DOI: 10.1002/vms3.538

REVIEW

WILEY

A systematic review on the effect of Ginger (Zingiber officinale)
on improvement of biological and fertility indices of sperm in
laboratory animals, poultry and humans

Majid Gholami-Ahangaran®

| Maryam Karimi-Dehkordi | Arefeh AkbariJavar? |

Maziar Haj Salehi® | Mehrdad Ostadpoor®

1Department of Clinical Sciences, Faculty
of Veterinary Medicine, Shahrekord Branch,
Islamic Azad University, Shahrekord, Iran

2Research and Clinical Center for Infertility,
Shahid Sadoughi University of Medical
Sciences, Yazd, Iran

S3Graduated of Veterinary Medicine Faculty,
Shahrekord Branch, Islamic Azad University,
Shahrekord, Iran

Correspondence

Majid Gholami-Ahangaran, Department

of Clinical Sciences, Faculty of Veterinary
Medicine, Shahrekord Branch, Islamic Azad
University, Shahrekord, Iran.

Email: mgholamial388@yahoo.com

1 | INTRODUCTION

The spermatogenesis occurs during three consecutive stages (sper-
matocytogenesis, spermiogenesis and spermation) in the semi-
niferous ducts of testis. The duration of spermatogenesis in birds
is much shorter than mammals which are approximately 25 days

Abstract

There is an evidence that ginger enhance semen quality via improving different sperm
parameters mainly count, viability, motility, morphology and DNA integrity. According
to research results in various species, ginger seems to have strong antioxidant prop-
erties (due to the presence of active phenolic compounds) and androgenic activity.
Ginger improves semen quality and increases fertility of sperm by disrupting the pro-
duction of free radicals, dissolving oxidative chain reactions, reducing oxidative stress
and altering the levels of gonadotropin hormones (LH, FSH) and sex hormones (such as
testosterone). The antioxidant and androgenic properties of ginger give a sperm with
normal morphological structure (head, middle and tail) and more integrated chromatin.
The rate of DNA failure and damage to the mitochondrial genome in these cells is
minimal and they have the most progressive motility, the highest viability and the best
fertility. Therefore, the use of the ginger significantly improves the biological param-
eters of sperm (number, total motility, survival rate and normal morphology) and also
increases all specialized fertility indicators of sperm. Tacking account of lacking litera-
ture and possibility of toxicity and adverse effect of ginger on vital organ, further clini-
cal trial especially on evaluating the safety and clinical effect must be considered. Also,
dose and duration of consumption by monitoring of health indicators and biochemical

changes in all species such as human, animal and poultry must be applied.
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(Farner & King, 1972). During this process, spermatogonia stem cells
proliferate and differentiate into more specific cells (primary sper-
matocytes and then secondary spermatocytes; Razi et al., 2010). In
the sixth and tenth weeks of the developmental process, the pri-
mary spermatocytes and then secondary spermatocytes appear in
the epithelium of the seminiferous ducts and begin to proliferate.
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Testicular growth accelerates after the 15th week, with each reach-
ing approximately 12-22 g weight in the 23rd week. At this time,
almost all the seminiferous ducts contain secondary spermatocyte
cells, and their process of differentiation into spermatid cells and
eventually adult sperm is completed. The maximum testicular weight
and the highest fertility rate in roosters are obtained at the age of
28-30 weeks (Rothwell, 1973). Testicular weight, semen volume
and fertility usually decline significantly after 35 weeks of age. In
roosters, the highest fertility rate (more than 95%) is obtained at the
beginning of the reproductive period (30-40 weeks of age). Fertility
levels drop sharply after 40-45 weeks and reach their lowest levels
in 65-70 weeks. At this age, roosters are usually removed from the
herd and replaced with young fertile roosters that called spiking of
rooster (Farner & King, 1972; Razi et al., 2010; Rothwell, 1973).

One of the important factors that affect reproductive age,
semen quality, and the rooster reproductive potential, is nutrition
(Jorsaraei et al., 2008). It appears that the administration of nat-
ural or artificial antioxidants in the diet can reduce the amount of
oxidative stress in sperm and improve semen quality and increase
sperm fertility (EI-Shahat et al., 2009). Oxidative stress in semen
leads to the lipid peroxidation of the cytoplasmic membrane of the
sperm, the damage of the acrosomal membrane, the oxidation and
breakdown of the DNA and eventually chromosomal abnormalities
in the sperm (Sikka, 1996). On the other hand, increased oxidative
stress by lowering testosterone production, degeneration of Sertoli
cells, and rupture of the blood-testicular barrier disrupts the pro-
cess of spermogenesis and ultimately leads to a decrease in epi-
dermal sperm counts and fertility (EI-Shahat et al., 2009; Jorsaraei
et al., 2008; Sakr & Badawy, 2011). Therefore, in order to reduce
oxidative stress, improvement in spermatogenesis and an increase
in sperm fertility potential, the use of natural or artificial antioxidant
compounds is necessary (Khaki et al., 2014). Herbal medicines with
antioxidant properties such as ginger, remove the intermediate free
radicals, end the oxidation chain reactions and ultimately lead to the
improvement of specific sperm fertility indicators and increase the
fertility potential of sperm in roosters (Khaki et al. 2014; Kubra &
Jaganmohanrao, 2012; Shokri Mashhadi et al., 2013).

Ginger (Zingiber officinale) contains gingerol, gingerdiol and gin-
gerdione, which may promote the functioning of the antioxidant
defense system (Baliga et al., 2011). The antioxidant capacity was
enhanced in chickens and laying hens when their diet was supple-
mented with ginger (Zhang et al., 2009; Zhao et al., 2011). These
findings suggest that ginger might enhance the fertility of male
poultry. Indeed, adding 15 g of ginger root powder/kg diet increased
the fertility of aged Cobb male breeders because of the increased
number of live sperm, total antioxidant capacity of the seminal
plasma, sperm membrane integrity, forward motility and sperm pen-
etration (Akhlaghi et al., 2014), while consuming 100 pl of ginger
essential oil/kg body weight maximized the fertility of male quails
(Herve et al., 2018). Ginger increased sperm production because
of improved testes growth by enhancing development of the sem-
iniferous tubules and germ cells and semen quality by suppressing

the oxidative damage induced in the testes via the activation of

antioxidant enzymes, such as superoxide dismutase and catalase
(Herve et al., 2018; Saeid et al., 2011; Shanoon, 2011). Saeid et al. re-
ported that Zingiber offcinale had useful effects on spermatogenesis
and sperm parameters in broiler breeder males (Saeid et al., 2011).
The 24 week old broiler breeders were administered aqueous ex-
tract of Zingiber offcinale in drinking water at 5% and 10% daily for
20 weeks. It increased FSH, testosterone and LH levels, but de-
creased MDA and TAC levels. There were increases in testes weight,
ejaculated volume, sperm concentration and motility but decreases
in dead sperm and abnormal sperm. These findings showed that
Zingiber offcinale could enhance spermatogenesis.

In this review, the effects of ginger on the biological parameters
of sperm and specific sperm fertility indicators in laboratory animal,
rooster and human have been collected and analysed based on avail-
able sources.

2 | MATERIALS AND METHODS
2.1 | Search strategy

In this systematic review, the specialized databases Google Scholar,
Science Direct, Elsevier, Springer, Scopus and PubMed, were used
for the literature search from April 2000 to April 2020, with the pur-
pose of limiting the search to the latest findings, using different com-
binations of the following keywords: ginger, sperm, Zingiber officinale
and fertility. In Google Scholar, Direct, Elsevier and Springer, we
used the following search equation strategy: (sperm, fertility AND
Zingiber officinale). The search equation used in Scopus was: “ginger
AND sperm” AND fertility. In PubMed, we used the following search
equation strategy: (“Zingiber officinale” OR “Ginger”) AND sperm.

2.2 | Selection criteria

Articles were organized by the Zingiber officinale (Ginger) effects on
sperm fertility especially about poultry. One member of the team
(MGA) extracted information about the characteristics of the arti-
cles. The information extracted from the articles included Zingiber
officinale, in vitro and in vivo studies, concentrations, species and
biological characteristics of sperm. After that, the quality evalua-
tion and selection were performed by three authors (MGA, MKD
and AAJ who independently worked according to the main criteria
of PICO (Population, Intervention, Comparison, Outcome; Table 1).

2.3 | Data handling, analyses and extraction

The inclusion criteria for handling of studies outlined according
PRISMA guidelines were as follows: (1) studies with Zingiber offici-
nale (ginger) with Anti-infertility properties in vitro and in vivo; (2)
clinical trial studies; and (3) studies with significant results collected

via statistical analysis. The exclusion criteria used were as follows:
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(1) studies written in non-English language; (2) the use of bioactive
components of aromatic plant, instead of Zingiber officinale (ginger);
and (3) studies without controls. After removing duplicates, the title
and abstract of each article were reviewed by one member of the
team. After that, acceptability for inclusion was analysed based on
reading the title and abstract by three authors. Data were extracted
by three authors (MGA, MHS and MO) into forms on Microsoft Excel
2013. Article selection and data extraction differences were re-
solved through discussion. The main results of the selected articles

were arranged according to the anti-infertility properties of ginger.

3 | RESULTS

3.1 | Study identification and selection

Of the 143 full texts reviewed, ninety-five relevant articles were

identified, which was in agreement with our inclusion and exclusion

TABLE 1 PICO (Population, Intervention, Comparison, Outcome)
criteria for inclusion of studies

Parameter Inclusion criteria

Population Studies accomplish in vitro and in vivo

Intervention Anti-infertility with Zingiber officinale (ginger)
Comparison Ginger versus control

Outcome Anti-infertility properties of Zingiber officinale

(ginger) especially in poultry

criteria. The selected articles were grouped into the antifungal prop-
erties of the EOs. The complete process is showed in Figure 1, which
is based on a PRISMA flow chart.

3.2 | Pathophysiology of the effect of oxidants on
fertility reduction

Iskandar et al. (2006) reported that in the Arabian roosters, the
total volume of semen and pH was 300 pl and 6.95 (respectively),
and the macroscopic and mass movement of sperm was good
(+3) or very good (+4; Iskandar et al., 2006). In a similar study,
Nataamijaya et al. (2003) stated that the total volume of semen and
the pH were 260 pl and 7.02, respectively. The colour was milky
white, macroscopic motion was good (+3), and microscopic mobil-
ity was 80% (Nataamijaya et al., 2003). In general, the volume of
semen in roosters, ducks and quail is 300-1,000 pl, 0.1-1 ml and
50-150 ml, respectively. This depends on factors such as age,
breed, body size, nutrition, environmental temperature and the
concentration of vitamin A and E in the diet (Almahdi et al., 2014;
Froman et al., 1995; Rouvier et al., 1984). The cause of the low
volume of semen in poultry, compared with mammals, is the lack
of sexual glands. The absence of glandular secretions reduces the
overall volume of semen plasma and significantly increases sperm
concentration in poultry.

The mean pH of semen in roosters of Kedu-Lingen, Bangkok,
and the Arab breeds is 6.92, 6.98 and 7.04, respectively. The semen

colour in all of these breeds is milky white and the mass movement
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n=5
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n=22
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Ide screening
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FIGURE 1 PRISMA flow chart for studies related with antifungal properties of essential oils
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of sperm is reported to be +4 (Almahdi et al., 2014). Studies have
shown that the mean sperm motility in the semen of Arabian roost-
ers is 80% and in Bangkok, Kedu and Lingen are 84%. On the other
hand, sperm abnormalities in Lingen, Bangkok, Kedu and Arabian
roosters were reported to be 10.40%, 13.78%, 17.03% and 9.07%,
respectively (Almahdi et al., 2014). Factors such as racial differences,
age influence, environmental factors (especially ambient tempera-
ture), nutritional factors (especially dietary protein levels, vitamin
E and calcium), disease or other structural differences in different
breeds could affect the sperm motility and morphology (Hafez, 1987
Selvan, 2007). Edirisinghe et al. (1997) stated that the normal rate of
sperm abnormalities in each ejaculation was 5%-30% and divided
sperm abnormalities into three categories: primary, secondary and
tertiary (Iskandar et al., 2006). Primary abnormalities occur in the
process of spermatogenesis and in seminiferous ducts of testis. In
this type of abnormality, the main parts of the sperm (head, middle
and tail) are affected and lead to the formation of sperm with small,
large, broadheads, or double and abnormal tails.

Secondary abnormalities occur when sperm pass through
the epididymis or during ejaculation and lead to sperm with end-
cytoplasmic droplets. The third type of abnormalities occur during
the ejaculation of the semen (Edirisinghe et al., 1997; Hafez, 1987).

The quality of semen, biological parameters of sperm and spe-
cialized fertility indicators are greatly reduced under the influence
of interfering factors such as the production of free radicals. Free
radicals have a high reactivity in the body due to their free electrons.
These molecules are created by white blood cells or sperm during
intracellular oxidative reactions and due to the lack of antioxidants
or the release of free electrons (Zohreh et al., 2015). Studies have
shown that there is a significant inverse relationship between high
amounts of free radicals and sperm quality and fertility. Sperm cells
are highly sensitive to free radicals due to their high levels of un-
saturated fatty acids in the cytoplasmic membrane as well as low
concentrations of antioxidant enzymes in their cytoplasm (Ansari
et al., 2014; Asgari Jahromi et al., 2013). After exposure to high
levels of the active oxygen molecule, the plasma membrane of the
sperm gets damaged, and severe destruction of nuclear DNA and
mitochondrial genome occurs. (Hafez, 2010). Normally, the produc-
tion of large amounts of free radicals is modulated by the body's
antioxidant defense system. By preventing free radical formation,
the antioxidant defense system regulates damaged tissues and cells,
increases the defense of damaged molecules and minimizes cell mu-
tations (Weisiger & Fridovich, 1973).

However, sometimes exposure of the body to certain factors
such as drugs, toxins, environmental pollutants, nutritional disorders
increases the production of free radicals and an imbalance between
the production of radicals and the body's antioxidant defense which
eventually leads to oxidative stress and tissue damage. Oxidative
stress leads to lipid peroxidation in sperm membranes, inactivation
of glycosylated enzymes, damage to Acrosome membrane, DNA oxi-
dation and ultimately leads to a reduction of all biological parameters
of sperm (number, motility and normal morphology; Sikka, 1996). On

the other hand, studies have shown that increasing the amount of

oxidative stress in the body reduces the production and release of
testosterone by Leydig cells, followed by impaired spermogenesis
and decreased epidermal sperm count (Cao et al., 2004). In testic-
ular Sertoli cells, an increase in the level of free radicals causes cell
degeneration, the disintegration of the cytoplasmic bridges between
the cells which results in a decrease in sperm count and an increase
in abnormalities (Aziz et al., 2004; El-Shahat et al., 2009). The rela-
tion between oxidative stress and infertility is illustrated in Figure 2.

3.3 | The protective role of antioxidant compounds
in increasing fertility

One of the body's defenses against oxidative stress is the use of
antioxidant compounds. Studies have shown that treatment with
natural or artificial antioxidants not only stabilizes the blood-
testicular barrier but also protects sperm DNA and increases fertil-
ity (Lombardo et al., 2011). By removing intermediate free radicals,
these compounds terminate the oxidation chain reactions, and on
the other hand, by oxidizing themselves, inhibit other oxidative reac-
tions (Bjelakovic et al., 2007). Today, antioxidants such as vitamin
C, vitamin E, vitamin A, zinc sulphate and selenium has been widely
used in the treatment of infertility in males (Agarwal et al., 2006;
Gil-Guzman et al., 2001). It seems that the use of antioxidants of
plant origin also increases sperm quality and improves the special-
ized parameters of sperm fertility.

3.4 | Effect of ginger on sperm protection against
oxidant compounds

In addition to having antioxidant properties and strong androgenic
activity, ginger protects sperm-producing cells and repairs testicular
tissue against the toxic effects of some drugs and chemical com-
pounds. Johari et al. (2010) investigated the effect of the ginger
hydroalcoholic extract on body weight, testicular weight and sper-
matogenesis process in male rats treated with cyclophosphamide and

Decrease of hormone production
Damage of gamate DNA
Damage of gamate membere

Reproductive dysfunction leading to infertility

FIGURE 2 The relation between oxidative stress and infertility
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showed that ginger eliminates the active metabolites of cyclophos-
phamide, repairs the DNA molecule and aides the continuation of
mitotic and meiotic divisions in the testis. The researchers reported
a significant increase in testicular weight, a relative increase in the
number of spermatid cells and an improvement in spermatogenesis
in the treated rats (Johari et al., 2010). Amin and Hamza (2006) in-
vestigated the therapeutic effects of Roselle and ginger in reduc-
ing the toxic effects of cisplatin (a drug used in chemotherapy) and
found that using these herbs could significantly increase sperm mo-
tility and significantly reduce the negative effects of cisplatin on the
normal sperm morphology. In this study, the concentration of ginger
was 1 g/kg of body weight and added to the diet of rats for 26 days.
The administration of ginger started 21 days before the first cisplatin
injection. The results of this study showed that the use of Roselle
and ginger significantly increased sperm motility and significantly
reduced the harmful effects of cisplatin on normal sperm morphol-
ogy. The use of both medicinal extracts balanced and regenerated
the level of MDA (an indicator of lipid peroxidation), superoxide dis-
mutase, glutathione and catalase in the testes of rats treated with
cisplatin. In this study, the use of herbal medicines such as ginger
and Roselle increased the activity of antioxidant enzymes, improve
sperm motility and reduce oxidative stress in patients treated with
cisplatin (Amin & Hamza, 2006).

Zahedi et al. (2012) examined the effect of ginger on the toxic
effects of gentamicin on sperm fertility parameters and showed that
ginger could eliminate the toxic effects of gentamicin and signifi-
cantly increase serum testosterone levels in rats. Increased serum
levels of testosterone led to improved spermatogenesis and a sig-
nificant increase in the population of sperm cells in the epididymis
(Zahedi et al., 2012). In a similar study, Mohammadi et al. (2014) ex-
amined the protective effect of ginger extract in cyclophosphamide-
treated rats and confirmed the ability of ginger to increase serum
levels of testosterone and antioxidants. Evaluating the histology and
pathology of testicular tissue, showed that the use of the ginger ex-
tract in 300 and 600 mg repaired damaged testicular tissue in rats
treated with chemotherapy drugs. However, no change in the weight
of testicular tissue and the number of free radicals was observed
in the control and ginger-treated groups (Mohammadi et al., 2014).
Also, Sakr and Badawy (2011) studied the therapeutic effect of gin-
ger on spermatogenesis and the degree of apoptosis in Albino mice.
The authors investigated the effect of ginger on the level of testicular
tissue damage due to the use of metiram antifungal drugs. The study
first confirmed the effects of metiram on reducing the diameter of
seminiferous ducts, thinning the thickness of the epithelium, reduc-
ing the number of spermatogonia and spermatocytes, apoptosis of
testicular germ cells, destruction of Leydig cells and contraction of
blood vessels feeding the testicular tissue. By adding ginger to the
diet of treated mice, repair and regeneration of the epithelial layer
of testicular tissue, as well as the proliferation of sperm-producing
germ cells in the epithelium of the seminiferous ducts was observed.
In this study, the antioxidant effect of ginger extract in improving
the spermatogenesis process of Albino rats was confirmed (Sakr &
Badawy, 2011).

WI LEY-2%

3.5 | The ginger effect on spermatogenesis

In a research conducted to determine the effect of ginger [fresh rhi-
zome powder and fresh onion water] on spermatogenesis in rats.
There was significant difference between the intervention group and
control group in terms of sperm count, motility percentage and vitality.

This suggested that ginger may be promising in enhancing sperm
health parameters (Khaki et al., 2009, 2010). In a recent study, the
toxicity of gentamicin on sperm in rats was assessed. Ginger admin-
istration caused a marked increase in the testosterone concentra-
tions of the rats even in spite of receiving 5mg kg day™ gentamicin
compared with the control and gentamicin treated groups. Ginger
rhizome is able to overcome reproductive toxicity of gentamicin and
induces spermatogenesis probably mainly through the elevation of
testosterone levels (Khaki et al., 2010).

In a study, the effect of ginger extract on body weight, testes and
spermatogenesis in male rats under chemotherapy with cyclophos-
phamide was searched. The results showed that cyclophosphamide
led to a decrease in body weight, and spermatogenesis. When it was
prescribed with ginger, these variables increased significantly (Johari
et al., 2010). Likewise, in another research, sperm parameters sig-
nificantly decreased in the streptozocin-induced diabetic rat group.
However, in the treatment group that received 100 mg/kg (oral) gin-
ger, there was an increase in the sperm parameters in comparison to
the experimental groups. Due to this preventive effect on the sperm
parameters it seemed that it could be effective for treatment of dia-
betic rats (Nassiri et al., 2009).

Antibiotics such as gentamicin, streptomycin and ofloxacin are
routinely used by urologists to treat infections prior to in vitro fer-
tilization treatment. Gentamicin and ofloxacin affect the spermato-
zoa by affecting their number, motility and morphology. Gentamicin
induced structural changes such as sloughing of somniferous epi-
thelium, vacuoles and gaps in the epithelium, nuclear pyknosis and
atrophic changes in a few tubules. A study by Zahedi et al. (2012) to
evaluate protective effect of ginger on gentamicin-induced apopto-
sis in testis of rats were done. In order to study the recovery effects
of ginger on testis apoptosis after treatment with gentamicin, 40
adult Wistar male rats were selected and randomly divided into four
groups ofnormal salin control (group 1), gentamicin control (group I1),
ginger control (group Ill) and gentamicin + ginger (group V) each
having 10 rats. The results revealed that there was a significant in-
crease in apoptosis in the group Ill when compared with the other
groups. However, ginger could decrease apoptosis in the group IV
that received 100 mg kg™ rat™* of ginger. Regarding these results, it
recommended that administration of ginger with gentamicin might
be beneficial in men who receive gentamicin to treat infections
(Zahedi et al., 2012). There are several studies related on ginger ef-
fect on sperm indices and fertility in poultry and laboratory animal
that listed in Tables 2 and 3, respectively.

The mechanisms by which ginger or its extracts exert such effects
is mainly by increasing the level of testicular cholesterol, increasing
blood flow in the testes, stimulating the synthesis of luteinising hor-

mone, enhancing the activity of molecular defense mechanism in the
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TABLE 2 Studies on ginger effects on sperm parameters (Banihani, 2019)

Dose (mode of

Affecter treatment) Duration
Ethanol extract of 1lg kg’1 day™* (Oral) 26 days
ginger
Ethanol extract of 1 g kg™ day™ (Oral) 26 days
ginger
Methanolic extract 0.1 mlof0.1,0.2,0.4 0,2,4,8hr
Methanolic extracts 100 and 65 days
200 mg kg ! day™
Aqueous extracts of 150 and 65 days
ginger 300 mg kgt day™* (Oral)
Ginger 40 mg kg™ day™ of body 60 days
weight (oral)
Ginger 3% of fed diet (Oral) 30 days
Dietary Ginger powder 15, or 30 g/kg of diet 14 weeks
oral
Ginger 4% of the diet (Oral) 14 days
Aqueous extracts of 300 and 600 mg/ 6 weeks
ginger + pumpkin kg day™* (Oral)
6-gingerol-rich fraction 50, 100, and 200 mg/kg 14 days
from ginger (Oral)
Ginger powder 250 mg twice a day (Oral) 3 months
Aqueous Ginger extract 500 mg kg™ day™ (Oral) 28 days
Aqueous extracts of 300 or 600 mg/day (Oral) 6 weeks

Ginger

Population

Male albino rats

Male albino rats

Swimmed-up human

Spermatozoon, Male diabetic rats

Male diabetic rats

Male albino rats with Aluminium-induced
toxicity

Male diabetic rats

Aged Cobb 500 breeder rooster

Hypertensive Male Wistar rats

Cyclophosphamide- induced male adult
rat

Male rats with carbendazim-induced
toxicity

Infertile men

Male rats with sodium metabisulfite-
induced toxicity

Cyclophosphamide-treated rats

Effect on sperm
parameters

(+) Sperm motility (-)
Extent of cisplatin-
induced sperm
abnormality

(+) Sperm viability

(-) Sperm motility

(+) Sperm abnormalities (+)
Sperm motility

(+) Sperm count (+) Sperm
motility

(+) Sperm viability (+)
Sperm motility (+) Sperm
count

(+) Sperm viability

(-) Sperm abnormalities (+)
Membrane integrity of
spermatozoon (+) Sperm
viability (+) Sperm motility

(+) Sperm motility Sperm
viability (+)

Sperm motility (+) Sperm
viability (+) Sperm count
(+)

(+) Sperm motility (+)
Sperm count (=) Sperm
abnormality

(<) Sperm DNA
fragmentation (+) Sperm
count (+) Sperm motility

(+) Sperm motility (-) Sperm
abnormality

(+) Sperm count

testes and reducing blood glucose level. Other mechanisms include
increasing testicular weight, increasing blood flow to the testes and
recycling testosterone receptors. Accordingly, the positive impact
of ginger on sperm parameters, and thus on semen quality, may be
attributable, at least in part, to the increased levels of gonadal hor-

mones (testosterone and luteinising hormone; Banihani, 2019).

3.6 | The effect of ginger on chicken male
spermatogenesis

Semen evaluation is regularly used in modern poultry enterprise to
ascertain the reproductive ability of cocks to be utilized for artificial
insemination (Al) program. The use of poor-quality spermatozoa in
Al program has been reported to adversely affect fertility, increases
embryo mortality and makes the hen depend totally on stored sper-

matozoa from the sperm storage tubules (Thurston, 1995).

Traditional semen quality assessment methods demand the cal-
culation of sperm motility, viability, concentration and morphology
of spermatozoa as well as semen volume and semen colour. Most of
these quality assessment parameters have a direct link with sper-
matozoa fertilizing capacity (Donoghue & Wishart, 2000). The ca-
pability of the spermatozoa to fertilize the ovum depends on the
structural and functional attributes of sperm cell membrane lip-
ids. The abundance of polyunsaturated fatty acids (PUFAs) in the
chicken sperm membrane engendered sperm to lipid peroxidation
caused by reactive oxygen species (ROS) manufactured in the mito-
chondrial and plasma membrane (Ogbuewu et al., 2010). Naturally,
the sperm antioxidant defense action against ROS attack is weak,
but the seminal antioxidant defense activity tends to boost defense
against ROS (Zini et al., 2009). However, excess ROS generation re-
duces the sperm antioxidant defense mechanism, hence resulting in
infertility. Several investigators have tried to boost semen quality in-

dicators in poultry using plant materials with antioxidant properties
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TABLE 3 Studies on ginger effects on fertility
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Host

Wistar rats

C57BL/6 mice

Broiler breeder

Male Wistar rats

Broilers breeder
male (ROSS
strain)

Broilers breeder
male

Source

Zingiber offcinale

Bupleurum falcatum L., Pinellia ternata
Breitenbach, Cinnamon verum J. Presl,

Poria cocos Wolf, Scutellaria baicalensis

Georgi, Zizyphus jujuba var. inermis,
Crassostrea gigas., Panax ginseng C. A.

Mey., Rinoceros spp., Rheum rhabarbarum.

L., Zingiber offcinale Roscoe

Zingiber offcinale aqueous extract

Zingiber offcinale aqueous extract

Zingiber offcinale extract

Zingiber offcinale powder

Dose

50, 100 mg/kg;
20 days

300 mg/kg; 30 days

5, 10%; 64 weeks

600 mg kg™ day™*

Effect Reference
Increase of sperm healthy Parameters  Khaki
by increase LH, FSH, and TAC and et al. (2009)
decrease MDA
Increase of sperm number, sperm Zang et al.
motility by increased testosterone (2016)
Increase of Spermatogenesis (by Saeid
increase FSH, Testosterone, & LH), etal. (2011)

and decrease MDA & TAC

Increase of both testis weight and

Kamtchouing

Native cock fowls  Zingiber offcinale powder

for 8 days serum testosterone levels et al. (2002)
100 g/kg feed for Increased semen volume, sperm Shanoon
140 days motility, sperm concentration, and Jassim
live spermatozoa, and decreased (2012)
abnormal spermatozoa
0, 6,11 g/kg feed for  Increased semen volume, sperm Shanoon
42 days motility, sperm concentration, (2011)
live spermatozoa, and decreased
abnormal spermatozoa
0, 2.5,5.0 g/kg feed Improved semen volume, sperm Ezzat et al.
for 84 days motility, sperm concentration, (2018)

with mixed results (Khan et al., 2012; Nahed et al., 2014; Neuman
et al., 2002; Ommati et al., 2013). Thus, the need to ascertain the
potential of tropical plants with antioxidant properties such as gin-
ger on semen production in poultry. The results of this study suggest
that phytobiotic supplementation has a positive influence on semen
parameters. However, a number of studies employed in the analysis
to determine the effect of ginger on semen production were less
than ten, and there is evidence of large heterogeneity as indicated by
the inconsistency index (I12-statistics; Higgins et al., 2003).
Therefore, the inability to ascertain the percentage of this vari-
ability explained by our chosen explanatory predictors (duration of
supplementation, presentation form, strain and inclusion level) due to
small nature of studies used in the analysis means that our results es-
pecially for semen volume, sperm motility and concentration should be
discussed with caution. The significant decline in the number of sperm
with abnormal cells could be linked to the activity of ginger bioactive
elements to guard the sperm membranes against free radical attack

during in vitro and in vivo storage (Zhang et al., 2009; Zhao et al., 2011).
3.7 | The effect of ginger on increasing
sperm fertility

Several studies have been conducted on the effect of ginger on
sperm fertility in mice and rats. Khaki et al. (2009) studied the effects

live spermatozoa, and decreased
abnormal spermatozoa

of ginger on spermatogenesis and semen quality in rats by using 50
and 100 mg of ginger powder per kg of diet. In this study, the use
of ginger powder in both concentrations significantly increased the
viability and motility of sperm. However, the use of ginger in 50 and
100 mg did not cause significant statistical changes in testicular tis-
sue weight, total sperm count, normal sperm morphology and con-
centrations of LH and FSH hormones. The authors confirmed the
increasing effect of ginger on serum testosterone levels as well as
serum glutathione levels and the use of ginger in reducing the DNA
damage and oxidative stress in sperm (Khaki et al., 2009).

In another study, Morakinyo et al. (2008) added 500 and
1,000 mg ginger hydroalcoholic extract orally to the diet of the rats
for 14-28 days. Adding ginger extract significantly increased testic-
ular and epididymal tissue weight, serum testosterone levels, total
sperm count and their motility in semen. In rats treated with ginger
extract, the levels of malonyldehydrate (MDA) and oxidative stress
was significantly reduced. The researchers stated that the increase
in fertility potential following the administration of ginger was due
to the antioxidant and androgenic properties of this medicinal plant
(Morakinyo et al., 2008).

Several studies investigated the effect of ginger on increasing
human fertility (Hosseini et al., 2016; Saeid et al., 2011; Zahedi
et al., 2012). Hosseini et al. (2016) investigated the effect of gin-
ger extract on sperm fragmentation rate and reproductive poten-

tial in infertile men. In this study, patients used 250 mg capsules of
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ginger powder twice a day for 3 months. Then, the total number of
sperm, sperm motility and the amount of sperm DNA fragmentation
were evaluated before and after treatment. The results of this study
showed that the rate of DNA damage in infertile patients receiving
ginger extract was significantly lower than in the control group.
However, there was no statistically significant difference in the
total number and the motility of sperm between treated and control
groups (Hosseini et al., 2016). In a similar study, Mares et al. (2012)
measured LH, FSH and testosterone hormones in serum to investi-
gate the effect of ginger extract on sperm parameters (total number,
motility, viability and normal sperm morphology) in 19-40-year-old
infertile men. In this study, the use of ginger for 3 months caused a
significant increase in the total number of sperm (more than 16.2%),
a significant improvement in sperm motility (more than 47.3%), in-
creased viability (more than 40.7%) and normal sperm morphology.
Also, the total volume of semen in patients treated with ginger ex-
tract increased by 36%. The researchers reported that the DNA
damage (DNA fragmentation) significantly reduced, serum gluta-
thione, LH, FSH, and testosterone levels increased in patients who
received the ginger extract (Mares et al., 2012).

3.8 | The effect of ginger on increasing sperm
fertility in poultry

Akhlaghi et al. (2014) investigated the effect of ginger on the repro-
ductive efficiency of commercial roosters and reported a significant
improvement in semen quality, increased sperm fatty acid levels and
increased reproductive efficiency in roosters (Akhlaghi et al., 2014).
The ginger powder in 0, 15 and 30 g concentrations were added to
the rooster's diet for 14 weeks, and then semen characteristics and
sperm parameters were evaluated every 14 days. The researchers
observed a significant increase in viability and sperm motility, de-
crease in structural abnormalities, and a greater integration of sperm
cytoplasmic membranes in roosters receiving ginger powder. In this
study, ginger increased the amount of unsaturated fatty acids and
reduced the concentration of saturated fatty acids in sperm.

Also, the levels of C22: 4 (n-6) fatty acids in sperm and the anti-
oxidant properties of semen plasma were very high in roosters that
received ginger powder. Although the use of high concentrations of
ginger (30 g), significantly increased sperm penetration in the peri-
vitelline membrane and improved fertility, there was no statistically
significant difference in the rate of duration of incubation and mor-
tality of chicks due to the use of ginger powder. The researchers
recommended that ginger in the diet improves the quality of semen,
especially in commercial chickens (Akhlaghi et al., 2014). In a similar
study, Saeid et al. (2011) examined the effect of ginger extract on
fertility potential and reproductive activity of chickens and used two
concentrations of 5% and 10% ginger extract in drinking water. In
this study, all sperm fertility parameters, serum hormone concen-
trations and semen plasma hormones were measured every 4 weeks
(from week 24 to 44 weeks). Treatment with ginger significantly in-

creased testicular tissue weight in both groups. The overall volume

of semen and the number of sperm cells in the chickens that received
10% ginger extract were significantly higher than in roosters that
used a lower concentration of ginger extract. Also, adding high con-
centrations of the ginger extract significantly reduced sperm ab-
normalities. The researchers found a significant increase in serum
glutathione levels, increased concentrations of LH, FSH and serum
testosterone, as well as decreased plasma protein levels in treated
roosters. In this study, following the use of the ginger extract, the
concentration of cholesterol and glucose in semen plasma also in-
creased (Saeid et al., 2011).

3.9 | The synergic effect of ginger in increasing
sperm fertility

Some researchers have studied the simultaneous use of ginger and
other chemical or herbal compounds and examined their effect on
fertility parameters and reproductive patterns. Khaki et al. (2014)
investigated the antioxidant effects of ginger and cinnamon on
spermatogenesis, sperm biology and oxidative stress in diabetic
rats. The researchers also confirmed the effects of ginger on in-
creasing the serum concentrations of testosterone, LH and FSH,
and observed a significant increase in total sperm count, motility
and sperm viability. On the other hand, the concentration of anti-
oxidant components such as catalase, superoxide dismutase, glu-
tathione peroxidase and total antioxidant capacity (TAC) in serum
increased significantly after using ginger. The simultaneous addi-
tion of ginger and cinnamon to the diet accelerate the effects of
each herb on spermatogenesis. Therefore, the simultaneous use
of ginger (100 mg kg’1 day’i) and cinnamon (75 mg kg’iday’i) in-
creases the level of androgens (LH and FSH) and serum testoster-
one and also improve the specialized parameters of sperm fertility
in patients with diabetes (Khaki et al., 2014). Akinyemi et al. (2015)
stated that oral administration of ginger and turmeric can improve
reproductive activity and sperm quality in rats with high blood
pressure. These researchers examined the protective effects of
ginger and turmeric on biomarkers associated with the reproduc-
tive activity. Often, there is a significant decrease in serum testos-
terone levels and sperm motility in rats with high blood pressure.
In rats suspected to hypertension, due to high oxidative stress in
testicles and epididymis, the total thiol and non-protein thiol levels,
the nitrite oxide levels and glutathione S-transferase activity were
at their lowest level and the activity of Arginase and thiobarbitu-
ric acid (TBA) metabolites increased. In this study, adding ginger
or turmeric to the diet of rats with high blood pressure prevented
changes in the level of biomarkers associated with reproductive ac-
tivity and increased serum levels of testosterone and nitric oxide,
as well as significantly reduced arginase activity in the body. These
changes can prevent infertility in people with high blood pressure.
The researchers recommended that adding ginger and turmeric as
dietary supplements to the diet of patients with infertility caused by
high blood pressure can have beneficial effect on fertility (Akinyemi
et al., 2016).
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In conclusion, changes in lifestyle, changes in food culture, envi-
ronmental pollution and excessive use of chemicals in the food in-
dustry and animal husbandry can increase the risk of oxidative stress
on physiological process. Sperm can be affected by oxidants, leading
to reduced viability and structural changes that prevent successful
fertilization. Natural antioxidants can prevent this process. Various
studies have shown that plants such as ginger have a positive effect
on the process of spermatogenesis and sperm development due to
their biomaterials, and can increase biological strength and increase
fertility in humans and animals. The use of the ginger significantly
improves the biological parameters of sperm (number, total motility,
survival rate and normal morphology) and also increases all special-
ized fertility indicators of sperm. Therefore, the use of ginger in the
diet or drinking water especially in humans or animals with low po-

tent fertility, is recommended.
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