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ABSTRACT The increased consumption of protein
derived from poultry demands greater poultry produc-
tion, but increased poultry production (meat and eggs)
is dependent on the fertility of the parent flocks.
Clearly, the fertility of poultry flocks is associated with
the fertility of both males and females, but the low
numbers of males used for natural or artificial insemi-
nation mean that their role is more important. Thus,
enhancing the semen volume, sperm concentration,
viability, forward motility, and polyunsaturated fatty
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acids in sperm, as well as protecting against oxidative
damage, could help to optimize the sperm membrane
functionality, mitochondrial activity, and sperm-egg
penetration, and thus fertility. Therefore, this review
summarizes the nutritional factors that could improve
the fertility of poultry males as well as their associated
mechanisms to allow poultry producers to overcome
low-fertility problems, especially in aging poultry
males, thereby obtaining beneficial impacts on the
poultry production industry.
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INTRODUCTION

In the industrial production of avian species, one male
is responsible for the production of a huge number of
fertilized eggs, which can exceed more than 1,000 fertil-
ized eggs per year in some species such as chickens
(McGary et al., 2002; Lagares et al., 2017; Wu et al.,
2017). The characteristics of semen including the vol-
ume; sperm count (total number); the numbers of live
sperm, dead sperm, and abnormal sperm; and forward
motility are generally tested to evaluate and predict
male fertility in poultry (Donoghue, 1999; Cheng et al.,
2002; Chelmonska et al., 2008; Liu et al., 2008; Chen
et al., 2016; Sun et al., 2019). Various factors can impair
the characteristics of semen and reduce the fertility of
poultry males, such as the genetic background, stressors,
aflatoxicosis, and aging (Rosenstrauch et al., 1994, 1998;
Al-Daraji, 2001; Mohan et al., 2011; Hu et al., 2013;
Fouad et al., 2016, 2019). In poultry males aged
over 45 wk, the testicular weight, testosterone level
(Avital-Cohen et al., 2013; Sarabia et al., 2013;
Lagares et al., 2017), semen volume, sperm concentra-
tion, viability, forward motility, polyunsaturated fatty
acids (PUFAs) in sperm (especially n-3 PUFAs), and
antioxidant concentrations decrease, whereas seminal
plasma lipid peroxidation increases (Douard et al.,
2003; Ommati et al., 2013; Iaffaldano et al., 2018; Min
et al., 2018; Surai et al., 2019). These alterations are
accompanied by reductions in sperm membrane func-
tionality, mitochondrial activity, and sperm-egg pene-
tration, and thus fertility (Cerolini et al., 1997a; Lin
et al., 2005; Sarica et al., 2007; Altawash et al., 2017;
Bazyar et al., 2019). Nutritional factors can modulate
the detrimental impact of aging on the reproductive
organs, semen traits, and fertility of poultry males.
Therefore, this review summarizes the nutrition factors
that can successfully enhance the fertility of poultry
males (Figure 1) and their modes of action.
Fat Types

In avian species, the percentage of n-6 polyunsatu-
rated fatty acids (n-6 PUFAs), especially arachidonic
acid (C20:4n-6) and docosatetraenoic acid (C22:4 n-6),
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is generally high in spermatozoa and seminal plasma
(Darin-Bennett et al., 1974; Cerolini et al., 1997b;
Surai et al., 1998a, 2001), thereby indicating that they
could play important roles in the formation and charac-
teristics of sperm, and thus fertility. It is known that the
fatty acid profiles of poultry products (meat and eggs)
can change according to the types of lipids added to
the diet (Lopez-Ferrer et al.,1999; Fraeye et al., 2012).
However, it is unclear whether the inclusion of n-3
PUFAs (present as a low percentage of the fatty acid
composition in avian spermatozoa and seminal plasma)
in poultry diets can alter the spermatozoa and seminal
plasma fatty acid profiles, as well as sperm production
and its characteristics, and thus fertility. Adding fish
oil (salmon oil) to the diet of Sasso roosters altered the
seminal plasma and spermatozoa fatty acid contents,
leading to higher eicosapentaenoic acid (EPA; C20:5
n3) and docosahexaenoic acid (DHA; C22:6 n-3) levels,
but lower arachidonic acid (C20:4 n-6) and docosate-
traenoic acid (C22:4 n-6) levels. Moreover, the fertility
increased 4.0% compared with a basal diet containing
corn oil (Blesbois et al., 1997). These findings were
confirmed in aged Ross roosters (60 wk) fed a diet con-
taining 3% tuna oil as a rich source of DHA (C22:6
n-3) (Surai and Sparks, 2000). Lipids rich in n-3 PUFAs
increased the fertility in cockerels fed a diet containing
2% menhaden oil, leading to increased numbers of fertil-
ized eggs when hens were artificially inseminated once
each 21 d (Hudson and Wilson, 2003). Increases in the
semen volume, spermatozoa number, and forward pro-
gressive motility were reported in roosters that
consumed a diet containing 2 to 5% fish oil (Surai
et al., 2000a; Cerolini et al., 2005). It is well known
that a constant volume of semen is used for artificial
insemination. Thus, enhancements of the spermatozoa
number and forward progressive motility could explain
the improved fertility induced by consuming n-3
PUFAs. The forward progressive motility of sperm is
linked to energy production (Kamali Sangani et al.,
2017). Fish oil enhances fatty acid oxidation by promot-
ing the activity of mitochondria (Asl et al., 2018) and
beta oxidation in birds fed a diet containing fish oil
(Newman et al., 2002; Poureslami et al., 2010). This
could affect the energy production, which may explain
why dietary fish oil enhances the forward progressive
motility. The high price of fish oil and its sensitivity to
heat generated during feed processing and production
can affect its quality and negatively influence bird pro-
ductivity (Tan et al., 2018; Frempong et al., 2019),
thereby leading to a preferred use for alternative oil sour-
ces. Thus, studies have also examined whether similar re-
sults can be achieved using plant oils such as linseed oil.
Linseed oil is a rich source of alpha-linolenic acid, which
is converted into EPA and DHA in the presence of en-
zymes via desaturation and elongation processes. Im-
provements were obtained in the fertility of Cobb
breeder hens inseminated by males that consumed diets
supplemented with 6% linseed oil (Kelso et al., 1997).
Furthermore, the fertility and sperm content of EPA
and DHA increased in aged Ross roosters fed a diet
supplemented with 2% linseed oil (Zanussi et al.,
2019). The enhanced fertility of roosters induced by diets
containing linseed oil may be attributable to increased
sperm motility due to improved energy production by
the activation of beta oxidation (Ferrini et al., 2010).
However, adding 2% linseed oil enhanced the semen vol-
ume, sperm viability, motility, and total sperm count by
enhancing testosterone synthesis via upregulation of the
mRNA expression levels of rate-limiting enzymes
involved in steroidogenesis, such as steroidogenic acute
regulatory protein, to stimulate the entry of cholesterol
into the inner mitochondria membrane and cholesterol
side-chain cleavage enzyme, which produces pregneno-
lone from cholesterol (Qi et al., 2019). These findings
might partly explain why adding linseed oil to the diets
of roosters enhanced their fertility, although these
studies did not investigate the relative weights of the
testes and testicular histomorphology, including the Ser-
toli cell number, seminiferous epithelium height, and
seminiferous tubule diameter. Therefore, diets contain-
ing linseed oil can have positive effects on fertility in
roosters in a similar manner to diets containing fish oil.
However, it is not clear whether all avian species can effi-
ciently convert the alpha linolenic acid in linseed oil into
EPA and DHA because the activities of enzymes
involved in desaturation and elongation processes differ
among species such as chickens, ducks, turkeys, geese, or
quails (Khang et al., 2007; Gregory et al., 2012; Gregory
and James, 2014; Osman et al., 2016) and breeds (com-
mercial or native strains) (Rikimaru and Takahashi,
2010; Takahashi, 2018). Feeding the same poultry spe-
cies with the same level of oil from different sources
(linseed or fish) will not lead to the deposition or gener-
ation of products containing the same levels of EPA and
DHA (Lopez-Ferrer et al., 1999; Baucells et al., 2000;
Chen et al., 2017; Hang et al., 2018). Therefore, it not
clear whether the semen quality characteristics and
fertility will be similar when male birds from the same
poultry species or breed are fed with the same level of
linseed oil or fish oil. Further research is required to
clarify the possible differences.
Vitamin E

In avian species, the PUFA contents of the testes and
spermatozoa may indicate their vulnerability to oxida-
tive damage under conditions with a lack of or insuffi-
cient antioxidant protection (Cerolini et al., 1997a,b;
Surai et al., 1998b, 2000b). Vitamin E (Vit E) is a
component of the antioxidant defense system in poultry
(Surai et al., 2019). In particular, the testes, semen
plasma, and spermatozoa in poultry contain Vit E, and
the concentrations present are not negligible (Surai
and Sparks, 2000; Surai et al., 1998b, 2000b), thereby
indicating that Vit E plays an essential role in protecting
the male reproductive system against oxidative damage.
Indeed, a deficiency of Vit E retarded the growth of the
reproductive organs (cloacal gland and testes) and
decreased foam synthesis in quails (Hooda et al., 2007).
Adding 150 mg of Vit E/kg diet for quails increased



Figure 1. Impacts of nutritional factors on the fertility of male
poultry. Amino acids and their metabolites, oils rich in n-3 polyunsatu-
rated fatty acids, vitamin E, selenium, phytochemicals, and components
that regenerate natural antioxidants can maintain testicular evolution
and enhance spermatogenesis, semen quality, and fertility. Abbrevia-
tions: DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid.
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the Vit E content of sperm, reduced sperm lipid peroxi-
dation, and improved the percentage fertility due to in-
creases in the development of the testes and cloacal
gland, foam production, semen volume, and the concen-
tration, viability, and percentage motility of sperm, as
well as decreasing the percentages of dead and abnormal
sperm (Biswas et al., 2007; Adabi et al., 2011). In addi-
tion, among local roosters in Taiwan, adding 160 mg of
Vit E/kg diet increased the percentage fertility specif-
ically at 49 wk of age because of improved sperm
viability and motility (Lin et al., 2005). Feeding Loh-
mann Brown breeder roosters a diet supplemented
with 100 mg of Vit E/kg enhanced the semen volume,
sperm concentration, and forward motility percentage
(Danikowski et al., 2002), but supplementation with
200 mg of Vit E/kg diet was needed to obtain similar re-
sults in terms of the semen quality and to maximize the
percentage fertility in Ross breeder roosters fed a diet
containing 2.0% linseed oil (Zanussi et al., 2019). Vit E
enhances the functions of sperm mitochondria and
reduces lipid peroxidation of the sperm membrane to in-
crease the sperm membrane integrity (Asl et al., 2018),
which could explain the improved sperm characteristics
such as the viability and motility percentages. Male
poultry require Vit E to maintain normal testis develop-
ment (Hooda et al., 2007), and thus spermatogenesis,
which could explain the increases in the semen volume
and sperm concentration. However, the mechanism by
which Vit E affects testis growth is still unknown.
Coenzyme Q10 Coenzyme Q10 (CoQ10) is a unique
compound that is required to move electrons and pro-
tons in the inner mitochondrial membrane and generate
ATP, and it is able to regenerate Vit E (Littarru and
Tiano, 2007). In aging roosters, adding 300 mg of
CoQ10/kg diet increased sperm production, motility,
membrane integrity, and fertility percentage. This could
be due to the maintenance of testicular tissues, where the
seminiferous tubule diameter, germinal cell layer thick-
ness, and seminal antioxidant status were all enhanced
by CoQ10 supplementation (Sharideh et al., 2020).
Similar findings in terms of the semen traits and fertility
were obtained by adding CoQ10 to semen before freezing
(Masoudi et al., 2018, 2019; Sharideh et al., 2019).
CoQ10 is one of many poultry diet additives that can
activate the regeneration of Vit E and other antioxi-
dants, but previous studies have only investigated the
impact of CoQ10 on the fertility of aged roosters.
Selenium

Selenium (Se) is an essential component of the enzyme
glutathione peroxidase (GSH-Px), and it is present in all
avian seminal tissues and spermatozoa where it is
required to protect against oxidative damage (Surai and
Fisinin, 2014). Thus, the concentrations of Se and GSH-
Px declined, whereas lipid peroxidation increased in the
testes of roosters fed a diet deficient in Se (Shi et al.,
2014). By contrast, adding 0.3 mg of Se/kg diet elevated
the activity levels of GSH-Px in the testes and spermato-
zoa and decreased lipid peroxidation in the testes and
semen of Rhode Island Red roosters (Surai et al.,
1998b). The sperm concentration and percentage motility
increased in aged toms (male turkeys) that consumed a
diet supplemented with 0.3 mg of Se/kg (S1owi�nska
et al., 2011). Ganders fed a diet supplemented with
0.3 mg of Se and 100 mg of Vit E/kg exhibited increases
in their ejaculate volume, sperm concentration, and per-
centage of live normal sperm and a decreased percentage
of abnormal sperm (Jerysz and Lukaszewicz, 2013). A
diet containing 0.5 mg of Se/kg is recommended to
decrease the number of dead sperm, increase the percent-
age fertility, and upregulate expression of the GSH-Px 4
gene in the testes of pigeons to possibly protect their
testes against oxidative damage and enhance the repro-
ductive performance (Wang et al., 2017). Similar findings
were obtained in quails where 0.5 mg of Se/kg diet
enhanced their percentage fertility as a consequence of in-
creases in the coacal gland size and foam production,
which were positively correlated with semen quality char-
acteristics such as the live sperm and motility percentages
(Biswas et al., 2017). Increases in semen production and
its quality could be due to male reproductive organ devel-
opment requiring adequate dietary Se to increase the
number of Sertoli cells and their survival, as well as
reducing the induction of apoptosis in germ cells during
spermatogenesis by downregulating the expression of
genes related to apoptosis and upregulating expression
of the GSH-Px2 and GSH-Px4 genes (Song et al., 2015;
Khalid et al., 2016; Gao et al., 2017). The recommended
level of Se (0.5 mg of Se/kg) for quails and pigeons greatly
increased the fertility compared with the recommended
level (0.3 mg of Se/kg) for toms and roosters considering
the body size and feed consumption by toms and roosters
vs. quails and pigeons. Thus, future studies should test
whether Se levels lower than 0.5 mg/kg can achieve
similar results in male quails and pigeons.



Table 1. Nutrients and feed additives that may enhance the fertility of male poultry.

Item Amount Bird Improvement in fertility (%) Source

Fish oil 20.0 g/kg Roosters 6 Hudson and Wilson, 2003
Linseed oil 20.0 g/kg

20.0 g/kg plus 200 mg Vit E
Roosters
Roosters

8
14

Zanussi et al., 2019
Zanussi et al., 2019

Vitamin E 200 mg/kg
150 mg/kg

Roosters
Quail

6
14

Zanussi et al., 2019
Biswas et al., 2007

Coenzyme Q10 300 mg/kg Roosters 5 Sharideh et al., 2020
Selenium 0.5 mg/kg

0.5 mg/kg
Quail
Pigeons

5
2

Biswas et al., 2017
Wang et al., 2017

L-carnitine 125 mg/kg Roosters 15 Elokil et al., 2019
Guanidinoacetic acid 1.2 g/kg Roosters 13 Tapeh et al., 2017
Curcumin 30.0 mg/bird/d Roosters 14 Kazemizadeh et al., 2019
Ginger 15 g/kg Roosters 9 Akhlaghi et al., 2014a
Canthaxanthin 6.0 mg/kg Roosters 1 Rosa et al., 2012
Chrysin 50 mg/rooster/d Roosters 7 Altawash et al., 2017
Rosemary 5.0 g/kg Roosters 4 Borghei-Rad et al., 2017
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Amino Acids and Their Metabolities

D-aspartic acid D-aspartic acid is an endogenous
amino acid that is implicated in male reproductive sys-
tem development because it is present at a high level
in the testes during the reproductive season for mature
ducks (Di Fiore et al., 2008). In addition, an in vitro
study showed that adding d-aspartic acid promoted the
secretion of testosterone (Di Fiore et al., 2008). In
particular, different levels of d-aspartic acid at 100, 200,
and 300 mg/kg body weight were provided orally to aged
roosters (Ansari et al., 2017, 2018), and the testosterone
levels, semen quality characteristics, including the sperm
concentration, membrane integrity, and forward
motility, sperm penetration, and fertility all increased at
a dose of 200 mg/kg body weight (Giacone et al., 2017).
These findings could be attributed to the suppression of
sperm lipid peroxidation (Ansari et al., 2017, 2018) and
the enhanced development of the testes, where the
diameter and thickness of the seminiferous tubules and
seminiferous epithelium increased (Ansari et al., 2018).
L-carnitine L-carnitine is generated from lysine and
methionine, and it participates in lipid metabolism by
transporting long-chain fatty acids into the mitochon-
dria to initiate fatty acid b-oxidation (Fouad and
El-Senousey, 2014), as well as protecting lipids from
oxidative damage (Jahanian and Ashnagar, 2018). The
sperm concentration increased in White Leghorn
roosters when they consumed a diet supplemented with
125 mg of L-carnitine/kg (Zhai et al., 2007), and the
same level of dietary L-carnitine increased the sperm
concentration, viability, and motility in quails
(Ahangari et al., 2014). In male ducks, 150 mg of
L-carnitine/kg diet increased the fertility, semen vol-
ume, sperm concentration, viability, and motility, as
well as decreasing the percentages of defective and dead
sperm (Al-Daraji and Tahir, 2014). In aged roosters,
dietary supplementation with 150 mg of L-carnitine/kg
stimulated testosterone production and maximized
fertility by increasing semen production, viability, and
motility (Elokil et al., 2019). L-carnitine maintains
testicular survival (Sarica et al., 2007), sperm membrane
functioning, and sperm mitochondria activity (Fattah
et al., 2017a,b) by stimulating the activities of antioxi-
dant enzymes, such as catalase and GSH-Px, to suppress
lipid peroxidation (Elokil et al., 2019; Fattah et al.,
2017a) and improve the functioning of the testes,
including testosterone secretion, spermatogenesis, and
sperm features.
Guanidinoacetic acid Guanidinoacetic acid (GAA) is
biosynthesized from arginine, and it is required to pro-
duce creatine, which is phosphorylated to yield phospho-
creatine with the generation of energy (Ostojic, 2016).
The fertility of quail breeders increased by adding
1,200 mg of GAA/kg diet for only 4 wk (Murakami et al.,
2014). To test the role of GAA in male fertility, mature
cocks were fed diets supplemented with various con-
centrations of GAA for 25 wk (Tapeh et al., 2017). The
diet with 1,200 mg of GAA/kg diet achieved the highest
percentage fertility by increasing the sperm production,
concentration, and forward motility percentage. The
increased sperm production in aged cocks fed diets con-
taining 1,200 mg of GAA/kg could be attributed to the
enhanced populations of Sertoli and spermatogonia cells
leading to increases in the seminiferous epithelium
thickness and spermatogenesis, and thus the sperm
concentration (Nasirikhah et al., 2019). The enhanced
forward motility of sperm may have been due to the
greater availability of energy (ATP) through the phos-
phorylation of creatine (Fosoul et al., 2018; Zhang et al.,
2019).
L-arginine L-arginine is needed by avian species to
produce many essential components such as GAA,
which enhances sperm production and forward
motility, and nitric oxide (Fouad et al., 2012), which
stimulates cellular proliferation and evolution of the
digestive system (Gao et al., 2018; Yu et al., 2018) and
the reproductive system (Xia et al., 2017). Dietary
supplementations with 0.14% L-arginine in aged cocks
restored the functioning of their testes in terms of the
testicular weight, and the production of testosterone
and sperm forward motility were enhanced (Abbaspour
et al., 2019). Increases in the diameter of the seminif-
erous tubules and the populations of Sertoli cells
and Leydig cells (Ahangar et al., 2017) could explain
the enhanced testicular weight and testosterone
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production. The availability of energy produced from
fatty acid oxidation via nitric oxide (Fouad et al., 2013)
or the phosphorylation of creatine (Fosoul et al., 2018;
Zhang et al., 2019) could explain the increased sperm
forward motility induced by dietary L-arginine. Future
studies should determine how limiting amino acids,
such as methionine, lysine, and threonine, and other
amino acids, as well as the levels of proteins and their
sources, might affect the male reproductive system and
semen quality.
Probiotics

The intestines of birds contain many different types of
bacteria, and thus, semen could be exposed to contami-
nation with these bacteria. Therefore, the semen
collected from toms was exposed to different types of
bacteria, such as Escherichia coli, Salmonella, Clos-
tridium, Campylobacter, Bifidobacterium animalis, and
Lactobacillus acidophilus (Triplett et al., 2016). The
results showed that all these bacterial species led to de-
creases in the sperm quality index and motility, thereby
possibly affecting the percentage fertility. These findings
indicate that probiotic bacteria such as B. animalis and
L. acidophilus species may negatively affect the semen
quality and fertility. For this reason, several studies
were conducted to investigate whether the probiotics
that are commonly added to poultry diets might have
negative effects on the semen quality and fertility.
Thus, Saccharomyces cerevisiae and Bacillus subtilis
were added to rooster diets to test their effects on semen
quality (dos Santos et al., 2018a,b), and the results
showed that both had no detrimental impacts on the
semen characteristics, such as volume, concentration,
and numbers of live and dead sperm. By contrast,
feeding roosters diets containing Bacillus subtilis KAT-
MIRA1933 and Bacillus amyloliquefaciens B-1895
increased the sperm concentration and decreased the
number of abnormal sperm, as well as increasing fertility
(Mazanko et al., 2018). In general, dietary probiotics can
boost the absorption and utilization of nutrients by
improving the intestinal morphology and antioxidant
status and decreasing the abundance of pathogenic bac-
teria (Forte et al., 2016; Seifi et al., 2017; Zhao et al.,
2020), which may have positive effects on male reproduc-
tive system development and spermatogenesis. An
in vitro study showed that Bacillus subtilis KAT-
MIRA1933 and Bacillus amyloliquefaciens B-1895 are
potential antioxidants that could protect DNA against
oxidative damage (Prazdnova et al., 2015). Indeed, add-
ing Bacillus subtilis KATMIRA1933 and Bacillus amylo-
liquefaciens B-1895 to the diet of roosters improved the
growth of testes and the antioxidant status by elevating
the concentrations of Vit E and A as well as reducing
DNA damage, thereby decreasing the percentage of
abnormal sperm and enhancing the sperm concentration
and fertility (Prazdnova et al., 2019). Thus, dos Santos
et al. (2018a,b) added probiotics for 8 wk in aged
roosters, whereas Mazanko et al. (2018) and
Prazdnova et al. (2019) added probiotics to the diets
of roosters from 1 d of age until the peak or end of pro-
duction, respectively, and the results were not similar.
These results indicate that in addition to the type of pro-
biotic (yeast or bacteria) and the particular strain used,
the application period and time of supplementation with
probiotics are factors that can determine their effective-
ness as fertility enhancers.
Phytochemicals

Turmeric (Curcuma longa) Turmeric belongs to the
ginger family (Zingiberaceae), and its main active
component curcumin is responsible for its antioxidant
characteristics (Soleimani et al., 2018). Yan et al.
(2017) determined the effects of turmeric on the semen
quality in roosters. They found that 0.8 mg of turmeric
byproduct/kg diet enhanced the sperm motility, thereby
suggesting that the fertility could have been enhanced,
although this was not tested. In addition, different levels
of curcumin (10, 20, and 30 mg/rooster/d) were added to
the diet of aged roosters (Kazemizadeh et al., 2019). The
authors found that the use of 30 mg of curcumin/
rooster/d led to reductions in the abnormal sperm
number, increases in live sperm, and decreased seminal
lipid peroxidation. These findings were also accompa-
nied by increases in the sperm membrane integrity,
sperm motility, penetration, and fertility. Several
studies have indicated that curcumin can enhance the
antioxidant status in poultry (Zhang et al., 2015; Ruan
et al., 2019) as well as increase the numbers of Leydig
cells, spermatogonia cells, and the seminiferous tubule
diameter, thereby enhancing the testicular weight and
its function (Kazemizadeh et al., 2018). These changes
could explain the increases in the sperm membrane
integrity and sperm concentration.
Ginger (Zingiber officinale) Ginger contains gingerol,
gingerdiol, and gingerdione, 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 penetration (Akhlaghi et al., 2014a),
while consuming 100 mL 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 devel-
opment of the seminiferous 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
(Saeid et al., 2011; Shanoon, 2011; Herve et al., 2018).
Lycopene Lycopene is an abundant carotenoid in
tomatoes and red fruits, and it can neutralize free
radicals and inhibit oxidative damage in cells
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(Viuda-Martos et al., 2014). Drinking water containing
lycopene (5.0 g/L) improved the fertility of roosters by
enhancing the semen volume as well as the live sperm
content and viability (Mangiagalli et al., 2010). Rosato
et al. (2012) recommended adding 0.05 mg of lyco-
pene/mL of tom semen to reduce the oxidative damaged
caused by cryopreservation and to enhance the viability
of sperm. The semen quality characteristics also
improved in roosters fed diets containing 15% dried to-
mato pomace, with an increase in the live sperm number
and decrease in the number of defective sperm (Saemi
et al., 2012). Other carotenoids might also affect the
fertility of male poultry. Indeed, although the fertility
and semen quality did not change after including lutein
up to 120 mg/kg diet (Pizzey and B�ed�ecarrats, 2007), a
diet containing 6.0 mg of canthaxanthin/kg increased
the fertility (Rosa et al., 2012) by improving the anti-
oxidant status (Ren et al., 2016).
Chrysin Chrysin (5,7-dihydroxyflavone) is a flavonoid
and polyphenol with antioxidant characteristics (Mani
and Natesan, 2018). Dietary supplementation with
50 mg of chrysin/d in male broiler breeders boosted their
fertility and semen traits regardless of whether the
collected semen was used fresh or after freezing
(Altawash et al., 2017; Zhandi et al., 2017). The fertility
of roosters may have been boosted by chrysin decreasing
lipid peroxidation and protecting against oxidative
damage, thereby increasing the sperm content of
PUFAs, specifically n-3 PUFAs (Altawash et al., 2017),
as indicated by the enhanced sperm forward motility and
plasma membrane integrity. In addition, soybean iso-
flavones added at 5.0 mg/kg diet that was fed to
immature roosters (aged 10 wk) for 9 wk improved the
relative weight of the testes because of increases in the
diameters of the seminiferous tubules and layers of germ
cells (Heng et al., 2017). Thus, the sperm concentration
may have increased due to increases in spermatogenesis,
sperm motility, and membrane integrity because of the
antioxidant effects of soybean isoflavones. Future
studies should determine whether improved semen
traits, such as the sperm concentration, motility, and
membrane integrity, might lead to increases in the per-
centage fertility in mature roosters fed a diet containing
soybean isoflavones.
Other Feedstuffs and Additives Contain Flavonoids
and Polyphenols (Rosemary Leaves, Dried Apple
Pomace, and Cinnamon) Supplementation with 5.0 g
of rosemary leaf powder/kg diet increased the semen
amount, concentration, and quality characteristics,
including the live sperm number, forward motility, and
sperm penetration (Borghei-Rad et al., 2017), by
increasing the diameter of the seminiferous tubules and
the thickness of the germinal cell layer. Thus, increases
in sperm biosynthesis occurred, as well as the enhanced
production of GSH-Px and catalase to protect the testes
and semen from oxidative damage (T€urk et al., 2016).
Dietary supplementation with 0.25 mg of cinnamon bark
oil/kg diet reduced lipid peroxidation, maintained the
vitality of the testicular tissues, and increased the
thickness of the germinal cell layer and sperm production
(T€urk et al., 2015), but the effects on fertility were not
evaluated. A diet containing 20% dried apple pomace
increased the PUFA content in sperm and the total
antioxidant capacity to reduce lipid peroxidation as well
as improve the sperm fluidity and its forward movement
to enhance sperm penetration and fertility (Akhlaghi et
al., 2014b). Clearly, the concentrations of the active
compounds present in different supplements will deter-
mine their effects. Table 1 summarizes the nutrients and
feed additives that may enhance the fertility of male
poultry.
CONCLUSION

The testicular structures and semen characteristics
that lead to high fertility in male poultry in response
to the addition of adequate levels of PUFAs (specifically
n-3 PUFAs) require further investigation. Adding
linseed oil (a source of alpha-linolenic acid) as a precur-
sor to generate long-chain PUFAs (n-3 PUFAs to
enhance sperm motility) may have variable effects in
different bird species, which should be elucidated. In
particular, dietary supplementation with components
that have antioxidant characteristics and components
with the capacity to recycle and regenerate antioxidants
can help to neutralize reactive oxygen species, protect
semen against oxidative damage, as well as maintaining
the membrane integrity and sperm fluidity to positively
enhance fertility. The nutritional factors that improve
fertility may have different modes of action, and thus
further experiments are required to test whether adding
combinations of nutrients with diverse modes of action
can improve the fertility of aged poultry males.
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