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The present study was conducted in the experimental farm of Animal 

Production Department, Faculty of Agriculture, South Valley University, Qena, 

Egypt, where there is a prevailing a subtropical climate. The experiment started 

in 15
th
 of January 2012 to the end of May 2012. The work aimed to study the 

effect of zinc oxide (Zn O) levels supplementation on semen quality and fertility 

rate of buck New Zealand White (NZW) rabbits under subtropical conditions. A 

total number of thirty buck rabbits (16 weeks of age and average body weight 

2368±14.21) were randomly divided into three equal treatments (10 bucks of 

each) without significant difference in average body weight between 

treatments. The 1
st
 treatment (T1), rabbits saved as control (0 g Zn O 

supplement/ kg diet). The 2
nd

 and 3
rd

 treatments (T2 and T3), rabbits were fed 

with basal diet containing 75 and 150 ppm Zn O/ kg diet, respectively (0.096 

and 0.192 g Zn O supplement/ kg diet, respectively).  

The results indicated that all the physical semen characteristics of NZW 

were significantly (P<0.05) improved by Zn O supplementation of buck NZW 

rabbits except ejaculate volume and sperm motility. Sperm concentration, total 

sperm count and live spermatozoa were significantly increased (P≤0.05) in the 

bucks of T2 and T3 as compared to the control ones. Moreover, fertility rate 

and litter size at birth were higher (P<0.05) in the bucks of T2 and T3 (Zn O 

supplementation) as compared to the bucks in T1 (control group). 

In conclusion, adding 75 or 150 ppm zinc O/ kg diet improved the 

physical characteristics of semen quality and fertility rate of buck NZW rabbits 

under subtropical conditions.   

Key words: NZW rabbits, Zinc O supplementation, semen quality. 

 

Under subtropical conditions, ambient temperature is the major 

determining factor controlling animal productivity. In Egypt, especially in 

the south Egypt (Qena) the ambient temperature begin increased from 
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March month to reach maximum at August month, these months are not 

with in the thermal neutral zone (18 - 20 
0
C) for male rabbits (Attia et al., 

2011). Under such environmental conditions during these months, adversely 

effects on reproductive performance of male rabbits were occurring, 

reducing semen quality, as well as, reducing the ability of leydig and sertoli 

cells to respond to Luteinizing hormone (LH) and the diameter of the 

somniferous tubules (El-Sherbiny, 1987). In addition, exposure of buck 

rabbits to heat stress conditions led to negatively effects on ejaculate 

volume, sperm cell concentration, total sperm output, live spermatozoa and 

sperm abnormalities (Marai et al., 2003).  

Moreover, high ambient temperature stimulates the hypothalamo–

pituitary–adrenal axis activity inducing the sympathetic system functions, 

which increase levels of free radicals and imbalances in the antioxidant-

defense system (Agarwal et al., 2008 and Ahmad et al., 2012). 

Accumulations of the free radicals have been associated with significant 

decreases in sperm motility and sperm plasma membrane integrity, and 

significant increases in sperm abnormality and DNA damage leading to 

infertility (Potts et al., 2000).  

The role of zinc (Zn) in the animal organism began to gain special 

attention. This mineral is involved in over 200 proteins and enzymes which 

were essential for male fertility (Kumar et al., 2006).  

Zn supplementation enhances physical characteristics of semen 

including ejaculate volume, sperm count, motility, seminal plasma 

antioxidants and fertility rate (Amen and Muhammad, 2016; Rahman et al., 

2014; El-Speiy and El-Hanoun, 2013; Rafique et al. 2010; Ghasemi et al. 

2009; Oliveira et al., 2004; Maldjian et al., 1998; Rode et al., 1995 and El- 

Masry et al., 1994) and increase the secretion of the principal sex hormone 

(Follicle-stimulating hormone and interstitial cell–stimulating hormone) in 

male rabbits. Consequently, improve reproductive among male rabbits 

(Ogbu and Ezeokoli, 2016). Zinc is found in high amount in male 

reproductive tract and semen. So, there is a strong relationship between the 

zinc and spermatogenesis (Chia et al. 2000). On the other hand, Zn 

scavenges excessive production of superoxide radical, and thus, this element 

has antioxidant like activities (Gavella and Lipovac 1988). Chia et al. 

(2000) suggested that Zn may bind with the free radicals in the seminal 

plasma, produced by abnormal spermatozoa, and thus, the concentration of 

this element may be decreased. Deficiency of zinc causes a lowering of 

testosterone level, shrinks of testicle size and produces misshapen and less 

healthy sperm, among other negative effects. (Hadwan et al. 2012 and Chia 
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et al. 2000).  A diet deficient in Zn may cause atrophy of the primary, 

secondary and accessory sex glands (Martin et al., 1994). Most of the 

studies above were carried out in temperate regions and the question, which 

may arise the present is whether Zn supplementation can still have such 

effects when the climatic condition changes.  

Therefore, the aim of this experiment was to determine the effects of 

zinc oxide supplementation upon physical semen quality characteristics and 

fertility rate of buck NZW rabbits under subtropical climate prevalent in the 

study location.  

 

MATERIALS AND METHODS 

 

The present study was conducted in the experimental farm of Animal 

Production Department, Faculty of Agriculture, South Valley University, 

Qena, Egypt, where there is a prevailing a subtropical climate. The 

experiment started in 15
th

 of January 2012 to the end of May 2012. The 

work aimed to study the effect of zinc oxide supplementation on semen 

quality and fertility rate of buck NZW rabbits. A total number of thirty buck 

rabbits (16 weeks of age and average body weight 2368±14.21) were 

randomly divided into three equal treatments (10 bucks of each) without 

significant difference in average body weight between treatments. The 1
st
 

treatment (T1), rabbits saved as control (0 g Zn O supplement/ kg ration). 

The 2
nd

 and 3
rd

 treatments (T2 and T3), rabbits were fed with basal diet 

containing 75 and 150 ppm Zinc oxide supplement / kg diet (0.096 and 

0.192 g Zn O supplement / kg diet) respectively.  Chemical analyses of 

rations (Table 1) were done according to A.O.A.C. methods (1995). Rabbits 

were housed in individual cages, receiving rations and water ad libitum, 

kept under the same managerial and hygienic conditions. Lighting program 

consisted of a period of 14 h light and 10 h of darkness.  

Indoor ambient temperature and relative humidity were recorded 

during experimental period by digital thermometer Figure (1 & 2). Ambient 

temperatures (AT, 
0
C) ranged from 21.4 to 35.3 

0
C during April and May 

months. The mean of minimum AT was 19.9 
0
C, while the mean of 

maximum AT was 36.9 
0
C. Relative humidity (RH, %) ranged from 26.1 to 

64.3 % with a mean daily low of 22.3 % and a mean daily high of 69.8 %. 

Maximum temperature humidity index was 31.5 and calculated according to 

Marai et al. (2001). The THI values were classified as absence of heat stress 

(<27.8), moderate heat stress (27.8-28.8), severe heat stress (28.9-29.9) and  
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Table 1. Formulation and chemical composition of the basal diet.  

Ingredients % 

Alfalfa hay 30.420 

Soybean meal (44% CP) 12.500 

Corn meal 22.500 

Whole sunflower meal 7.000 

Barley meal 14.000 

Wheat bran 5.000 

Beet molasses 1.200 

Calcium carbonate 1.372 

Calcium diphosphate 0.671 

Sodium chloride 0.500 

Dl-methionine 0.057 

premix (Zn O-free) 1.000 

Total 100.0 

chemical composition of the diets    

Dry matter 89.2 

Crude protein  17.3 

Ether extract 5.30 

Crude fibre 

NFE  

14.9 

53.70 

Ash 8.80 

Digestible energy** MJ kg-1 10.90 

 ** Estimated according to Maertens et al. (1984) 

 

very severe heat stress (>30.0). Hence, rabbits in this study suffered from 

very severe heat stress during period of semen evaluation. 

At 26 weeks of bucks age, started the training period with artificial 

vagina for 2 weeks by collected two ejaculate per buck per week. At 28 

weeks of bucks age collection of semen from buck rabbits began (April - 

May) for semen examination. During collection period (8 weeks), two 

ejaculates per buck per week were collected, with an interval of 30 minutes 

between them. All ejaculates (average 128 samples for each treatment 

during semen collection period) were stored at 37 
0
C in a water bath until 

evaluation, not later than 15 minutes after collection. Ejaculate volume (ml) 

determined by using graduated tube. Spermatozoa concentration (number of 

sperms per ml) was counted using a haemocytometer according to (Smith 

and Mayer, 1955). For evaluation of percentage of sperm motility drop of  
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Figure (1). Indoor ambient temperature ( AT 

0
 C ) during experimental period  

 

 
Figure (2). Indoor relative humidity % (RH %) during experimental period  

semen was examined under the low power of microscope using a hot stage 

at 37 
0
C. Progressive motility was estimated on a percentage score. Total 

and motile sperm output / ejaculate were calculated. Total sperm output was 

calculated by multiplying ejaculate volume and spermatozoa concentration 

Percentage of live and abnormal sperms were determined after staining with 

eosin and nigrosine (Blom, 1950) and then calculated as a percentage out of 
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randomly chosen 100 sperm counted. Percentage of motile sperm was 

estimated a phase-contrast microscope according to (Melrose and Laing, 

1970). Total motile sperm number (TMS) was estimated by multiplying 

percentage of motile sperm and total sperm output. All bucks were used for 

natural mating (two natural mating per buck, with an interval of 30 minutes 

between them) of NZW does after the end of semen collection to study the 

effect of zinc oxide supplementation on fertility rate and litter size at birth of 

the different treatments. These animals represented progeny of 5 bucks and 

15 does in each group. Ingredient and chemical analysis were determined 

according to NRC (1977).  

Data were analysed according to Snedecor and Cochran (1982) by the 

least square analysis of variance using the General Linear Model Procedure 

(SAS, 2004) according to following model: 

Yij= + Tri + eij 

Where, Yij= Observations,  = Overall mean, Tri = Effect of i
th

 treatment (i: 

1-3), eij= Experimental error. 

Duncan’s New Multiple Range Test (Duncan, 1955) separated 

differences among treatment means. 

 

RESULTS AND DISCUSSION 
 

The mean values of some physical semen characteristics of NZW 

rabbits as affected by zinc oxide supplementation are shown in Table (2). 

The results indicated that all the physical semen characteristics were 

significantly (P<0.05) affected by Zn O supplementation except ejaculate 

volume and sperm motility. However, it is interest to note that, ejaculate 

volume was insignificantly increased by 10.9 and 15.5 % in the bucks fed 

diet supplemented with 75 (T2) and 150 ppm zinc oxide (T3), respectively, 

as compared to the control (T1). This result agreement with the results of 

Narasimhaiah et al. (2018), they found the semen ejaculate volumes were 

similar among the Zn supplemented groups and control group of bucks. In 

opposite , Moce et al. (2000) and Rahman et al. (2014) found that ejaculate 

volume was significantly higher in animals fed supplemented zinc oxide 

(levels from 150 to 200 ppm) as compared to non-supplemented ones, they  

obtained a significant difference might because of the higher level of Zn 

oxide supplementation.  

Similar trend was observed in sperm percentage of motility which 

insignificantly increased by about 11% in the bucks of T3 (150 ppm Zn O) 

were compared with the bucks of T1 (control group). The semen of the  
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Table 2. Means (SE) for some physical semen characteristics of buck 

NZW rabbit as affected by zinc oxide supplementation. 

Traits Treatments  

T1 T2 T3 ±SE 

Ejaculate volume (ml) 0.49
 
 0.55

 
 0.58

 
 0.019 

Sperm motility (%) 46.95
 
 48.90

 
 52.30

 
 1.77 

Sperm concentration (10
6
/ml) 313.70

 c
 347.10

 b
 381.00

a
 4.96 

Total sperm output (10
6
/ejac.)  152.63

 c
 190.62

 b
 221.61

a
 4.85 

Motile sperm /ml (×10
6
) 146.69

 c
 169.31

 b
 199.37

a
 5.10 

Motile sperm /ejaculate (×10
6
) 71.83

 c
 93.17

 b
 115.37

a
 4.29 

Live spermatozoa (%) 71.80
 b
 81.90

 a
 84.10

a
 0.66 

Dead spermatozoa (%) 28.20
 a
 18.10

 b
 16.90

b
 0.66 

Abnormal spermatozoa (%) 24.10
 a
 22.50

 ab
 20.78

b
 0.64 

a ,b, c Means in the same row followed by different letters are significantly different 

(P<0.05 ).  
T1= Bucks fed with basal diet saved as control (0 g Zn O supplement/ kg diet), T2= Bucks 

fed with basal diet containing 75 ppm Zinc oxide / kg diet (0.096 g Zn O supplement/ kg 

diet). T3= Bucks fed with basal diet containing 150 ppm zinc oxide/ kg diet (0.192 g Zn O 

supplement/ kg diet) 

 

treated bucks with zinc supplementation had significantly higher (P≤0.05) 

sperm concentration and total sperm count compared to the control ones. 

The present study demonstrated that enhancement of cellular mass volume 

of ejaculates in rabbits supplemented with 75 and 150 ppm zinc, leading to 

significant increase in spermatozoa concentration in the respective bucks. 

These results are in agreement with those reported in the literature by Ogbu 

and Ezeokoli (2016); Marai et al., (2003) and Moce et al. (2000) they 

reported that improve reproductive performance of buck rabbits treated with 

dietary Zinc recorded greater (P≤0.05) ejaculate volume, sperm motility, 

cell concentration and fertility rate than the control group. Also, they 

reported that dead and abnormal spermatozoa were decreased in treated 

bucks. These improvements in semen quality may returns to zinc ions are 

involved in processes of cell division, development and differentiation and 

in the control of gene expression (Danek, 2002; Viudes et al., 1997 and 

Bicudo and Paschoal, 1991). 

On the other hand, fertility rate and litter size at birth were 

significantly increased in the rabbits of T2 (by 30.1 and 20.2 %, 

respectively) and T3 (by 31.8 and 21.7 %, respectively) when compared to 

the rabbits in T1 (Table 3). These results agreement with El-Speiy and El- 
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Table 3. Means (SE) for fertility rate and litter size at birth of NZW rabbit 

as affected by zinc oxide supplementation 

Traits Treatment  

T1 T2 T3 ±SE 

Fertility rate (%) 29.20
 b
 38.00

 a
 38.50

 a
 0.64 

Litter size at birth 6.90
 b
 8.30

 a
 8.40

 a
 0.84 

a ,b, c Means in the same row followed by different letters are significantly different (P<0.05 ).  
T1= Bucks fed with basal diet saved as control (0 g Zn O supplement/ kg diet), T2= Bucks 

fed with basal diet containing 75 ppm Zinc oxide / kg diet (0.096 g Zn O supplement/ kg 

diet). T3= Bucks fed with basal diet containing 150 ppm zinc oxide/ kg diet (0.192 g Zn O 

supplement/ kg diet) 

 

Hanoun (2013). The reduction in fertility rate in control group is related 

to the low sperm count, motility and high percentage of abnormal 

spermatozoa level (Raji et al., 2003). However, Brun et al. (2002) found 

that litter size at birth was significantly influenced by concentration and 

number of total motile sperms. In addition, Ulkowski et al. (2005) 

confirmed that the positive effect of zinc as an enhancer of reproductive 

capacity of rabbit bucks could be attributed to its ability to protect 

mammal cells from oxidation. 

In conclusion, adding 75 or 150 ppm zinc oxide / kg diet caused to 

improve the physical characteristics of semen quality and fertility rate of 

buck NZW rabbits under subtropical conditions. 
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ومعدل لي صفات السائل المنوى ع مسحويات اكسيد الزنكجأثير أضافة 

 سحوائيةلأا هشبجحث الظروف  في ذكور الارانبالخصوبة 
 

 **خميس رفاعي سيد إمام – **حسام حسين محمد حسانين - *احمد عبد الجليل بيومي
*

 يصش - لُب  - ـ خبيعخ خُٕة انٕاد٘ لسى الإَزبج انحٕٛاَٙ ـ كهٛخ انضساعخ
**

ـ انجٛئٛخ ٔانحٕٛٚخ ٔانزصُٛع انغزائٗ  ـ كهٛخ انضساعخ ٔانذٔاخٍ لسى الإَزبج انحٕٛاَٙ

 يصش -ثُٗ سٕٚف خبيعخ
 
ـ خبيعخ خُٕة انوٕاد٘  كهٛخ انضساعخ -أخشٚذ ْزِ انذساسخ ثًضسعخ الإَزبج انحٕٛاَٙ  

صف ُٚبٚش ٔحزوٗ زيصش حٛث ٕٚخذ انًُبخ شجخ الاسزٕائٗ. ثذاد انذساسخ فٗ يُ -ثمُب 

نهعلائوك عهوٗ  انذساسخ نذساسخ ربثٛش إضبفخ اكسٛذ انضَو . رٓذف ْزح 2102َٓبٚخ يبٕٚ 

نوزكٕس سولانخ الاساَوت انُٕٛصٚهُوذٖ انجٛ وب   يعذل انخصوٕثخ صفبد انسبئم انًُٕٖ ٔ

ثلاثووٌٕ يووٍ ركووٕس عووذد فووٙ ْووزِ  انذساسووخ  واسووزخذ رحووذ انوووشٔف شووجخ الاسووزٕائٛخ.

 انزكٕسٔصعذ . (خى 04.20 ±2366ٔيزٕسط ٔصٌ خسى  اسجٕع 06عًش )الأساَت  

ثوذٌٔ ٔخوٕد  ) فوٙ كوم يدًٕعوخركوٕس عشوشح (يزسوبٔٚخ  يعوبيلادثلاثوخ  إنٗعشٕائٛب 

الاساَت الأٔنٗ غزٚذ نًعبيهخ فشٔق يعُٕٚخ فٗ يزٕسط ٔصٌ اندسى ثٍٛ انًعبيلاد . ا

ٔاعزجوشد نكوم كدوى عهٛموخ  أكسوٛذ يحزّٕٚ عهٗ صفش صَ فٛٓب عهٗ انعهٛمخ الأسبسٛخ 

 عهووٗ انعهٛمووخ الأسبسووٛخ  ساَووتغووزٚذ الأانثبنثووخ انثبَٛووخ انًعبيهووخ ,  عووخ يمبسَووخيدًٕ

ٔ  19176/ كدوى عهٛموخ )انضَ  أكسٛذ خض  فٙ انًهٌٕٛ يٍ  051ٔ  55يحزّٕٚ عهٗ 

 . عهٗ انزٕانٗ خشاو اكسٛذ انضَ  / كدى عهٛمخ (19072

َزٛدخ ايذاد  ب  يعُٕٚ رحسُذانًُٕٖ اشبسد انُزبئح انٗ اٌ كم انصفبد انفٛضٚبئٛخ نهسبئم 

عووذا حدووى انمزفووخ ٔحشكووخ انحٕٛاَووبد ب علائووك ركووٕس الاساَووت انُٕٛصٚهُووذٖ ثبنضَوو  يوو

انًُٕٚخ. حٛث اٌ انزكٕس انًعبيهخ صاد فٛٓب كلا يٍ عذد ٔرشكٛض انحٕٛاَوبد انًُٕٚوخ فوٗ 

َو  فوٗ انض اكسوٛذ . كًوب ادٖ اسوزخذاوانكُزوشٔلانمزفخ ثصٕسح يعُٕٚخ  يمبسَخ ثبنوزكٕس 

لايٓووبد   يعووذل انخصوٕثخ ٔعووذد انخهفووخ عُووذ انًووٛلادعلائوك ركووٕس الاسَووت انووٗ رحسووٍ 

خووض  فووٗ انًهٛووٌٕ  051أ  55الاساَووت انُٕٛصٚهُووذٖ انزووٗ نمحووذ ثووزكٕس غووزٚذ عهووٗ 

 صَ  .اكسٛذ 

أكسٛذ انضَ  انٗ عهٛمخ ركٕس الاساَت ٚز ح أٌ اضبفخ يٍ ْزِ انُزبئح  الحوصية:

لذ كدى عهٛمخ   /خض  فٗ انًهٌٕٛ 051أٔ  55 عُذ يسزٕٖ انُٕٛصٚهُذٖ ألاثٛض سٕا 

 ّرحذ انوشٔف شجٔيعذل انخصٕثخ أدٖ انٗ رحسٍٛ انصفبد انطجٛعٛخ نهسبئم انًُٕٖ 

 .الاسزٕائٛخ


