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A B S T R A C T

The objective was to examine the effect of different dietary zinc sources on reproduction of male
Japanese quail. A total of 512 quail chicks (day-old) were divided into four groups with four
replications for a period of 42 days. After this period, excess chicks were removed to attain the
ratio of one male to three females and 16 quail in each subgroup. At 52 to 60 d of age, the eggs
were collected and incubated. The basal diet (control) contained no zinc and the other three
experimental diets were supplemented with 25 and 50mg/kg zinc from zinc oxide (ZnO), zinc
oxide nanoparticles (ZnONP) and zinc-methionine (Zn-Met) for 1 to 35 and 36 to 60 days, re-
spectively. On day 42, two males from each replicate were euthanized. Males from the ZnO and
Zn-Met treatments had an increase (P < 0.05) in seminiferous tubule diameters (STD) and
germinal epithelium thickness (GET) compared with the control and ZnONP treatments. Cloacal
gland index (CGI) was greatest (P < 0.05) for the Zn-Met compared with the other groups.
Testosterone concentration was greater (P < 0.05) in the ZnO and Zn-Met compared with the
other groups. Addition of Zn-Met to the diet enhanced (P < 0.05) fertility, hatchability and
hatched chick weight compared with the other groups. Early and late embryonic death was
greater (P < 0.05) in the control and ZnONP groups, respectively, compared with the other
groups. This study indicated that supplementing diets with the Zn-Met source improves male
Japanese quail reproductive performance and hatchability traits while zinc oxide nanoparticles
have detrimental effects on male Japanese quail reproduction and reduces hatchability.

1. Introduction

Supplying day-old chicks by breeding companies is an important aspect of the success in the poultry production chain (King’ori,
2011). Fertility and hatchability of eggs are the two most significant economic factors of reproduction affecting the number of chicks
that can be marketed from a breeding flock (Narinc et al., 2013). Reproductive performance of a poultry breeder is influenced by
genetic and environmental factors, such as nutritional status (Brillard, 2003). It was reported that heritability of fertility and
hatchability of eggs in poultry are less than optimal and require a complicated genetic improvement program (Wolc et al., 2009). It,
therefore, is of primary interest to incorporate procedures in breeding flocks that can modify environmental effects and influence

https://doi.org/10.1016/j.anireprosci.2018.02.017
Received 22 October 2017; Received in revised form 15 February 2018; Accepted 22 February 2018

⁎ Corresponding author.
E-mail address: mohammadi@guilan.ac.ir (M. Mohammadi).

Animal Reproduction Science xxx (xxxx) xxx–xxx

0378-4320/ © 2018 Elsevier B.V. All rights reserved.

Please cite this article as: Khoobbakht, Z., Animal Reproduction Science (2018), 
https://doi.org/10.1016/j.anireprosci.2018.02.017

http://www.sciencedirect.com/science/journal/03784320
https://www.elsevier.com/locate/anireprosci
https://doi.org/10.1016/j.anireprosci.2018.02.017
https://doi.org/10.1016/j.anireprosci.2018.02.017
mailto:mohammadi@guilan.ac.ir
https://doi.org/10.1016/j.anireprosci.2018.02.017


these traits.
Nutrition has an important role in modulation of reproductive responses. Zinc is an important factor in maintaining desirable

reproductive functions of poultry (Gallo et al., 2003, 2005). The effects of Zn deficiency on embryo development and breeder
performance have been well documented and include male sexual dysfunctions, decreased testicular weights, smaller diameters of
seminiferous tubules (Egwurugwu et al., 2013), poor egg production, reduced eggshell strength, decreased fertility, poor hatchability
of eggs, embryonic malformations, weak chicks with poor feathering and high mortality (Kidd, 2003; Oliveira et al., 2015). Nutri-
tionists realize that both the amount and the source of microelements have important roles in diet formulations and optimizing
production, product quality, health status of birds and economic returns (Attia et al., 2010). In general, a greater amount of dietary
zinc is added to reduce the incidence of zinc deficiency and allow birds to reach their genetic growth potential under commercial
conditions (Zhao et al., 2010). The reason is the poor availability of zinc in plant feed ingredients and conventional inorganic zinc
sources (Lukić et al., 2009). Diets containing large amounts of zinc contribute to an environmental concern due to the excretion of
excess zinc in the feces (Bao et al., 2007; Aksu et al., 2011). Furthermore, greater than optimal amounts of dietary Zn can interfere
with bioavailability of other minerals, such as iron, copper and cadmium, and increase cost of feed (Suttle, 2010).

One way to overcome the problems associated with poor bioavailability of zinc can be a change from inorganic to organic sources
of zinc supplementation (Jahanian et al., 2008). Inclusion of lesser amounts of organically bound Zn in diets with greater bio-efficacy
(e.g., zinc-methionine) might maximize Zn bioavailability (Jahanian et al., 2008). In addition, there has been a considerable interest
in replacing inorganic trace minerals with nanoparticles that can meet the requirements of animals and simultaneously improve
bioavailability of the metals for animals (Sekhon, 2014). Nanoparticles, which involve at least one dimension that is reduced to a
nanometric scale, have altered electrical, mechanical and biological features (Sekhon, 2014) and have been identified as important
factors influencing particle uptake at sites where agents are biological active (Delie, 1998).

The reports pertaining to zinc supplementation and the effects on male quail fertility and hatchability of eggs in Japanese quail
breeders are limited. Consequently, this study investigated the effects of different zinc source (nano, organic and inorganic) sup-
plementations on some important reproductive traits and hatchability of eggs of Japanese quail breeders.

2. Materials and methods

This experiment was conducted with 512 one-day old Japanese quail chicks. The quail were housed at University of Guilan,
Faculty of Agricultural Sciences, Education Research and Practice Farm, South Rasht, Iran. Animal care and experimental procedures
and protocols were approved by the veterinary organization of Iran. The birds were divided into four groups and four subgroups. The
quail were fed a basal diet based on corn and soybean meal, formulated for two phases of production including the first (1–35 days)
and the second (36 to 60 days) phases according to National Research Council (NRC, 1994), except for Zn (Table 1). The control
group’s diets were not supplemented with zinc. Diets of the other groups were supplemented with zinc oxide (ZnO), zinc oxide
nanoparticles (ZnONP, Nanosany Co.; purity: 99.9%; and average particle size: 10–30 nm) and zinc methionine (Zn-Met, Sanadam-e-
pars and Yasna mehr Co., Iran). The amount of dietary zinc was 25 and 50mg/kg of diet for the first and second periods of the
experiment, respectively. The quail had free access to water and feed. Daily photoperiod was 16 h during the laying period.

Table 1
Composition and analysis of experimental basal diet fed to Japanese quail during growth and pubertal periods.

Ingredient profiles Growth period (%) Pubertal period (%)

Corn 48.3 56.6
Soybean meal 45 33.17
Vegetable Oil 3.2 2.5
Limestone 1.2 5.6
Dicalcium phosphate 1.2 1.16
Common salt 0.33 0.33
Vitamin premixa 0.25 0.25
Mineral premixb 0.25 0.25
DL-methionine 0.17 0.14
L-Lysine 0.1 0
Total 100.00 100.0
Calculated values
ME (kcal/kg) 2900 2900
Crude protein (%) 24 20
Calcium (%) 0.85 2.5
Av. phosphorus (%) 0.38 0.35
Lysine (%) 1.35 1.00
Methionine+Cysteine (%) 0.8 0.75

a Vitamin premix in provided the following per kilogram of basal diet: A, 9000 IU; D3, 2000 IU; E, 18 IU; K3, 2 mg; B1, 1.8 mg; B2,
6.6mg; B3, 30mg; B6, 3mg; B7, 0.1mg; B12, 0.015mg; choline chloride, 500mg; Folic acid, 1 mg.

b Zinc-free trace mineral premix provided the following in milligrams per kilogram of basal diet: selenium, 0.2; manganese, 60;
iron, 120 (60 for pubertal period); iodine, 0.3; copper, 5.
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2.1. Assessment of male reproductive variables

On day 42 of the experiment, two male quail from each subgroup were randomly selected and the area of the cloacal gland was
measured using callipers. The width (lateral) and height (dorsoventral) of the cloacal gland of each bird was measured to the nearest
0.01mm using callipers. The result of height and width (mm2) measurements was used as an index for gland size. Blood samples were
subsequently collected via the wing vein. These males were euthanized for determinations of the testis weights and histological
parameters. The abdominal cavity was opened and testes were dissected. The weight of each testis was determined using an elec-
tronic analytical balance. The gonadosomatic index (GSI) was subsequently calculated: GSI= [testis weight/body weight]× 100
(Bello et al., 2014).

To assess changes in gonadal morphometry, the left testis was processed for histological analysis. The tissues were fixed in Bouin’s
solution. The fixed testicular tissues were subsequently dehydrated, paraffin-embedded using an automatic tissue processor (ASP300,
Leica, Wetzlar, Germany), sectioned at 5 μm thick slices, and the sections were stained with hematoxylin and eosin (H&E) and used
for histological studies and morphometric analysis. The sections (five histological sections from each testis) were viewed and pho-
tographed (20 fields with×400 magnification) using a microscope (Magnum-3, Ceti, England) with an attached camera (Sony-DSC-
H50). Furthermore, evaluation of seminiferous tubule diameter (STD) and germinal epithelium thickness (GET) was performed.
These measurements were determined using the image measurement software Digimizer Version 4.1.1.0 (Med Calc Software, www.
digimizer.com).The blood samples were centrifuged at 3000 rpm for 15min and the serum samples were stored at -20 °C until the
time the testosterone assay was conducted. Serum testosterone concentrations were assayed in duplicate, using a commercial en-
zymatic immunoassay (ELISA) kit (DiaPlus Inc., USA). The assay’s sensitivity was 0.038 pg/mL.

2.2. Egg hatchability experiment

On day 42, extra chicks were randomly removed to create a ratio of one male to three females with 16 quail being included in
each subgroup. Eggs were collected daily from 52 to 60 days of the experiment and stored at 15 to 18 °C with a relative humidity of
75% to 80%. Of the eggs, 70 per subgroup were set at random in an incubator (Belderchin-e Damavand Co., DQ170SH) and incubated
at 37.8 ℃ with 55% relative humidity for 14 days. Eggs were then transferred to Hatcher trays, randomly, where eggs were
maintained at 37.2℃ and 75% relative humidity until hatching. The numbers of chicks from the hatchings were counted on day 18 of
incubation. The chicks were subsequently weighed using a digital electric balance.

The unhatched eggs were opened and classified either as being infertile or as having died during embryonic development.
Embryonic mortality was classified into three groups, the 1st group was death during the early stages of embryo development from 0
to 6 days of incubation, the 2nd group was the middle stages of embryonic development (7 to 14 days of incubation) and the 3rd
group was classified as having late embryonic mortality (15 to 17 days of incubation; Seker et al., 2004). Fertility was calculated as
the percentage of fertile eggs relative to the total number of eggs set. Hatchability of fertile eggs was expressed as the number of
chicks resulting from the hatchings per number of fertile eggs set and percentage of cumulative hatchability was calculated as the
percentage of chicks from hatchings relative to the total number of eggs set.

2.3. Statistical analysis

All data were subjected to analysis of variance using a general linear model of SAS (Version 9.2., SAS institute Inc.). Mean values
for the groups were compared using the Tukey test. Differences were considered significant at P < 0.05.

3. Results

There were histological changes in the testis of 42 day-old male quail (Fig. 1). There was no difference observed in GSI values of
the treatment groups (Table 2; P > 0.05). The STD and GET were greater for ZnO and Zn-Met compared with ZnONP and control
(P < 0.05) groups. Concentration of testosterone for the ZnO and Zn-Met groups was greater than those for the control group
(P < 0.05). Cloacal gland size index of the Zn-Met group was greater than that of the control group (P < 0.05).

Fertility in the Zn-Met group was greater than that of the control group (Table 3; P < 0.05) and there was no difference among
the other treatments (P > 0.05). There were lesser egg hatchability rates in the ZnONP group compared with the other groups
(P < 0.05). Egg hatchability rates for the Zn- Met group was greater than that of the control group (P < 0.05). Early death of
embryos was greatest in the control group relative to the other groups (P < 0.05). Late embryonic death was greatest in the ZnONP
group (P < 0.05). Total embryonic death was the least for the Zn-Met treatment group as compared with the other groups
(P < 0.05). Abnormal unhatched chicks were observed only observed in the ZnONP group. The greatest and least chick weights were
observed in Zn-Met and control groups relative to the other groups at the time of egg hatchings, respectively (P < 0.05).

4. Discussion

Zinc has an important role in many physiological functions, such as reproduction and growth of animals (Atakisi et al., 2009). The
Zn molecule accumulates in the testis in similar amounts as that in the kidney and liver (Bedwal and Bahuguna, 1994). Primary
clinical consequences of Zn deficiency are delayed sexual maturation and infertility (Croxford et al., 2011). Decreasing seminiferous
tubule diameter, less Leydig cell function and lesser testosterone concentrations are other symptoms of Zn deficiency (Croxford et al.,
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Fig. 1. Histological sections of Japanese quail testes that were fed with different source of zinc (H & E stain, ×400). A) Control (without Zn), B) ZnO (Zinc oxide), C)
ZnONP (Zinc oxide nanoparticle) and D) Zn- Met (Zinc- Methionine).

Table 2
Effects of various zinc sources on specific reproductive variables of 42 day-old male quail.

Variables Treatments

C ZnO ZnONP Zn-Met SEM p-value

Gonadosomatic index (%) 2.39 2.64 2.529 2.763 0.059 0.1371
STD* (μm) 251.78b 261.49a 248.86b 268.97a 2.21 0.0001
GET** (μm) 67.60b 75.25a 70.50b 78.72a 1.19 0.0001
Cloacal gland index (mm2) 368.64b 423.81ab 414.87ab 464.85a 12.12 0.0244
Testosterone (nmol/L) 6.170b 8.230a 7.483ab 8.666a 0.342 0.0182

a,bWhen these two superscripts are associated with means in the same row values are different (P≤ 0.05).
*Seminiferous Tubular Diameter; **Germinal Epithelium Thickness.

Table 3
Effects of various zinc sources on egg hatching in Japanese quail.

Reproduction variables Treatments

C ZnO ZnONP Zn-Met SEM p-value

Fertility (%) 93.50b 94.25ab 94.00ab 95.75a 0.31 0.0461
Hatchability (%)
Set eggs 78.23bc 80.80ab 77.00c 82.91a 0.68 0.0005
Fertile eggs 83.81ab 85.89a 82.02b 86.81a 0.63 0.0136
Early death embryo (%) 6.33a 3.55b 3.81b 3.49b 0.34 0.0002
Mid death embryo (%) 4.73 5.48 6.47 4.67 0.32 0.1496
Late death embryo (%) 5.14b 5.10b 8.10a 5.04b 0.44 0.0126
Total dead embryo (%) 16.19ab 14.11ab 17.98a 13.19b 0.63 0.0137
Abnormality (n) 0 0 2 0 –
Chick weight at hatch (g) 8.26b 8.39ab 8.47ab 8.57a 0.04 0.0479

a, b,cWhen these three superscripts are associated with means in the same row values were different (P≤ 0.05).

Z. Khoobbakht et al. Animal Reproduction Science xxx (xxxx) xxx–xxx

4



2011). Adequate Zn uptake is required to maintain optimal function of testes (Croxford et al., 2011). A Zn deficiency often results
from a relatively lesser intake of bioavailable Zn (Huang et al., 2009). In this study, the GSI was not affected by treatment of three
different Zn sources in adult Japanese quail. Quail fed diets supplemented with 50mg/kg Zn-Met had a greater percentage testes
weight when compared with those fed inorganic zinc (ZnSO4; Namra et al., 2008). Zinc deficiency led to a lack of testicular de-
velopment (Martin et al., 1994). There is a positive correlation between testis weight and number of germ cells in the testis and a
positive relationship between diameter of seminiferous tubules and spermatogenisis (Cheah and Yang, 2011). A significant increase
in STD and GET occurred in the present study, and these findings are consistent with results from previous studies where volume of
seminiferous tubules were significantly greater following dietary supplementation with organic zinc (Goodarzi et al., 2017). Also,
there were significant histological changes in the ZnONP group, as the STD and GET were markedly less than for the other treatments,
except for the control group. Recent findings indicate that treatment with nanoparticles may have adverse or toxic effects on male
reproduction (Braydich-Stolle et al., 2010). Some studies, however, have shown that the nanoform of ZnO increases efficiency of Zn
utilization by enhancing its absorption and bioavailability in digestive tract (Faiz et al., 2015). Greater absorption and bioavailability
have beneficial effects on animal performance (Park et al., 2015). Testicular damage in mice has been reported with ZnONP
treatment (Talebi et al., 2013). Furthermore, nanoparticles easily pass through the blood–brain, and blood–testis barriers (Borm and
Kreyling, 2004).There is some evidence where treatment with small amounts of nanoparticles, can lead to decreases in sperm quality
and induce toxic effects on germ cells (Gromadzka-Ostrowska et al., 2012). Furthermore, treatment with nanoparticles has been
reported to lead to a reduction in the number of Sertoli cells, a lesser STD and altered spermatogenesis (Mozaffari et al., 2015). In
addition, there have been previous findings (Talebi et al., 2013) where Leydig cell numbers were markedly decreased with ZnONP
treatment.

Increased testosterone concentrations were observed in birds which were fed with the diet containing organic and inorganic Zn.
Furthermore, Zn supplementation of the diet can affect the number of Leydig cells and feeding organic supplements has benefits with
regard to reproductive performance as compared with feeding inorganic forms of Zn (Goodarzi et al., 2017). Also, Zn is an important
component of the protein involved in synthesis and secretion of testosterone (Chu et al., 2016). Zinc deficiency leads to a reduction in
testosterone synthesis and secretion from the Leydig cells. In the ZnONP group of the present study, there were insignificant dif-
ferences in testosterone concentrations as compared with the control group that received no zinc in the diets.

The largest cloacal gland index was observed in the Zn-Met group in the present study. There have been reports of a positive and
significant correlation among the values for cloacal gland index, testicular weight, plasma testosterone concentration, fertility status
and sexual activity in Japanese quail. Visual observations of cloacal gland size can provide a valuable and reliable non-invasive
technique for predicting fertilizing capacity of male quail (Biswas et al., 2007; Shit et al., 2010). Feeding of organic zinc to growing
male goats advanced onset of sexual maturation and improved quantitative and qualitative semen characteristics (Arangasamy et al.,
2018). Overall, from the present and previous studies is appears as though the adding of organic zinc to the diet by providing Zn in
forms that are more bioavailable can stimulate early sexual maturation in male Japanese quail.

The results of the present study indicate that adding organic zinc to Japanese quail breeder diets can increase percentage fertility
and egg hatchability, as well as the body weight of newly hatched chicks. In addition, there are reductions in embryo mortality when
quail breeders are fed Zn-Met in the diet. Zinc has an important role in embryonic development, as well as egg hatchability (Kidd,
2003). Classic characteristics of embryos or chicks from hens that were fed Zn-deficient diets are poor hatchability of incubated eggs,
embryonic abnormalities, weak chicks with poor feathering and great incidence of mortality (Oliveira et al., 2015). Similar to the
results of the present study, have been reported where supplementation of breeder diets with organic zinc improves fertility and egg
hatchability rates compared with when diets of breeders contained inorganic or no Zn (Kidd, 2003; Namra et al., 2009). The Zn
complexes or chelates with an organic ligand, such as an amino acid, can confer stability of trace minerals in the upper gastro-
intestinal system. As an outcome, this approach permits the intact complex to be transported to the absorptive epithelium of the
intestinal lumen (Leeson and Summers, 2001). This can lead to a reduction in antagonistic interactions between Zn and its bound
ligands with nutrients and non-nutritive components of the digestive system, which enhances bioavailability of Zn (Dibner et al.,
2007). It, therefore, is probable that Zn bound to certain stable ligands functions to improve reproductive performance of breeder
quail.

Eggs from which hatching occurred and total embryonic mortality were less greater, respectively, for the ZnONP group of the
present study as compared with the values for these variables in the Zn- Met group. Increased embryonic mortality can be affected by
the adverse effects of metallic Zn2+ cation release that is a primary contributor to toxicity (Pujalté et al., 2011). Also, there are
reports that the treatment with ZnONPs can lead to sperm DNA damage (Taylor et al., 2012). In the present study, chick abnorm-
alities were only observed in the ZnONPs group. There were insignificant differences among treatment, control and inorganic groups
for chick weight. Treatment with nano-zinc oxide particles during pre-pregnancy, gestation and lactation periods can lead to de-
velopment of toxicity in offspring (Jo et al., 2013). Similarly, the prenatal treatment of mice with titanium dioxide nanoparticles
results in an alternation in the cerebral cortex and olfactory bulbs of offspring (Umezawa et al., 2012). Mouse embryos treated with
zinc oxide nanoparticles during embryonic organogenesis have severe growth and development retardations (Jo et al., 2013). It has
been reported that treatment with nanomaterials contribute to poor fetal growth and lesser birth weights in unborn and new born
infants (Yamashita et al., 2011). These findings, therefore, suggest that lesser egg hatchability rates in the ZnONP group of the present
study occurred because of infertility and greater incidence of embryonic deaths.

5. Conclusion

Supplementing diets with the Zn-Met improved male Japanese quail reproductive performance and egg hatchability rates.
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Feeding zinc oxide nanoparticles had detrimental effects on male Japanese quail reproduction, by reducing hatchability and, also,
inducing teratogenic effects in Japanese quail embryos.
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