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ABSTRACT  

The effects of Zinc Oxide (ZnO) and E. Coli-derived 6-phytase supplemented-diet on 

the reproductive performance in aged broiler breeder hens and on immune responses of 

their progeny chicks were studied. In a 2×4 factorial arrangement, 2 inclusion levels (0 or 

300 U kg-1 diet) of E. coli-derived phytase and 4 inclusion levels (30, 60, 90, and 120 mg 

kg-1 diet) of ZnO were provided from 62 throughout 72 weeks of age. A total of 128 hens 

were randomly assigned into 8 dietary treatments with 4 replicates of 4 hens each. During 

66 to 71 weeks of age, egg production and egg weights were daily recorded. Results 

showed that ZnO and ZnO×phytase interaction affected the egg weight and fertility rate 

(P< 0.01). Adding ZnO and phytase to diet increased the relative weight of bursa of 

Fabricius and liver in the hatchlings. Also, the interactive effect of ZnO and phytase on 

the relative weight of heart was significantly affected by the hatchlings (P< 0.01). In 

conclusion, dietary supplementation of ZnO and E. coli-derived 6-phytase profoundly 

improved the fertility rate in aged broilers breeder hens, although the effects on immunity 

of their progeny were negligible. 
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INTRODUCTION 

The age-related decline in fertility rate of 

breeder stocks has been a major concern to 

breeder producers (Kirk et al., 1980). The 

higher body weight of the broiler breeder 

hens at the late production period is 

associated with a decreased fertility 

(Hocking, 1990). The reproductive 

performance and immune responses in most 

of animal species were significantly 

influenced by nutrition (Armstrong and 

Benoit, 1996; Kidd, 2004). Hence, using the 

adequate level of nutrients in the diet would 

improve the reproductive function and 

immune responses in broiler breeders. 

Zinc (Zn) is present in all living organisms 

and acts either structurally and catalytically 

in metalloenzymes (Zaghari et al., 2015). 

Zinc is distributed in the tissues and shares 

in various reproductive functions (Hudson et 

al., 2004). Zinc deficiency may depress the 

DNA synthesis as it is required for the 

binding of the protein to DNA and the role 

of the DNA binding proteins with "Zn 

fingers" regulates genetic expression 

(McDowell, 2003). Inadequate intracellular 

concentration of zinc also compromises the 

lymphocyte function as it is responsible for 

T-cell and B-cell proliferation (Vruwink et 

al., 1993). Dietary supplementation of zinc 

in turkey hens improved the immune status 

in their progeny chicks (Kidd et al., 2000). 

The Zn deficiency in the broiler breeder diet 

resulted in a decreased hatchability, weak 

hatchlings, and an increased embryonic 

mortality rate (Wilson, 1997).  

Recent studies show that ingestion of 

phytate influences the excretion and 
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digestibility of minerals (Beutler, 2009). 

Phytate-phosphorus (P) cannot be fully 

utilized by poultry essentially due to a lack of 

effective endogenous phytase (Maenz and 

Classen, 1998). Phytate is a poly-anionic 

molecule which has several binding sites for 

chelating cationic nutrients in the digestive 

tract, making them unavailable to the bird 

(Beutler, 2009). Phytase is an enzyme capable 

of degrading phytate in the digestive tract to 

yield lower inositol and orthophosphoric acid 

(Liu et al., 1998). Escherichia Coli-derived 6-

phytase remains active in a very broad range 

of pH i.e. 2.5 to 6.0 (Beutler, 2009). This 

property may give an advantage to E. Coli-

derived 6-phytase to have a long-lasting 

effective function within the gastro-intestinal 

tract.  

Hudson et al. (2004) reported that cutaneous 

hypersensitivity response to 

Phytohemagglutinin-P (PHA-P) and antibody 

titers to Newcastle Disease Virus (NDV) were 

increased in birds fed on diets supplemented 

with 160 ppm zinc. The higher immune 

response and antibody titer in broiler breeder 

hens affect the immunity of their progeny 

chicks (Leeson and Summers, 1997). Dietary 

supplementation of ZnO and phytase 

improved the humoral and cell mediated 

immune responses in breeder hens (our 

unpublished data). On the other hand, effects 

of a simultaneous use of dietary ZnO and E. 

Coli-derived 6-phytase on the reproductive 

performance of aged broiler breeder hens have 

not been well addressed. In the present study, 

we hypothesized that using E. Coli-derived 6-

phytase may be associated with an increase in 

the bioavailability of zinc. Thus, the aim of 

this study was to evaluate the effects of dietary 

supplementation of ZnO and E. Coli-derived 

6-phytase on the reproductive performance of 

aged broiler breeder hens during the later part 

of the production period, in which the 

hatchability rate as well as the differential 

leukocyte numbers and weight of immune 

organs of their progeny chicks were also 

evaluated. 

  

MATERIALS AND METHODS 

Birds and Experimental 

Treatments 

A total of 128 Cobb 500 broiler breeder 

hens (weighing 5,200±200 g) were selected 

at 59 week of age from a commercial flock 

and were kept under a 16L:8D 

photoschedule at 22±2°C environmental 

temperature. The birds were used in a 2×4 

factorial arrangement where 2 inclusion 

levels of phytase (0 or 300 U kg-
1
, AB Vista 

Feed Ingredients, Wiltshire, UK) and 4 

inclusion levels of Zinc Oxide (ZnO: 30, 60, 

90, and 120 mg kg
-1

 diet) were provided. 

The birds were randomly assigned to the 

dietary treatments with 4 replicates of 4 hens 

each. All hens received a diet containing 

11.513 MegaJoules (MJ) Metabolizable 

Energy (ME) kg
-1

 and 14.5% crude protein 

(CP, Table 1). Prior to start of the dietary 

treatments, all hens were fed a depletion diet 

with 11.513 MJ of AMEn kg
-1

, 14.5% CP, 

and 9.5 mg ZnO kg
-1

 for 2 weeks. 

Reproductive Performance 

From 66 to 71 weeks of age, the number and 

weight of laid eggs were recorded daily. Three 

sexually-mature Ross 308 breeder roosters (56 

week old) were used to artificially inseminate 

the hens. The males were habituated to 

abdominal massage for semen collection. Two 

hens per experimental unit were randomly 

selected at 67 week of age for artificial 

insemination. The hens were inseminated with 

200 µL of pooled (diluted with a modified 

Beltsville extender; unpublished data) on a 

weekly basis until 71 week olds. The eggs (n= 

40 to 50 per treatment, Total eggs= 360) were 

collected during the last 10 days of the 

experiment and stored at 12°C (75% RH) with 

their blunt ends up prior to incubation. The 

eggs set in the same incubator (specific dry-

bulb temperature of 37.7°C and wet-bulb 

temperature of 29°C for 18 days). The 
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Table 1. Ingredients and chemical composition of diets fed to aged Cobb 500 breeder hens (as fed 

basis). 

Ingredient (%) Depletion diet  Experimental diet  

Corn 0 64.61 

Corn starch 46.1 0.35 

Soybean meal (42.6% CP) 11.16 16.22 

Corn gluten meal (62% CP) 14.7 0.27 

Alfalfa meal (24% CF) 0 8.78 

Cellulose (89% CF) 13 0 

Corn oil 2.26 1 

Sodium bicarbonate (NaHCO3) 0.28 0.22 

Dicalcium phosphate 1.48 1.48 

Calcium carbonate 7.78 6.52 

Potassium sulfate
a
 (K2SO4) 0.94 0 

Phosphoric acid
b
 (H3PO4) 1.09 0 

Common salt 0.20 0.17 

Mineral premixes 
c 

0.13 0.17 

Vitamin premix
d 

0.02 0.02 

DL-Methionine, (99%) 0.30 0.11 

L-Thereonine 0.30 0 

L-Lysine HCl (78%) 0.26 0.08 
   

   

Calculated nutrient content   

AME (MJ kg
-1

) 11.513 11.513 

Crude protein (%) 14.5 14.41 

Calcium (%) 3 3 

Available phosphorus (%) 0.35 0.38 

Sodium (%) 0.16 0.15 

Lys (%) 0.64 0.65 

Met (%) 0.58 0.32 

Met+Cys (%) 0.81 0.35 

Thr (%) 0.78 0.46 

Arg (%) 0.62 0.74 

Zinc (mg kg
-1

) 9.5 30 

a
 Available  Potassium 44.6%. 

b
  Available phosphorus 27.5%. 

c
 Provides (per kg of diet): 

Copper (CuSO4·5H2O), 10 mg; Iodine (KI), 2 mg; Iron (FeSO4·7H2O), 50 mg; Manganese 

(MnSO4·H2O), 120 mg, Selenium (Na2SeO3), 0.3 mg. 
d
 Provides (per kg of diet): Vitamin A 

(Retinyl acetate), 12,000 IU; Cholecalciferol, 3,000 IU; Vitamin E (DL-α-tocopheryl acetate), 2.5 

mg; Vitamin K, 0.5 mg; Thiamin, 2.0 mg; Riboflavin, 10 mg; D-Pantothenic acid, 25 mg; Niacin, 

40 mg; Pyridoxine, 6 mg; Biotin, 0.66 mg; Folic acid, 4 mg, Vitamin B12, 0.035 mg. 

 

 

 

eggs from each hen were placed under a 

pedigree basket and transferred to the hatcher 

for the remaining 3 days. Fertility rate 

[Fertilized eggs/Total eggs set)×100] and 

hatchability of fertile eggs [(Hatched 

eggs/Fertilized eggs)×100] were calculated at 

emergence. 

Ovary and Abdominal Fat Pad 

At 72 week of age, 8 birds per treatment 

were weighed and humanely killed by 

decapitation. The abdominal fat pad, ovary, 

and oviduct were dissected and weighted. 

The weight and diameter of non-hierarchical 

ovarian follicles were also determined as 
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follows: large yellow follicles number and 

weight (> 11 mm), small yellow follicles 

number (5 to 10 mm), and large white 

follicles number (2 to 4 mm) (Romero et al., 

2009). The largest ovarian follicles (F1) and 

the stroma (ovary without the large yellow 

follicles) were also weighted. 

Progeny Chicks 

At hatching, 4 hatchlings per treatment 

were randomly selected and bled from the 

jugular vein in EDTA-coated tubes for 

differential leukocyte enumeration. Using 

the Wright’s differential staining (Akhlaghi 

et al., 2013), leukocytes were counted. 

Further, 8 chicks per treatment were 

weighed and slaughtered to weigh the liver, 

heart, spleen, and bursa of Fabricius as a 

ratio of the body weight. 

Statistical Analysis 

All data were analyzed by the GLM 

procedure of SAS software (2002) and 

LSMEANS were compared using the 

Tukey's test. 

RESULTS 

The effect of dietary ZnO and phytase on 

egg production, egg weight, fertility rate and 

hatchability of fertile egg are shown in Table 

2. Dietary supplementation of ZnO had a 

significant effect on egg weight (P< 0.01). 

Zinc oxide and phytase supplementation 

increased fertility rate (P< 0.01, P< 0.05, 

respectively), but their effect on hatchability 

of fertile egg was not significant. The 

interactive effect of ZnO and phytase on 

fertility and egg weight were significant. 

Dietary supplementation of ZnO and phytase 

on ovarian morphology, oviduct weight, and 

abdominal fat weight were not significant 

(Table 3).  

The effect of adding ZnO and phytase to 

diet on relative weight of bursa, liver, 

spleen, heart, and body weight of chickens 

are shown in Table 4. Adding ZnO and 

phytase to diet increased relative weight of 

bursa of Fabricius (P< 0.01, P< 0.05, 

respectively). Phytase supplementation 

increased the relative liver weight (P< 0.05). 

Zinc oxide supplementation had a significant 

effect on relative liver weight (P< 0.05). The 

interactive effect of ZnO and phytase was 

only significant (P< 0.01) on relative heart 

weight of chicks. 

Effect of ZnO and phytase 

supplementation on the granulocytes and 

mononuclear cells percentage in hatchlings 

are shown in Table 4. Adding ZnO and 

Phytase to diet had no significant effect on 

the granulocytes and mononuclear cells 

percentage in hatchlings.  

DISCUSSION 

Zinc oxide supplementation had a 

significant effect on egg weight. Reduction 

in egg weight was statistically significant 

once total dietary ZnO was 60 mg kg
-1

. 

Supplementary ZnO and phytase was 

associated with an increased fertility rate, 

but their effect on hatchability of fertile eggs 

was not significant. It seems to be 

unnecessary to supplement a corn-soybean 

diet with zinc to obtain normal hatchability 

(Wilson, 1997). Interactions between ZnO 

and phytase were significant on fertility and 

egg weight. This indicates that effects of 

ZnO and phytase were apparent together on 

fertility rate and egg weight. Form this 

result, it seems that phytase could improve 

Zn availability and absorption. Therefore, 

Zn could increase fertility rate. Of 

requirements for prolonged sperm 

survivability in hen's oviduct is a local 

suppression of the immune system to sperm 

stored in the sperm storage tubules. Das et 

al. (2006) reported that the leukocyte 

number was increased in the UteroVaginal 

Junction (UVJ) following the artificial 

insemination in infertile laying hens. 

Transforming Growth Factor-β (TGF-β) is 

one of the possible factors to suppress  
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immune response (Das et al., 2006). On the 

other hand, Sundaresan et al. (2008) 

reported that the expression of TGF-β2 

mRNA in the oviduct was up-regulated 

during the zinc-induced molting. These 

results indicated that increased expressions 

of TGF-β and their receptors (TβRs) in UVJ 

may protect sperm in sperm storage tubules 

(SST), probably by suppressing the immune 

response against sperm. In the current study, 

ZnO supplementation might enhance the 

expressions of TGF-βs and TβRs in the UVJ 

of hens, although the level of TGF-β and its 

receptors were not assayed. Thus, zinc may 

protect sperm in SST after each artificial 

insemination, probably by suppressing anti-

sperm immunoreactions. Dietary phytase 

reduced inositol phosphate esters and 

released cations such as calcium, zinc, 

amino acids, and proteins, which could 

contribut to increased fertility (Liu et al., 

2008; Beutler, 2009). 

Dietary supplementation of ZnO and 

phytase on ovarian morphology, oviduct 

weight, and abdominal fat weight were not 

significant. Overweight in broiler breeder 

hens is associated with ovarian dysfunction 

(Chen et al., 2006). A previous report has 

shown that the heavy strains of breeders (5.6 

kg) had the highest incidence of follicular 

atresia at sexual maturity (Hocking and 

Robertson, 2005). Hocking (2004) reported 

that yellow follicles number and the weight 

of abdominal fat in broiler breeders were 

influenced by the body weight and feed 

intake. In the current study, ZnO and 

phytase alone had no effect on the above-

mentioned parameters, because of the same 

energy level and other nutrients in the 

experimental diet. 

Zinc oxide and phytase supplementation 

increased the relative weight of the chick's 

bursa of Fabricius. Phytase-supplemented 

diet increased the relative liver and heart 

weight, but dietary supplementation of ZnO 

reduced the relative heart weight in the 

chicks. Also, the interactive effect of ZnO 

and phytase on relative heart weight was 

significant. Kidd et al. (2000) showed that 

progeny of turkeys that received Zn from 

amino acid complexes had higher bursa 

weights, but no differences in the weights of 

spleen, liver, and heart were observed. An 

increased bursa weight may be due to 

increased Zn content in the egg yolk 

(McDowell, 2003). Zyla et al. (2000) 

showed that the addition of phytase to diets 

lacking phosphorus enhanced the bursa 

weight in 21-day-old Hubbard broilers. In 

the present study, phytase supplementation 

might have increased the absorption of 

certain nutrients by hydrolysis of phytate 

and increased them in the eggs.  

Dietary ZnO had no effect on the 

granulocytes and mononuclear cells 

percentage in the chicks. The current results 

are consistent with Virden et al. (2004). Zinc 

is required for the normal development of 

lymphocytes, and its deficiency leads to 

thymocyte depletion in the thymus and a 

reduction in peripheral T-cell numbers and 

T-cell helper functions (Kidd et al., 1996). 

Also it has been reported that Zn-deficient 

animals have decreased total numbers of 

lymphocytes and higher total numbers of 

neutrophils, the avian equivalent of 

heterophils (Vruwink et al., 1993). Kidd et 

al. (2000) showed that the progeny of 

turkeys receiving Zn from amino acid 

complexes had a higher number of 

macrophage recruited in the peritoneal 

cavity. Also, Liu et al. (2008) reported that 

phytase-supplemented in broiler diet 

increased the percentages of lymphocyte T-

helper (CD4
+
) and lymphocyte T-cytotoxic 

(CD8
+
) cells, but it did not affect the ratio of 

CD4
+
 and CD8

+
 T-cells. Although 

macrophages and percentages of CD4
+
 and 

CD8
+
 T-cells were not enumerated in the 

current study, mononuclear cells, which 

include the subpopulation monocytes and 

lymphocytes, were counted and showed no 

differences among the treatment groups.  

CONCLUSIONS  

Obtained data indicated that adding ZnO 

and E. Coli-derived 6-phytase to diet could 

improve the fertility of aged broilers breeder 
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hens at the late stage of egg production, 

although dietary supplementation of ZnO 

and phytase had no effect on ovarian 

morphology, egg production, and immunity 

in their progeny hatchlings. Further studies 

are recommended to investigate the 

mechanism of phytase and ZnO impact on 

fertility and prolonged sperm survivability in 

the hen's oviduct.  
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  هاي مادر گوشتي مسنباروري مرغ روي ايجيره فيتاز -6روي و اثر 

 ا. اخالقي ح. شريده، م. ژندي، م. زاغري، و

 چكيده

- بر عملكرد توليد مثلي مرغ E. Coliفيتاز گرفته شده از باكتري  - 6اي اكسيد روي و آنزيم اثرات مكمل جيره

هاي آنها، مورد مطالعه قرار گرفت. آزمايش در قالب طرح هاي ايمني جوجههاي مادر گوشتي مسن و پاسخ

و چهار سطح  E. Coliجيره) فيتاز گرفته شده از باكتري واحد/كيلوگرم  300يا  0، با دو سطح (2×4فاكتوريل 

مرغ  128هفتگي، طراحي شد. مجموع  72تا  62ميلي گرم/ كيلوگرم جيره) اكسيد روي از سن  120و  90، 60، 30(

به صورت تصادفي در هشت تيمار غذايي با چهار تكرار و چهار مرغ در هر تكرار اختصاص داده شدند. طي سن 

گيري شد. نتاج نشان دادند كه اكسيد روي و اثر ها اندازهگي، توليد تخم مرغ روزانه و وزن تخم مرغهفت 71تا  66

افزودن اكسيد روي و فيتاز  (P < 0.01).فيتاز توليد تخم مرغ و نرخ باروري را تحت تاثير قرار دادند ×متقابل روي

فيتاز بر ×فزايش داد. همچنين، اثر متقابل رويهاي هچ شده را او كبد جوجه بورس فابريسيوسبه جيره وزن نسبي 

در نتيجه، مكمل  (P < 0.01).هاي هچ شده تحت تاثر قرار گرفت داري در جوجهوزن نسبي قلب به طور معني

ادر گوشتي مسن هاي مبه شدت نرخ باروري مرغ E. Coliفيتاز گرفته شده از باكتري  - 6اي اكسيد روي و جيره

 هاي آنها داشتند.را بهبود دادند، اگرچه اثرات ناچيزي بر ايمني جوجه
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