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Table 1- Ingredients and chemical composition of the basal diet!

Ingredients (%,unless stated otherwise)

Corn

Soybean meal (44% crude protein)
Sunflower oil

Fish meal (60% crude protein)
Dicalcium phosphate

Oyster shell

Limestone

Sodium chloride

Mineral and vitamin premix?
Methionine

Calculated analysis (%,unless stated otherwise)
AME, (Kcall kg)

Crude protein

Ether extract

Methionine

Lysine

Arginine

Calcium

Available phosphorus

Sodium

Zinc of basal diet (mg/kg)

63.12
21.61
2.50
1.00
1.30
4.75
4.73
0.39
0.50
0.10

2850
15.27
5.16
0.37
0.89
1.03
4.00
0.37
0.18
18.80

! Zinc-Met was added to the basal diet to reach the zinc level of diets to 40, 80, 120 and 160 mg/kg.

2Vitamin and mineral premix per kg of diet contains vitamin A (110001U), D3 (23001U), E (1211U), K3 (2mg), B12(0.02
mg), Thiamine (4 mg), Riboflavin (40 mg), Folic acid (0.75 mg), D-Biotin (0.075 mg), Pyridoxin (4 mg), Choline
Chloride (840 mg), Ethoxy Queen (0.125 mg), Mn (100 mg), Fe (80 mg), Cu (8 mg), I (0. 5 mg), Co (0.2 mg), Se (0.15

mg).
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Table 2- Effect of various levels of zinc and density on performance of laying hens at the whole period of

experiment
Item Feed intake Egg Egg weight (g) Egg mass (g) Feed
(g9/h/d) production conversion
(%) ratio
Zinv level (ppm)
40 97.84 71.30° 63.112 44.99 2.18
80 97.84 70.01%® 61.85% 43.30 2.25
120 91.65 63.93% 59.85° 38.26 2.39
160 87.49 60.70¢ 57.97° 35.18 2.47
SEM 3.068 2.148 0.677 4.71 0.102
Density
3 95.21 67.72 60.70 41.10 2.31
5 92.11 65.25 60.69 39.60 2.32
SEM 2.170 1.519 0.479 1.71 0.021
Interaction of density and zinc
3 40 101.39 71.42 63.15 45.10 2.24
80 97.95 74.45 60.97 45.39 2.15
120 96.05 61.21 60.82 37.22 2.58
160 85.46 63.80 57.85 36.90 2.31
5 40 93.95 71.18 63.06 44.88 2.09
80 97.74 65.58 62.74 41.14 2.37
120 87.25 66.65 58.88 39.24 2.22
160 89.52 57.59 58.10 33.45 2.67
SEM 4.340 3.038 0.958 5.42 0.300
P —Value
Density 0.320 0.258 0.993 0.369 0.067
Zinc 0.063 0.003 <0.0001 0.078 0.240
Interaction 0.413 0.106 0.303 0.812 0.762

BbN\eans within the same column with different superscript letters were significantly different (P<0.05)
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Table 3- Effect of various levels of zinc and density on egg qualitative properties at the whole period

of experiment

Item Haugh Unit Yolk Color?! Egg shell thickness Egg shell
(mm) strength
(Kg/cm?)
Zinc (ppm)
40 83.87 7.68 0.352 2.01%
80 83.97 7.64 0.353 1.94°
120 84.46 7.62 0.360 2.15%
160 85.01 7.55 0.360 2.19°
SEM 0.35 0.08 0.002 0.06
Density
3 84.732 7.61 0.359 2.10
5 83.92b 7.63 0.354 2.05
SEM 0.25 0.05 0.002 0.04
Density Zinc level (ppm)
3 40 84.00 7.61 0.355 2.04
80 84.30 7.67 0.353 1.94
120 84.97 7.64 0.368 2.25
160 85.67 7.54 0.360 2.16
5 40 83.75 7.75 0.350 1.98
80 83.64 7.60 0.354 1.94
120 83.95 7.61 0.353 2.05
160 84.34 7.56 0.359 2.22
SEM 0.50 0.11 0.004 0.08
P- Value
Density 0.02 0.87 0.08 0.44
Zinc 0.10 0.75 0.12 0.02
Interaction 0.73 0.82 0.20 0.50

®bMeans within the same column with different superscript letters were significantly different (P<0.05)
L Yolk color was determined using the Roche Color Fan color index 1 to 15 to distinguish the yolk color

from lightest to darkest color intensity.
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Table 4- Effect of various levels of zinc and density on reproductive parameters of laying hens at the end of the

experiment
Item Weight of ovary ~ Weight of Number of large Weight of the Number of
((% of live body  oviduct ((% yellow follicle largest follicle small yellow
weight)) of live body (9) follicle
weight)
Zinc (ppm)
40 2.90 3.75 4.20 14.40 19.20
80 2.85 4.10 4.25 13.80 17.50
120 2.72 3.90 4.40 13.40 15.50
160 2.71 3.76 4.40 13.40 16.50
SEM 0.16 0.21 0.20 0.80 1.32
Density
3 3.042 4.08 4.45 14.55 17.40
5 2.55° 3.68 4.17 12.95 16.95
SEM 0.11 0.15 0.14 0.56 0.93
Density Zinc level (ppm)
3 40 3.17 4.01 4.20 15.20 20.60
80 3.33 4.40 4.80 15.20 18.00
120 2.89 3.98 4.20 13.60 14.80
160 2.78 3.93 4.60 14.20 16.20
5 40 2.64 3.50 4.20 13.60 17.80
80 2.37 3.81 3.70 12.40 17.00
120 2.55 3.82 4.60 13.20 16.20
160 2.64 3.60 4.20 12.60 16.80
SEM 0.22 0.30 0.28 1.13 1.87
P- Value
Density <0.01 0.08 0.18 0.05 0.73
zinc 0.78 0.63 0.85 0.79 0.26
Interaction 0.34 0.89 0.07 0.77 0.69

BbN\eans within the same column with different superscript letters were significantly different (P<0.05)
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Table 5- Effect of various levels of zinc and density on some blood parameters of laying hens at the end

of the experiment (mg/dl)

Item Glucose Triglyceride Cholesterol HDL LDL
Zinc (ppm)
40 226.30 1495.90 152.20 43.27 26.00°
80 230.20 1439.50 141.70 44.26 26.80%
120 232.80 1547.80 126.90 41.84 24.60°
160 239.10 1429.80 136.90 43.99 32.60?
SEM 4.52 77.32 9.17 3.76 2.03
Density
3 222.05° 1449.60 139.00 42.49 27.90
5 242.15° 1506.90 145.15 44,18 27.10
SEM 54.67 6.48 2.66 1.43
Interaction of density and zinc
3 40 214.00 1423.80 148.40 46.90 27.40
80 218.20 1460.00 146.80 39.28 24.00
120 223.00 1479.00 125.80 42.24 25.80
160 233.00 1435.60 135.00 41.56 34.40
5 40 238.60 1568.00 156.00 39.64 24.60
80 242.20 1419.00 136.60 49.24 29.60
120 242.60 1616.60 148.00 41.44 23.40
160 245.20 1424.00 140.00 46.42 30.80
SEM 6.40 109.35 12.97 5.32 2.87
P- Value
Density <0.01 0.46 0.22 0.65 0.69
Zinc 0.25 0.68 0.18 0.96 0.04
Interaction 0.75 0.75 0.77 0.42 0.35

BbN\eans within the same column with different superscript letters were significantly different (P<0.05)

Table 6- Effect of various levels of zinc and density on total antibody
titer against SRBC in laying hens (Log 2)

Zinc (ppm) Primary response Secondary response
40 5.10 7.00
80 4.90 7.10
120 4.70 7.20
160 5.00 7.50
SEM 0.19 0.31
Density
3 5.10 7.10
5 4.75 7.30
SEM 0.13 0.22
Interaction of density and zinc
3 40 5.20 7.00
80 5.20 6.80
120 4.80 7.20
160 5.20 7.40
5 40 5.00 7.00
80 4.60 7.40
120 4.60 7.20
160 4.80 7.60
SEM 0.27 0.44
P- Value
Density 0.08 0.53
Zinc 0.52 0.70
Interaction 0.78 0.89
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Introduction: Zinc (Zn) is required for many enzymatic and metabolic functions in the animal’s body
(Prasad and Kucuk 2002). Also, it affects the antioxidant defence system, where deficiency of Zn
increases oxidative damage to cell membranes (Prasad and Kucuk 2002). Zn was assumed to improve
the antioxidant capacity (Liu et al. 2011), since Zn is necessary for the structure and function of
superoxide dismutase, it protects the brain, lungs, and other tissues from oxidation (Noor et al., 2002).
However, it has been suggested that Zn increases the synthesis of metallothionein, a cystine-rich
protein that acts as a free radical scavenger (Oteiza et al. 1996). Nys et al. (1999) reported that the
deficiency of Zn decreased egg production and eggshell quality linked to its role as a cofactor in the
enzyme carbonic anhydrase, which is essential for shell deposition. The NRC (1994) recommends a
level of 40-75 mg/kg of Zn in various poultry diets. Due to the high amount of phytate, Zn can be
less bioavailable, despite the high level of Zn available in cereals. Therefore, this micronutrient can
be supplemented to diets of livestock and poultry (Sahin et al. 2009). ZnO and ZnSO4 are the two
most common inorganic Zn supplements used for poultry diets (Batal et al. 2001). The present study
has examined the effects of Zn supplementation of laying hens on performance, egg quality traits and
immune response under high stock density.

Material and methods: This experiment was conducted to evaluate the effects of dietary inclusion
of different levels of zinc on performance, egg quality traits and immune response of laying hens
under high stock density with 160 Hy-Line W-36 leghorn hens for 10 weeks. Treatments consisted
of different levels of zinc (40, 80, 120 and 160 ppm) and two cage densities [3 hens/cage
(recommended) or 5 hens/cage (high density) (38 x 38 x 40 cm)], that was performed in completely
randomized design with 2x4 factorial arrangements with five replicates. The basal diet was

formulated to meet all of the nutrient specifications according to the Hy- Line W-36 recommendations
(Hy-Line International, 2007). The first 2-wk (61-62 wk of age) was considered as the adaptation
period. The main trial period commenced from 63 wk of age and lasted for 8 weeks. Lighting program
was set on 16 light: 8 dark using an artificial light in a windowless house. The hens had free access
to feed and water at all times. The temperature was maintained at 20+2 °C throughout the study. Egg
production and egg weight were recorded daily and feed intake (FI), feed conversion ratio (FCR) and
egg quality were recorded weekly. Egg quality traits were evaluated every35-d period. All eggs
produced during thelast2-d of each period were collected and egg quality indices including Haugh
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unit (HU), yolk color, egg shell thickness, andshell breaking strength were measured as followings:
Each egg was weighed and the eggshell breaking strength (kg/cm?) was measured by a quasi-static
compression device. The broken eggs were put onto a glass surface. The height of the albumen,
midway between the yolk and the agde of the thick albumen, was measured with micrometer. Haugh
units were calculated using the formula: HU=100log (H+7.57— 1.7xW?°3"), where H is the mean
height (mm) of the aloumen and W is the weight (g) of egg (Haugh, 1937). Yolk color was visually
scored by the Roche yolk colorfan. Eggshell thickness was determined on 3 points (air cell, equator,
and sharpend) by using a micrometer screw gauge. In order to study immune responses, suspension
of SRBC were injected into the breast muscle of two birds of each replicate at the first of 6 " and 7™
weeks of experiment and blood parameters were analyzed 7 days after each injection. Also,
reproductive parameters, blood lipid parameters were analyzed at the end of the experiment.

Results and discussion: The results of this experiment showed that dietary supplementation of zinc
in different stock density could not affect performance of layers (P > 0.05). Although, dietary
increasing levels of zinc caused significant decrease in egg production percentage and egg weight
during the whole period of experiment. Sorosh et al (2019) showed hens receiving 130 mg Zn/kg of
diet, laid more eggs than the birds which receiving 40 and 70 mg Zn/kg of diet. Also, they reported
hens receiving 130 mg Zn/kg of diet had lower feed consumption compared with the other treatments.
FCR was influenced by supplemental Zn in which dietary inclusion of 70, 100, and 130 mg Zn/kg of
diet improved FCR compared with that of the 40-mg inclusion level. Mirfendereski and Jahanian
(2015) showed that hens in cages with higher stocking density had lower hen-day egg production,
egg mass, and feed intake compared with those in normal density cages. Also, they reported plasma
concentrations of triglycerides and high-density lipoproteins were not influenced by dietary
treatments. Sarica et al. (2008) observed that hen-housed egg production, egg mass, viability, and live
weights were decreased by the higher stocking densities. In addition, the same authors reported that
hens housed at the lower stocking densities reached sexual maturity significantly earlier than those in
higher stocking densities. In the current experiment haugh unit was significantly lower in birds with
high stock density compared with those in normal density cages. Jahanian and Mirfendereski (2015)
showed that eggshell thickness was greater in hens under high stocking density challenge during the
second 35-dperiod. Ovary weight was lower in hens under high stocking density challenge (P <0.05).
Dietary supplementation of zinc (160 ppm) increased plasma LDL level and high stocking density
increased plasma glucose level (P <0.05). The present findings indicated that dietary zinc
supplementation in high stock density could not affected performance or egg quality of birds,
although, levels of 120 and 160 mg Zn/kg of diet increased eggshell strength.
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