value then graphically determined once after plotting the absorbance that is per-
centage inhibition of DPPH radicals against the log concentration of DPPH, further 
determining the slope of the nonlinear regression.

Ferric Reducing Antioxidant Power (FRAP) assay was carried out for confirma-
tion of antioxidant potential of the turmeric. Complex of ferric tripyridyltriazine is 
reduced into ferrous form which then resulted in an intense blue color observed at 
low pH range. This colour intensity further confirmed by measuring its absorbance 
value at 593 nm. 200 𝜇𝜇L of the extract solution prepared in varying concentrations 
from 62.5–1000.0 μg/mL was then added to 1.5 mL of the previously prepared FRAP 
reagent, then reaction mixture was incubated at 370 C for 4 min. FRAP reagent was 
prepared by adding 10 volumes of 300 mM acetate buffer having pH 3.6 with 1 volume 
of 10 mM TPTZ solution in 1 volume of 20 mM ferric chloride (FeCl3.6H2O) and 
40 mM hydrochloric acid. The FRAP reagent was then prewarmed to 37°C and was 
used when freshly prepared. Plotting of the standard curve was then done A using an 
aqueous solution of ferrous sulfate (FeSO4.7H2O) (100–1000 μmol), with FRAP values 
expressed as micromoles of ferrous equivalent (μM Fe [II] per 100 g of sample).

The obtained results from antioxidant studies indicated that the free radical 
scavenging activity may be due to to the high contents of phenolics and flavonoids 
having a higher reducing capacity. FRAP assay treats the antioxidants in the sample as 
reductants in a redox reaction and measures the reducing potential of the test sample. 
These antioxidants exert their activities by donating electron or hydrogen atoms to 
the ferric complex which converts to ferrous complex (Fe3+ to Fe2+ -TPTZ complex), 
thus breaking the radical chain reaction.

Many major diseases such as liver problem, myocardial infarction, diabetes, cancer 
are believed to be associated with lipid peroxidation and thus causing major cell 
damage. Curcuminoids and other polyphenols in turmeric can ameliorate and prevent 
lipid peroxidation, can stabilize the cell membrane, hence proving its significant 
role in prevention of atherosclerosis. Inhibitory action of turmeric polyphenols such 
as curcuminoids on lipid accumulation, oxidation, nitric oxide as well as the forma-
tion of inflammatory molecules, nuclear factor-kappa B- (NF-kB-) dependent gene 
expression, and its activation can thus influence therapeutic potential of turmeric 
in the treatment of pancreatic, hepatic, cancer and intestinal diseases. The ethanolic 
extract of turmeric can produce promisable symptomatic relief on external cancerous 
lesions in human. Along with this, curcumin has resulted to be effective in preventing 
and treatment of many of the neurodegenerative disorders as a free radical scavenger 
including Alzheimer’s disease. Also after giving short-term supplementation it has 
proved to reduce hematuria, proteinuria, including systolic blood pressure in patients 
with relapsed or refractory lupus nephritis. By referring all the literature, Curcumin 
can be considered as a safe adjuvant therapy. The previous studies had indicated that 
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the high antioxidant properties of turmeric was found to inhibit cellular lipid peroxi-
dation and can also ameliorate other oxidative damage caused by free radicals [72–76].

Thus Turmeric is proven to be an important source of high contents of flavonoids, 
polyphenols, tannins and ascorbic acid. Curcumin as important phytoconstituent of 
turmeric varieties is and effective and important antioxidant compound and which 
can be effective in management of various diseased conditions.
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Chapter 4

Pharmacological Properties of 
Ginger Combinations
Douglas Ongeri Ochora

Abstract

Ginger (Zingiber officinale) is a widely cultivated plant due to its  pharmacological 
properties and its use as a spice. The plant species enjoys a good reputation in most 
regions of the world mainly because of its anti-inflammatory, antitumor, and 
antioxidant activities. To enhance these pharmacological properties, ginger is mostly 
used in combination. Drug combination therapy is also a worthwhile strategy for the 
prevention of various diseases. Therefore, the current chapter concerted on phar-
macological activities of ginger combinations. The plant species has been combined 
with other plant extracts, pure compounds, and approved drugs for antimicrobial, 
antioxidant, anticancer, antidiabetic, and antidepressant activities and also in herbal 
tea formulations. Most of these activities showed synergism with 50% inhibition 
concertation (IC50) values of less than 1. The highest activity was observed when 
ginger phytochemicals, shogaol, and gingerol derivatives were combined against 
prostate cancer cell lines with an IC50 value of 0.03. Interaction of different phyto-
chemicals in ginger with other phytochemicals when used in combination account 
for the reported synergism. The observed synergism in most combinations depicts a 
potential use of ginger combinations in treatment and prevention of various diseases 
and disease conditions.

Keywords: combination, ginger, pharmacological, synergism, Zingiber officinale

1. Introduction

Most people are exposed to various diseases with minimal opportunities for 
conventional means of treatment. The people, therefore, rely on traditional herbal 
medicine [1]. This has made natural products remain a major source of remedies in 
traditional medicine [2]. Sick people are, therefore, likely to take herbal medication 
that is easily available before seeking treatment in the orthodox health sector for the 
recommended form of treatment. This leads to herbal-drug interactions [3]. This has 
necessitated studies of various medicinal plants when used in combination, which 
will act as makers for herbal formulations.

Ginger, Zingiber officinale Roscoe, belongs to the genus Zingiber Mill. which has 
149 plant species under the family Zingiberaceae [3]. The plant species are native 
to Asia but it is currently cultivated in various parts of the world, especially in the 
tropics [2]. This is because of its wide dietary use as a spice and has long history 
of medicinal value [4]. The underground stem (rhizome) is the most widely used 
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part of ginger. Preference for the rhizome is attributed to the fact that most phyto-
chemicals occur in the rhizome which give the plant its dietary and medicinal 
benefits [1]. These benefits are enhanced when the plant species being used in 
combination.

Ginger rhizome has been prescribed for the treatment of various diseases [5] 
in most traditional and complementary systems of treatment such as homeopathy, 
Ayurveda, Chinese, Unani Tibb, and Siddha [6]. The plant has been used as an anti-
oxidant [7], antibacterial [8], anticancer [9], anti-inflammation [4], antidepressant 
[10], regulation of blood sugar level, mensural irregularity [3], treatment of nausea 
and vomiting, post-operative nausea and vomiting [11], mitigation of rheumatoid 
arthritis/osteoarthritis/joint and muscle pain, and many other medicinal uses [3]. 
Studies have been done to determine the activities of ginger when used singly and in 
combination.

To enhance the medicinal activity of ginger, the rhizome of the plant has been 
used in combination with other plant extracts, pure compounds, and approved 
drug in the treatment of various diseases in traditional medicine and in herbal tea 
formulations, considering tea is the second most widely consumed after water [12]. 
Phytochemicals present in ginger, especially polyphenols, provide ginger herbal teas 
with various medicinal properties [13] when combined with phytochemicals from 
other plants especially polyphenolic compounds [14–16].

The long period and cost incurred in the isolation of pure compounds from plants 
in drug discovery for conventional medicine buttresses the importance of drug com-
bination studies in phytomedicine [17]. Unlike the use of pharmaceutical drugs whose 
activity is based on a single active ingredient, in combinations, numerous phyto-
chemicals act collectively [14, 18]. Most of these combinations have shown synergism 
in prevention and treatment of various diseases and disease conditions. The current 
chapter, therefore, explored the pharmacological benefits of Zingiber officinale when 
used in combination.

2. Discussion

2.1 Determination of combination activities

The mode of interaction between plant extracts or pure compounds or standard 
approved drugs is determined using fractional inhibition or interaction factor. 
Fractional inhibition is used to determine the pharmacological activities of extract-
drug combinations, and drug-drug combinations [19]. Fractional inhibition (FI) or 
combination index (CI) is the inhibition that is attributable to each of the extracts, 
compounds, or drugs in the combination. Pharmacological activity for each com-
bination is calculated to give a combination index (CI) or 50% fractional inhibition 
concentration (FIC50) using 50% inhibition concertation (IC50). These CI values are 
grouped into synergism (CI < 1), additivity (CI = 1), and antagonism (CI > 1), see 
Figure 1.

The Sum CI values are used to generate scatter plots (isobolographs) that explain 
the potency of a given combination by plotting at least all the triplicate assays on 
one plane. These isobole curves are used to express the activities based on the dose-
response of single components when used alone and in combination at different 
concentrations [20]. Sum FIC50 for each extract-drug, and drug-drug combination 
ratios are also determined using the equation below [4]:
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Interaction factor (IF) also explains mode of interactions between components 
in extract-drug and drug-drug combinations. It is also based on isobole graphs and 
grouped just like fractional inhibition concentration; synergism (IF < 1), additivity 
(IF = 1), and antagonism (IF > 1) [14, 20].

The IF is calculated as shown below:

 =IF /AM AT  (2)

AM = am measure of activity of a mixture of samples
AT = theoretically calculated activity of the mixture that is based on the dose-

response of single components in the combination at different concentrations.

2.2 Antimicrobial activities of ginger combinations

Ginger has been used widely against microbial activities [21]. When used alone, 
extracts of ginger showed antimicrobial activity with a mean inhibition zone, a 50% 
microbial inhibition (MIC50) value of 11.72 ± 0.62 mm and lemon (Citrus limon L.) 
showed MIC50 value of 27.89 ± 1.12 mm against Streptococcus mutans. The activity of 
ginger when used in combination with lemon was revealed to have a mean inhibition 
zone with an MIC50 value of 17.94 ± 0.46 mm [22]. This study reveals that the anti-
microbial activities of ginger are enhanced when used in combination with ginger C. 
limon. Therefore C. limon potentiates ginger against S. mutans.

Synergism was observed when ginger was combined with barley (Hordeum vulgare L.) 
against Staphylococcus aureus and Aeromonas hydrophila [23]. Similar synergism was also 

Figure 1. 
CI values are grouped into; synergism (CI < 1), additivity (CI = 1), and antagonism (CI > 1).
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observed when ginger was combined with pomegranate (Punica granatum L.) against A. 
hydrophila. The synergism resulted in complete inhibition of A. hydrophila. Combinations 
of ginger and licorice (Glycyrrihza glabra L.), and ginger and sage (Salvia officinalis L) 
tested against A. hydrophila and Escherichia coli both showed synergism [23]. Combined 
activity of a plethora of phytochemicals in ginger extracts combined with other plant 
extracts is responsible for the observed synergism when tested for antimicrobial activities. 
These studies indicate the potential use of ginger in combination with other plant extracts 
against microbial diseases.

In another study, methanol extracts from ginger showed antibacterial activities 
against 32 S. aureus strains with an MIC90 value of 3.56 mg/mL when used alone. 
Synergism was observed with CI90 values of less than 0.9 when two standard anti-
bacterial drugs, tetracycline and netilmicin were each combined with ginger extracts 
[24]. This shows the potential use of ginger extracts in combination with tetracycline 
and netilmicin in controlling antimicrobial diseases and reduction of antimicrobial 
drug resistance. In the same study, additivity and antagonism were observed when 
ginger was combined with chloramphenicol, erythromycin, gentamycin, vancomy-
cin, ampicillin, cefoxitin, cotrimoxazole, and ofloxacin, all tested against S. aureus 
[24]. In another comparative study, methanol and water leaves and rhizome ginger 
extracts were shown to be more effective against S. aureus and S. pyogenes than three 
standard antibiotics: chloramphenicol, ampicillin, and tetracycline. This depicts the 
possible use of ginger alongside standard antibiotics in the treatment of microbial 
diseases [12].

One of the major burdens of disease control is the emergence of drug-resistant 
strains. When two drugs that have different mechanisms of action are used in combi-
nation the likelihood of the emergence of drug-resistant strains is reduced. The pace 
of emergence of drug resistance is also reduced since a lower amount of each drug 
is used in combination treatment [19]. Therefore, these studies underpin the use of 
ginger combinations against antimicrobial diseases. The potential use of ginger in 
combination with other plants used against microbial diseases and a combination of 
ginger with standard antibiotic drugs is also depicted in overcoming antimicrobial 
drug resistance.

2.3 Antioxidant activities of ginger combinations

Ginger has been reported to have high phenolic content and high antioxidant 
activity [7]. The combination of ginger and coffee (Coffea arabica L.) has shown 
antioxidant synergistic effects. A combination of ethanol extracts of coffee and 
ginger showed the highest 2,2-dipheny-1-picryl-hydrazyl-hydrate (DPPH) radical 
scavenging activity than when used singly. Similarly, combined ginger and tea aque-
ous extracts showed the highest ABTS radical scavenging activity [13]. This shows 
that the antioxidant activities of ginger and tea are higher when used in combination 
than when used singly.

Juice extracts of ginger, kesum (Polygonum minus H.), and turmeric (Curcuma 
longa L.) without using any solvent showed were tested for antioxidant activities 
using DPPH radical scavenging assay and ferric-reducing antioxidant power (FRAP) 
assay [25]. When tested singly for FRAP ginger showed antioxidant activities of 26.2 
μmol/g, kesum 46.3 μmol/g, and turmeric 23.3 μmol/g (μmol of Fe II/g of extracts). 
When the three plant species were combined at a ratio of 1:1:1, they had an anti-
oxidant activity of 23.1 μmol/g which shows that kesum and turmeric juice extracts 
potentiate antioxidant activities of ginger. When ginger was combined separately 
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with kesum (1:1) and turmeric (1:1) for FRAP, antagonism was displayed with CI5o 
values of greater than 1. For DPPH radical scavenging activities, juice extracts of 
ginger, kesum, and turmeric showed percentage antioxidant activities of 79.0%, 
82.6%, and 64.6%, respectively, when tested singly. When ginger was combined 
separately with extracts of both kesum (1:1) and turmeric (1:1) and when they were 
all combined (1:1:1) for DPPH radical scavenging activities, they showed additivity 
with CI5o values of 1 [25].

In another study, the combination of ginger, garlic (Allium sativum L.), and cay-
enne pepper (Capsicum fructensces L.) extract at a ratio of 1:1:1 showed synergism with 
CI5o values of less than 1. All extracts showed higher antioxidant activities than when 
these three natural spices are used alone [26] indicating that the extracts potentiate 
each other’s antioxidant activities. This is probably because the many phytochemicals 
in the combination increase the superoxide dismutase (SOD), glutathione peroxidase 
(GPx), and glutathione reductase (GRed) enzymes. These enzymes catalyze the 
conversion of reactive oxygen species to harmless species [26].

Ethanol extracts of ginger and secang wood (Caesalpinia sappan L.) were tested 
for antioxidant activities using DPPH method both in combination and singly [27]. 
The concertation of antioxidant compounds was highest in a combination of scang 
and ginger (2:1) with an IC50 value of 90,14; absorbance was measured using UV. 
When tested singly, the IC50 for scang and ginger was 54,53 and 197,74, respectively 
[27]. In another similar study, ginger combination with eucalyptus honey (Eucalyptus 
globulus Labill.) portrayed synergistic activities with CI5o values of less than 1 in which 
antioxidant activities were increased where H6G5 displayed 60.0% and 90.0% using 
DPPH method [28].

2.4 Anticancer activities of ginger combinations

Shogaol and gingerol compounds and their derivatives isolated from ginger have 
shown activity against different types of cancers; breast cancer, lung cancer, cervi-
cal cancer, prostate cancer, liver cancer, blood cancer, and colorectal cancer [29]. 
Combinations of pure ginger phytochemicals, 6-gingerol (6G), 8-gingerol (8G), 
10-gingerol (10G), and 6-shogoal (6S) have shown strong synergistic antiprolifera-
tive activities against prostate cancer cell lines with CI50 values ranging between 
0.03 and 0.88 [15]. The highest synergistic activities were observed in 6G + 8G, 
8G + 10G, 10G + 6G, and 6S + 10G combinations with CI50 values below 0.4 when 
tested against human prostate cancer cell lines [15]. In another follow-up study, 
a combination of 6-gingerol, a pure compound isolated from a Chinese Tongling 
White Ginger, with standard drugs depicted synergistic anticancer activities 
when tested against human cervical adenocarcinoma cells [30]. The combination 
of 6-gingerol with 5-FU (inhibition of S-phase of cell cycle and PI3K signaling 
pathway inhibitor) and Ptx (inhibition of G2/M-phase of cell cycle and mTOR 
inhibitor) at different concentrations showed synergism after 48 h treatment on 
Hela cells. A combination of 6-gingerol (45 μM) with Ptx (0.36 μM) inhibited 83.2% 
growth of the treated cells and a combination of 6-gingerol (45 μM) with 5-FU (22.5 
μM) inhibited 52% growth of the cells. All nine combinations of 6-gingerol with Ptx 
portrayed strong synergism with CI values of less than 0.4 [30]. This study displays 
the synergistic interactions of ginger phytochemicals when used in combination 
with each other. This shows the value of using whole extracts in traditional medi-
cine and therefore the popularity of herbal medication unlike the use of synthetic 
drugs that are based on one active ingredient.
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Synergism has been observed when crude water ginger extract was combined 
with Gelam honey and tested against colorectal cancer cell line HT29 [31]. The 
3-(4,5-dimethylthiazol-2-ly)-2,5-diphenyltetrazolium bromide (MTT) assay of these 
combinations depicted synergism with CI50 values of less than 1 [32]. When tested 
singly against human colorectal adenocarcinoma cell line HT29, ginger extracts 
showed anticancer activity with an IC50 value of 5.2 mg/mL and Gelam honey showed 
an IC50 value of 80 mg/mL while a combination of an IC50 value of 0.3 mg/mL was 
observed [32]. These results indicate the activity of ginger is more effective when used 
in combination than when used alone against colorectal cancer [31, 32]. In a similar 
study, a combination of ginger extracts with Gelam honey showed synergistic activi-
ties (CI <1) with higher apoptotic activities when each is combined with 5-FU and 
tested against HCT 116 colon cancer cell lines [9].

Combinations of ginger extracts, especially combination of ginger phytochemi-
cals, have possible use in treatment of cancer and reduction of emergence of antican-
cer drug resistance. With the increased emergence of anticancer drug resistance and 
the side effects of anticancer drugs, the use of safe and effective anticancer ginger 
combinations that do not have side effects is indispensable.

2.5 Antidiabetic activities of ginger combinations

Extracts of ginger, green tea (Camellia sinensis L.), and cinnamon (Cinnamomum 
verum J.Presl) were tested separately and then combined against diabetes and postpran-
dial glucose patterns. The three herbs, ginger, green tea, and cinnamon, exerted a glyce-
mic index (GI) of 72, 79, and 63, respectively, when tested singly using healthy human 
volunteers of both genders. Synergism was depicted when all extracts were combined 
with a GI of 60 [33]. Therefore, the highest effect of lowering postprandial glucose in 
humans was portrayed when the herbs were used in combination showing the potential 
use of ginger, green tea, and cinnamon combinations in controlling blood sugar level.

In another study by Ali et al. [34], aqueous ginger extracts showed anti-hypergly-
cemia and anti-inflammatory activities when tested alone against type 2 diabetes in 
rats, in vivo [35]. When the same aqueous extracts were combined with probiotics of 
eight good bacteria, they portrayed synergism. The combination showed substantial 
improvement in oral glucose tolerance test, serum insulin, C-peptide, and lipid 
abnormalities than when the species extracts were used alone [35].

Extracts of three commonly used culinary natural spices, ginger, garlic (Allium 
sativum L.), and cayenne pepper (C. fructensces) have shown prophylactic and thera-
peutic activities against cardiovascular diseases, atherosclerosis, and antidiabetic 
diseases [26, 36]. Synergism was observed when the three spices were tested in combi-
nation (1:1:1:1) against hypercholesterolemic activity.

The various phytochemicals in extracts of the spices acting in a beneficial manner 
explain the observed anti-hypercholesterolemic activity that was higher in combina-
tion through synergism than when the three spices were tested singly [26]. The use of 
ginger combinations in blood sugar regulation in traditional medicine is, therefore, 
preferred to the synthetic antidiabetic drugs, which rely on one single active ingredi-
ent. These studies depict a possible use of ginger combinations in blood sugar balance.

2.6 Antidepressant activities of ginger combinations

Depression is mainly caused by an imbalance of neurotransmitters; serotonin, 
norepinephrine, and dopamine. Antidepressants are used to maintain a balance 



39

Pharmacological Properties of Ginger Combinations
DOI: http://dx.doi.org/10.5772/intechopen.107214

of neurotransmitters, especially serotonin. Honokiol and magnolol (HMM) from 
magnolia bark (Magnoliae officinalis Rehd. Et Wils), and ginger essential oils (GEO) 
and polysaccharides (PGR) from both plant species were combined and tested for 
antidepressant activities in mice by measuring serotonin and noradrenaline levels in 
the hippocampus, prefrontal cortex, and striatum [37]. Most combinations of the 
compounds from the two plant species showed synergism. The most effective anti-
depressant synergistic effects were observed when 39 mg/kg of OGR were combined 
with 15 mg/kg of HMM after two weeks of antidepressant treatment. This resulted 
in a significant increase in serotonin and noradrenaline in the prefrontal cortex [37]. 
These results are in agreement with similar synergistic antidepressant effects of OGR 
in combination with HMM as reported by Qiang et al. [38].

Anxiety and depression are increased by mercury II chloride (HgCl2) in mice 
[39]. In a study by Benkermiche et al. [40], ginger extracts combined with black 
cumin (Nigella sativa L.) oil showed prophylaxis synergistic effects on anxiety and 
depression behavior in Wistar rats that had been exposed to HgCl2 [34]. This could 
be attributed to the pure compounds like 6-gingerol, isolated from ginger, which 
has shown neuroprotective effects in rodents [41], and the antidepressant activities 
of thymoquinone, the active ingredient in N. sativa which act synergistically when 
combined [14]. With increased reports of anxiety, depression, and even suicide, these 
studies are crucial as they are suggestive of possible use of ginger combinations both 
as a prophylaxis and therapeutic against depression.

2.7 Pharmacological activities of ginger combinations for herbal tea formulations

In production of herbal teas, various parts of medicinal plants are used; roots, 
stems, leaves, barks, flowers, and seeds. Most of these herbal teas are usually used in 
combination, packed in bags, and sold for use in different countries [42]. The herbal 
tea formulations are preferred because use of medicinal plants in combination leads 
to presence of various bioactive phytochemicals in one package, which has shown to 
reverse and prevent various metabolic diseases [40]. Studies of tea and herbal infu-
sion combinations have shown increased pharmacological activities against various 
diseases [38]. Apart from the medicinal benefits, the use of these herbal tea formula-
tions is promoted because consumers believe that they are natural and safe without 
any side effects [43]. In addition, herbal formulations, especially with ginger, provide 
tea with the desired taste and aroma [4].

In a study by Yusuf et al. [44], herbal tea formulations of powdered dried leaves 
of mango tree (Mangifera indica L.), leaves of drumstick tree (Moringa oleifera Lam.), 
and ginger powder have shown to have potential nutritional and health benefits 
in prevention of various metabolic diseases. Presence of bioactive phytochemi-
cal compounds such as tannins, flavonoids, terpenoids, and cardiac glycosides in 
these formulations indicate that such a composite blend is a reservoir of various 
antioxidants acting together in a beneficial way through synergism when used in 
combination thereby promoting health due to the therapeutic and healing properties 
of the phytochemicals contained in these plants [45]. In addition to the medicinal 
properties of ginger when used as a herbal tea formulation in combination with leaves 
of mango and drumstick tree, the combination provides herbal teas with the desired 
and appealing sensory attributes such as color, aroma, flavor, texture, taste, mouth 
feel, and overall acceptability [40]. This makes the medicinal use of ginger herbal 
tea formulations when combined with other natural spices preferable than standard 
approved drugs.
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Ginger is used in coffee (Coffea arabica L.) herbal tea drinks. When used as an 
oxidant, ginger offers protection to the human body from various diseases that are 
attributed to reactions of radicals [7]. In this protection, ginger acts as a radical-scav-
enger, by inhibiting peroxidation and other free radical-mediated processes [13, 43]. 
When used alone, water extracts of ginger and coffee showed antiradical activities 
with EC50 values of 3.82 mg/mL and 1.78 mg/mL. Chlorogenic acid a pure compound 
isolated from ginger showed antiradical activity with an EC50 value of 36.76 μg/mL 
and caffeic acid isolated from coffee showed antiradical activity with an EC50 value of 
22.37 μg/mL [13]. When coffee and ginger were combined, synergism was observed 
by the antiradical scavengers from extracts of the two plant species. This explains 
the medicinal benefits of the use of ginger when used in combination with herbal tea 
formulations for prevention of diseases.

When the plant extracts are digested, which imitates the drinking of herbal 
teas, the synergism increased in vitro. The combination of the pure compounds, 
chlorogenic acid from ginger and caffeic acid from coffee, showed antagonism for 
antiradical activity [13]. Phenolic compounds in ginger and coffee that are used in 
herbal teas act as an anti-inflammation through inhibition of pro-oxidative enzymes 
such as lipoxygenase (LOX) mediated arachidonic acid metabolism [20]. Water 
extracts of ginger and coffee showed LOX-inhibition activities with EC50 values of 
3.83 mg/mL and 4.85 mg/mL, respectively. The combination of these extracts showed 
synergism as the Lox-inhibition activities of the pure compounds increased when 
digested in vitro [20]. Pure compounds, chlorogenic acid from ginger and caffeic acid 
from coffee, had a LOX-inhibition activity with EC50 values of 41.05 μg/mL and 22.86 
μg/mL, respectively. When these compounds were combined, they showed stronger 
synergism [13]. Therefore, the ability of ginger to scavenge free radicals and inhibit 
lipoxygenase (LOX) is increased when ginger is used in combination with coffee. 
Since tea is the second most popular drink, second to water [12], the use of ginger in 
tea is, therefore, highly recommended as it makes the drink medicinal while improv-
ing the taste and aroma of tea.

2.8 Other pharmacological activities of ginger combinations

Synergism was shown when ginger was combined with nifedipine (a drug used to 
treat high blood pressure) in hypersensitive and normal patients. A combination of 
1 g of ginger and 10 mg of nifedipine showed that a percentage inhibition of platelet 
induced by collagen, adenosine diphosphate (ADP), and epinephrine was 64.2%, 
63.8%, 61.1%, respectively [44]. Ginger potentiated the antiplatelet aggression activity 
of nifedipine. The inhibition of platelet aggression suggests the use of ginger and nife-
dipine combination against cardiovascular and cerebrovascular complications [44].

Cisplatin is an anticancer drug in which reactive oxygen molecules (ROM) are 
involved in nephrotoxicity. Combinations of ginger ethanol extract (250 mg/kg of 
body weight) with vitamin E (α-tocopherol) (250 mg/kg) showed synergism against 
cisplatin-induced renal failure in mice [46]. In this combination, the activities of 
renal antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), 
glutathione peroxidase (GPx), and glutathione (GSH) were increased while the 
level of malondialdehyde (MDA) was reduced [46]. The activity of the combination 
against cisplatin-induced acute renal failure is by increasing the antioxidant body’s 
defense system. Therefore, the ginger-cisplatin combination aids the body’s natural 
defense mechanism against renal failure. This study showed a potential use of ginger 
in combination with vitamin E against cisplatin-induced renal failure.
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A specific ginger and glucosamine combination (Zinaxin Glucosamine; 170 mg 
EV.EXT 35 mixture and 500 mg glucosamine, as glucosamine sulfate, per capsule) 
showed potential use for mucosa protection by increased synthesis of mucosa pros-
taglandins (E1, E2, F2α, and 6-keto PGF1α) in knee and hip of osteoarthritis patients 
[47]. The gastrointestinal pain and dyspepsia were greatly reduced when compared 
with diclofenac. The study showed that this combination is as effective as diclofenac 
but has a better potential use as it concurrently provides gastro-protection, pain 
relief, and efficacy in osteoarthritis patients [47]. These extra health benefits in the 
use of natural remedies in phytomedicine make herbal medication popular, unlike 
pharmaceutical drugs that have adverse side effects. These results are in agreement 
with another recent study by Rondanelli et al. [48] on the use of ginger to relieve pain 
in osteoarthritis patients [49].

A study by Mustafa et al. [50] has shown that a combination of ginger powder and 
zinc supplements has potential pharmacological use in human health. This combina-
tion showed activity against oxidative damage, inflammation, and autophagy induced 
by fructose in rats with metabolic syndrome (MS). The combination also showed 
potential use in controlling glucose and lipid metabolism and the zinc homeostasis 
in rats with MS. The ginger powder and zinc supplement combination was shown to 
downregulate the expression of NF-κB, SREBP-1c, and mTORC1c genes and upregu-
late the expression of Nrf-2 and PPAR-α in the liver of rats with MS [51].

In another study, nanoparticles NPS-PEG-FA loaded with the active ginger phy-
tochemical 6-shogaol, demonstrated activity by alleviating colitis symptoms and 
increased colitis wound healing using mice model [30]. These results are suggestive 
of the therapeutic use of this approach in treatment of inflammatory bowels. In a 
similar study, semisolid poly (vinyl alcohol) hydrogels of ginger essential oil (GEO) 
encapsulation with chitosan nanoparticles (CNPs) displayed activity in wound heal-
ing. Increasing the amount of GEO in the hydrogels leads to a decrease in percentage 
encapsulation efficiency and increased percentage loading capacity [52, 53].

These studies on combination of ginger with standard approved drugs and 
nanoparticles reveal potential use of the medicinal plant species combinations in 
prevention and treatment of diseases. The use of these natural herbs combinations is 
also likely to reduce the emergence of resistance to these diseases.

3. Conclusion

In battling against various diseases and emergence of drug resistance, the use of 
two drugs in combination that have different modes of action greatly reduces the 
likelihood of the emergence of a drug-resistant strain. The higher the synergy the less 
the amount of each drug is required because less than 50% of each constituent should 
be able to achieve 100% treatment rates when synergy is found in a given combina-
tion [54]. Therefore, doses of drugs will be lower and thereby leading to much better 
dosing regimens, high tolerability, and safety [19, 55].

Synergism is distinctive in phytotherapy with the use of ginger in traditional 
medicine being efficacious and safe with no side effects [17]. Therefore, as epidemio-
logical studies continue to report increased spread of various diseases and emergence 
of drug resistance, these factors argue for use of herbal-herbal combinations and 
herbal-drug combinations. In such combinations, numerous phytochemicals act in a 
useful manner and the activity is enhanced through synergism contrary to the use of 
synthetic pharmaceuticals that rely on one active ingredient [13]. This explains the 
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increased popularity of herbal medication, especially when used in combination as is 
the case with phytochemical activities of ginger combinations.

Most of the pharmacological activities of ginger combinations have shown 
synergism conferred by its phytochemical components. The highest synergism was 
observed when phytochemicals isolated from ginger, gingerol, and shogaol derivatives 
were combined and tested against prostate cancer cell lines with an IC50 value of 0.03. 
Such synergistic interactions are vital in phytomedicine in overcoming the challenges 
of isolating active ingredients in medicinal plants since whole or partially purified 
extracts show efficacy in low doses [13]. These studies depict that ginger potentiates 
standard drugs, pure compounds, or other plant extracts when used in combination. 
Therefore, in vivo studies of ginger combinations and the mode of action are highly 
recommended as most of the ginger combination studies did not report on these 
aspects.

© 2022 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. 
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Chapter 5

Golden Spice Turmeric and Its
Health Benefits
Latika Yadav and Upasana

Abstract

Turmeric is a traditional spice extracted from the rhizomes ofCurcuma longa, a ginger
family member (Zingiberaceae). Turmeric, also known as the “Golden Spice of India,”
has been utilized for pharmacological purposes in India for ages. It has been used as a
household remedy for biliary disorders, anorexia, cough, diabetic sores, hepatic disor-
ders, rheumatism, and sinusitis in traditional medicine. Turmeric and its compounds,
namely curcumin and essential oils, have a wide range of biological effects in addition to
their usage as a spice and pigment. Curcumin, Turmeric’s active ingredient, is being
studied by scientists for its antioxidant activity, anti-inflammatory properties, anti-
metabolic syndrome activities, neuroprotective activity, antimicrobial effects, anti-
arthritis effects, anti-asthma, anti-obesity, cardio and liver toxicity protection activity,
anti-depression and anxiety activities, anti-carcinogenic, anti-mutagenic, anticoagulant,
anti-fertility activity, anti-diabetic, anti-fibrotic, anti-venom, anti-ulcer, hypotensive and
hypocholesterolemic activities. As a result, turmeric and its compounds have the poten-
tial to be used inmodern medicine to cure a wide range of diseases. These metabolic roles
and actions of curcumin are depicted in this chapter for the benefit of human health.

Keywords: curcumin, turmeric, spice, antioxidant, health benefits

1. Introduction

The term “Turmeric” was derived from the Latin phrase “terra merita,” which
translates as “meritorious earth.” Turmeric has been utilized in folk medicine and
religious tradition for at least 6000 years and is also referred to as the “yellow root,”
the “golden spice,” and “Indian saffron.” It has 55 aliases in Sanskrit, each referring to
a different part of religion or medicine (Table 1) [1]. Turmeric, the grounded rhizome
of Curcuma longa, is a popular spice in curries and mustards. It frequently contributes
to their distinctive color and flavor due to oleoresins and essential oils. Turmeric
belongs to the ginger family (Zingiberaceae) illustrated in Figure 1 is frequently used
in traditional Chinese and Indian medicine to cure several ailments [2]. According to
the Agricultural Market Intelligent Centre (PJTSAU), global turmeric production is
approximately 11 lakh tonnes per year. India leads the global production scenario,
accounting for 80% of the total, with China accounting for 8%, Myanmar accounting
for 4%, Nigeria accounting for 3%, and Bangladesh accounting for 3%. India exported
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1.71 lakh tonnes of turmeric in 20–21, up from 1.37 lakh tonnes the previous year.
Bangladesh (49,522 tonnes), the UAE (12,182 tonnes), Iran (10,964 tonnes), the
United States (9,712 tonnes), and Morocco are the top turmeric importing countries
from India (8,522 tonnes). Turmeric sales have been steadily increasing since the
COVID-19 outbreak in 2020–2021 [3].

C. longa L. grown in hot and humid climates. It needs much water and grows up to
one-meter height. Turmeric plant leaves are enormous and oblong with short
pseudostem. It carries pale yellow flowers without fruits. The rhizome grown
underground contains a mother rhizome with many branching subordinate rhizomes.
They are ovate, oblong, or pyriform in shape and pale yellow, reddish-yellow, or
orange-brown [4–6] shown in Figure 2 and Table 1.

2. Phytoconstituents of turmeric

Turmeric has been found to have over 100 constituents. Turmeric’s primary root
component is a volatile oil containing turmerone and additional colorants called
curcuminoids. Turmeric’s principal phytoconstituents are diarylheptanoids, which
combine to form curcuminoids and account for approximately 16% of turmeric’s dry
weight [7]. The majority of crude turmeric extracts, as well as some refined

Countries Common Name

India हल्दी (haldi) in Hindi; हरिद्रा (haridrā) or वरवर्णिनी (varavarṇinī) in Sanskrit

Nepal हल्दी (haldi)and (be-sar)

Bangladesh Haldi, halud

Pakistan Haldi

Japan 欝金 (ukon), Tamerikku

China 姜黄 (jiang huang, literal: “Ginger Yellow”)

United States Indian saffron,turmeric

Germany Gelbwurz (literal: Yellow Root) or Kurkuma

Russia Koren, kurkumy, Kurkuma

Portugal Açafrão da Índia, Curcuma

Korea (강황)kang hwang

Thailand ขมิ้น (kamin), Khamin,khamin-chan

Malayasia Kunyit, temu kuniyit

Spain Curcuma, Azafran arabe

France Curcuma, Safran des Indes

Indonesia Koneng,kunir,kuniyit,tius

Arabia مكرك (kurkum)

Persia هبوچدرز (zardchubeh)

Source: https://www.newworldencyclopedia.org/entry/Turmeric.

Table 1.
Common names of C. longa in different countries.
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“curcumin” materials (Figure 3), contain three major compounds: curcumin I
(diferuloylmethane) at 94%, curcumin II (demethoxycurcumin) at 6%, and curcumin
III (bisdemethoxycurcumin) at 3%, in addition to volatile oils, sugars, proteins, and
resins [8]. Turmeric in its purest form comprises 5–6.6 percent curcumin, 0.5 percent
extraneous matter, 3% mold, and 3.5 percent volatile oils. Turmerone, arturmerone,
curcumene, germacrone, and ar-curcumene are examples of these compounds [9].
Volatile oils include d-α-phellandrene, d-sabinene, cinol, borneol, zingiberene, and
sesquiterpenes [10]. Turmerone, arturmerone, and zingiberene are the active ingre-
dients in turmeric that give it its flavor and aroma. Additionally, four novel poly-
saccharides, ukonans, stigmasterole, β-sitosterole, cholesterol, and 2-hydroxymethyl
anthraquinone, were discovered in the rhizomes in recent investigations [11, 12].

According to the Indian Food Composition Table (2017), Turmeric Powder
(Curcuma domestica) is a major source of macro and micronutrients. The Table 2
shows that it is rich in fibers, vitamins, and minerals. Turmeric is also a good source of
linoleic acid and α-linolenic acid [13].

According to several studies, curcumin is “generally recognised as safe” (GRAS) as
a food additive up to a dose of 20 mg per serving, according to the FDA [14]. Together
with turmeric’s long history and cultural use as a medicine, this classification has
contributed to its appeal as a dietary supplement marketed for a range of common
ailments. Curcumin supplement sales were estimated to have exceeded $20 million in
the United States in 2014, but an exact figure is difficult to verify [15]. The Dietary
Supplement Health and Education Act legislation constructing the validity of dietary
supplements in the United States (1994) and progressions in in-vitro testing almost
certainly played a significant role in a dramatic increase in the publication of
manuscripts describing the use of curcumin in biological studies in the late 1990s

Figure 1.
Venn diagram shows the taxonomical classification of Curcuma longa.

49

Golden Spice Turmeric and Its Health Benefits
DOI: http://dx.doi.org/10.5772/intechopen.103821



(Figure 4). Curcumin has been shown to have anti-inflammatory, anti-
cardiovascular, antibacterial, antifungal, antiviral, antidiabetic, skin protective,
radioprotective, wound healing, antigastrointesinal properties, antioxidant,
immunomodulating, anticarcinogenic, and Alzheimer’s [16].

3. Health benefits of curcumin

Turmeric’s key element, curcumin, has been demonstrated to have a various health
benefits.

Figure 2.
Pictures of Curcuma Longa plant (A), flower (B), turmeric rhizomes (C) and rhizome powder (D) of turmeric
(Curcuma longa L.). The images used in drawing the figure were extracted from the following links as described
below: (A) https://www.amazon.in/Creative-Farmer-Turmeric-Medicinal-Ayurvedic/dp/B08P5S58V1, (B)
https://ellegadodenewton.com/2020/06/10/es-la-curcuma-el-alimento-ayurveda-milagroso-el-caso-de-la-
actividad-biologica-de-la-curcuma/, (C) https://dimsaleglobal.com/product/fresh-tumeric/, and (D) https://
www.benessereblog.it/cose-il-latte-doro-e-come-si-prepara.
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Figure 3.
Structure of Curcumin I (Diferuloylmethane), Curcumin II (Demethoxy-curcumin) and Curcumin III
(Bisdemethoxy-curcumin). Source: https://www.tumbral.com/tag/desmethoxycurcumin.

Constituents Composition

Moisture 10.58 g/100 g

Protein 7.66 g/100 g

Ash 6.13 g/100 g

Total Fat 5.03 g/100 g

Total Dietary Fiber (Insoluble and Soluble) 21.38 (18.79 and 2.59)g/100 g

Carbohydrate 49.22 g/100 g

Energy 1174KJ

Thiamine B1 0.06 mg/100 g

Riboflavin B2 0.01 mg/100 g

Niacin B3 1.55 mg/100 g

Pantothenic acid B5 0.13 mg/100 g

Total B6 0.13 μg/100 g

Biotin B7 0.76 μg/100 g

Total folate B9 13.86 μg/100 g

Linoleic Acid 1563 mg/100 g

α-Linolenic acid 377 mg/100 g

Total Saturated Fatty Acid (TSFA) 1634 mg/100 g

Total Mono Unsaturated Fatty Acid (TMUFA) 448 mg/100 g

Total Poly Unsaturated Fatty Acid (TPUFA) 1940 mg/100 g
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Figure 4.
Health benefits of curcumin.

Constituents Composition

Lutein 99.8 μg/100 g

Zeaxanthin 3.56 μg/100 g

Beta Carotene 55.20 μg/100 g

Total Carotenoid 427 μg/100 g

Calcium 122 mg/100 g

Iron 46.08 mg/100 g

Copper 0.44 mg/100 g

Magnesium 260 mg/100 g

Sodium 24.41 mg/100 g

Potassium 2374 mg/100 g

Phosphorus 276 mg/100 g

Zinc 2.64 mg/100 g

Selenium 6.41 μg/100 g

Table 2.
Nutrient composition of turmeric powder (Curcuma domestica).
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3.1 Antioxidant activity

Curcumin has been shown to protect against oxidative damage during
indomethacin-induced gastric lesions by inhibiting gastric peroxidase inactivation and
directly scavenging H2O2 and OH. Since reactive oxygen species have been associated
with the development of various pathological illnesses, Turmeric’s potent antioxidant
activity enables it to regulate these diseases [17]. In vivo, curcumin reduces the
formation of reactive oxygen species. It was reported that by suppressing lipid perox-
idation and by scavenging a plethora of reactive oxygen species such as hydrogen
peroxide, Nitric oxide radicals, and superoxide radicals, curcumin enhances its anti-
oxidant functions. This latter action is related to the increased activity of numerous
antioxidant enzymes, including Superoxide dismutase, Catalase and Glutathione
peroxidase [18]. It was also reported that curcumin boosts GSH levels by increasing
the expression of glutathione transferase and its mRNAs, regarded as a chain-
terminating antioxidant due to its lipophilic properties and decreased reactive
oxygen species production by enzymes such as lipoxygenases, cyclooxygenases, and
xanthine oxidase [19].

3.2 Role in anti-inflammation

Inflammation is a vital activity in the body because it helps the body fight off
invading microorganisms and repair damage caused by bacteria, viruses, and traumas.
Numerous studies have demonstrated that curcumin has significant promise for
treating various inflammatory illnesses [20–22]. Curcumin is a potent anti-
inflammatory agent that inhibits both lipoxygenase and COX-2. Both in vitro and
in vivo investigations have established its anti-inflammatory properties in the acute
and chronic phases of inflammation. Curcumin reduced edema in mice at dosages
ranging from 50 to 200 mg/kg. A 48 mg/kg body weight dose resulted in a 50%
reduction in edema, making curcumin approximately as efficacious as cortisone and
phenylbutazone at comparable doses. A lower dose of 20–80 mg/kg reduced paw
inflammation and edema in rats. Curcumin also reduced formaldehyde-induced
arthritis in rats when administered at a 40 mg/kg dose and exhibited no acute toxicity
when administered at levels up to 2 g/kg/day [23].

3.3 Help in treating rheumatoid arthritis and osteoarthritis

RA is a chronic, progressive autoimmune disease characterized by severe and sym-
metric polyarthritis. Numerous studies have demonstrated that Curcumin possesses anti-
arthritic effects. Curcumin and rapamycin dramatically reduced ankle and joint redness
and swelling in rheumatoid arthritis rats. Curcumin blocked the mTOR pathway gener-
ated by CIA and the invasion of inflammatory cells into the synovium induced by RA.
Curcumin and rapamycin therapy decreased proinflammatory cytokine levels in CIA
rats, including IL-1, TNF-,MMP-1, andMMP-3 [24]. Additionally, it was discovered that
consuming turmeric extracts alone or in combination with other herbal substances can
help control pain and improve function in persons with knee osteoarthritis [25].

3.4 Prevent from cardiovascular disease

Dyslipidemia is a significant and prevalent risk factor for cardiovascular disease in
the general population. Turmeric may be helpful in preventing arterial blockage,
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which can result in either a heart attack or a stroke. Turmeric contributes to
maintaining normal cholesterol levels and inhibits LDL cholesterol oxidation (bad
cholesterol). Oxidized LDL deposits in artery walls and contributes to atherosclerotic
plaque development. Additionally, turmeric may inhibit platelet aggregation along
injured blood vessel walls. Platelets deposit together at the site of a ruptured blood
vessel, leading to the formation of blood clots and arterial obstruction [26]. Curcumin
has been shown to improve endothelial function and decrease monocyte adhesion
generated by TNFα in endothelial cells via NF-κB suppression [27]. Additionally, it
was shown that curcumin inhibits the production of the angiotensin II type 1 receptor,
hence reducing cardiovascular disorders. Curcumin inhibits the AT1R gene promoter’s
ability to bind to the specificity protein 1 [28]. Turmeric and curcumin were shown to
protect people at risk of cardiovascular disease by improving serum lipid levels [29].

3.5 Effect on gastrointestinal tract

Turmeric possesses several anti-inflammatory characteristics that are beneficial
to the digestive tract. The components of Curcuma longa, sodium curcuminate, and
p-tolymethylcarbinol have various positive effects on the digestive tract. Due to
curcumin’s increased bioavailability in the intestinal tract, gastrointestinal illnesses
such as inflammatory bowel disease, hepatic fibrosis, and gastrointestinal malignan-
cies have been among the most investigated ailments, demonstrating curcumin’s
potential therapeutic benefit [30]. Sodium curcuminate decreases intestinal spasm
and the release of p-tolymethylcarbinol while boosting the secretion of gastrin,
secretin, bicarbonate, and pancreatic enzymes. Curcumin was demonstrated to pro-
tect the mucosa of mice with artificially induced colitis from harm. Curcumin was able
to reduce inflammation in experimentally induced pancreatitis rats significantly.
Curcumin was also reported to inhibit the production of pro-inflammatory mediators
in other kinds of induced pancreatitis, such as cerulean or ethanol, as determined
by histology, pancreatic trypsin, serum amylase, and neutrophil infiltration [31].
Turmeric has also been demonstrated to prevent ulcer formation in rats exposed
to various gastrointestinal stimuli, including stress, alcohol, indomethacin, pyloric
ligation, and reserpine [32].

3.6 Antidiabetic properties

Turmeric has been shown in experimental studies to play a substantial effect on
diabetes. Turmeric rhizome powder is beneficial in Madhumeha (diabetes mellitus)
when combined with Amla juice and honey [33]. Turmeric’s active components,
curcuminoids, inhibit lipid peroxidation by promoting the activity of antioxidant
enzymes such as superoxide dismutase, catalase, and peroxidase. Curcumin and its
three derivatives (demethoxycurcumin, bisdemethoxycurcumin, and diacetyl
curcumin) are responsible for C. longa’s antioxidant capabilities [34]. It has been
shown that the ethanolic extract of turmeric, which contains curcuminoids and
sesquiterpenoids, is significantly more hypoglycemic than curcuminoids or
sesquiterpenoids alone. Turmeric has remarkable effects on postprandial plasma glu-
cose and insulin levels [35, 36]. Turmeric also helps prevent problems associated with
diabetes mellitus. Turmeric’s impact on blood sugar was demonstrated experimentally
on albino rats, and the polyol pathway discovered that both turmeric and curcumin
lowered blood sugar levels in alloxan-induced diabetes [37].
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3.7 Effect on skin

Due to its antioxidant properties, it has photoprotective properties. Unsaturated lipids
make up a sizable portion of the lipids on the skin’s surface. As a result, they are frequently
targeted by free radicals. The sun’s UV rays penetrate the epidermis, accelerating the
oxidative damage produced by free radicals. Prolonged exposure to these radiations may
damage the lipids, resulting in a loss of skin texture. Turmeric extract has been proven in
laboratory experiments to reduce inflammation and protect epidermal cells from the
damage caused by ultraviolet B radiation. Curcumin has been proven to protect against
chromosomal damage caused by gamma radiation in tiny dosages of turmeric [38].

3.8 Anti-cancer effect

Curcumin has been found to inhibit carcinogenesis via two distinct mechanisms:
angiogenesis and cancer cell proliferation. Additionally, it inhibits cancer cell metas-
tasis and promotes apoptosis in cancer cells [39]. Curcumin has been demonstrated to
inhibit angiogenic factor stimulators such as VEGF and primary fibroblast growth
factor. Indeed, curcumin has been shown to inhibit VEGF expression via NF-kB and
AP-1 regulation, inhibiting IL-8 expression [40]. Curcumin is also capable of inducing
apoptosis in cancer cells via a p53-dependent mechanism. p53 is a well-characterized
tumor suppressor protein that regulates cell proliferation, necrosis, and DNA damage
[41]. Curcumin has also been shown to reduce colon cancer by suppressing the
Wnt/b-catenin signaling pathways via miR-130a [42]. In cancer models, curcumin has
also been shown to inhibit and suppress the PI3K/Akt signaling pathway [43, 44].

3.9 Immunological activity

Curcumin demonstrates a broad range of biological activities that benefit human
health. Apart from these functions, curcumin’s primary property is immunological
activity, which is why it has been demonstrated to be effective against anti-immune
diseases. When the effect of curcumin on the immunological profiles of the blood was
explored, it was shown that white blood cells (WBCs) and especially lymphocytes
produced increased levels of immunoglobulins (IgG and IgM) [45]. Curcumin has
been shown to attenuate bradykinin-induced coughing [46, 47]. It inhibits chemokine
release and, therefore, may protect against acute lung injury [46, 48]. Patients with
severe respiratory sickness exhibit a hyper-immune response manifested by extensive
alveolar destruction, epithelial apoptosis, fibrin accumulation, and the creation of a
hyaline membrane. A low neutrophil to lymphocyte ratio is a poor prognostic predic-
tor for COVID-19 at the cellular and molecular level [49, 50].

3.10 Antimicrobial properties

The rhizome of C. longa has traditionally been employed as an antibacterial agent
[51]. Numerous studies have demonstrated curcumin’s antimicrobial activity, which
includes antibacterial, antiviral, and antifungal properties:

3.10.1 Antibacterial activity

Antibacterial activity against Staph. Epidermis ATCC 12228, Staph. aureus ATCC
25923, Klebsiella pneumoniae ATCC 10031, and E. coli ATCC 25922 were demonstrated
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using an aqueous extract of C. longa rhizome minimum inhibitory concentration
values of 4–16 g/L and minimum bactericidal concentration values of 16–32 g/L [52].
Likewise, it was demonstrated that adding 0.3 percent (w/v) aqueous curcumin
extract to cheese reduced Salmonella typhimurium, Pseudomonas aeruginosa, and E. coli
0157:H7 bacterial counts. Additionally, it reduced Staph. Aureus, Bacillus cereus, and
Listeria monocytogenes contamination following a 14-day cold storage period [53].
Turmeric oil was also efficient against B. subtilis, B. coagulans, B. cereus, Staph. aureus,
E. coli, and P. aeruginosa as a byproduct of curcumin synthesis [54].

3.10.2 Antiviral activity

Curcumin, a plant product, has been shown to exhibit a broad spectrum of antiviral
action against various viruses. Due to its rate-limiting action in the de novo synthesis of
guanine nucleotides, the inosine monophosphate dehydrogenase (IMPDH) enzyme has
been proposed as a therapeutic target for antiviral and anticancer agents. Among the 15
specific polyphenols, curcumin has been recommended as a powerful antiviral agent via
its inhibitory activity against IMPDH in either a non-competitive or competitive way
[55]. Additionally, curcumin dramatically suppressed the acetylation of the HIV Tat
protein by p300, which is related to the inhibition of HIV-1 replication. Curcumin is a
potent chemical for combinatorial HIV treatments because it targets the p300/CREB-
binding protein (CBP) acetyltransferase proteins [56].

3.10.3 Antifungal activity

Historically, extracts fromvarious natural resources,mainly plants, served as an effec-
tive armament for battling fungal infections and rotting. Curcumin inhibited the growth of
two phytophagous fungi, Fusarium solani andHelminthosporium oryzae. Turmeric oil was
highly effective against F. solani andH. oryzae, with an IC50 of 19.73 and 12.7 g/mL,
respectively [57].Turmericpowderwas applied at concentrations of0.8 and1.0g/L toplant
tissue culture and showeda substantial inhibitoryeffect against fungal contaminations [58].
Curcumin also inhibitedCryptococcus neoformans andCryptococcus dubliniensis, with amin-
imum inhibitory concentration (MIC) of 32mg/L [59]. Curcuminwas discovered to be a
highly effective fungicide against 14 Candida strains, including four ATCC strains and ten
clinical isolates, withMIC values ranging from 250 to 2000 g/mL [60].

4. Conclusions

Medicinal plants are a veritable goldmine of materials containing active com-
pounds. They play a crucial part in both traditional and novel medication develop-
ment. The importance of medicinal plants in human health, cultural values, and well-
being is recognized in many parts of the world. Nowadays, the demand for herbal
medications is approximately 80% of the population and increases as people become
more reliant on herbal remedies. A comprehensive review of the literature found that
C. longa, with its various pharmacological properties, is regarded as a comprehensive
global approach among herbal medicines. Curcumin is used as a culinary spice and
food color and an ingredient in various Ayurvedic and Chinese medical formulations.
Through the decades, science has established the broad range of beneficial impacts
curcumin has on human health. In India, the “golden spice” has been used for centu-
ries as a cooking ingredient, preservative, coloring agent for dye, traditional
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medicines, ceremonies, and religious purposes, as well as a home treatment. In India,
every household uses turmeric daily. This plant is regarded as a versatile medicinal
plant because it contains various chemical components. Thus, it is evident that in
order to battle diseases, extensive research is required to determine their therapeutic
utility.
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Chapter 6

The Therapeutic and 
Phytopharmacological Potential of 
Ginger (Zingiber officinale)
Madonna Ngwatshipane Mashabela and Wilfred Otang-Mbeng

Abstract

Ginger (Zingiber officinale), a Zingiberacae family member, is a popular spice all 
around the world. This perennial creeping plant has long leaves, vivid green flowers, 
and a strong tuberous rhizome. Throughout history, several cultures and civilizations 
have recognized the potential of ginger in the treatment and prevention of disease. 
Various research with ginger and its extract support the potential effect in a variety of 
applications. Ginger has been used medicinally for over 2000 years and is regarded as 
one of the most versatile medicinal herbs, with a wide range of biological properties. 
Since ancient times, ginger has been used to cure a variety of conditions including 
heart problems, menstrual disorders, food poisoning, osteoarthritis, epilepsy, nausea, 
inflammation, cough and cold, motion sickness, menstrual cramps, cancer, and many 
others. Apart from that, it has antibacterial and antioxidant properties. The presence 
of gingerol and paradol, as well as shogaols and other chemicals, is responsible for 
ginger’s medicinal properties. The medical benefits of ginger and current knowledge 
provide a solid platform for future research into how it can protect humans from a 
number of diseases.

Keywords: medicinal uses, gingerol, COVID-19, antioxidants, nausea

1. Introduction

Medicinal plants are the “backbone” of traditional medicine, which means 
people in the less developed countries utilize medicinal plants on a regular basis. 
These medicinal plants are thought to be a rich source of components for medication 
discovery and synthesis. Furthermore, these plants are important in the evolution of 
human cultures all around the world. Plants have formed the foundations of conven-
tional traditional medical systems for thousands of years. Plants will continue to pro-
vide us with new remedies. Some of the beneficial benefits attributed to plants have 
been proven to be false, and medical plant therapy is based on hundreds to thou-
sands of years of experimental research [1]. Many cultures around the world rely on 
traditional medicine since it is conveniently accessible from a local plant. According 
to a WHO (World Health Organization) estimate, the medicinal plant is used by 
over 3.5 billion people in underdeveloped nations for health care [2–4]. Traditional 
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medicine is still prescribed by African doctors, i.e. (70–80%). Traditional medicine 
is used to treat human and livestock ailments in almost every part of the world [5]. 
A lot of attention has been paid to various areas of ginger’s activities in reviews. For 
example, Grzanna et al. [6] focused on the use of ginger as an anti-inflammatory 
agent, whereas Shukla and Singh [7] focused on the cancer prevention properties of 
the crude drug. Chaiyakunapruk et al. [8] published a review on the effects of ginger 
as a post-operative anti-emetic drug. As a result, the goal of this chapter was to 
present an overview of the medicinal and phytopharmacological potential of ginger 
(Zingiber officinale).

2. Description of ginger

Z. officinale belongs to the Zingiberaceae plant family, which includes 1300 
species and 49 genera, with 80–90 Zingiber species. It is native to East and Southern 
Asia. Its common name, Zingiber, derives from the Greek word zingiberis from the 
Sanskrit word singabera, which means “spice.” The Latin word, Zingiber, means 
“horn-shaped,” and refers to the roots’ antler-like appearance. Ginger is a weedy 
perennial herbaceous plant that grows to a height of 2 meters and thrives in humid 
environment [9]. Some of the names given to ginger are Zenzero in Italian, Jeung 
or Sang Keong in Chinese, Aliah in Indonesia, Adrack in Urdu, Gember in Dutch, 
Jengibre in Spanish, Ingwar in German, and Gingembre in French [10]. Ginger was 
one of the first eastern spices introduced to Europe, and it is still in high demand 
today [10]. Zingiberaceae species typically have thickened rhizomes with secretory 
cells producing essential oil [11].

Ginger is traded in three basic forms - green (fresh), pickled or preserved and dry. 
Only dry ginger (whole, peeled, or sliced) is considered a spice; green or fresh ginger 
is primarily used as a vegetable, while pickled or preserved ginger is primarily used in 
the Chinese and Japanese culinary industries. In addition, ginger oil and oleoresins are 
also available for purchase. Despite the fact that ginger is grown in many countries, 
India and China are the top two exporters of dry ginger, followed by Nigeria, Sierra 
Leone, Australia, Fiji, Bangladesh, Jamaica, Nepal and Indonesia.

Figure 1. 
Structure of 8-gingerol, 6-gingerol, 6-shogaol and 10-gingerol [14].
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2.1 Ginger’s active ingredients

Ginger has over 60 constituents, all of which are considered active compounds 
[12]. Alantolucton, inulin and certain essential oils are key components found in 
this plant root [12]. The powdered rhizome is made up of 9% protein, 3–8% crude 
fiber, 3–6% fatty oil, 60–70% carbohydrates, 9–12% water, roughly 8% ash and 
2–3% volatile oil [13]. Gingerols, Ingenol, gingerdiols, zingerone, paradols, and 
shogaol are just a few of the therapeutic substances found in ginger. Gingerols 
are the most important of these chemicals because of their active pharmacologi-
cal characteristics. Gingerols and shogaol are chemically composed of 6-, 8- and 
10-structural analogs (Figure 1) [15].

3. Discussion

3.1 Therapeutic and Phytopharmacological potential of ginger

The most important therapeutic properties of Z. officinale (ginger) are given 
below:

3.1.1 Evidence of ginger’s anti-COVID-19 properties

SARS-CoV-2-related papain-like protease (PLpro) cleaves polyprotein a/b (PP 
a/b) at different sites yielding several proteins needing for viral survival and rep-
lication (Figure 2) [17]. SARS-CoV-2-related PLpro also interferes with type I IFN 
anti-virus response [17]. In order to successfully suppress virus multiplication and 
survival, anti-SARS-CoV-2 medications should target PLpro. [18]. According to the 
findings of a study conducted in Saudi Arabia, COVID-19 patients’ consumption of 
ginger increased from 36.2% prior to infection to 57.6% after infection. The propor-
tion of patients admitted to the hospital for COVID 19 treatment was also lower 
(28.0%) among ginger users than among nonusers (38.0%) [19]. A few examples 
of cured COVID-19 patients were recorded in a Bangladesh study, who drank home 
medicines using ginger in blends of various herbs with or without further treatments 
[20]. A few cases of COVID-19 were treated with home remedies including ginger in 
combination with other herbs improved disease symptoms, according to the findings 
of a Tunisian study [21]. In certain African countries, renowned treatments involving 
ginger in combinations with other herbs were also utilized to treat COVID-19 [22]. 
In compared to those treated with a normal protocol using hydroxy-chloroquine 
alone, the results of an Iranian clinical trial study show that combining outpatients 
with probable COVID-19, ginger and Echinacea alleviated some of their clinical 
symptoms (breath shortness, coughing, and muscular discomfort) [23]. Ginger 
may help patients with pulmonary problems such ARDS (Acute respiratory distress 
syndrome), fibrosis, lung and pneumonia, as well as sepsis, which are all indications 
seen in COVID-19. Overall, the evidence suggests that more high-quality controlled 
trials are needed to validate ginger’s benefit and safety in COVID-19 patients. In Iran, 
a clinical investigation is underway in which 84 COVID-19 patients were randomly 
assigned to two groups, each with 42 participants, including intervention and control 
groups [24]. The intervention group will receive standard treatment plus 1000 mg 
ginger three times daily for seven days, whereas the control group will receive normal 
treatment plus placebo tablets at the same dose and schedule for seven days [16].
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4. Medicinal uses and potential health benefits in traditional medicine

Ginger has direct antimicrobial properties and can thus be used to treat bacterial 
infections [25]. It is used as a stimulant in Traditional Chinese Medicine to treat colic 
and atonic dyspepsia [26–28]. Ginger is a Yang plant that might help to reduce Yin 
and nourish the body [29]. Ginger is described as spicy and hot in Traditional Chinese 
Medicine, and it is said to treat cold extremities and warm up the body, enhance a 
slow and erratic heartbeat, a pale appearance on skin, and strengthen the body after 
blood loss [30]. Ginger is used as a herbal treatment for a variety of cardiovascular 
conditions [31]. Other researchers emphasized that ginger is used to treat inflamma-
tion, nausea, headaches, arthritis, muscular discomfort, rheumatism, and colds in 
Ayurvedic, Chinese, Arabic, and African traditional remedies (Figure 3) [32, 33]. 
The rhizomes of ginger have recently been utilized in Traditional Medicine to treat 
a variety of cardiovascular disorders, including hypertension [34]. Ginger has been 
used as an anti-edema drug in Iranian Traditional Medicine as a therapy for a variety 
of diseases, such as athero-sclerosis, gastric ulcer, respiratory disorders, gastrointes-
tinal disorders, migraine, cholesterol; depression and nausea, other benefits of ginger 
include pain relief, anti-inflammatory, rheumatoid arthritis and antioxidant effects 
[35]. This is one of India’s most popular spices, and it has long been used in traditional 
oriental medicine to treat common colds, stomach problems, and rheumatism [36]. 
The primary components of ginger include 10-gingerol, 8-gingerol, 6-shogaol, and 

Figure 2. 
COVID-19 pathogenesis is influenced by SARS-CoV-2 and inflammation. SARS-CoV-2 infects tissues that express 
ACE2, causing necrosis, pyroptosis and apoptosis, as well as inflammation. Infected macrophages with SARS-
CoV-2 release a variety of cytokines and chemokines, causing tissue inflammation and a cytokine stormTLRs and 
inflammasomes can be activated by SARS-CoV-2, resulting in an increase in inflammatory responses and tissue 
damage. Ginger can enhance antiviral immune responses and have direct anti-SARS-CoV-2 effects, as well as 
interfere with inflammatory responses mediated by macrophages, TLRs, and inflammasomes. Abbreviations: ALI: 
Acute lung injury; ACE2: Angiotensin-converting enzyme 2; SARS-CoV-2: Severe acute respiratory syndrome 
coronavirus 2; ARDS: Acute respiratory distress syndrome; TLR: Toll-like receptor; IL: Interleukin [16].
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6-gingerol, all of which have been demonstrated to have significant antioxidant activ-
ity [37]. Ginger’s most prevalent bioactive ingredient, 6-gingerol, has a wide range of 
pharmacological actions, including antipyretic activities, antioxidant, anti-inflam-
matory and analgesic [38, 39]. After being digested and absorbed by the digestive 
system, shogaols can be partially changed to paradols by cooking or metabolized to 
paradols in the animals’ bodies [40]. Anti-inflammatory and antioxidant activities are 
known to exist in Shogaol and Gingerol in particular (Table 1) (Figure 1) [42].

5.  Medicinal uses and potential health benefits in modern medicine 
industry

As a powerful anti-oxidant, ginger extract can treat illnesses induced by oxidative 
stress. Extant anthocyanins and phenolic compounds, such as sugevals and gingerols, 
have been shown to have neuroprotective qualities, such as memory enhancement, 
analgesic effects, and learning induced by aging [43]. Ginger can be used in a vari-
ety of dishes, both sweet and savory, including drinks, puddings, apple pie, cakes, 
breads, sweets, and sauces, soups, savory puddings, grills, roasts, stews, and more 
[44]. Furthermore, heat had no influence on the active hypoglycaemic component 
of ginger, as a result, ginger consumption in both cooked and raw forms in a variety 
of cuisines could be an effective diabetes management strategy. Ginger contains 
anti nausea, antimicrobial, cardio tonic, antiemetic, antipyretic, anti-hypertensive, 

Figure 3. 
Traditional and modern pharmacological applications of ginger. In both traditional and modern medicine, ginger 
has been used to treat a variety of symptoms and disorders [32].

Phenols Volatile Sesquiterpenes Others

Shogoals and Gingerols Sesquiphellandrene, Bisapolene,
Zingiberene,
Zingiberol,
Curcurmene

Zingerone,
6-dehydrogingerdione,
Galanolactone,
Gingesulfonic acid,
Neral,
Geraniol,
Gingerglycolipids
Monoacyldigalactosylglycerols,

Table 1. 
Ginger’s active chemical components [41].



Ginger - Cultivation and Use

68

analgesic, anti ulcer, hypoglycaemic, anti-inflammatory, and anti-platelet aggregation 
effects in both experimental animals and human patients [41]. Antibacterial agents, 
gingerols, phenylbutenoids, diterpenoids, shogaols, diarylheptanoids, sesquiter-
penoids, and flavanoids, as well as phenylbutenoids, diarylheptanoids, flavonoids, 
and diterpenoids, were discovered in phytochemical examination of many species 
of ginger rhizomes [45, 46]. Because ginger leaves have more antioxidant activity 
than rhizomes and flowers, it has been proven in some studies that it has significant 
potential for development into functional foods and other health products [47]. An 
infusion of ginger rhizomes with brown sugar is used to cure common colds, accord-
ing to Semwal et al. [15], while scrambled eggs with powdered ginger is used as a 
home remedy in China to relieve coughing. Ginger is used in the United States to treat 
motion sickness and morning sickness during pregnancy, as well as leg cramps [15]. 
Maghbooli et al. [48] confirmed the effectiveness of ginger powder in the treatment 
of common migraine attacks and its antiepileptic drug-like properties. Ginger has 
been found in numerous trials to help prevent cancer and to treat nausea and vomit-
ing caused by pregnancy and chemotherapy [49–51].

Ginger has the ability to preserve DNA from harm caused by H2O2 and may be 
useful in improving sperm quality [52]. Ginger rhizome has long been used in Iran to 
improve male sexuality, control female menstrual cycles, and relieve painful periods 
[53]. Mahassni and Bukhari [54] revealed that the extract of ginger rhizome had 
varied effects on immune system cells and antibodies in smokers and non-smokers, 
despite the fact that both benefited from thyroid gland augmentation. Furthermore, 
ginger may help smokers with anemia, whereas it may help non-smokers have a 
higher humoral immunity or antibody response to infections. According to Atashak 
et al. [55], both ginger supplementation and progressive resistance training (PRT) 

Treats diarrhea
Relieves nausea
Prevents menstrual cramps
Prevents obesity
Treats cold and flu
Prevents infection
Improves cognition
Skin care
Aids in proper digestion
Reduces arthritis pain
Stomach ulcers
Detoxifies the body
Relives asthma
Relieves muscle pain
Liver protection
Prevents cancer
Controls diabetes
Boosts heart health
Increases sexual activity
Improves brain function
Removes excess gas
Regulates blood sugar Regulates blood sugar
Regulates blood sugar
Regulates blood sugar
Regulates blood sugar

Table 2. 
The most significant advantages of ginger.
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protect against oxidative stress after 10 weeks, therefore both therapies can help 
obese persons. Future trials focused on the efficacy of Z. officinale in treating various 
forms of pain, as well as treatment duration, dosing methodologies, safety, and cost 
efficiency, will be built on the foundation laid by Gagnier et al. [56]. Table 2 lists the 
most major health advantages of ginger [41].

5.1 Blood pressure-lowering effect

Ginger has been used for a long time to treat a variety of ailments, including 
hypertension. The crude extract of ginger induced a dose-dependent (0.3–3 mg/kg) 
fall in the arterial blood pressure of anesthetized rats and a cardio depressant activ-
ity in guinea pigs. The blood-pressure-lowering effect of ginger is mediated through 
blockade of voltage-dependent calcium channels [57]. Another study found that 
aqueous ginger extract reduces blood pressure by a dual inhibitory effect mediated 
by muscarinic receptor stimulation and Ca++ channel blocking, and this work pro-
vides a solid mechanistic basis for the use of ginger in hypertension and palpitations 
[57]. The effect of ginger tea on blood pressure of hypertensive individuals has been 
studied to determine and compare the mean arterial pressure, median number of 
hypertensive episodes of the respondents with and without intake of ginger tea. From 
the fifth to the eighth week, when the participants began drinking 10 g of ginger tea 
twice a day, their average mean arterial pressure dropped to 94.804 mmHg [58].

5.2 Other medicinal and toxicological properties

Muscular aches, indigestion, fever, hypertension, fever, rheumatism, pains, infec-
tious diseases, sore throats, cramps, colds, vomiting, constipation, motion sickness, 
gastrointestinal diseases, arthritis, sprains, helminthiasis and dementia are just a few 
of the ailments that ginger has been used to treat in Chinese, Ayurvedic, Tibb-Unani, 
Sri Lankan, Arabic, and African traditional medicines. Ginger has been tradition-
ally used from time immemorial for varied human ailments in different parts of the 
world, to aid digestion and treat stomach upset, diarrhea, nausea, and migraine. In 
a double-blind, randomized research involving 60 ladies who have undergone major 
gynecological surgery the group that got ginger root had much less reported instances 
of nausea and was comparable to the placebo group [59]. In a study of 100 persons 
with common migraine headaches, Maghbooli et al. [48], compared the efficiency 
of ginger (250 mg of ginger rhizome powder) to sumatriptan (50 mg, a synthetic 
migraine headache medication) (no aura). Both medicines resulted in a 44% reduc-
tion in pain 2 hours after treatment, though it is unclear how much of this was due to 
natural history and/or a placebo effect. Both medicines resulted in a 44% reduction in 
pain 2 hours after treatment, though it is unclear how much of this was due to natural 
history and/or a placebo effect.

6. Ginger’s memory-boosting properties

As the population ages, aging-induced cognitive impairment is recognized as a 
prodromal stage of dementia that affects the quality of life of older people [60, 61]. 
Then, in order to slow the course of dementia, researchers may need to look into 
interventions that improve memory function. Ginger improved memory function 
in aging-related disorders, according to a clinical trial by Saenghong et al. [62]. They 
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tested middle-aged women’s working memory and cognitive function after giving 
them ginger extract orally, and found that the ginger treatment increased scores in 
word recognition, digit vigilance, choice reaction, arithmetic working memory, and 
spatial working memory significantly. Ginger treatment improved memory in normal 
mice via increasing hippocampus levels of nerve growth factor (NGF), which acti-
vates extracellular signal–regulated kinases (ERK) and then cAMP response element–
binding protein (CREB), resulting in increased synaptogenesis [63–65]. In these 
investigations, ginger was found to help with cognitive decline in the early stages of 
dementia in the elderly.

6.1 Effects of ginger and its compounds on stroke

Stroke incidence rates and bad outcomes both rise with age, indicating that more 
than 80% of strokes occur in those over the age of 65 [66]. After a stroke, brain dam-
age is more severe in the elderly, and endogenous synthesis of antioxidant enzymes 
and neurotropic factors is lacking [67]. The loss of ovarian hormones with age, as well 
as the functional decline of brain supporting cells including astrocytes and endothe-
lial cells, contribute to the severity of stroke outcomes in the aging brain [68]. Two 
separate studies looked into the pharmacological potential of ginger and found that 
it can help with memory loss and brain infarction caused by middle cerebral artery 
occlusion (MCAO) [29, 69].

6.2 Ginger’s anti-epileptic properties

Ginger has been shown to have extraordinary effects on epilepsy patients who 
suffer from recurring seizures. When compared to younger individuals, epilepsy in 
the elderly has fewer pre-symptoms and a longer duration of postictal disorientation 
[70–72]. This effect could be linked to the substantial changes in brain anatomy that 
occur as a result of ventricular expansion speeding up as people get older [73]. Ginger 
extract was effective for reducing the duration and incidence of seizures induced by 
pentylenetetrazole (PTZ), which is a well-known inducer of epilepsy-like symptoms 
in an age-dependent manner [74, 75]. Another study conducted lately in mice found 
comparable benefits after treatment with ginger extract [76]. Ginger therapy signifi-
cantly reduced myoclonic and clonic seizures, as well as forelimb tonic extension, in 
both investigations. These effects of ginger could be attributed to 6-gingerol’s inhibi-
tory effects on the synthesis of nitric oxide (NO), which activates the soluble guanylyl 
cyclase, which controls the seizure threshold [77].

7. Conclusion

Ginger is a popular condiment, cooking spice, and herbal remedy around the 
world, as well as a flavoring agent. Ginger contains over 60 active ingredients, 
which are classified as non-volatile or volatile. Hydrocarbons mostly monoterpe-
noid hydrocarbons and sesquiterpene include the volatile component of ginger 
and impart distinct aroma and taste to ginger. Paradols, gingerols, zingerone and 
shogaols, are examples of non-volatile chemicals. Ginger’s active components, such 
as gingerols, shogaols, zingerone, and others, have antioxidant properties. 6-gingerol 
and 6-shogaol are the most pungent gingerols and shogaols found in the rhizome. 
The main ingredient in ginger, gingerol, has been extracted and tested for toxic and 
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pharmacological effects. Cold-induced disease, colic, dyspepsia, loss of appetite, 
swellings, heart palpitation, nausea, asthma, cough and rheumatism have all been 
treated with fresh ginger. Anti-inflammatory qualities, anti-thrombotic properties, 
cholesterol-lowering characteristics, blood pressure-lowering properties, anti-micro-
bial properties, anti-oxidant properties, anti-tumor properties, and hypoglycaemic 
activities are all medicinal properties linked with ginger. Ginger can help with cancer, 
obesity, heart disease, osteoarthritis, hypertension, bacterial infections and diabetes 
among other things. Ginger is a herbal, readily available, low-cost treatment with a 
low risk profile that can be used in place of chemical, rare, and expensive pharmaceu-
ticals. Ginger can alter critical fundamental processes involved in COVID-19 forma-
tion because of its antiviral, anti-inflammatory, immunomodulatory, and antioxidant 
properties. This study summarizes current understanding about the possibility of gin-
ger and its components for the treatment of COVID-19. Ginger appears to have some 
promising health advantages, according to other scientific literature, and further 
data from additional clinical research will help confirm whether ginger’s many health 
benefits can be realized in humans. Herbal remedies and other nutraceuticals are 
increasingly and extensively used by a substantial part of the population. To sum up, 
treatment with natural herbal medicine especially ginger, non-synthetic drug, is rec-
ommended. However, the majority of these pharmacological benefits of ginger must 
be confirmed in clinical research before the pharmacological usefulness of ginger and 
its ingredients may be endorsed.

© 2022 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 
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Chapter 7

Germicidal and Antineoplastic 
Activities of Curcumin  
and Curcumin-Derived 
Nanoparticles
Lilian Makgoo and Zukile Mbita

Abstract

Curcumin is a major constituent of turmeric and has been shown to have a plethora 
of health benefits, which include, among many, antimicrobial, anticancer, and reduction 
of cholesterol. However, it has also been reported that curcumin has less bioaccumulation 
and is quickly metabolized and cleared from the body. Nanoparticle formulations are 
known to increase curcumin biocompatibility and targeting. Additionally, the antimi-
crobial activity of curcumin has been extensively studied and the mechanism of action 
provides clues for the development of new drugs for drug-resistant microbes. Thus, this 
chapter will review the biomedical application of curcumin and its nanoformulations 
against different microbes and other diseases, including cancer.

Keywords: curcumin, nanoparticles, nanomedicine, antimicrobial, antineoplastic

1. Introduction

Curcumin is the major polyphenol component extracted from the rhizomes of 
Curcuma longa (C. longa) [1]. Curcuma longa (Figure 1) is a perennial herb of the 
Zingiberaceae family, which is commonly known as turmeric. The rhizome of  
C. longa is rectangular, egg-shaped, pyriform, and has a short branching pattern 
[1]. Across the globe, this tropical and subtropical plant is widely cultivated in Asia, 
mostly in India and China [2]. This plant is also cultivated in other regions, including 
Brazil [3], Nepal [4], Indonesia [5], Jamaica [6], and Pakistan [7, 8]. It was the Polish 
scientists who first proposed the curcumin structure in 1910 [9]. Curcumin is also 
known as diferuloylmethane and its IUPAC name is (1E,6E)-1,7-bis(4-hydroxy-3-
methoxyphenyl)-1,6-heptadiene-3,5-dione, with a chemical formula of C21H20O6 and, 
has a molecular weight of 368.38 [10]. Ever since the first isolation of curcumin by 
two Harvard college scientists, Vogel and Pelletier in 1815 [11], the interest in cur-
cumin and its derivatives have grown steadily and many studies have discovered their 
biofunctional properties such as anti-inflammatory, antibacterial, anti-tumor and 
antioxidant activities [12, 13]. Despite being naturally derived, curcumin’s derivatives 
(Table 1) are produced by a chemical reaction of aryl-aldehydes with acetylacetone, 



Ginger - Cultivation and Use

80

as a result of this assembly method, multiple chemical analogs can be obtained, for 
example, compounds in which the middle carbon of the linker (C7) is substituted 
with an alkyl group [23–25]. A structural modification of curcumin produces com-
pounds with multiple biological activities, such as those useful in the treatment of 
diabetes, cardiovascular and neurodegenerative diseases [26].

Food and Drug Administration (FDA) has confirmed curcumin to be safe 
[27]. Several studies have found that curcumin and its derivatives may have anti-
inflammatory, antibacterial, antidiabetic, antioxidant, and anticancer benefits 
(Table 1). To possess an anti-inflammatory effect, curcumin blocks the activation 
of transcription factors, for example, nuclear factor κB (NF-kB), which regulates 
the expression of pro-inflammatory gene products [28, 29]. The literature on the 
antibacterial effects of curcumin shows that it damages the cell membranes [30], 
induces the expression of apoptotic inducers including reactive oxygen species (ROS) 
[31], and disrupt prokaryotic cell division by inhibiting FtsZ assembly [32]. To relieve 
diabetic complications, curcumin has been shown to reduce triglycerides levels and 
inflammation indicators [33]. During inflammation, cyclooxygenase (COX-2) and 
other pro-inflammatory indicators such NF-κB are produced in greater quantities, 
these inflammation indicators cause the initiation and development of cancer, thus 
they are reduced by curcumin [33–35]. Curcumin also prevented the development 
and progression of cancer by acting as a strong antioxidant agent by regulating the 
production of ROS, which influence the tumor microenvironment [36]. Additionally, 
curcumin exerts its anticancer activity by targeting NF-kB, which regulates the 
expression of proteins such as interleukin (IL)-1, implicated in multiple cell signaling 

Figure 1. 
A & B: Curcuma longa plant (https://www.istockphoto.com) and the structure of curcumin.
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Curcumin and 
derivatives/analogues

Structure Activity Reference/s

(1E,6E)-1,7-
bis(4-hydroxy-3-
methoxyphenyl)-1,6-
heptadiene-3,5-dione 
(curcumin)

Anti-inflammatory, 
Antibacterial, 
Antidiabetic, 
Anticancer, 
Antioxidant

[14–17]

(1E, 6Z) 
1,7-bis(13-chloro-9-
ethylcoumarin-8-yl)-
5-hydroxy3-oxohepta-
1,4,6-triene (CA2):

Antibacterial 
activity

[18]

1,7-Bis(3,4,5- 
trimethoxy 
phenyl)-1,6-
heptadiene-3,5-dione 
(L1)

Antifungal activity [19]

1,7-di(9-anthracenyl)-
1,6-heptadiene-3,5-
dione (L2)

Antifungal activity [19]

1,5-diphenylpenta-1,4-
dien-3-one (3a)

Anti-trichomoniasis 
activity

[20]

1,5-bis(2-
chlorophenyl)penta-
1,4-dien-3-one (3e)

Anti-trichomoniasis 
activity

[20]

2,6-bis(2-
chlorobenzylidene)
cyclohexanone (5e)

Anti-trichomoniasis 
activity

[20]

5-bis(4-hydroxy3-
methoxybenzylidene)-
N-methyl-4- 
piperidine (PAC)

Anti-breast cancer [21]

1,7-bis-(4-hydroxy-3-
methoxyphenyl)-1,6-
heptadien-3,5- diene 
(EAC)

Anti-breast cancer [21]

Sodium 
4-[5-(4-hydroxy-3-
methoxyphenyl)-3-
oxo-penta-1,4-dienyl]-
2-methoxy-phenolate 
(DM1)

Anti-inflammatory 
effect

[22]

Table 1. 
Structures and activities of curcumin and curcumin derivatives/analogs.
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pathways linked to cancer progression and inflammation [25, 37]. Despite its thera-
peutic potential, curcumin’s poor aqueous solubility and low bioavailability remain 
a challenge [13, 38, 39]. Below we will compare literature on the antibacterial and 
anticancer activities of curcumin, incorporating nanoformulation as an area that can 
be explored to fix the therapeutic challenges associated with curcumin.

2. Antibacterial activities of curcumin

The majority of bacteria are not harmful to humans, and some strains even assist 
in the digestion of food or compete against opportunistic pathogens, but infection by 
bacteria is one of the most common ailments among humans [40]. Many diseases are 
connected to bacterial infections, such as inflammatory bowel diseases [41], obesity 
[42], diabetes [43], liver diseases [44], heart diseases [45], cancers [46], HIV-AIDS 
[47], and autism [48]. Infections caused by bacteria are largely treated with antibiot-
ics, but the struggle to defeat bacteria continues because bacteria are evolving and 
manifesting new resistance mechanisms [49]. Curcumin has shown the potential 
to solve drug resistance issues by inducing antibacterial effect through membrane 
disruption [30], inducing increased expression of ROS which can promote apoptosis-
like response in bacteria [31, 50], and interrupting cell division [32].

Bacteria Mechanism Reference/s

Gram-negative bacteria

Escherichia coli Inhibit the biofilm formation [57]

Helicobacter pylori Growth inhibition
Reduce cagA translocation

[58]

Neiserria gonorrhoeae Reduce cell adherence through the inhibition of 
NF-kB signaling

[59]

Salmonella sp. Reduce motility of Salmonella by shortening the 
length of the flagellar

[60]

Staphylococcus aureus Inhibit cytokinesis, bacterial proliferation, and 
cause cell wall damage

[30, 32, 56]

Mycobacterium tuberculosis Accelerate Mycobacterium tuberculosis clearance by 
promoting antitubercular immunity a

[61]

Gram-positive bacteria

Bacillus subtilis Induce membrane permeability
Inhibit bacterial cytokinesis

[62, 63]

Bifidobacterium longum BB536 Inhibit cell growth [64]

Bifidobacterium pseudocatenulatum 
G4

Inhibit cell growth [64]

Eenterococcus faecalis Reduce bacterial growth [65]

Lactobacillus casei shirota Reduce bacterial growth [64]

Lactobacillus acidophilus Stall bacterial growth [66]

Sarcina lutea Phototoxic effect [67]

Staphylococcus intermedius Phototoxic effect [67]

Table 2. 
Mechanisms of curcumin on gram-negative and gram-positive bacteria.
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Researchers are documenting more evidence about the antibacterial activities of 
curcumin against a wide range of bacteria [30, 51, 52]. Curcumin has been demon-
strated to be potent against both gram-positive and gram-negative bacteria [30, 53]. 
An example of a gram-positive bacteria, Staphylococcus aureus (S. aureus), has been 
demonstrated to be vulnerable to curcumin-mediated inhibition. Staphylococcus 
aureus is a human pathogen that can cause a variety of diseases including infective 
endocarditis, a feared disease that affect young to middle-aged adults with heart 
disease [54, 55].

The antibacterial activity of curcumin against S. aureus has been thoroughly 
reviewed by Teow et al. [56]. The S. aureus bacteria have developed several mecha-
nisms for evading the human immune system and to resist antibiotic treatment. To 
salvage S. aureus drug resistance, it has been shown that curcumin binds to FtsZ 
proteins, inhibiting protofilaments assembly, which then inhibits the formation of 
Z-rings, eliciting the suppression of cytokinesis and bacterial proliferation [32]. 
Furthermore, the binding of curcumin to peptidoglycans on S. aureus cell walls, 
could cause damage to the cell wall and membrane, hence triggering cell lysis 
[30, 56]. Mechanisms of curcumin on gram-negative bacteria and gram-positive 
bacteria are summarized in Table 2. In addition to showing its effectiveness as a 
standalone antibacterial agent, curcumin has also shown marked antibacterial 
activity when combined with various antibiotics at subinhibitory doses (12.5 and 
25 μg/mL) [68, 69]. The collective antibacterial activity of curcumin with anti-
biotics against methicillin-sensitive S. aureus (MSSA) and methicillin-resistant 
S. aureus (MRSA) is well demonstrated by many researchers [68–71]. In tests of 
Helicobacter pylori infection that were done in-vivo, mice infected with this bacteria 
were eradicated by curcumin [72]. In order for curcumin to exert its bactericidal 
effects, it appears to cause cell membrane damage [30], thus inhibiting bacterial 
cell division through the improper assembly of the bacterial protofilament, which 
provides the framework for bacterial cell division apparatus [62, 73].

3. Anticancer activities of curcumin

There were 19.3 million new cancer cases and 10.0 million cancer-related deaths 
reported in 2020, worldwide [74]. Considering the increasing cancer statistics and 
the cost of cancer treatments, finding effective and economically viable methods for 
patients in low- and middle-income countries is crucial. Cancer-related studies showed 
that curcumin-induced apoptosis and inhibited proliferation in cancer cells through 
the activation of the mitochondria-mediated pathway [75], ROS generation [76], and 
the activation of caspase-3 [77]. Other study suggested that curcumin compounds can 
prevent either the formation or spread of tumor by inducing apoptosis and inhibiting 
cell proliferation through antiangiogenic effects [78]. Inhibition of tumor invasion by 
curcumin is mediated by reducing the modification of the matrix metalloproteases 
(MMPs), the cell surface proteins NF-κβ, TNF-α, cyclooxygenase-2 (COX-2), chemo-
kines, and growth factors (HER-2, EGFR) [79, 80]. In some tumors, curcumin inhibited 
angiogenesis by suppressing angiogenic cytokines such as IL-6, IL-23, and IL-1β [81].

Cancer and inflammation have a strong relationship, so the anti-inflammatory 
effects of curcumin would likely result in antitumor effects. According to Pulido-
Moran et al. [81], curcumin prevented the development of several types of cancer by 
reducing the production of mediators of inflammation, such as COX-2 and lipoxygen-
ase 2. The antitumor effect of curcumin has been shown in breast cancer [82], lung 
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cancer [83], leukemia [84], gastric cancer [85], colorectal cancer [86], esophageal 
cancer [87] and prostate cancer [88]. Curcumin has been shown to regulate key 
processes involved in cancer development and progression (Figure 2).

3.1 Induction of apoptosis

As a form of cell death, apoptosis is a highly regulated physiological process, which 
removes not only damaged, mutated, aged, and unrepairable cells, but also preserves 
the integrity and health of the entire organism. Apoptosis imbalances, either exces-
sive or insufficient, may contribute to a variety of diseases including cancer [89, 90]. 
As a cancer cell growth inhibitor, curcumin modulates multiple cellular signaling 
pathways such as those that induce apoptosis in several cancers including breast [91], 
malignant pleural mesothelioma [92], gastric cancer [93], acute lymphoblastic leuke-
mia [94], lung cancer [95], pancreatic cancer [96] and gallbladder carcinoma [97].

Curcumin potentiate apoptosis in cancer due to its ability to induce increased acti-
vation of Bax [92], cleavage of poly (ADP-ribose) polymerase (PARP) [92], blocking 
the PI3K-Akt–mTOR signaling pathway [98, 99], dephosphorylation of Bad [95] and 
the downregulation of Bcl-2 proteins [96].

Figure 2. 
Cancer processes regulated by curcumin.
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3.2 Modulation of cell survival pathways

A number of signaling pathways have been shown to drive unregulated self-
renewal and differentiation in cells leading to cancer [100–102]. The antitumor 
activities of curcumin have been studied extensively; a growing body of evidence 
indicates that curcumin is involved in the inhibition of growth/proliferation pathways 
and activation of cell death pathways [103–107]. The fact that curcumin acts through 
multiple signaling pathways makes it unlikely to develop resistance.

Curcumin regulates multiple cell survival signaling pathways including Wnt/β-
catenin pathway [104], NF-κB signaling pathway [105], PI3K/Akt signaling pathway 
[106], and JAK-STAT3 pathway [107], which regulate different sets of target genes that 
are involved in cell proliferation, cell survival, and differentiation. The regulation of these 
cell survival pathways by curcumin has been demonstrated in breast cancer [99, 105], 
colon cancer [104], bladder cancer [106], lung cancer [108], and liver cancer [109].

3.3 Inhibition of metastasis

Relapse of cancer patients is commonly attributed to cancer invasion and migra-
tion, and researchers have been focusing their attention on invasion as an important 
step in metastasis [110]. Curcumin has shown promising potential for the treatment 
of cancer by inhibiting metastasis, previous studies have shown that curcumin 
reduces cancer metastasis by suppressing NF-kB and matrix metalloproteinases 
(MMPs) expression in cancer animal models [111, 112]. Tumor metastasis is pro-
moted by NF-kB through modulation of cell adhesion molecules including selectins, 
integrins, and their ligands, NF-kB also induces epithelial-mesenchymal transition, 
which aids distant metastasis [113]. MMPs also show similar mechanisms by degrad-
ing extracellular matrix components resulting in tumor cell migration [114].

Research on the anti-metastasis effect of curcumin continues to pile up, and 
Sreenivasan et al. [115] showed that curcumin inhibited the metastasis of nasopha-
ryngeal carcinomas (NPCs) by inhibiting miR-125a-5p as a consequence, increas-
ing p53 expression. In prostate cancer, the anti-metastasis effect of curcumin was 
achieved by decreasing miR-21 and increasing phosphatase and tensin homolog 
(PTEN) [116]. A recent study of the anti-metastasis effect of curcumin is shown in 
gastrointestinal cancers, according to this study, curcumin inhibited cell invasion in 
these cells [117], these results suggest that curcumin inhibits metastasis in cancer by 
targeting multiple anticancer pathways.

Despite the advantages of curcumin in treating different diseases, the insolubility 
of curcumin contributes to its poor oral bioavailability and low chemical stability, 
which limits its application [13, 38, 39]. Moreover, the cellular uptake of curcumin is 
low, as a result of its hydrophobicity, curcumin penetrates into the cell membrane and 
binds to the fatty acyl chains of membrane lipids through hydrogen bonds and hydro-
phobic interactions, resulting in low curcumin levels inside the cytoplasm [56, 118]. 
These curcumin challenges are resolved by the use of nanoformulations.

4. Curcumin-loaded nanoparticles

Nanoparticles (NPs) have improved the main drawbacks associated with the 
use of curcumin in biomedical applications, these shortcomings include its rapid 
metabolism, low solubility, and poor bioavailability, which are considered major 
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obstacles for the treatment of cancer [119], wound healing [120], Alzheimer’s disease 
[121], epilepsy [122] ischemia [123], and inflammatory diseases [124]. The delivery 
of therapeutic concentrations of curcumin using nanoparticles is emerging as one of 
the most useful alternatives to treat different diseases including cancer and microbial 
infections (Figure 3). Table 3 summarizes the therapeutic potential of curcumin-
loaded nanoparticles on different diseases.

4.1 Curcumin-loaded nanoparticles and their antibacterial activities

According to a study by Tyagi et al. [30], curcumin has greater effectiveness in 
controlling both gram-positive and gram-negative bacteria. Despite curcumin having 
potential antibacterial properties, its low solubility, low stability, and low bioavail-
ability remain a debate [142]. Curcumin nanoparticles exhibit better biological activ-
ity, solubility, and stability than all other forms of curcumin [143]. When evaluated, it 
was found that the curcumin particles are smaller, which enhanced their toxicity and 
sensitization in bacterial cells, compared to curcumin alone [144].

Furthermore, an evaluation of curcumin nanoparticle’s effectiveness in inhibit-
ing bacteria like Shigella dysenteriae, Staphylococcus aureus, Escherichia coli, and 
Streptococcus pneumonia was observed to be greater than amoxicillin, a commercial 

Figure 3. 
Curcumin-loaded nanoparticles induce cell death in both cancer and bacterial cells.
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antibiotic [52]. In order to manifest antibacterial properties, curcumin-loaded 
nanoparticles attach to the cell wall of the bacterial cell, break it, and penetrate inside 
the cell, disrupting the structure of cellular organelles [143]. Since curcumin-loaded 
nanoparticles are effective on the broad spectrum of microorganisms and human 
cancer cell lines, therefore targeting curcumin-loaded nanoparticles for therapeutic 
purpose is a promising strategy.

4.2 Curcumin-loaded nanoparticles and their anticancer activities

Over the years, different nanoformulations have been investigated in order to 
enhance the delivery of curcumin to tumor sites [128, 145, 146]. Different nanopar-
ticle-based approaches have been explored, such as solid-lipid microparticles based 
on bovine serum albumin [147, 148], encapsulation in liposomes [149], and chitosan 
[150]. These nanoparticles are tailored in a precise dimension for the purpose of 
increasing absorption and permeation, which then result in more bio-distribution 
and longer circulation in the body [151]. Nanoformulations are used primarily for 
enhancing the solubility of curcumin in water [152]. To enhance solubility, curcumin 
is prepared using pH-driven loading method, in this method, hydrophobic phyto-
chemicals such as curcumin are deprotonated and dissolved under alkaline conditions 
to overcome solubility challenges [152, 153].

Preferably, curcumin nanoformulation would exhibit increased anticancer 
activity over free curcumin, while remaining nontoxic to normal cells. Chabib et 
al. [154] compared the anticancer activity of pure curcumin with curcumin-loaded 
nanoparticles, and found that curcumin-loaded nanoparticles were more effective 
than curcumin on its own against breast cancer cells T47D. A study by Bisht et al. 
[155] had previously demonstrated that pancreatic cancer can be effectively treated 
with polymer-based curcumin-loaded nanoparticles, which induced apoptosis 

Nanoparticle Disease Outcome Reference/s

Gold Prostate cancer
Colorectal cancer
Renal cancer

Improved solubility
Augmented antioxidant and anticancer 
effects

[125–127]

Magnetic Inflammatory cells
Breast cancer

Higher drug encapsulation
Higher stability, and loading efficiency
Anticancer effects
Active protection against inflammatory 
agents

[128–131]

Silver Bacterial infections
Wound healing

Antibacterial activity [132, 133]

Chitosan Malaria
Diabetic wound healing

Antimalarial activity
Better bioavailability

[134, 135]

Solid lipid Inflammation
Breast cancer
Cerebral ischemia

Increased solubility
Anti-inflammatory
Antitumor

[136–139]

Nanogel Breast cancer
Skin cancer

Induced cytotoxicity and apoptosis [140, 141]

Table 3. 
Summary of the activities of curcumin-loaded nanoparticles for the treatment of different diseases.
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and obstructed the activation of NFκB in BxPC3 pancreatic cancer cells. Recently, 
the use of curcumin-loaded nanoparticles in combination with anticancer drugs 
have been shown to enhance their chemotherapeutic effect in ovarian carcinoma 
by inhibiting proliferation via modulation of JAK/STAT3 and PI3K/Akt signaling 
pathways [156].

Curcumin-loaded nanoparticles showed increased anticancer effect in lung cancer 
[157], prostate cancer [158], breast cancer [154], colon cancer [159], brain cancer [160] 
and oral cancer [161]. Additionally, curcumin-loaded nanoparticles have been shown 
to interact with plasma proteins, providing a new platform for improving cancer 
treatment [162]. Based on these results, it is not surprising that the usage of curcumin-
loaded nanoparticles is gaining momentum in anticancer therapeutics [163].

4.3 Strategies to improve curcumin nanoparticles

Numerous in vitro and in vivo studies have shown that nanoparticles may 
enhance the anticancer effects of curcumin [164, 165]. However, there are still some 
concerns about the cost, safety, side-effects, and long-term toxicity of curcumin-
loaded nanoparticles, leading to the development of a new field of study called 
nanotoxicology [166].

To improve curcumin nanoparticles, curcumin-loaded nanoparticles should be 
tested in a larger population to determine their toxicity and efficacy. Furthermore, 
clinical trials are necessary to evaluate their anticancer activities and determine side 
effects and toxicity in human subjects [167]. The safety concerns associated with 
nanomedicine-based delivery systems include neuroinflammation, excitotoxicity, and 
DNA damage [168]. Although they are methods that are currently explored to reduce 
the toxicity of nanoparticles [169], developing DNA/RNA nano-carriers to eliminate 
cancer cells can be a promising plan of action.

5. Conclusion

The safety profile of curcumin is exceptional, and it has multiple health benefits 
including anti-inflammatory, antioxidant, antitumor, antibacterial, and anti-diabetic 
properties. However, the poor stability in the body fluids, rapid clearance, and low 
aqueous solubility limit curcumin’s clinical use. Nano-based drug delivery systems 
are currently opening a new world of possibilities for solving these problems. 
Nanoparticles have been shown to improve the solubility and stability of some 
substances including curcumin and amend its curative index. Therefore, targeting 
curcumin-loaded nanoparticles for therapeutic purpose is a promising strategy.
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Abstract

The spice ginger is one of the most extensively used species in the Zingiberaceae 
family. It is frequently used as a condiment with many different cuisines and drinks. 
In addition to being used as a spice, it is a key component in both conventional and 
modern medicine. It strengthens immunity and is a rich source of several minerals 
and physiologically active compounds. Since it can be grown in a variety of climatic 
circumstances, the production of this spice has been increasing in most regions of 
the world. Because it is a nutrient-exhaustive crop that needs an appropriate sup-
ply of nutrients at critical stages of its growth in the form of chemical fertilisers or 
organic manuring, or a combination of both. To obtain excellent quality and quantity 
of ginger rhizomes as well as protect soil health and environmental quality, effective 
nutrient management can aid in decreasing the abuse of chemical fertilisers. In this 
perspective, this chapter aims to depict Integrated Nutrient Management (INM) for 
the sustainable production of ginger, as INM is a crucial component of sustainable 
agriculture, which necessitates resource management in a way to satisfy changing 
human requirements without degrading the quality of the environment and conserv-
ing essential natural resources.

Keywords: ginger, organic nutrient management, inorganic and integrated nutrient 
methods, nutrient uptake, nutrient use efficiency, organic farming

1. Introduction

Ginger is the root of the plant Zingiber officinale roscoe, which is a member of the 
Zingiberaceae family. It is among the most widely used spices and healing agents in the 
world. The plant is referred to as Sringavera in Sanskrit, and it is possible that this term 
evolved into Zingiberi in Greek and then Zingiber in Latin [1]. It is mostly employed 
in food as a spice and flavouring agent. It is widely used as an ingredient in gingerale, 
candies, pastries, and cakes in the food business [2]. In cookery, ginger is used in a 
variety of forms, including young ginger, mature fresh ginger, dry ginger, ginger oil, 
ginger oleoresin, dry-soluble ginger, paste, and ginger emulsion [3]. It has a lot of oleo-
resins, which are secondary metabolites and are important for flavour and pungency. 
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Numerous studies have been conducted to learn more about this plant’s miraculous 
properties. It is a vital tropical agricultural crop and a significant source of spices, 
though its benefits are not just limited to cooking, but also in different pharmaceutical 
preparations [4], as it is a great source of several bioactive phenolics, including non-
volatile pungent substances including gingerols, paradols, shogaols, and zingerones. 
Since antiquity (more than 2500 years) ginger has also been used in traditional oriental 
medicine (Ayurvedic, Chinese, and Unani systems of medicine) to treat a variety of ill-
nesses, such as rheumatoid arthritis, sprains and muscular aches, sore throats, nausea, 
constipation, indigestion, fever, infectious diseases, and helminthiasis [5, 6].

Ginger is a versatile home remedy that can be used to treat a variety of condi-
tions, including motion sickness, arthritis, diarrhoea, the flu, headache, heart, and 
menstruation difficulties. Numerous research has been conducted on ginger’s ability 
to treat complex illnesses like cancer and chronic migraines. Here are some of the 
ginger’s active ingredients that have a variety of medicinal uses (Table 1).

Ginger has wide range of applications in food and pharmaceutical industries. 
Hence, there is a greater demand at global level. So, it is essential to increase the 
production rate by supplementing with balanced nutrients for their better growth 
and development.

Active compound of 
ginger

Biological activities References

Gingerol and gingerol 
related compound

The antioxidant activity. [7]

Anti-tumour activity via induction of apoptosis, 
modulation of genetic and other biological activity.

[8, 9]

Anti-inflammatory and anti-analgesic activity. [10]

Anti-microbial activity. [11]

Hepato-protective activity. [12, 13]

Paradol Antioxidant and anti-cancerous activity. [14, 15]

Antimicrobial activity. [16]

Shogoal Antioxidant and anti-inflammatory activity. [8]

Shogaol showed anticancer activities through the inhibition 
of cell invasion reduction of matrix metalloproteinase-9 
expression, anti-proliferation activity and anti-invasion.

[17–19]

Zingerone Antioxidant activity. [20, 21]

Anti-inflammatory action. [22, 23]

Anti-bacterial activity. [24]

Zerumbone Anti-tumour activity. [25]

Anti-microbial activity. [26]

1-Dehydro-(10) 
gingerdione

Regulation of inflammatory genes. [27]

Terpenoids Induce Apoptosis by activation of p53. [28]

Ginger flavonoids Antioxidant activity. [29]

Table 1. 
Biological activities of ginger active compounds.
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2. The significance of the nutrients in ginger

The availability of nutrients, which is controlled by their distribution and rates of 
cycling in the soil, has an impact on crop primary production. Nutrient components 
play key roles in the physiological activities of plants. The two key nutrients that are 
most deficient in Indian soils are nitrogen (N) and phosphorus (P). Deficits in potas-
sium (K) and sulphur (S) can arise in particular regions and soil types. Acidic soils 
lack calcium (Ca) and magnesium (Mg), which must be supplemented for excellent 
agricultural yields. Micronutrient deficiencies of zinc (Zn), copper (Cu), iron (Fe), 
manganese (Mn), boron (b), molybdenum (Mo), and sulphur (S) have been discov-
ered to be widespread in Indian soils [30]. In order to sustain soil fertility, it is crucial 
to replenish the minerals and sequester organic C. The information in this chapter 
covers a wide range of topics related to managing nutrients for ginger crops. It should 
be noted that managing nutrients based on soil testing is an effective management 
tool that should be used to make fertiliser recommendations and maintaining soil 
quality based on site-specific nutrient management techniques should be one of our 
top priorities.

Nutrient management is essential in achieving the best growth and productivity in 
ginger, in addition to soil type. Because it is a crop that exhausts nutrients, it needs a 
sufficient supply during key growth periods [31]. Chemical fertilisation (also known 
as “chemical nutrient management” or “CNM”), organic manuring (also known as 
“organic nutrient management” or “ONM”), or a combination of both (also known 
as “integrated nutrient management” or “INM”) are all alternatives for managing the 
crop’s nutrients [32].

However, reports indicate that depending on the crop variety, soil type, and 
geographic region, different amounts of nutrients may be needed, whether 
through organic or chemical methods. The recommended dose of fertilisers 
(RDF) should ideally be applied in splits to satisfy the crop’s requirement at dif-
ferent phases of growth, and a good nutrient management plan can significantly 
reduce the discrepancy between prospective yield and actual output. The usage 
of chemical fertilisers can be reduced as a result, protecting the environment’s 
quality [33–37].

3. Fertilisers recommendations for ginger

Ginger is an exhausting crop and benefits greatly from the application of nutrients 
at particular dosage. The need for nutrients varies according on the soil type, crop 
growth stage, variety and location. The NPK values for ginger have so been stan-
dardised by certain experimental trials.

For the entire nation, the AICRP (All India Coordinated Research Project) on 
spices has recommended 100 kg of nitrogen and 50 kg each of phosphorus and 
potassium. Application of 1/3 N, full P2O5, half or full K2O, and 1/3 N 1 month or 
40–60 days after planting are recommended. The final 1/3 N should be applied 2–3 
months after planting [3]. According to ref. [38], the application of 60 kg N, 40 kg 
P2O5, and 60 kg K20/ha produced good results. According to ref. [39], the effect of N 
and P on ginger output was inconsequential. Ref. [40] reported that N at 50–100 kg/
ha had significantly increased the yield of ginger by 18 to 32 per cent. For a superior 
yield of ginger under Kerala conditions, ref. [41] advised using 60 N, 60 P205, and 
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150 K kg/ha. The optimal application was 100 kg of N, 50 kg of P205, and 50 kg of 
K20 per hectare, according to ref. [42]. According to ref. [43], the highest yield of 
43 tonnes of green ginger per hectare was achieved with 100 kg N, 100 kg P205, and 
200 kg K20 per hectare. The need of N application for ginger at the active develop-
ment stage, or 120–135 days after planting, and the tillering stage, or 200–210 days 
after planting, was emphasised by ref. [44]. With NPK at 60:60:120 kg/ha, ref.  
noticed a modest increase in yield. They also stated that when K20 was increased from 
80 to 120 kg/ha, the yield of ginger increased. The NPK dose of 80:30:40 Kg per acre 
was found to be ideal in studies done at Kerala Agricultural University Vellanikkara. 
It was discovered that the combination application of N and K had a stronger 
effect than each compound acting alone. N and K recorded the maximum yield at 
N-180 K–160 kg/ha [45].

3.1 Drawbacks of fertilisers use alone

Inorganic fertiliser usage typically necessitates more frequent fertilising. Plants 
can easily take the nutrients, but they do not stay in the soil for as long. This issue 
can be addressed by using a slow-release fertiliser, but typically, inorganic fertiliser 
needs to be applied to the soil often. Although inorganic fertilisers are frequently 
less expensive, the cost savings may be offset by the need for several applications 
because it depends on the amount of nutrients in soil. Plants can be burned or 
scorched if too much fertiliser is used because the nutrients are concentrated and 
easily accessible. High salinity is also more likely when using inorganic fertilisers. 
Saline soils contain an excessive amount of salt and can impair a plant’s ability to 
absorb nutrients and water. The soil’s surface may develop a crust as a result of these 
fertilisers.

4. Influence of biofertilizers on nutrition in the production of ginger

To restore the soil’s fertility, biofertilizers are necessary. Use of chemical fertil-
isers over a lengthy period damages the soil and reduces crop output. On the other 
side, biofertilizers improve the soil’s ability to hold water while also adding vital 
minerals like nitrogen, vitamins, and proteins. Since they are a natural source of 
fertiliser, agriculture uses them extensively. Crop yields are said to be increased by 
bioinoculants like Arbuscular Mycorrhizal Fungi (AMF) and Trichoderma, which 
have growth-promoting properties. They are said to enhance root growth, which 
results in improved crop nutrient uptake and higher yields. With the application 
of these bio inoculants, tolerance to abiotic stress and resistance against plant 
diseases have also been reported [46]. Additionally, AMF inoculation aids in 
the selective activation of advantageous soil bacteria [47]. The members of the 
Glomeraceae family provided greater protection from pathogen incursions, while 
the AMF belonging to the Gigasporaceae family showed noteworthy nutrient 
absorbing capacity [48]. According to ref. [49], the use of IISR Power Mix G @ 
0.5% at 2 and 3 months after planting increased the production of ginger by 11% 
compared to control. Higher fresh ginger production was achieved in Kerala by 
using the microbial inoculants AMF (5 g/plant) and Trichoderma (1 kg combined 
with 90 kg FYM and 10 kg neem cake and 250 g of the combination utilised) dur-
ing planting time and Trichoderma 1 month after planting. In Himachal Pradesh, 
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India, Azospirillum inoculation with VAM (Vesicular-Arbuscular Mycorrhizal) and 
Glomus mosseae improved ginger plant growth and yield [50].

5. Foliar sprays’ nutritional impact on ginger production

A foliar application is when liquid fertiliser is sprayed on top of leaves rather than 
the soil to feed plants. Through their stomata and epidermis, the absorption happens. 
Although total absorption may be just as great through the epidermis, transport is 
typically faster through the stomata. Most crops experience periods of elevated nutri-
ent need during regular seasonal development. Typically, this increase involves a wide 
range of macro, meso, and micro factors. The following important growth phases of 
ginger’s life cycle require an immediate supply of nutrients:

• Rapid seedling development following germination

• Tillering

• Vigorous clump growth

• Increased requirement for B and Ca during flowering, which is necessary for the 
growth and development of pollen tubes and

• Rhizome development

During these critical growth stages, the rapid nutrient supply to the plants is 
essential, where this cannot be achieved rapidly through soil application, where foliar 
spray can.

There are reports of increased ginger growth and yield when ZnSO4 (0.5%) 
spray is used [51]. Foliar fertilisers with moderate release rates can therefore effec-
tively offset the decreased Zn bioavailability and mobility [52]. In comparison to 
soil application of higher levels of fertilisers, foliar application of lower levels of 
fertilisers, particularly urea, results in higher yields for several crops. Additionally, 
it aids in raising the produce’s quality. In 2021, ref. [53] reported on the usage of 
growth substances like NAA to enhance growth and development as well as yield. 
The performance of enhanced varieties like Rio-de Janeiro and Baruwa Sagar with 
single and mixed application of urea and NAA was evaluated in a field trial under 
the aforementioned conditions. The yield per plant demonstrated the variety, urea, 
and NAA primary effects, as well as the interaction impact of urea and NAA. Baruwa 
Sagar’s diversity was vastly superior. The combination of NAA 400 PPM and urea 2% 
produced the highest rhizome production per plant. Higher yield was produced using 
urea at 2% and NAA at 400 PPM. However, best response was reported in case of urea 
2%. Spraying urea (2.0%) and planofix (200 ppm) was proven to increase the output 
of dry ginger. The seed rhizomes were exposed to 250 ppm ethephon for 15 minutes, 
and this resulted in a noticeable increase in shoot and root growth at the early stage. 
When applied as a foliar spray every 15 days beginning at 70 DAP, ethrel (200 ppm) 
increases the quantity of tillers and leaves. We can use CCC (50–125 ppm) to prevent 
shoot growth while it’s being stored. According to one assay, ginger plants have very 
little gibberellin, and their rhizomes contain cytokinins and auxins that have an 
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impact on the start and growth of rhizomes. Auxin and cytokinin levels are raised by 
CCC spray. Shadap [54] based on growth, yield and net returns and benefit: cost ratio 
point of view, reported that spraying with Zn 0.5%. followed by B 0.3% is best to get 
maximum yield. Clumps supplied with 100 per cent RDF (NPK) as soil application 
along with BA spray at 75 ppm recorded maximum growth and yield in transplanted 
ginger at Mudigere, Karnataka [55]. Supplemental foliar nourishment is a booster to 
attain better yield by correcting soil limitations (51).

6. Cultural practises and its nutrients influence on ginger cultivation

Mulching the ginger beds with green leaves is an essential operation to enhance 
germination of seed rhizomes and to prevent washing off soil due to heavy rain.

Several employees from various sections of the country have cited the advantages 
of mulching ginger. A total of 20 tonnes of green leaves were used as leaf mulch 
during planting and 6 weeks later, yielding a crop that was 200% more productive 
than one that wasn’t mulched [41]. Under Wynad circumstances, 15 tonnes of green 
leaves were sufficient for mulching [40]. Mulching was deemed necessary by ref. [42] 
at rates of 2.5, 5.0, and 5.0 t/ha for the first, second, and third mulchings, respec-
tively. Heavy mulch, according to ref. [45], may alter the soil’s physical and chemical 
environment, increasing the availability of phosphorus and potassium. In Bihar, it 
was discovered that mulching with shisan leaves was superior to mulching with paddy 
straw, mango leaves, or neither. Shisan acted as an organic manure to increase the 
output . Mulching with dry sal leaves was advised by the CPCRI at Kasaragod, Kerala 
State, India. With a treatment of FYM at 30 t/ha, intercropping ginger under Ceiba 
pentandra produced a greater yield and revenue than the main crop did when it was 
25 per cent trimmed. Since ginger is a crop that prefers shade, it produces well with 
the addition of organic matter when planted in the best shade [56]. Paddy straw and 
Schima wallichii dry leaf mulches, which are both locally accessible organic mulches, 
enhanced ginger yield in Meghalaya by 43.6 and 39.7%, respectively, when applied 
at a rate of 16 t/ha. Both using live soybean intercrops as mulch and mulching three 
times with leaves were found to be equally efficient. The recommended mulching 
rates for ginger cultivation are 12.5, 5.0, and 5.0 t/ha for the first, second, and third 
mulchings, respectively (Table 2) [42].

7. Nutritional influence of organic nutrients on ginger cultivation

The use of organic manures held a very prestigious position with farmers in the 
past but subsequently, the introduction of high analysis chemical fertilisers cast a 
shadow on their spread [57]. It is well known that addition of organic manures has 
shown considerable increase in crop yield, quality and exert significant influence on 
physical, chemical and biological properties of soil. Use of organic and biofertilizers 
not only improve soil health but also help to sustain crop productivity.

Ginger must be grown organically in areas that are 25 metres wide apart from 
conventional farms on all sides. This isolation belt’s produce must not be treated as 
organic. Being an annual crop, a two-year conversion period will be needed. Ginger 
can be produced organically as a companion or mixed crop as long as all the other 
plants are also grown that way. It is preferable to rotate ginger with a leguminous crop. 
You can adopt ginger-banana-legume or ginger-vegetable-legume (recommended 
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by Tamilnadu Agricultural University). When planted with coconut, arecanut, 
mango, leucaena, young rubber plantations, etc., recycling of farm waste can be 
done successfully. Ginger can be the best component crop in agri-horticulture and 
silvi-horticulture systems. It can be grown or rotated as a mixed crop with green 
manure, legumes, or trap crops to effectively build up nutrients and manage pests and 
diseases. Every crop in the field must be treated to organic production practises when 
cultivated in a mixed farming system. For the organic production of ginger cultivated 
as an intercrop in coconut gardens, several organic manures including FYM, vermi-
compost, neem cake, and green leaf manures, as well as microbial inoculants includ-
ing AMF and Trichoderma and their mixtures, were tested. FYM (30 t/ ha) + neem 
cake + AMF + Trichoderma and FYM + AMF both generated noticeably greater yields 
than other treatments among the many combinations tested [58].

Ginger needs organic matter, which can be obtained from a variety of sources, 
including mulches and green/organic manures. This was well demonstrated by the 
successful crop production in the high fertility conditions of Wayanad, Kerala State, 
India, which received 15 t of green leaf mulch and 10 t of organic manure per hectare, 
all without the use of chemical fertilisers [39]. When humus and organic matter are 
available, ginger grows well and has a favourable relationship with yield [59]. Most 
of the organic manures are applied in basal doses, while they are occasionally used as 
mulch after a crop has emerged in some regions. However, farmers in Maharashtra 
use a lot of FYM—40–50 t/ha on average. The recommended amount of organic 
manure for Kerala is 30 t/ha of green leaf mulch and 25–30 t/ha of FYM applied 
in three separate applications. Kerala had the highest yield and benefit-cost ratio 
from applying FYM up to 48 t/ha [60]. The AICRP conducted field tests on spices at 
several sites in India, and the results showed that the use of multiple organic sources, 
including FYM, pongamia oil cake, neem oil cake, stera meal, rock phosphate, and 
wood ash, produced results comparable to those of the standard method. Farmyard 
manure may be applied at a rate of 25–30 t/ha, together with vermicompost at a rate 
of 4 t/ha and green leaf mulching at a rate of 12–15 t/ha every 45 days. The fertility 
and production will also be increased by adding oil cakes like neem cake (2 t/ha), 
composted coir pith (5 t/ha), and suitable microbial cultures of Azospirillum and 
phosphate-solubilising bacteria. To promote growth and control disease, the use of 
the PGPR strain of Bacillus amyloliquefaciens (GRB 35) is also advised. To obtain the 
necessary amount of phosphorus and potassium, it may be necessary to apply lime/
dolomite, rock phosphate, and wood ash depending on the results of the soil test. For 
a higher production within the parameters of standard setup of certifying organisa-
tions, restricted use of foliar spraying of micronutrient mixture specifically for 
ginger is recommended (dosage @ 5 g/L) twice, at 60 and 90 DAP. Ref. [61] reported 
highest yield/ha (32.88 t/ha) was noticed in poultry manure @ 2 t/ha followed by 
Mustard cake @ 0.75 t/ha. The highest curcumin % and oleoresin % were noticed in 

Mulch Yield (Q /ha)

Shisan leaves 78.25

Mango leaves 72.76

Paddy straw 52.39

No mulch 28.25

Table 2. 
Effect of mulching on ginger.
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Vermicompost @ 5 t/ha over control in the Gangetic Alluvial Plains of West Bengal. 
Ref. [62] reported that, organic manures in the forms of cow dung, poultry and pig 
manures have great tendency to increase growth characters and yield of ginger in a 
rainforest zone, Nigeria.

The primary approach used in an organic system for managing insect pests and 
diseases is the use of biocontrol agents in conjunction with cultural and phytos-
anitary measures. The shoot borer can be controlled with an integrated strategy 
that includes trimming and removing newly infested shoots from July through 
August (at fortnightly intervals) and spraying Neemgold 0.5% or neem oil 0.5% 
from September through October (at 21-day intervals). To control the rhizome 
rot disease, it is possible to choose healthy rhizomes, solarize the soil and add 
Trichoderma, treat the seeds, and then apply biocontrol agents like Trichoderma, 
PGPR, or Pseudomonas multiplied in suitable carrier media like coir pith compost, 
well-rotten cow dung, or high-quality neem cake to the soil. Bordeaux mixture 1 
per cent may be sprayed to control various foliar diseases, but only in an amount 
not to exceed 8 kg of copper per hectare per year. To control the nematode popula-
tion, apply the high-quality neem cake indicated earlier and the bioagent Pochonia 
chlamydosporia.

Trials on different management systems on ginger at the IISR, Calicut, Kerala 
State, India, showed that higher soil nutrient build-up with the highest organic 
carbon content (2.33%) was in the organic system, which was on par with the 
integrated system of nutrient management and among the different systems of nutri-
ent management. The maximum soil P, Ca, Mg, Zn, and Cu availability was found 
in the organic management method. The impact of various cropping systems on the 
microbial community in soil also revealed that the organic nutrient management 
system had the highest concentrations of Pseudomonas fluorescens, Azospirillum, and 
phosphobacteria. The activities of enzymes, such as dehydrogenase, acid phospha-
tase, alkaline phosphatase, cellulase, and urease, were significantly higher under 
the organic system of nutrient management as compared to the exclusive inorganic 
system or integrated system of nutrient management. However, during the initial 
years, 15–20% reduction in yield under the organic system of nutrient management 
was encountered [63].

There is lot of scope to popularise the organic ginger produce for export in foreign 
country. Commercially the ginger is produced at north eastern states organically 
by default because the farmers of the region neither apply the chemical fertilisers 
nor chemical pesticides in ginger crop. They are only applying the locally available 
farmyard manures (cow dung, pig manure, poultry manures, rabbit manure, etc.,) in 
whole north-eastern region. In this way, the ignorance of the farmers about the tech-
nological advances is turning out to be a key to prosperity. Considering the increasing 
demand for organic produce all over the world, the farmers can hope to get better 
returns for their produce [64].

7.1 Limitations in use of organic manures alone

• Limited effectiveness of organic fertilisers as they release nutrients into the soil 
with the help of microorganisms that break down the fertilisers slowly. And for 
the microorganisms to break down the organic fertilisers effectively, they need 
warmth and moisture. If the soil is not warm or moist enough, the breakdown of 
the organic fertiliser will take time and its effects will be limited.
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• Slow breakdown of the organic fertilisers in the soil

• Organic fertiliser is more expensive than chemical fertiliser

8. Integrated nutrient management (INM) in ginger

It is crucial to provide the soil with sufficient levels of vital nutrients in a balanced 
proportion at the proper time and in the right manner for the cultivation of any 
crop. The combined effect of organic and inorganic fertilisers in integrated nutri-
ent management strategies would be a useful approach to acquire higher yield and 
higher-quality produce, as described above, both of which have their own downsides. 
Every crop should use integrated nutrient management strategies, which combine 
different inorganic, organic, and biological sources of nutrients. The methods used in 
conventional and organic production differ fundamentally [65, 66]. In addition to the 
biomass yield of a crop, the nutrient management techniques used for its cultivation 
are likely to have an impact on the crop’s quality, the soil’s fertility, and the overall 
economics of its cultivation. Talk about the modern idea of “farming for health,” the 
sustainability of natural resources, notably soil, and lastly the stability of the farming 
community’s financial situation. Numerous investigations on INM in ginger have 
been published.

The Kerala Agriculture University (KAU) has suggested a general nutrient dosage 
for ginger for the state of Kerala. Well-decomposed cattle manure or compost must 
be applied at the time of planting, either by disseminating it over the beds prior to 
planting or applying it in the planting pits. Neem cake, applied at a rate of 2 tonnes 
per hectare during planting, aids in decreasing the prevalence of rhizome rot disease/
nematode and improving production. Two to three separate applications of the fer-
tilisers are required. At the time of planting, a full amount of phosphorus is sprayed 
as basal. At 45, 90, and 120, equal split doses of N and K are top dressed (120 DAP. A 
basal application of zinc fertiliser up to 6 kg/ha (30 kg of zinc sulphate per hectare) 
in soils lacking in zinc produces good yield. For a greater yield, foliar treatment of a 
micronutrient mixture tailored for ginger is also advised (dosage @5 g/L) twice, at 60 
and 90 DAP.

By considering different soil features, plant production and quality, crop and soil 
quality, and economics, ref. [67] thoroughly assessed the various nutrient manage-
ment strategies used in ginger from 2015 to 2019 in Punjab. Farmyard manure (FYM), 
vermicompost (VC), urea, single superphosphate, and muriate of potash were among 
the 14 nutrient management techniques used. According to the study’s findings, 
applying 75% RDN plus 25% N through VC resulted in higher crop yield and crop 
quality, with yields rising by 103.1%, 21.9%, and 75.7%, respectively, above absolute 
control, RDN, and organic management. Under this treatment, the maximum harvest 
index (71.4%) and crop quality index (20.0) were obtained. According to reports, 25 
to 30 tonnes of bovine dung and an 8:8:16 fertiliser mixture applied at 450 kg/ha were 
helpful in Kerala to increase production.

Ref. [57] conducted a field experiment to know response of organic manures and 
fertilisers to yield and nutrient uptake of ginger (Z. officinale Rosc.)” was conducted 
at Agronomy Farm, College of Agriculture, Pune during summer 2006. The data 
revealed that recommended dose of fertiliser +25 t FYM/ha favourably influenced 
yield and uptake of nutrients by ginger followed by the application of 50% N through 
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recommended dose +50% N through poultry manure. It is, therefore suggested that 
application of recommended dose of fertiliser +25 t FYM/ha to ginger planted on flat 
bed in clay loam soil is best combination.

The highest fresh rhizome yield (1.87 t/ha), lowest rhizome rot (11%) and oleoresin 
content (5.82%), were obtained with 100% recommended rates of fertilisers, along 
with Azospirillum application at a rate of 10 kg/ha combined with FYM at 10 t/ha [68]. 
Soil application of Gigaspora at the time of planting (2.5 g/ rhizome) was also found 
to increase the yield as in the case of pine needle organic amendment and seed treat-
ment with T. harzianum. Also, the effects of humic acid fertiliser on soil urease activity 
and available N content, N uptake, and rhizome yield were reported [69]. Ref. [69] 
reported that the highest yield of rhizome in tribal areas of Orissa as obtained with 
farm yard manure at 25 t + NPK 75, 50 and 50 kg/ha respectively. The yield of ginger 
was more when 20 t of FYM and 125 months gave maximum green ginger yield [70].

In ginger, oil content did not vary significantly among the treatments, as shown in 
Table 3. However, the fibre content was significantly reduced in the organic system 
of nutrient management. Interestingly, both oleoresin and starch contents were the 
maximum in the organic system of nutrient management, and, in both cases, there 
were statistically significant differences among the three systems of nutrient manage-
ment. The maximum yield and oleoresin content was obtained with the application of 
10 t/ha of FYM + 1.25 t/ha of compost +20 kg/ha of Azospirillum, which also showed 
higher nutrient uptake [71].

8.1 Soil quality under INM in ginger

It is critical to investigate how integrated nutrient management regimes affect the 
biochemical and microbiological characteristics of soils used for ginger growth [72]. 
There are, however, very few papers that examine the effects of various nutrition 
regimens on ginger yield and quality while also involving a number of field tests. 
However, it is crucial to simultaneously determine how they affect a variety of soil 
physicochemical and biological properties [73].

Organic and integrated nutrient management resulted in a decrease in bulk 
density and consequent increase in soil porosity. While subsequent modifications 
brought about by organic nutrient management were in the scale of a 9.2% drop in 
bulk density and an 11.6% increase in porosity, integrated nutrient management led 
to a 5.7% decrease in bulk density and a 7.0% increase in porosity. These findings are 
supported by the fact that the decomposition of organic materials generated organic 
acids, which directly altered soil pH and indirectly affected bulk density by forming 
soil aggregates and increasing soil porosity.

By taking a variety of soil conditions into account, ref. [66] thoroughly assessed 
the various nutrient management strategies used in ginger from 2015 to 2019 in 

Management system Oil content (%) Oleoresin content (%) Starch (%) Fibre (%)

Organic 1.20 3.96 70.07 1.69

Inorganic 1.20 3.15 62.21 1.90

Integrated 1.25 3.36 55.82 1.90

LSD (95%) NS 0.23 9.89 0.08

Table 3. 
Effect of different nutrient management systems on the quality of ginger.
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Punjab. The study found that the highest soil quality index (SQI) was achieved with 
the 100% recommended dose of nitrogen (RDN) and FYM, whereas 100% NPK 
through FYM increased the soil’s organic carbon, physical qualities, and microbiologi-
cal characteristics. SQI grew to 0.63 with integrated nutrient management and to 0.36 
with organic management.

Cropping requires ploughing, which upset the stability and distribution of soil 
aggregates [74], exposing soil organic C to quick oxidation. So, when ginger was 
grown without organic supplementation, soil organic carbon decreased by 4.1% 
under control nutrient management, whereas SOC (Soil Organic Carbon) increased 
by 24.3% under integrated nutrient management. Also, plant residue C would have 
been deposited as a result of INM because of its favourable effects on root, vegetative 
growth, and yield. The results showed that FYM was more effective at raising SOC 
than VC among INM treatments (Vermicompost). This is because FYM has more lig-
nin, polyphenols, and a greater C/N ratio than VC. Thus, the FYM-C was more resis-
tant to breakdown than the VC due to greater lignin and polyphenol concentrations 
that resulted in the formation of stable complexes with proteins of plant origin. Due 
to this fact, FYM-treated plots outperformed VC-treated plots in terms of maximal 
breathing capacity (MBC). MBC and microbial activity in these soils increased due 
to the application of organics, either alone or in combination with inorganics, which 
created a more suitable environment for rapid microbial growth. The direct addition 
of nutrients through organic manures and enhanced activity of soil microorganisms, 
which converted organically bound nutrients to inorganic/available forms in the 
soil, may be blamed for an increase in available nutrients through INM over organics 
and control [68]. By momentarily immobilising the chemical fertiliser, the organic 
manures would have also improved its effectiveness by lowering the leaching of plant 
nutrients. The solubilisation effect of organic acids generated from the breakdown of 
organic manures on applied SSP (20% Ca) and native soil Ca may also be responsible 
for the increased exchangeable Ca under INM treatments compared to control. All 
micronutrient cation (Mn, Cu, and Zn) contents were strongly impacted by the 
combination of organic and inorganic sources, with the exception of Fe [37]. The 
creation of higher solubility organic chelates and mineralisation of organically bound 
forms, which reduces the susceptibility of the micronutrients to adsorption, fixation, 
and/or precipitation, could also be the cause of this rise in micronutrients in compari-
son to the control treatment, the application of cow dung and poultry litter enhanced 
the soil’s pH, organic matter, total nitrogen content, accessible P and K contents, and 
exchangeable K, Ca, and Mg contents [75].

8.2  Nutrient removal, absorption, usage effectiveness, and indices of INM  
in ginger

Rhizomes of ginger primarily remove N and K, remove P and Mg to a lesser extent, 
and remove Ca to the least extent [76]. According to ref. [77], a buildup of macronu-
trients in the decreasing sequence of N, K, Ca, Mg, S, and P, as well as micronutrients 
in the order of Fe, Mn, Zn, B, and Cu. However, nutrient uptake varies greatly 
depending on the kind of soil, the climate, the amount of nutrients in the soil, and the 
variety or cultivar grown. Three unique growth phases can be used to categorise gin-
ger’s development: active growth (90–120 DAP), sluggish vegetative growth (120–180 
DAP), and senescence (180 DAP), during which the rhizome continues to develop 
up to harvest. According to ref. [78], ginger shoots and leaves are the areas where the 
majority of the assimilated carbon (C) is transported at the seedling stage. Following 
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that, as the plant grew, the distribution rate into the rhizome gradually dropped while 
it steadily increased for shoots and leaves. The rhizome becomes the growth centre 
during the rhizome’s stage of rapid growth because C is mostly transferred from the 
leaves to the rhizomes at this time. N was absorbed and used in the same ways that C 
assimilates were. At seedling stage, the shoots and leaves received around 48.41% of 
the nitrogen (N) absorbed from the fertiliser applied. While 65.43% of the N came 
from fertiliser applied at different. At seedling stage, the shoots and leaves received 
around 48.41% of the nitrogen (N) absorbed from the fertiliser applied. While 65.43% 
of the N from the fertiliser provided at different phases of the rhizomes’ growth went 
to the rhizomes, only 32.04% went to the shoots and leaves. The findings showed that 
delayed application boosted the rate of fertiliser N consumption.

Increased fertiliser availability, use efficiency, and uptake, improved soil physico-
chemical qualities, improved growth, and yield attributes, and greater HI (Harvest 
index) of economically valuable portions were the results of reducing RDF by 25% 
and replacing that 25% with VC [66]. By enhancing the availability and uptake of 
these nutrients, the application of 75% RDF and 25% organic manures raised the 
nutrient harvest indices in ginger. Higher crop harvest indices also indicate that the 
plant’s economic portion contributed to a higher biomass production and, as a result, 
accumulated more nutrients than other portions. Under 75% RDF with organic 
manures, higher nutrient usage efficiency was seen in ginger [79].

Due to better nutrient availability, as well as the subsequent impact of integrated 
nutrient management on crop quality characteristics and higher yield over organic 
and control practices, higher nutrient removal and NPK uptake under integrated 
nutrient management practices over organic management were obvious. The direct 
input of N through inorganic fertilisers and its consistent availability from FYM and 
VC applied to the soil may be responsible for the increase in N uptake. The produc-
tion of organic acids during the breakdown of organic manures may have helped to 
increase the solubility of both applied and native P, which may have contributed to 
the increase in P absorption under INM. The fact that the combination leads to a rise 
in root proliferation and, thus, higher nutrient uptake, may also serve as evidence for 
the higher nutrient uptake under INM. Additionally, INM’s contribution to better-
ing soil aggregation would have resulted in a rise in root biomass and absorption 
rate. Using the full recommended amounts of NPK from organic sources resulted 
in noticeably low N, P, and K concentrations in ginger at harvest. This could be as a 
result of organic matter mineralizing slowly and less nutrients being available for crop 
growth and development. 35–50 kg P/ha are removed from a heavy ginger crop. Ca 
concentrations as low as 2 ppm are adequate to produce 90% of the maximum yield 
in the leaves of healthy ginger plants, which contain 1.1–1.3% Ca. Ref. [79] suggested 
using the fifth pair of leaves during the 90–120 DAP stage for foliar diagnosis of N, P, 
and K in order to determine the crop’s nutritional needs.

8.3 Economics of INM in ginger

The primary cash crop for small farmers nationwide is ginger. Despite being one 
of the major industries in some parts of India, growing ginger has little knowledge 
regarding its economic feasibility and sustainability under integrated nutrient 
management. In comparison to organic nutrient management, integrated nutrient 
management systems produced higher values for a variety of economic factors. This 
demonstrates that organic nutrient management is the least profitable for farmers, 
which is clear given lower yields but higher input costs because more sources are 
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needed to meet the nutrient need. Given its better yields, integrated nutrient manage-
ment is undoubtedly advantageous. A combination of FYM with various doses of 
RDN in INM treatments produced greater BCRs (Benefit Cost Ratios), but lower net 
returns than VC. The results showed that replacing 25% of the fertiliser dose with 
VC would greatly benefit the farmers. Cheaper BCR was caused by the lower cost of 
FYM in comparison to VC, while greater NRR (Net Return Ratio) with VC integration 
could be attributed to significantly higher yields. At Pottangi, in the Indian state of 
Odisha, Azospirillum, FYM, and their combinations were studied for their effects. 
The application of Azospirillum at a rate of 10 kg/ha together with FYM at a rate of 
10 t/ha resulted in the highest benefit-cost ratio of 2.4, according to ref. [68].

Based on major coefficient analysis, weighting, and ranking of various nutrition 
management methods, 100% RDN + RD of FYM received the top ranking because 
of its substantially greater SQI. Although 75% RDN + 25% N through VC on similar 
basis + pine mulch was given the second place because to increased biomass and 
rhizome yield, CQI, MRR, NUE, and harvest index. Thus, the optimum nutrient 
management module is created by saving 25% of fertiliser and subsequent input 
costs, which results in increased productivity. This is achieved by comparing the 
economic and efficiency superiority of 75% RDN + 25% N through VC to 100% 
RDN + RD of FYM [66].

9. Conclusion

The chapter has shown that the nutrient management systems has a significant 
impact on crop production, crop quality, soil health, and overall cultivation econom-
ics. In terms of yield, quality, utilisation efficiency and returns, the integrated method 
outperformed organic nutrient management significantly, increasing the overall 
output: input ratio and productivity. By increasing soil C, reduced bulk density, 
enhanced porosity, aggregation, and soil nutrient status, integrated nutrient manage-
ment methods aid in improving and sustaining soil quality which has reported by 
several findings. As a result, this technology is superior and ideal for harvesting a 
bigger yield of ginger rhizomes of superior quality with profitable market returns.
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Chapter 9

Ginger Based Agro-Forestry 
Systems for Livelihood to Rainfed 
Areas
Rakesh Chandra Nainwal and Shri Krishna Tewari

Abstract

In rural areas particularly belonging to tropical rainfed zone, agro-forestry is a 
very common strategy adopted as a common popular tool for saving environmental 
degradation, in which multipurpose trees (MPTs) are planted with common agricul-
ture crops. These MPTs play also a very vital role for rehabilitating degraded lands and 
enhancing the total productivity of the land with proper combination of these MPTs 
with different crops. Such kinds of agroforestry systems provide livelihood security to 
the farmers of rainfed areas. In India, ginger is planted as intercrop with different tree 
species and being a shed-loving plant, and its yield was increased as compared with 
monoculture system.

Keywords: agroforestry, ginger, livelihood, rainfed

1. Introduction

Rainfed areas are mainly dependent on uncertain rainfall which generally deficient 
to water requirements [1] and vagaries of weather [2]. In India a large part nearly 57 per 
cent of the agricultural land spread across the country, comes under rainfed areas 
and hence considered very important for agricultural productivity and livelihood for 
 millions of rural households. Generally rainfed areas are lacking or short of some impor-
tant natural resources mainly like water availability and critical environment, which also 
leads to land degradation due to water and wind erosion, also lower water use efficiency 
(WUE) resulted in low economic yield of field crops [3–5]. However, if these areas man-
aged properly they also can share in good amount in food grain production. These high 
potential areas provide opportunities for improvement in agriculture production.

The primary reason for land degradation in rainfed areas is poor land use and 
disordered agriculture production leads to shortage of the natural resources. There 
are some following natural resources and their relationship between soil and water 
degradation [6] need to be focused [6], are:

1. Soil organic matter loss and physical degradation: Soil organic matter plays a 
very crucial role to managing water cycles in any of ecosystem. Decayed in level 
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of organic matter have significant effect on soil physical properties like negative 
impacts on infiltration, porosity and water holding capacity of the soil.

2. Chemical degradation and nutrient depletion of soil: In rainfed areas, due to lack of 
proper water sufficiency and distribution causes the imbalance of essential nutrients 
in agricultural soil and making the soil deficient particularly in terms of macro nu-
trients like N, P and K [7]. Sometime, imbalance of nutrients also leads to salt stress 
problems like salinity and alkalinity due to accumulation of Na salts on soil surface.

3. Soil erosion and sedimentation: Surface soil loss through erosion due to high 
thunder storm and poor soil aggregate stability and vegetative cover, is an extreme 
problem of rainfed areas [8]. These erosion activities lead to nutrient loss from up-
per soil layer resulting lower soil productivity in these areas. It also results in high 
sediment yields in downstream areas, and negative environmental impact [9].

4. Water scarcity: Sometimes due to high and increase in dry spell creates to drought 
like conditions in rainfed areas [10] resulting in decreased water availability and 
negative impact on crop growth and yield. Additionally, the combined effect of 
higher temperature and low water availability leads to higher crop evaporation 
demand. Consequentially higher temperature results in lower crop growth, yield 
and productivity [11].

2. Socio economic status of rainfed area

At present around 55 percent area of net sown area of the country comes under 
rainfed, which is considered as home for around 65–70% of total livestock and 40–50% 
of total human population. The poor socio economic condition of these areas compris-
ing low irrigation facility as compared to irrigated regions, lower productivity and lesser 
employment opportunities leads to migration of the people for their  livelihood (Table 1).

In rainfed areas for sustainable development, there is a considerable scope for 
land use diversification and crop intensification in areas having high NRI (Natural 
Resource Index) and low or medium ILI (Integrated Livelihoods Index). Crop 
production in uncertain rainfall areas is risky. Low and unstable yields are common 
and so is the income of dryland farmers. For imparting stability and providing 
sustainability to the farming systems, a tree-crop (Agroforestry) integration holds 
promise. Agroforestry systems can meet the multiple requirements of food, fodder, 
fuel, fertilizer, etc., besides improved pasture management.

Agroforestry is a multifarious approach for sustainable utilization of land 
and other natural resources by incorporating the trees in to diverse agricultural 
farming systems on same land and time to achieve economic, environmental, 
ecological, and cultural benefits [12]. An agroforestry system has three main  
objectives [13]:

• Protecting and stabilizing impact on the ecosystems;

• Producing a high level of output of economic goods and services;

• Improving income and employment to rural population
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And to fulfill these objectives, there is a need to elucidate a proper combination of 
crop and tree, which must be complimentary or supplementary among the compo-
nents in the system.

Ginger is the most suitable spice/aromatic shade loving crop for intercropping 
in agro-forestry systems in north regions from lowlands (500 mt.) to medium 
elevation (500–1000 mt.) [14]. Ginger, (Zingiber officinale), belongs to the family 
Zingiberaceae, is an herbaceous perennial commercial plant, used as a spice, flavor-
ing, food and medicine. Besides consuming fresh ginger as a vegetable, several value 
added products are prepared from fresh ginger such as ginger paste, ginger candy and 
essential oils and Oleoresins. Ginger paste offers convenience to consumer’s along with 
easy storage, long shelf life and authentic taste, to suit the requirements of consumers. 
There is a huge demand of such type of packaged ginger products in commercial shops 
like hotels and restaurants specially. In the same way, the demand of ginger oil and 
oleoresins is also raising in food processing, pharmaceutical and nutraceutical sector.

Ginger is an important commercial horticultural crop, and is cultivated in more 
than 35 countries around the world. In 2019, the global production of ginger was 
4,081,374 tons. India is among the top leading producer of ginger in the global 
economy, having 45 percent share in area and 35.2 percent share in production and 
Nigeria was second, accounting for 16.94% [15]. The area under ginger in India 
was 53,900 hectares in 1990–91, showed a gradual increase over the years, and was 
172,040 hectares in 2019–20 [16]. Recently the ginger paste and oil, has raised its 
demand in Ayurvedic system of medicine, due to its carminative and stimulant 
properties. A number of attempts have been made from last two-three decades to 
sustain its productivity by screening of new and high yielding varieties, optimization 
of nutrient doses, improved agronomic practices and protection measure [17]. The 
shade-loving nature of ginger [17, 18] have encouraged the researchers to explore its 
potential as an intercrop and many intercropping models have also been developed 
with ginger under different tree canopies viz., teak [18], coconut [19], areca nut [20], 
paulownia [21] and ailanthus [22].

Parameter Rainfed region Irrigated region

Poverty ratio (%) 37 33

Proportion of agricultural labor (%) 30 28

Land productivity (INR/ha) 5716 8017

Proportion of irrigate area (%) 15 48

Per capita consumption (kg/year) of:

Cereals 240 459

Pulses 20 12

Total food grains 260 471

Cooperative credit (INR/ha) 816 1038

Infrastructure development index 0.30 0.40

Social development index 0.43 0.44

Source 1. GoI (2006)-NSSO 2006, p. 18.

Table 1. 
Comparison of rainfed vis-à-vis irrigated regions.
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3. Trees for plantation in agroforestry

In dryland or rainfed regions trees are planted on field bunds or boundaries as live 
fences or serving as wind break, to utilize the space. For this purpose, mostly those 
trees are planted with straight growth habit to avoid the interference and disturbance 
by their shading to the associated crop [23, 24]. The common tree species grown as 
boundary plantations in dry land systems are Tectona grandis, Leucaena leucocephala 
(pollarded for fodder), Borassus flabellifer, Cocos nucifera, Acacia nilotica var. cupressi-
formis, Dalbergia sissoo and Prosopis juliflora [23, 24]. In the last few years, systematic 
experiments are being conducted at several locations of India covering aspects on 
agroforestry, as a result of which several recommendations have emerged [25] for 
different agro-climatic regions of the country for rainfed conditions (Table 2).

In the era of climate change, accommodation of ginger as an intercrop in diverse 
agroforestry models can be a vital production system for environmental ameliora-
tion, realizing higher monetary returns and for sustaining the fertility of the soil. The 
various study inferred that ginger yield, soil physico-chemical and nutrient contents 
were higher [27] when grown in association with any plant spp. in agroforestry sys-
tem (Table 3) as compared to sole cropping (Table 4). For effective, beneficial and 

Traditional farm forestry Acacia nilotica, Albizia odoratissima, Annona squamosal, Azadirachta 
indica, Butea monosperma, Gmelina arborea, Mangifera indica, Tectona 
grandis, Syzigium cuminii, Terminalia bellirica, Terminalia arjuna, 
Ziziphus mauritiana

Farm boundary plantations A. catehu, A. indica, Albizia lebbeck, A. nilotica, A. procera, 
Bambusa arundinacea, B. vulgaris Dalbergia sissoo, Dendrocalamus 
strictus, Eucalyptus spp., Gliricidia maculata, G. arborea, Leucaena 
Leucocephala, Pongamia pinnata, T. grandis

Block plantations/Farm wood lots A.mangium, Casuarina Equisetifolia, D. sissoo, D. strictus, Eucalyptus 
spp., L. leucocephala, T. grandis,

Natural silvopasture A. lebbeck, A. nilotica, Annona Squamosal, Erythrina Indica, Emblica 
Officinalis, Hardwickia binate,, M. indica, Z. mauritiana

Live hedges A. Senegal, P. juliflora, Bamboo spp., CaesalpiniaSepiaria, Dodonaea 
Viscosa, Ipomoea carnia, Lawsonia Inermis, Lantana camara, 
Vitexnegundo, Z. oenoplia

Source: [26]

Table 2. 
List of some woody species integrated in Agroforestry system of dry land.

Items Agroforestry models

Acacia – Pineapple (TK) Acacia – Ginger (TK) Acacia – Turmeric (TK)

Total gross income 442,900 665,100 413,507

Total production cost 201,000 239,244 214,726

Net income 241,900 425,856 198,781

BCR 2.20 2.78 1.93

*TK = taka (Bangladeshi currency).

Table 3. 
Cost of production, total income and net income of diverse agroforestry models in hectare per year.



129

Ginger Based Agro-Forestry Systems for Livelihood to Rainfed Areas
DOI: http://dx.doi.org/10.5772/intechopen.108041

compatible cultivation of ginger as intercrop in any agroforestry model, multistrata 
system can also be a highly remunerative approach (Table 4) to overcome a number 
of problems like to poverty by improving the socio-economic status and reducing 
the side effect of global warming. Research revealed ginger based cropping models 
result in higher net income and benefit cost ratio [29] with lower cost of production 
(Table 5).

4. Factor affecting ginger production in agri-silviculture system

Temperature: Ginger prefers the warm and humid climate with the temperature 
22–28°C,at seedling stage and 25°C during rhizome enlarging stage [30] however, also 
adaptable to low temperature. Rising in temperature increase the germination but 
weakens the sprouting of the rhizome.

Treatment Garlic production Net return (Tk/ha) BCR

S1 + G1 + Garlic 30,900 259,473 4.15

S1 + L1 + Garlic 44,625 234,905 3.99

S2 + G2 + Garlic 40,230 226,654 4.11

S2 + L2 + Garlic 66,150 219,498 4.12

S3 + G3+ Garlic 50,317 176,979 3.90

S3 + L3+ Garlic 78,635 181,945 4.04

Open 182,400 120,860 3.14

S1 = Dalbergia Sissoo (spacing 4 m × 4 m); S1 = D. sissoo (spacing 5 m × 5 m); S1 = D. sissoo (spacing 5 m × 5 m);
G1 = guava (spacing 2 m × 2 m); G2 = guava (spacing 2.5 m × 2.5 m); G3 = guava (spacing 3 m × 3 m); L1 = lemon 
(spacing 2 m × 2 m); L1 = lemon (spacing 2.5 m × 2.5 m); L1 = lemon (spacing 3 m × 3 m); Open = sole cropping of 
ginger; BCR = benefit to cost ratio.
(Source: [28])

Table 4. 
Economics of ginger production under Dalbergia Sissoo based multistrata cropping system.

Treatments Total cost of 
production (₹/ha)

Net income (₹/ha) BCR

Sapota + Jatropha + Ginger (var. Navsari local) 159343.88 240598.65 2.52

Sapota + Jatropha + Ginger (var. Udaipur local) 159343.88 279293.65 2.76

Sapota + Ginger (var. Navsari local) 159343.88 95755.65 1.60

Sapota + Ginger (var. Udaipur local) 159343.88 136631.65 1.87

Jatropha + Ginger (var. Navsari local) 159343.88 171396.15 2.08

Jatropha + Ginger (var. Udaipur local) 159343.88 222063.65 2.40

Ginger (var. Navsari local) 152323.88 59698.63 1.40

Ginger (var. Udaipur local) 152323.88 105031.13 1.70

(Source: [29])

Table 5. 
Comparative economics of Ginger based agroforestry models.
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Light: Ginger comes under category of shade loving plants and grows well I low 
to medium light intensity. During germination stage it needs darkness while medium 
light at seedling stage and high light during growing stage [31].

Water: Ginger plant cannot withstand in water stress condition as the soil water 
availability directly affect the rhizome growth [32]. For optimum growth of the plant 
well drained soil with proper irrigation facility is suitable.

Seed size: The growth of seedling largely depends upon the seed size as higher 
the seed size increases the sprouting and grow vigorously. However too big seed size 
should always be avoided.

Spacing: Ginger is one of the best suited crops for intercropping due to its shade 
loving nature. It needs around 30–40% illumination through radiation for optimum 
growth of the plant and rhizome as well [17]. For intercropping 5 m x 3-4 m spacing is 
found best spacing for rhizome production in agroforestry system.

Fertilizer: During the whole life cycle ginger needs changing NPK proportion at 
its different stages [33] as in early stage it needs more K followed by N and P while 
later in stage K uptake is lesser and N and P uptake is more for its luxurious growth 
and higher rhizome yield. However, during its growth period ginger need NPK in 
proportion of 11:1:16.1.

Although ginger often gains attention for its potential to generate high profits for 
farmers, limited attention has been given to expanding production aspects for the 
betterment of smallholder farmers engaged in production and marketing activities. 
In the climate change era, ginger based agroforestry models can be a vital production 
system for environmental amelioration, realizing higher monetary returns and for 
sustaining the fertility of the soil. The study inferred that ginger yield, soil physico-
chemical and nutrient contents were higher when grown as intercrop sole cropping. 
Overall it can be concluded that there is tremendous potential for ginger cultivation 
to strengthen the agricultural sector by adopting suitable strategies. But this needs to 
happen scientifically at every stage from production to post harvest and processing 
stage. There is scope to widen markets in both domestic and international markets for 
this crop as well as its value additions.

© 2022 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. 
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Abstract

Cumin is a seed spice which finds its place in variety of global cuisines, especially 
in Indian context. India leads in the world in production of cumin with 70% of world’s 
production and consumes 90% of this produce. It is a high potential crop with great 
demand around the world due to changing food consumption behavior, and increasing 
demand for value-added products such as oil and powder. Cumin has a distinct flavor 
and aroma owing to presence of essential oils. Cumin has different biological and bio-
medical properties and finds use in various ayurvedic preparations in different forms. 
Cumin has been found in three types of colours: amber, white, and black. Among this 
amber is widely accepted and black also have unique flavor. Cumin is a crop of tropical 
and subtropical regions and suitable for cultivation on wide variety of soils. Cumin 
production can be easily done with very few hindrances such as frost injury, wilt and 
powdery mildew. There is a lot of scope and prospectus regarding its cultivation which 
can be exploited in other cumin suitable regions of the world through various agro-
nomical innervations, crop improvement programs and biotechnological tools.

Keywords: cumin, seed, spice, climate, soil

1. Introduction

The cumin (Cuminium cyminium L.) commonly known as Jeera is an important 
seed spice crop belonging to family Apiaceae of the order Apiales. It holds more than 
22% share of area under spice crops, and is the most widely grown seed spice in India 
with an area share of more than 48% among seed spices. In India cultivation of this 
spice is very popular in states of Rajasthan and Gujarat, along with some parts of 
Madhya Pradesh and Uttar Pradesh during Rabi season. During 2019–20, cumin was 
cultivated on 8.42 lakh hectares in India with total production amounting to 5.47 lakh 
tonnes. Rajasthan and Gujarat are the leading producers and contribute to nearly 
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99% of the total production of India. India as a leading producer has a world market 
share of 70%, followed by Syria (13%), Turkey (5%), and UAE (3%) [1]. These four 
countries produce about 91% of cumin of the world, while the remaining production 
comes from other tropical or sub-tropical Asian and African countries.

Cumin as a condiment is vital in composition of mixed spices, curry powders, and 
it also imparts good flavour to soups, sausages, pickles etc. Some of the bakery prod-
ucts such as breads and cakes are also seasoned with these seeds in Germany, while 
in some of the European countries it is used for flavouring cheese. This seed spice is 
an essential component of varied cuisines such as Iranian, Mexican, Turkish, Cuban, 
Indian, South East Asian and Egyptian. Cumin is a regular feature in confectionary, 
beverages, medicines, liquors, sausages, meat, perfumery and bread manufacturing. 
In food processing industries cumin is used as a preservative.

Cumin oil has a characteristic flavour and odour due to the presence of falvour com-
ponent called cuminaldehyde. This seed spice possesses several medicinal properties [2] 
such as stomachic, carminative, antimicrobial, stimulant, and astringent properties. It is 
widely used traditionally for treatment of various ailments cold, fever, insomnia, flatu-
lence, diarrhoea, and other digestive disorders [3, 4]. In Indian veterinary practice cumin 
is popularly used as a carminative. In lactating mothers this spice is said to enhance the 
secretion of milk after child birth. External application of mixture of powdered cumin, 
honey, salt and butter is a home remedy for scorpion bite. After essential oil extraction 
from cumin the by-product known as Ark Jeera has medicinal properties which aids in 
indigestion. The essential oil of cumin is known to have positive effects on nervous sys-
tem, reproductive system, gastrointestinal system, and immune system. Apart from this 
the cumin essential oil also possesses chemoprotective, antimicrobial, hypoglycaemic, 
antioxidant, and hypolipidemic activity but therapeutic role of secondary metabolites 
remains unknown. Alcohol and water extracts of cumin have nutraceutical properties 
such as anti-platelet aggregation, antioxidant, anti-allergic, and hypoglycemic (Table 1).

Sr. No Contents mg/100 g

1 Moisture 8.1

2 Protein 17.8

3 Fat 22.3

4 Carbohydrate 44.2

5 Fiber 10.5

6 Calcium 931

7 Potassium 1788

8 Phosphorus 449

9 Sodium 168

10 Magnesium 366

11 Vitamin B1 0.73

12 Vitamin B2 0.38

13 Vitamin C 17.20

14 Vitamin A 175 IU

15 Niacin 2.5
Sources: [5, 6]

Table 1. 
Nutritional composition of cumin seeds.
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1.1 Climate

Cumin grows well in tropical and subtropical areas of world ideally situated within 
the 20o to 38o north latitudes. Its cultivation is done best under moderately cold dry 
climate. Humidity during flowering and seed setting is deleterious as the crop is sus-
ceptible to fungal diseases [7]. It is requires temperature range from 9oC to 26oC for 
proper growth and development. Frost at the time of flowering and early fruit sett has an 
adverse effect on the crop. Overall, locations having low atmospheric humidity and mild 
winters are most suited for cumin cultivation. Frequent rains at the time of flowering, 
fruit setting, and maturity leads to incidence of blight and powdery mildew in the crop.

1.2 Soil

Although cumin cultivation can be done on all type of soils, most suitable are 
sandy soils with low organic matter, and clay or clay loam with fair organic matter. 

Variety Description

Developed by Sri Karan Narendra Agriculture University, Jobner

RZ-19 : Important characteristics: Erect plants with bold seeds
Time to maturity: 120–140 days
Average yield: 5–6 q ha−1

RZ-209 : Important characteristics: Wilt tolerance
Time to maturity: 140–150 days
Average yield: 6.5 q ha−1

RZ-223 : Important characteristics: Wilt tolerance, essential oil content 3.2%
Average yield: 6.0 q ha−1

RZ-341 : Important characteristics: Bushy plant, semi erect growth, long and bold seeds, 
and tolerance to wilt, blight and powdery mildew
Time to maturity: 120–130 days
Average yield: 4.5 q ha−1

RZ-345 : Important characteristics: Semi erect bushy plants, long and bold seeds, and 
tolerance to wilt, blight and powdery mildew
Time to maturity: 120–130 days
Average yield: 6.07 q ha−1

Developed by Sardar Krushinagar Dantiwada Agricultural University, Spice Research Centre, Jagudan

GC-1 : Important characteristics: Erect plants, bold seeds, and wilt tolerance
Time to maturity: 105–110 days
Average yield: 7.0 q ha−1

GC-2: : Important characteristics: Bushy plants, profuse branching and attractive seeds
Time to maturity: 100 days
Average yield: 7.0 q ha−1

GC-3 : Important characteristics: Wilt resistant, essential oil content 3.5%
Time to maturity: 100 days
Average yield: 7.0 ha−1

GC-4 : Important characteristics: Resistant to Fusarium wilt
Average yield: 8.75 q ha−1

GC-5 : Important characteristics: Early maturing
Time to maturity: 92 days
Average yield: 6.86 q ha−1

Table 2. 
The details of varieties.
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Soil drainage is very crucial as water stagnation and excessive moisture are harmful for 
the crop. High soil pH also has adverse effect on the crop and preferred range of 6.8–8.3 
[8], while soil suspension EC of 14 dSm−1 is suitable for cumin cultivation. Saline soil 
or saline irrigation water results in better seed filling in cumin. Apart from deep, and 
shallow soil, gravely soils with good porosity and drainage are also suitable for this crop.

1.3 Improved varieties

Listed below are some of the important improved varieties in India which are 
recommended for main growing states i.e., Rajasthan and Gujrat (Table 2).

2. Cultural practices

2.1 Nutrient management

Soil analysis based fertilizer application is best for obtaining good growth of crop 
along with optimum use of fertilizers. For a good soil structure and soil properties, 
10 t ha−1 FYM or 5 t ha−1 compost can be applied three weeks prior to sowing. Using 
the organic wastes such as FYM provides us with an option of climate resilient crop 
management module while reducing the chemical fertilizer load [9]. Biofertilizers can 
also be used as they enhance biological activities of useful microbes in the soil along 
with improving the crop yield and quality [10]. As the crop responds well to fertilizer, 
basal application of 15 kg N, 20 kg P, and 20 kg K2O ha−1 can be done, and remaining 
30 kg N can be applied as top dressing 60 days after sowing.

2.2 Land preparation

Well prepared land aids in good germination and growth of the plant. Bring 
the soil to a fine tilth through 2–3 harrow ploughings and then level the field with 
a plank. At the time of third ploughing, incorporate FYM/compost in the soil. The 
beds of convenient size should be prepared with adequate placement of irrigation 
channels.

2.3 Sowing time

Time of sowing while having no influence of cost of production, has immense 
influence on disease and pest incidence. Therefore, it is crucial to complete sowing 
at appropriate time so that flowering stage escapes the period of high atmospheric 
humidity. For better germination, optimum temperature required is 30oC. In order 
to achieve good and healthy growth of the crop sowing can be done between mid-
November and first week of December.

2.4 Seed rate

Optimum seed rate is essential in order to ensure ideal plant population which 
allows proper growth of plants leading to higher yield. Seed rate is determined by 
the type of variety and sowing method. Optimal seed rate ranges from 10–20 kg per 
hectare, where bold seeded varieties need higher seed rate.
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2.5 Seed treatment

In order to control seed borne diseases, treat the seed with Trichoderma culture 
(10 g/kg seed) or alternatively with Thiram/carbendazim @ 2.5 g/kg. Inoculation 
with Azospirillum or Azotobactor and seed priming for 8 hours and drying of 
seed in shade is known to enhance the germination [11]. While, Lal et al. [12] 
reported improved germination after seed treatment with Bavistin @2.5 g/kg, and 
Trichoderma viride @4 g/kg.

2.6 Method of sowing

Cumin can be sown by two methods, viz. in lines or by broadcasting the 
seed, where former requires a drill while latter can be done by manual labour. 
Conventionally farmers go for sowing through broadcasting as it is an easier and 
cheaper alternative. On the other hand sowing in lines facilitated intercultural 
operations at all the stages of the crop. For line sowing the spacing between lines 
should be 25 cm, with seed sown of 1.5 cm deep covered with thin layer of soil. In case 
of broadcasting, cover the seed with light layer of soil with the help of a teeth rake. 
Avoid sowing the seed too deep, to prevent germination problems.

2.7 Crop geometry

Crop geometry is an important aspect which influences proper sunlight interception 
which leads to optimum physiological activities of plants. Optimal plant population aids 
in proper translocation of photosynthates in the plant. In case of higher than optimum 
plant population, competition for water, space, light, and nutrient increases which results 
in reduced accumulation of dry matter in plants. Therefore, optimum plant geometry is 
an important requirement to realise higher production of crops [13, 14]. Crop geometry 
in case of cumin within row spacing of 22.5–30 cm, within plant spacing of 15–30 cm.

2.8 Irrigation

Right amount of irrigation at appropriate time is essential for good germination 
and growth of the crop. For good germination of crop, a light irrigation should be 
given after sowing. Avoid heavy irrigation at this stage to avoid dislocation of the 
seed. After 10–12 days of sowing germination becomes visible, typically after second 
irrigation. In case of high temperature during day and dry weather another irrigation 
can also be given after an interval of 4–5 days. As per the prevailing weather and soil 
type irrigation is given at an interval of about 30 days. However, at the maturity stage 
avoid irrigation so as to prevent adverse effects on quality of seed. Sprinkler irrigation 
is also good in case the crop shows symptoms of wilting [15, 16]. Alternatively, drip 
may also be used but it is a very costly set up.

2.9 Intercultural operations

Weeds are an important problem in cumin cultivation as they compete with the crop 
for resources while contaminating the seed. So, in order to achieve a robust growth of 
the crop weed management should be done at appropriate times. First weeding and 
hoeing should be done when the crop has attained 4–5 cm height which happens at 
30–40 days after sowing. To keep the crop free of weeds and to break the soil crust, 
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another 2–3 weedings are needed. Some of the common weeds infesting cumin fields 
are zeeri (Plantago pumila), piazi (Asphodellus tenifolius), bathua (Chenopodium 
album), pili sanjee (Melilotus indica), khartua (Chenopodium murale) [17]. Among these 
weeds, zeeri is of serious concern as it bears close resemblance to cumin plant, and can 
easily become a contaminant thus reducing its crop’s market value [18]. Pre-emergence 
application of Fluchloralin (0.77–1.00 kg) or Basalin (2.5 kg) or Stamp F-34 (3.33 kg) 
per hectare can be done. Besides this, pre-emergence application of Oxidiagal @75 g 
ha−1 has been found to yield very effective results for weed control at NRCSS, Ajmer.

2.10 Harvesting

Cumin generally attains maturity in about 90–120 days. Physiological maturity 
as indicated by yellowing of plant is the most appropriate stage to obtain produce of 
high quality. Complete drying of plants has adverse effect on the crop quality. Apart 
from this prolonged sun drying of the crop prior to threshing is not advisable as it 
lowers the crop quality and has deleterious effect on oil content of seed. Harvest the 
crop early in morning to avoid grain shattering, followed by beating and trampling it 
on a clean threshing floor. In case of large scale cultivation threshing can also be with 
the help of a thresher which is very popular among the farmers now days. There have 
been attempts to design modified seed harvesters for cumin [19]. After harvesting 
cumin is cleaned and graded with the help of mechanical devices. The thoroughly 
cleaned cumin seeds can be stored with 7–8% moisture level at 40% equilibrium 
relative humidity. Seeds can be stored in polythene film lined gunny bags in a well 
ventilated, dry and cool place till next sowing season.

3. Post-harvest technology

After harvest cumin seeds are dried under partial shade in order to keep the mois-
ture up to 9% for storage. Higher moisture content in seeds increases the chances of 
fungal contamination during storage. The cleaned, dried, and graded seed is packed 
in the standard size packaging with appropriate labelling. Storage of dried seeds is 
done in environment friendly plastic film lined gunny bags. While processing cumin, 
care should be taken to maintain the vitality of the organic ingredient. Selection of 
processing method should be in such a manner that number and quantity of additives 
as well as processing aids is kept to a minimum. Essential oil extraction is done by 
distillation of mature dried seeds, and generally it is done by hydro or steam distilla-
tion. For oil extraction, dried seeds can be crushed or steam distilled wholly to yield 
2.5 to 4.5% oil content. In International market, there is a good demand for oleoresin 
obtained from cumin. After processing, various products are produced such as cumin 
powder, essential oil, cumin oleoresin and fixed oil. Volatile oil after extraction should 
be stored in well sealed containers.

3.1 Crop protection

Crop protection covers all biotic and abiotic aspects damaging crop. In the cumin 
growing regions frost is the major concern affecting the production. Cumin is mainly 
susceptible to frost which occurs from flowering to seed development stage of crop. 
It can be managed by proper irrigation during frost incidence with smoke or wind 
breaker.
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3.2 Biotic stress

Blight, wilting and powdery mildew are three main diseases which hamper cumin 
production.

3.3 Insect pests

Disease Symptoms Control measures

Blight: Symptoms appear mainly on 
leaves and stem in form of dark 
brown lesions which results in 
withering of plants

• Spray of Mancozeb (0.2%) or Azoxystrobin (0.1%) or 
Difenoconazole (0.05%) in 500 l water per hectare at 
disease appearance. Repeat after 15 days if needed.

• Spray scheduling: At 45–60 days of sowing spray 
Mancozeb, followed by 2–3 need based sprays of difeno-
conazole or azoxystrobin at fortnightly interval.

Wilt Wilt infection ususally 
occurs in patches and leads to 
drooping of leave and epinasty. 
Disease is very difficult to 
manage and severly infected 
plants usually wither and die

• Ploughing during summer season to sterlize soil

• 3 year crop rotation with non-host plants

• Disease free seed

• Application of Trichoderma species @ 10 g/kg for seed 
treatment and for soil application mix 2.5 kg of consortia 
50 kg FYM per hectare

Powdery 
mildew

In initial infection, leaves and 
twigs show appearance of 
white powdery spots, and upon 
severe infection the powdery 
mass covers whole plant

• Sulphur dusting @ 20–25 kg/ha or foliar spray of 
Wettable Sulphur 0.2% at fortnightly interval commenc-
ing from disease appearance in the field

Insect-pest Damage Management

Aphid 
(Aphids 
gossypii 
and Myzus 
persicae)

Aphids affect the crop by sucking 
sap of the plant. Populations build 
up initiates at vegetative stage 
and peak build up occurs during 
flowering (February) to seed 
formation. In case of unprotected 
crops, more than 50% yield loss 
can occur.

• For monitoring and trapping use yellow sticky 
traps

• Timely sowing of crop in desired geometry.

• Application of recommended nitrogenous fertilizer 
doses as higher dose increases succulency.

• Foliar spray of Neem oil (2%) or Neem Seed Kernel 
Extract (5%)

• Spray of Verticillium lecanii (108 spores/g) at the 
dose of 5.0 g/lire of water

• For severe infestations spray Metasytox (0.03%) or 
Dimethoate (0.03%) or Imidacloprid (0.005%) or 
Emamectin benzoate (10 g ai/ha)

Thrip 
(Thrips 
tabaci)

Attack of the insect is first visible 
during early vegetative growth 
of crop and continues up to 
flowering stage. Thrips damage 
the crop by sucking the sap from 
plant which ultimately results in 
leaf yellowing and drying. Higher 
population resulted drying of 
whole plants.

• Use of botanicals and chemical pesticides same 
as that for aphids. Besides that Thiomethoxam 
(0.025%) has also been recommended for control 
of thrips.
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4. Conclusion

Cumin finds wide use in kitchen as well as in traditional medicine. It a nutrition-
ally rich crop, with a distinct flavour as a virtue of the essential oil present in it. 
Flavour of cumin is direct function of its essential oil content. Also in recent times, 
popularity of cumin along with other spices and condiments have risen, which has led 
to increase in its demand. India the global leader in production of cumin, and a major 
consumer of this produce. All these factors make cumin an active cash crop which 
can be explored further in areas where it is not grown presently. So, we have outlined 
the successful cultivation operations which are practised in the main cumin growing 
areas of India. Adoption of scientific package of practices for cultivation will boost 
the production, while dealing with the constraints in an effective way.

© 2022 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. 
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Chapter 11

Essential Oil of Ginger: Effect of
Cultivation and Uses
Temitayo Esther AdeyeOluwa

Abstract

Ginger (Zingiber officinale Rosc.) is a spice used in many parts of the world for
culinary and medicinal purposes. It is a good source of essential oil with both the
rhizome and its essential oil becoming increasingly acceptable for traditional, medic-
inal and commercial uses. Essential oils may be referred to as ethereal oils or volatile
oils due to their volatile nature at room temperature. This review is intended to
highlight the uses of ginger essential oil as well as summarise the effect of site,
duration and geographical location of cultivation on the oil. In view, there are vast and
abundant uses of ginger essential oil and different cultivars of ginger would be
observed to differ in weight yield and composition, with China ginger oil (4.07%
yield) having 43 compounds and Indian ginger oil (1.26% yeild) having 60 com-
pounds, hence differing in quality and bioactivity. It may be concluded in this review
that various aspects of cultivation as earlier mentioned affect the composition,
bioactivity, potency, colour, aroma and weight yield of ginger essential oil which
essentially affect its use from one culture to another.

Keywords: ginger, essential oil, uses, cultivation, composition

1. Introduction

Ginger is a widely cultivated food and medicinal crop in many parts of the world. It
is amongst the most widely used spices globally [1]. It was first cultivated in Ethiopia
in the 1200s and continues to be cultivated despite challenges of low quality, reduced
economic output and poor handling by farmers and sellers [2]. Although with similar
health benefits as fresh ginger, ginger essential oil is said to be the most potent portion
of ginger [3].

The essential oil of ginger is the yellowish or green coloured volatile oil extracted
from ginger rhizomes, which is about 1–3% of a rhizome. It may be obtained from
fresh ginger rhizome, dried rhizomes or ginger peel, with oil from the fresh ginger
reported to be of better fragrance than that from dried ginger [4, 5]. As it is known
with spices, ginger oil is generally regarded as safe [GRAS] [6, 7]. It is known as the oil
of empowerment because it gives the user a feeling of self-assurance and courage [3].

Ginger oil may be extracted from ginger rhizomes in different ways. It can be
obtained traditionally (when it is crushed, macerated in water for about 12 h, heated
with sesame oil, filtered and centrifuged), conventionally (crushed, macerated in
sesame oil for 7 days, filtered and centrifuged) or by hydro distillation (with the use of
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Clevenger-type apparatus) [8]. GC–MS analysis of ginger essential oils shows its
major constituents to be Zingiberene, β-bisabolene, ar- curcumene, camphene, citral
and geranial [5].

The volatile oil of ginger possesses extensive biological effects. The essential oil of
ginger has been indicated as an antispasmodic, anti-inflammatory, antinociceptive
and antioxidant agent [9–12]. It has also been used in the treatment of joint stiffness
and pain [13] as well as a tonic for the uterus, brain and the stomach [14]. In addition,
it is useful in managing respiratory disorders [15], relieves anxiety and is heart and
liver friendly [16–18]. In fact, it has been proffered that the benefits derived from the
use of essential oils of ginger is similar to that derived from fresh ginger [3],
suggesting that the chemical constituents of fresh ginger are retained in its oils. It
possesses antiseptic, antimicrobial, healing, anti-nausea and anti-stress properties and
is thus employed in facilitating healing after surgical procedures [19, 20]. It aids
digestion and is used in the treatment of stomach disturbances [21]. In addition, the
essential oil of ginger is useful as a flavouring, preservative, perfumery and pesticidal
agent [22]. These properties have been attributed to the volatile constituents such as
monoterpenes and sesquiterpenes and pungent fractions of ginger, specifically,
shogaols, gingerols and paradols [23]. The constituents of ginger essential oil are
however affected in composition, potency and quantity by place, duration and region
of cultivation, thus affecting its bioactivity, colour, aroma and ultimately its use.

2. Uses of ginger essential oil

2.1 As spice

Globally, ginger is used as spice in foods in order to add flavour and nutrient to
food. In many cultures, it is used in the making of several dishes, adding to them a hot
and distinctive spicy flavour [24]. It may be used fresh or in the dried form and is an
essential ingredient of most spice blends [25]. The inclusion of ginger oil in food has
been demonstrated to improve the quality and flavour of the food [26].

2.2 As a herbal drug

In ayurveda, Chinese or Tibb-Unani traditional medicine, ginger essential oil has
been extensively employed [5, 27]. Indeed, spices from the family Zingiberacea,
including ginger, are well utilised in traditional medicine for the management and
treatment of several conditions and diseases such as stomach ailments and indigestion,
respiratory disorders, infections and anxiety [3, 11]. In Iranian traditional medicine, it
is believed that traditional medicine is more potent when formulated with ginger oil,
as against when ginger rhizome is used in its formulation [8]. In Indian traditional
medicine, it is used as stop excessive blood clotting while in Arabian traditional
medicine, it is used as an aphrodisiac [28].

2.3 Antimicrobial agent

The antimicrobial activity of ginger essential oil has been linked with the presence
of abundant oxygenated compounds present [5]. At 12% V/V, it was found to be
effective in reducing Listeria monocytogenes burden in food [1]. Its antifungal activity
has also been demonstrated by [29]. Ginger essential oil may therefore act as a

146

Ginger - Cultivation and Use



preservative agent in food and its inclusion or marination into food may hence
enhance the shelf life of food [26]. This has been found to be better achieved with the
volatile oil encapsulated in protein fibres [30], thus enabling a gradual and controlled
release of the oil into the food item, enhancement of solubility, as well as prevention
of alteration in the food taste and thermal destruction of the oil [31].

2.4 As a supplement

Dietary supplementation with essential oil of ginger has been recorded to improve
immunological, haematological and biochemical parameters as well as performance of
broilers [32]. This is proposed to enhance organic poultry which is evidently healthier
and was recently recommended in the poultry industry. Supplementing fish diet with
ginger oil also improved resistance to disease, immune response and growth of the
fishes [33]. In addition, ginger supplement in broiler feed increased feed conversion
rate, weight gain, improved blood parameters and general performance of the birds
[34]. Elazab et al. [35] also reported how the inclusion of ginger essential oil in rabbit
diet improved meat quality, growth performance and weight gain.

2.5 As an antioxidant

The essential oil of ginger is a potent antioxidant agent [36]. It was reported by
[37] to improve the antioxidant status of heat stressed broilers and has been proposed
to be a better source of antioxidants in the diet of broilers than synthetic antioxidants.
In addition, ginger essential oil inhibits in vitro lipid peroxidation as well as scavenging
hydroxyl and superoxide radicals [11]. Antioxidant enzymes, such as glutathione
(GSH), superoxide dismutase (SOD), catalase and glutathione peroxidase (GPx),
which were reduced in oxidative stressed rats was reported to increase with the oral
administration of ginger essential oil [21].

2.6 Anti-cancer agent

Bioactive compounds present in ginger such as 6-gingerol have been documented
to bring about apoptosis in cancerous cells. Treatment with the essential oil of ginger
was seen to reduce tumour sizes by over 50% [11].

2.7 Anti-inflammatory agent

The use of ginger oil in the reduction of inflammation has been documented by
[11]. The aromatic components of the essential oil of ginger such as terpenes are
responsible for its anti-inflammatory activity [38]. Ginger oil also alters T cell non-
specific production and cell-mediated immune response [39].

2.8 For commercial use

Ginger oil was largely produced in Europe and America but is now a great com-
mercial product globally especially in Jamaica, China, Indonesia, India and Australia
[4]. Ginger essential oil is utilised in production companies as a preservative (an
antimicrobial), a food enhancer (to improve taste or flavour) or an additive. It has
been employed in the production of bakery products, pharmaceuticals, beverages,
pesticides, hair care products, aromatic oils for aromatherapy amongst others.
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2.9 As an antinausea, antiemetic and gastroprotective agent

The antinausea, antiemetic and gastro-protective activities of ginger has been exten-
sively documented [40]. It has been said that the primary use of ginger is to combat
nausea [28]. A study by [41] showed that the inhalation of the volatile oil of ginger
reduced the post-operative occurrence of nausea and vomiting in human subjects that
underwent abdominal surgery. Ginger essential oil was also shown to inhibit gastric ulcer
in rats by 85.1% which was confirmed by histopathology of the stomach lining [21].

2.10 As beverage

There is an increased cognizance on the health benefits of consuming ginger-based
beverages thereby, leading to growth in its demand [42]. The use of natural products
such as ginger to spice up beverages is currently more acceptable than the use of
chemicals or synthetic agents, as natural products are known to enhance health by
enriching food products with bioactive phytoconstituents and other essential nutri-
ents needed by the body [43].

2.11 As perfume

The strong aroma of ginger has made it a very good source of perfume [29]. This
aroma has been attributed to gingerol, a pungent ketone, present in large quantity in
ginger oil. Aromatherapy has been employed in the curation of nausea and vomiting
in breast cancer patients exposed to chemotherapy. Thus, inhalation of ginger oil has
been ascertained to be an effective complementary therapy in most cases of nausea
and vomiting induced by chemotherapy [44].

2.12 Other uses

Other uses of ginger essential oil include its antispasmodic, antidiabetic,
antihypertensive, neuroprotective, antiplatelet aggregation, anticholesterolemic,
antiseptic, carminative, appetite enhancer and expectorant uses [40]. It also promotes
sweating, soothes aches, relaxes peripheral blood vessels as well as stimulates blood
circulation [45].

3. Effect of cultivation

Effective systemic cultivation of essential oil producing plants is vital for the
constant production of essential oil. Many factors influence the production of essential
oil producing plants and may thus affect the production of the oils themselves [46].
Improved cultivars are now seen to give better quality and quantity of oil [5].

3.1 Chemical composition

Cultivation site as well as duration of cultivation has been said to affect the chemical
composition of the essential oil of ginger, as well as their profile/constituents. The
geographical location of the world in which ginger is cultivated also affects its chemical
composition [47]. For instance, ginger grown in China was found with 43 different
compounds [48] while the same species of ginger grown in Ghaziabad (India) possessed
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80 compounds with varied proportions reported [49]. At Fiji, the compounds present in
the same species of ginger were varied from that in India [47]. This variation in
chemical composition has affected the therapeutic and commercial use of ginger essen-
tial oil [5]. An instance would be the reported proportion of zingiberene which was
found to be varied depending on the country of cultivation. 9.5% was found in ginger
cultivated in Mauritius while 29.0% was found in Nigerian ginger, 1.3% in Sri Lankan
ginger, 38.12% in Chinese ginger, 20–28% in Australian ginger, 46.2% in Indian ginger
and so on [4]. The variation in the chemical composition of 17 cultivars of ginger from
North India has also been documented (Table 1) [58].

3.2 Bioactivity

Since the chemical composition of essential oil is seen to be affected by place and/
or duration of cultivation, it may be proposed that the cultivation also affects the
bioactivity of the essential oil of ginger [5]. It is expected that since cultivation alters
the chemical composition and peak of the different compounds present in ginger, the
activity of a specific volatile oil of ginger will be dependent on the compounds present
in the oil, its quantity as well as the intensity or peak of the compounds. For instance,
sesquiterpenes which are known to be effective antioxidant and anti-inflammatory
agents [59] are not abundant in Sri Lankan ginger essential oil while monoterpenes
which are strong antimicrobial agents [60] are abundant in it [47].

3.3 Potency

The peak intensity of ginger essential oil cultivated in different areas was consid-
ered and it was found that both the site and duration of cultivation affected the quality

Region of
cultivation

Weight yield Number of
compounds

Colour Dominant compound

China 4.07% [48] 43 [48] Pale yellow
to Amber [7]

38.12% Zingiberene [4]

Ghaziabad
(India)

1.26% [49] 80 [46] Yellow [7] 46.2% Zingiberene [4]

West Africa
(Nigeria)

1.02%-2.4% [7] 54 [50] Pale yellow
[7]

29% Zingiberene (Nigeria) [4]

Australia NA NA Yellow [51] Citral (Neral and geraniol). 20-28%
Zingiberene [4]

Sri Lanka NA NA Golden [52] Antimicrobial compounds
(Monoterpenes). 1.3% Zingiberene [4]

Iran 1.2% [53] 55-59 [8] NA β-sesquiphellandrene, Zingiberene,
caryophyllene, ar-curcumene, farnesene
[29]

Ecuador NA 70 [54] NA α-zingiberene (17.4%) [54]

Brazil (Rio-
de-Janeiro)

2.3% [55] NA NA α-Zingiberene [56]

Veitnam 2.1% [57] NA NA Ar-curcumene [57]

Table 1.
Effect of region of cultivation on ginger essential oil.
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or potency of compounds present in the essential oil [47]. The variation in the degree
of pharmacological activity of the essential oil of ginger from different cultivars has
been documented. It was noted that the intensity of the different compounds in
different cultivars affects the potency of ginger essential oil. Essential oil of ginger
from Brazil, for instance, was found to be more effective against Staphylococcus aureus
bacteria compared with ginger essential oil from Veitnam. This has been attributed
to variation in quantity of ar-curcumene, α-zingiberene, geranial, α-farnesene,
β-bisabolene and β-sesquiphellandrene in both cultivars (Table 1) [7].

3.4 Aroma and commercial use

Australian ginger essential oil has a “lemony” odour due to the presence of high
quantity (about 51–71%) of citral (neral and geranial). Jamaican cultivar contains
higher levels of sesquiterpenes and lower citral content than the Australian cultivar.
This is responsible for the intensity of aroma and pungency detected in the ginger oil
with higher proportions of gingerols and other pungent compounds, thereby probably
making it more commercially viable than those with less aroma (Table 1) [61].

3.5 Weight yield

The weight yield of ginger essential oil is also affected by cultivation. Kiran et al.
[58] reported that the period of cultivation affected the weight yield of essential oil. In
that study, it was found that ginger grown for only 5 months produced more essential
oil than those grown for 7–8 months. This study was carried out in Sri Lanka and it is
proposed that the higher essential oil yield in the less mature ginger is due to less fibre
content and lower chemical intensity of the rhizome [58]. The variation in the quan-
tity of essential oils produced from 17 cultivars of ginger from North India has been
documented [58]. Indeed, different cultivars of ginger have been said to possess
varied oil yielding capacities. This was reiterated by [5] who reported a difference in
the proportion of ginger essential oil from different cultivars. In other studies, ginger
grown in China was reported to give a 4.07% yield of the total weight of ginger [48]
while that grown in India (Ghaziabad) yielded 1.26% of total weight of ginger. This
disparity in quantity has affected the commercial availability of ginger essential oil
significantly (Table 1) [5].

3.6 Colour

It has been reported that ginger essential oil derived from different geographical
regions of the world differ in colour. Essential oil of ginger from West Africa is pale
yellow, from India, it is yellow while that from China is pale yellow to amber. This
might also affect acceptability and hence its commercial use. The colour variation has
been attributed to alterations in the chemical composition of the oil from one region to
another (Table 1) [7, 48].

4. Conclusion

The numerous uses for ginger and its essential oil continues to draw the attention
of many to it. However, careful considerations must be taken in the selection of ginger
essential oil due the effect of cultivation on the oil. The composition, potency,
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bioactivity in addition to colour, aroma and quality of this essential oil is altered from
one region of the world to another. This variation is also observed with the duration as
well as the season of cultivation. As the site, duration, period or season of cultivation
of ginger may influence the presence and quantity of specific compounds, its chemical
activity, the weight yield as well as the potency, odour, and taste of the oil, oils
derived from different regions of the world should be analysed for their chemical
components and properly documented in order that maximal benefits may be derived
by the user.
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