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Abstract: This study was conducted to determine the effect of supplementing the diet with different levels
of zinc (0, 50, 75, 100 mg/kg of diet) on sex hormones concentrations of broiler breeder chickens. A total of
132 (96 females and 36 males) of Cobb 500 broiler breeder chicken, 45 weeks old were used in this study.
These birds were randomly distributed equally into four dietary treatments with three replicates each. Each
treatment group constituted of 32 females and 12 males. Treatment groups were as following: T1: Birds fed
the basal diet without any addition (0 Zn) (control), T2: Birds fed diet supplemented with 50 mg Zn (pure
zinc)/kg of diet, T3: Birds fed diet supplemented with 75 mg Zn (pure zinc)/kg of diet and T4: Birds fed diet
supplemented with 100 mg Zn (pure zinc)/kg of diet. Concentration of testosterone hormone in bird males
was determined at 54, 58 and 66 weeks of age, whereas concentrations of estrogen and progesterone
hormones in bird females were determined at 54 and 66 weeks of age. Results of this study indicated that
adding zinc to diet (T2, T3 and T4) resulted in significant (p<0.05) increase respecting blood plasma
concentrations of estrogen and progesterone hormones during 54 and 66 weeks of age as compared with
control group (T1). However, dietary supplementation with zinc (T2, T3 and T4) caused significant (p<0.05)
increase concerning blood plasma concentration of testosterone hormone at 54, 58 and 66 weeks of age
and as regards the overall means of this hormone in comparison with control group. In conclusion feeding
diet containing zinc resulted in significant improvement respecting sex hormones (testosterone, estrogen,
progesterone). Therefore, adding ration with zinc can be used as a beneficial tool for improving reproductive
performance of broiler breeder chicken.
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INTRODUCTION

In human, the zinc content of prostate gland, the seminal
fluid and ejaculated sperm are very high and testicular
zinc is essential for spermatogenesis (Vallee and
Falchuk, 1993). The zinc content of sperm increases
after exposure to seminal fluid, suggesting that sperms
accumulate zinc as they traverse from the testicles to the
urethra (Kvist and Bjorndahl, 1985). Zinc deficiency
causes atrophy of the seminiferous tubules, failure of
spermatogenesis,s and decreased testosterone
secretion in the rat (Vallee and Falchuk, 1993). McClain
et al. (1984) observed appropriate responses of pituitary
Luteinizing Hormone (LH) and Follicle Stimulating
Hormone (FSH) to Gonadotropin Releasing Hormone
(GnRH) administration in zinc deficient rats. They
concluded that the hypogonadism in zinc-deficient rats
resulted mainly from leydig cell failure, but not from
hypothalamo-pituitary  dysfunction. Zinc deficiency
impairs the responsiveness of leydig cell to
gonadotropins and may cause primary hypogonadism
in human as well as in experimental animals (Kaji,
2001). Hunt ef al. (1992) also observed that there was
decrease in serum testosterone concentration and

seminal volume per ejaculate in healthy male volunteers
fed zinc restricted diet for 35 days. Zinc is also very
important for female reproductive function and
necessary for normal ovulation and fertilization. Ronaghy
and Halsted (1975) reported two female cases with
short stature and hypogonadism, who were treated with
oral zinc administration and attained catch-up growth
and sexual development.

Zinc deficiency in pregnancy is associated with
increased maternal morbidity, preghancy related
toxemia, spontaneous abortion, prolonged gestation or
prematurity, in efficient labor, a tonic bleeding and
increased risks to the fetus malformations and
intrauterine growth retardation. These different effects of
zinc can be explained by its multiple actions on the
metabolism of sex steroids, together with
prostoglandins (Favier, 1992). Zinc was shown to inhibit
prolaction secretion from the anterior pituitary. Brandao-
Neto ef al (1989) studied the response of plasma
prolactin to oral zinc administration in healthy male and
female adults and cbserved that prolactin concentration
significantly decreased below basal levels in response
to the increase in plasma zinc levels. Zinc is important

Corresponding Author: Hazim J. Al-Daraji, Department of Animal Resource, College of Agriculture, University of Baghdad, Irag

1089



Pak. J. Nutr., 10 (11): 1089-1093, 2011

for the cell division and the production of healthy sperm.
It is the most critical trace mineral for male sexual
function. It is needed for testosterone metabolism,
testicle growth, sperm production, motility, count,
reducing excess estrogen in male reproductive tissue.
Zinc is needed for progesterone synthesis and a
deficiency can produce excessive prolactin secretion
(Brown and Pentland, 2007). A study has also shown
that zinc helps in protecting the structure of the genetic
material or the DNA chromatin in the sperm nucleus.
This structure is important for successful fertilization
(Balch, 2007). Zinc was shown to increase sex drive and
male potency, reduce enlarged prostate, orally and

typically relieve genital herpes (Natural Health
Encyclopedia, 1998).
MATERIALS AND METHODS

This study was conducted to investigate the effect of
dietary supplementation with different levels of zinc on
concentrations of sex hormones in blood plasma of
broiler breeder chicken. A total 132 (96 females and 36
males) of Cobb 500 broiler breeder chicken, 45 weeks
old were used in this study. These birds were randomly
distributed equally into four dietary treatments with three
replicates each. Each treatment group constituted of 32
females and 12 males. Treatment groups were as
following: T1:. Birds fed the basal diet without any
addition (0 Zn) (control), T2: Birds fed diet supplemented
with 50 mg Zn (pure zinc)/kg of diet, T3: Birds fed diet
supplemented with 75 mg Zn (pure zinc)/kg of diet and
T4: Birds fed diet supplemented with 100 mg Zn (pure
zinc)/kg of diet. Birds were raised on floors pens under
similar environmental, managerial and veterinarian
conditions. Birds were kept in a closed house; artificial
lighting and drinking by nipples were provided through
the experimental period (22 weeks). Commercial ration
were provided for birds during experimental period.
Birds were maintained under 16 hr light and 8 hr dark
and mean temperature of 18-21°C during the whole
period of study. For measuring concentration of
testosterone hormone in blood plasma of males, three
blood samples from each male were taken by using
heart puncture procedure (Fig. 1) (Al-Daraji ef al., 2008)
each 30 minutes from six males that selected randomly
from each males treatments (T1, T2, T3 and T4) and
three blocd samples from each female were also
collected each 30 min from 6 females in each of
females treatments. Blood plasma samples were frozen
at -25°C till analysis.

Testosterone  determination: The  quantitative
determination of total testosterone concentration in
plasma was done by Micro plate Enzyme Immunoassay
using ELISA device and commercial kits from (Monobin
Inc., USA) according to procedure was followed by the
supported company.

Fig. 1: Blood collection from birds by using heart
puncture method

Estrogen determination: Enzyme Immunoassay for the
quantitative determination of Estradiol (E2) concentration
in blood plasma is a C18 steroid hormone with phenolic
A ring. This steroid hormone has a molecular weight of
272.4. It is the most potent natural estrogen, produced
mainly by the ovary and in smaller amounts by the
adrenal cortex and the male testes (Tsang ef al., 1980;
Gore-Langton and Armstrong, 1988; Hall, 1988).
Estradiol (E2) is secreted into the blood stream where
98% of it circulates bound to Sex Hormone Binding
Globulin (SHBG). Esterogenic activity is affected via
estradiol-receptor complexes which trigger the
appropriate response at the nuclear level in the target
sites. These sites include the follicles, uterus, vagina,
hypothalamus, pituitary and in lesser extent in the liver
and skin. This test was conducted using (Biocheck. Inc)
kit 323 Vintage Park Dr. Foster city, CA 94404, Cat. No.
Bc-1111.

Progesterone determination: Progesterone hormone in
blood plasma is measured by using kits supplied by
(BioMerieux®Sa.Company) and VIDAS instrument.
VIDAS progesterone is an automated test for use on the
VIDAS instruments for the quantitative measurement of
Progesterone (PRG), using the Enzyme Linked
Fluorescent Assay (ELFA) technique. Progesterone is
onhe of the main steroid hormones secreted by the
ovaries (Franchimont ef af., 1987). Its levels increases at
the time of ovulation to reach its peak during the luteal
phase (Hamers ef af., 2001).

The data were analyzed statistically using the General
Linear Models procedure of SAS (2000). Significant
differences between treatment means are separated
using the Duncan's multiple range test with 5% and 1%
probability (Duncan, 1955).
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Fig. 2: Effect of dietary supplementation with zinc on
estrogen concentration (pg/ml) in blood plasma
of cobb500 broiler breeder females at 54 and 66
weeks of age. T1: Bird fed control diet (0 mg Zn/kg
of diet) and T2, T3 and T4 represented birds fed
diet supplemented with 50 mg Zn/kg of diet, 75
mg Zn/kg of diet and 100 mg Zn/kg of diet,
respectively. *"Bars within a week of age that lack
common letters differ significantly {p<0.05)

RESULTS AND DISCUSSION

Female sex hormones: Results of this study revealed
that the plasma esterogen concentration in birds of
control group (T1) was significantly (p<0.03) lower than
other experimental groups (T2, T3 and T4) at 54 and 65
wk of age (343.24 pg/ml) vs. (484.1, 49537, 43513
pa/ml, respectively) and (52.23 pg/ml) vs. (191.85,
224.98, 211.37 pg/ml, respectively). While, no significant
differences in plasma estrogen concentration were
observed among zinc treatments (T2, T3 and T4)
throughout the period of this study (Fig. 2). Also, the
plasma progesterone concentration in birds of control
group (T1) was significantly (p<0.05) lower than other
experimental groups (T2, T3 and T4) at 54 and 66 week
of ages (0.406, 0.833, 0.898, 1.41 ng/ml, respectively)
and (0.223, 0.623, 0.583, 0.383 ng/ml, respectively).
However, no significant differences in plasma
progesterone concentration were observed among zinc
treatments (T2, T3 and T4) throughout the period of
study. Moreover, T3 group (75 mg Zn/kg of diet) had the
highest values as regards estrogen concentration (Fig.
3).

This significant decrease in estrogen and progesterone
concentration in blood plasma of control group birds
may be attributed to the decrease of LH and FSH
release from the anterior pituitary gland and also may be
due to progestercne acts at the level of the ovary and
hypothalamus to stimulate the LH surge for ovulation.
The progesterone is the major hormone secreted by
granulose cells of large mature hierarchical follicles (F1)
in birds and is produced by F1 follicle peaks 6 to 8 hr
prior to ovulation (Johnson and Tienhoven, 1980) and
triggers gonadotropin releasing hormone (GnRH)
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Fig. 3: Effect of dietary supplementation with zinc on
progesterone concentration {(ng/ml) in blood
plasma of cobb 500 broiler breeder females at 54
and 66 week of age. T1: Bird fed control diet (O
mg Zn/kg of diet) and T2, T3 and T4: represented
birds fed diet Supplemented with 50 mg Zn/kg of
diet, 75 mg Zn/kg of diet and 100 mg Zn/kg
of diet, respectively. **Bars within a week of age
that lack common letters differ significantly
(p<0.05)

release by the hypothalamus. This in turn is followed by
an increased in LH and FSH release from anterior
pituitary.

The LH stimulates an even output of progesterone by the
granulose cells of the F1 follicle (Etches, 1990, 2008),
completing the positive feed back loop and producing
the LH peak 4 to 6 h prior to ovulation (Johnson et af,
1985). It has been shown that chronic or acute injection
of P4 may affect bird in a different manner (Zaghari et al.,
2009). Administration of an acute dose of exogenous P4
has been shown to induce premature ovulation of a
mature follicle at a specific time during ovulatory cycles
in normal chicken hens (Nakada ef a/, 1994). Single
injection of an acute dose of P4 in laying hens during
preovulatory open-period has been shown to have
positive effect on inducing preovulatory LH surge and
ovulation (Wilson and Sharp, 1975, 1976; Johnson et af.,
1985). However, chronic injection of P4 has been shown
to increase baseline concentrations of P4 and result in
arrested laying and disrupted distribution of hierarchical
follicles in turkeys (Liu et af, 2001. Bacon and Liu,
2004). Progesterone acts on ovary and hypothalamus to
stimulate the LH surge for ovulation. The rise
progesterone concentration stimulates a rise in LH
concentration, which in turn stimulates a further rise in
progesterone. This positive feed back loop is what
causes the progesterone and ultimately LH surge
(Johnson et af., 1985). Zaghari ef a/. (2009) deduced that
plasma estradiol (E2) concentrations were affected both
by feeding pattern (ad libitum and restricted fed hens)
and progesterone (P4) injection, also progesterone
injection depressed (p<0.001) plasma E2 concentration
in both feeding pattern. On the other hand, esterogen
from the ovary stimulate the development of oviduct and
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Fig. 4: Effect of dietary supplementation with zinc on
testosterone concentration (ng/ml) in blood
plasma of cobb500 broiler breeder males at 54,
58 and 66 weeks of age. T1: Bird fed control diet
(0 mg Zn/kg of diet) and T2, T3 and T4:
represented birds fed diet supplemented with 50
mg Zn/kg of diet, 75 mg Zn/kg of diet and 100 mg
Znikg of diet, respectively. *"Bars within a week of
age that lack common letters differ significantly
(p<0.05)

also caused an increase in blood calcium, proteins, fats,
vitamins and other substances necessary for egg
formulation. The public bones spread and the vent
enlarges under the influence of estrogen (Card and
Nesheim, 1973). Therefore, the significant amelioration
of plasma estrogen concentration in birds fed diets
supplemented with zinc may be attributed to the zinc role
on the metabolism of proteins, amino acids, nucleonic
acids, fat carbohydrates and vitamins as well as the
metabolism of the other trace elements but also relates
to the activity of prostaglandin, gonad stimulating
hormone and it is necessary to the physiological
function. Estrogen stimulates both vitellogenesis
through its affect on liver and food intake (Al-Daraji,
2007b).

Male sex hormone: Results also revealed the
superiority (p<0.05) of zinc treatment groups (T2, T3, T4)
in comparison to control group (T1) after zinc was
supplemented to broiler breeder males diets in plasma
testosterone concentration on 54, 58 and 66 wks of age
(Fig. 4). No significant differences were found among
zinc treatment groups with respect to this parameter,
while the differences between zinc treatment groups and
control group were significant (p<0.05) on 54, 58 and 66
wks of age as well as regards the overall mean of this
trait. From the results mentioned above, inclusion zinc to
the diet of male broiler breeder significantly ameliorated
testosterone concentration in blood plasma. Moreover,
birds fed diets containing different levels of zing (T2, T3
and T4) recorded the higher overall mean testosterone
concentration when compared with birds fed control diet
(T1).

These significant increment (p<0.05) and amelioration
in plasma testosterone concentration may be attributed
to that the zinc is an inherent component of cortical
substance of suprarenal gland. It is also participates in
regulating the function of sexual gland system. The
synthesis of testicosteroid depends on the existence of
zinc. Zinc plays an important role on testosterone
externalization through affecting the release of
gonadotropic hormones (Fu-Yu ef ai, 2007). These
results in the current study agree with the results of Fu-
Yu et al (2007) who found that testosterone in
experimental groups was significantly higher (p<0.0%)
than that in control group. The improvement in plasma
testosterone concentration may be also due to factors
affecting the semen quality, such as the increase of
relative weight and volume density of leydig cells
(interstitial cells) which produce testosterone hormone.
The interstitial cells produce several androgens, but the
major hormone in blood is testostercne. The production
of testosterone is stimulated by the rising blood
concentrations of the gonadotroping, Luteinizing
Hormone (LH) which stimulates the production of
androgens from leydig cells of the testis. The blood
concentration of LH is maintained by a negative feed
back loop, in which elevated concentration of
testosterone inhibited the secretion of Gonadotrophin
Releasing Hormone (GnRH) which in turn inhibits the
secretion of LH. As the secretion of LH declined, the
concentration of androgens declines and hence the
secretion of GNRH and LH is enhanced. In the absence
of negative feed back in castrated males, the
concentration of LH is 20-30 times greater than in intact
males (Al-Daraji, 2007a; Etches, 2008). The
testosterone concentration in serum and seminal
plasma was positively correlated with the semen quality
(Jianguo and Zhinian, 1990).
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