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Table 1- Ingredients and chemical composition of basal diet

(103) (STyss dgo (YY) itel oye (FY 5 YY) A3, 0,9
Ingredients (%) Starter (1-21) Grower (22-42)
pas 53.47 60.86
Wheat
by oS 36.60 29.92
Soybean meal

bigw 59 . 6.07 5.87
Soybean oil
(B2) gl S8 1.31 1.4
Calcium carbonate
ulw rv-wls @8> 1.44 1.05
Dicalcium phosphate

e Sl 0.16 0.14
Sodium bicarbonate
S 0.27 0.17
Salt

oy~ 0.18 0.09
DL-methionine
Vitamin premix (no vitamin A)!
A

e Joo 0.25 0.25

Mineral premix?
(30)) olsord S 5
Chemical composition (%)

(F;%/q)JK%S) peslgilie B8 (g5 5 3000 3100
Metabolizable energy (kcal/kg)

e 21.56 19.37
Crude protein

S 0.937 0.874
Calcium

o2t B s 0.422 0.34
Available phosphorus

o 115 0.99
Lysine

Ot (pgrle 0.84 0.71

Methionine + cysteine
YUY el p5 oo VA 29500, p.5 oo 515 0l 35 o VA K3 oty 5 ko Y B (polisg 2.5 o ¥ D3 cnsling p S oo 2140 1052 2 SkS 50 )3 08 (sl
S (5 05 oD s 5 o 1) VLSS 8 o 10 Sl .5 o ) S 5 e VA g 5 e
S p S ke IFF gl pS e oIY o p S e ¥ eoml 8 ko B sy p5 o AVID K0 S o VF 02 2SS o 3 08 (el
"Provides per kg of diet: cholecalciferol, 0.05 mg; all-rac-a-tocopherol acetate, 4 mg; menadione (menadione sodium bisulphate), 2
mg; thiamine (thiamine mononitrate), 1.8 mg; riboflavin, 6.6 mg; Niacin, 9.8 mg; Ca-pantothenate, 29.7 mg; pyridoxine, 1.18 mg;
folic acid, 1 mg; Cobalamin, 0.015 mg; D-biotin, 0.1 mg; choline chloride, 500 mg.
ZProvides per kg of diet: 76 mg Mn (as MnO2); 92.5 mg Zn; 40 mg Fe (as FeSO4.7H20); 4 mg Cu (as CuSO4.5H20); 0.64 mg |

(as Nal); 0.2 mg Se (as Na2SeO3-5H20).
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Table 2-Effect of different vitamin A levels in diet on performance of broiler chickens

>Sles (59,) 259 Vitamin A levels (IU) (Mlip 3519) A cpolig zglaw SEM Pvalue
Performance Period (d) 1500 4500 7500 10500 13500

NN 121 978 959® 025w 878¢ 907¢ 1521 0002
() 2 re St 22-42 2824 2927 2879 2753 2710 10532 0.59
Feed intake (g) 1-42 3856 3783 3852 3587 3661 11229 038

o 121 44 656 658 593 588 21.91 0.09
(p) 05 A2 22-42 1358 1429 1488 1326 1392 85.44 0.71
Weight gain (g) 1-42 2002 2086 2146 1915 1985 93.75 0.47
ok s 121 151 1.46 14 1.49 153 0.039 0.24

PR e 22-42 2.16 1.97 1.96 2.04 1.98 0.08 0.41
FCR (g/g) 142 1.93 1.81 1.79 1.87 1.84 0.04 0.30
sy omls 142 200 267% 2760 235 247 14.82 0.04
Production index
) Sl o ipm Per kg LW 100 33 92.7 975 96.2 - N
Feed cost (%)! Per kg carcass 100 94.0 96.3 98.0 99.1 - -

(Do 10) Cosl atslojl (sloog ;S ) sine Cglis 3539 LLES wcidy b y3 dilite yué gy 2P
:Per kg carcass . ojjg p)SskS o <l 4 Per kg LW ool onis olo (V8- - TU) A ppobisg o 5ol (slyr STygs aj Jl (chio)d g & 3 pune Slyg iz s

b odlel 45Y jg p Sk o olj] 4

b Within each row, mean values with different superscripts are statistically different (p<0.05).
Feed cost has been expressed as the percent of the lowest level of vitamin A (1500 IU); Per kg LW: per kg live weight;

Per kg carcass: per kg ready to cook carcass weight.
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Table 3- Effect of different vitamin A levels in diet on antibody titers against SRBC (log2 of reciprocal dilution factor), CBH
response (um), malondialdehyde (umol/l) and immune organ weights in broiler chickens

Vitamin A levels (IU) (UoJloy 35l) A rolisg zglaws

SEM P-value
1500 4500 7500 10500 13500

s, SRBC
SuF JoinV 4,39 5.00% 4.82% 5.25% 6.25° 0.48 0.05
7 days post injection
GuF Jomin ¥ 4.50 4.67 4.82 5.50 5.25 0.52 0.45
14 days post injection
L CBH
SuF o cele VY

e 708 682 637 454 509 133.1 0.35
12 hrs post injection
G5 o celo¥Y 628 653 593 464 499 150.8 0.71
24 hrs post injection
ol oglle 0.63 0.42° 0.36" 0.45% 0.46% 0.07 0.05
Malondialdehyde (umol/1)
(2) Job (o5 039 0.117 0.104 0.121 0.114 0.128 0.015 0.91
Spleen (%)
(F) st o 03 0.142 0.146 0.170 0.193 0.172 0.035 0.54

Bursa of Fabricius (%)

(D<+/0) sl (pisloj] (sloog)S Yo ixe aglis garg L5 (g yb > iyt g o &

b

ab Within each row, mean values with different superscripts are statistically different (p<0.05).
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Table 4- Effect of different vitamin A levels in diet on intestinal length, relative weight (g/100 body weight), and viscosity in
broiler chickens on day 42

Vitamin A levels (IU) (UoJloy 35l) A ol g zglass

SEM P-value

1500 4500 7500 10500 13500
Intestinal length (cm) s34, Jobo
P95 36.5 354 36.2 34.7 37.4 1.96 0.38
Duodenum
HS.SS 81.7 86.2 83.5 80.2 85.3 3.47 0.64
Jejunum
Pt 57.6 55.7 55.2 56.5 59.7 3.15 0.87
Ileum
Intestinal weight (%) o35, ()39
P92 1.00 0.86 0.81 0.91 0.99 0.124 0.22
Duodenum
HS.SS 1.83 1.56 1.69 1.85 1.81 0.221 0.82
Jejunum
poih 1.15° 0.84° 0.81° 0.9420 0.90% 0.114 0.05
Ileum
() o olSs g 956 6.91°  6.93° 732 6.73 0.531 0.03
Total GI weight (%)
Viscosity (cp) (cp) wbgioe 4§ g
HS,SS 5.45° 5.18 3.71b 4.02% 3.65° 0.445 0.04
Jejunum
poit 6.76 5.36 4.11 5.09 4.90 0.897 0.51
Ileum

(P10 sl atalol (slaog,S oyl sine Cglis Sg3g Al «chady y 45 il yué gy B0
ab Within each row, mean values with different superscripts are statistically different (p<0.05).
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Table 5- Effect of different vitamin A levels in diet on carcass yield and characteristics (g/100 body weight) in broiler chickens on

day 42
Vitamin A levels (IU) (UoJloy 35l) A ol g zglass SEM Pvalue
1500 4500 7500 10500 13500
Carcass yield (%) asY 2L
a5 734 73.5 71.8 72.9 724 1.02 0.35
Whole carcass
Lol . . 17.2b 19.62® 19.52% 21.5° 20.5° 0.81 0.05
Legs (drumsticks + thighs)
o 22.0 22.7 23.1 22.4 22.2 0.75 0.91
Breast
Lm‘,JL' 7.9 7.7 7.5 8.0 7.7 0.35 0.25
Wings
Organs weight (%) laplsil 39
Slecte 0.43 0.4 0.40 0.48 0.41 0.04 0.75
Proventriculus
O‘.SM 1.65 1.68 1.50 1.69 1.64 0.13 0.88
Gizzard
'L'.S 2.25 2.43 2.35 2.15 2.27 0.15 0.68
Liver
o 4109.” i 1.76* 1.23b 1.312 1.67% 1.35% 0.14 0.04
Abdominal fat

(D<+/+0) cnl pisloj] (sloog)S Yo ixe aglis garg L5 (g yb > Al yub g O

b

2> Within each row, mean values with different superscripts are statistically different (p<0.05).
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Table 6- Effect of different vitamin A levels in diet on apparent digestibility of crude protein and ether extract in broiler chickens

measured on day 42

() o Sgo wid ol Vitamin A levels (IU) ((lolloy 35l5) A ooy gsbaw SEM P-value
Nutrients digestibility (%) 1500 4500 7500 10500 13500
$yletas 86.1 85.92 88.2 87.0 86.3 1.30 0.31
Ether Extract
PE oo ) 77.1 75.4 77.0 78.4 77.8 0.91 0.27
Crude protein
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Introduction Wheat is one of the important ingredients for preparing poultry diets. However, wheat contains some
anti-nutritional factors such as non-starch polysaccharides (NSP) which enhance digesta viscosity and thus decrease
nutrients digestion and absorption. These negative effects could damage performance and feed efficiency. Increase in
digesta viscosity also imposes negative effects regarding intestinal epithelium. Vitamin A (vitA) is an important
nutrient in maintaining the health of intestinal epithelium. Since wheat is deficient in vitA content and also wheat-
based diets (WBD) can cause less vitA absorption from the intestinal lumen (by disturbing lipid digestion and
absorption), it seems that supplementation of the WBD with vitA would be effective in mitigating some of the anti-
nutritional effects of the WBD.

Materials and Methods In this study, the effect of a WBD supplemented with different levels of vitA on
performance and immune system of broiler chickens were investigated. Five dietary treatments were prepared as
follow: 1) WBD supplemented with 1500 IU vitA/kg (control); 2) WBD supplemented with 4500 IU vitA/kg; 3) WBD
supplemented with 7500 IU vitA/kg; 4) WBD supplemented with 10500 IU vitA/kg; and 5) WBD supplemented with
13500 IU vitA/kg. Two hundred Ross 308 male day-old broiler chicks in a completely randomized design with four
replicates of ten chicks per each were used. Feed intake (FI), body weight gain (BWGQG), and feed to gain ratio (FCR)
were recorded periodically during the experiment. Sheep red blood cells (SRBC) antigen (2%) was injected to thigh
muscle of two birds from each replicate on day 28. Seven and 14 days after injection, blood samples were collected
and antibody titers against SRBC were measured. In order to evaluate cutaneous basophil hypersensitivity (CBH)
response, on day 41, eight chicks per treatment were randomly selected and phytohemagglutinin (PHA-P) was injected
(100 pg) subcutaneously into toes web of each bird. 12 and 24 hours after injection, the thickness of the web was
measured and CBH response was calculated. At the end of the experimental period (day 42), two chickens from each
replicate were selected randomly and euthanized. Abdominal cavity was opened and digestive organs as well as the
spleen, bursa of Fabricius, liver, and abdominal fat pad were excised and weighted. The small intestinal parts including
duodenum, jejunum, and ileum were excised, weighted, and measured in length. Afterward, the whole carcass and
carcass parts were weighted. The weight of each organ was then expressed compared to the live body weight. For the
viscosity measurement, jejunal and ileal contents were collected and centrifuged (500 xg, 15 min). The supernatants
were then used for the viscosity measurement. Serum malondialdehyde (MDA) was measured as an indicator of lipid
peroxidation. For measurement of total tract apparent digestibility (TTAD) of nutrients, chromium oxide (Cr,O3) was
used in diets as an external marker. On day 21, samples of excreta were collected every 6 hour (four samples during
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24 hours) and pooled. Feed and excreta samples were then analyzed for crude protein (CP) and ether extract (EE).
Chromic oxide concentration in feed and excreta samples was measured and TTAD of CP and EE were then
calculated. The collected data were analyzed using the general linear model (GLM) procedure of the SAS software.

Results and Discussion In starter period, supplementing the WBD with 10500 or 13500 IU vitA/kg, significantly
reduced FI compared to groups consuming 1500 or 4500 IU vitA/kg of diet. This could be attributed to vitA reservoir
in yolk sac at the life beginning which increases the probability of vitA toxicity with higher levels of vitA in early
growth period. No significant difference was found for FI among treatment groups during grower period (22-42 days
of age) as well as entire period (1-42 days of age) of the experiment. VitA at different levels used in this study, had
no significant effect on BWG and FCR during starter, grower, and the entire period of the experiment. The highest
production index was seen in the group receiving the diet supplemented with 7500 IU vitA/kg. Furthermore, the lowest
relative feed cost per kg of live weight or carcass weight were seen in groups receiving diet supplemented with 7500
and 4500 IU vitA/kg, respectively. Feeding WBD containing 13500 IU vitA/kg caused a significant increase in anti-
SRBC titer on 7 days after injection, compared to control group. According to this result, it seems that high level of
dietary vitA (13500 IU/kg) would be effective in stimulating antibody-mediated immunity in broiler chickens.
Improvement in humoral immune responses of broiler chickens by supplemental vitA has been reported in other
studies. No significant difference was seen regarding CBH response on 12 and 24 hours after PHA injection, among
treatment groups. There was no significant difference among treatment groups as for spleen and bursa of Fabricius
weights. VitA at levels of 4500 and 7500 IU/kg of diet, caused a significant decrease in serum MDA concentration.
Decrease in serum MDA concentration by increasing dietary vitA level indicates anti-oxidative effects of this vitamin.
Supplementation of the WBD with vitA at levels used in this study had no significant effect on the length and weight
of duodenum and jejunum. However, vitA at 4500 and 7500 IU/kg of diet, decreased ileum relative weight. Digesta
viscosity in the jejunum was decreased by dietary vitA at levels higher than 7500 IU/kg. In addition, abdominal fat
pad weight was decreased by supplemental vitA at 4500 IU/kg of diet, comparing to the control. Supplementing the
WBD with different levels of vitA had no significant effect on the TTAD of CP and EE.

Conclusion The results of this study showed that supplementation of the WBD with vitA at 7500 IU/kg, would
not affect performance but could stimulate humoral immune response (antibody production) and anti-oxidative defense
of the broiler chickens. Also, vitA supplementation at the level of 7500 IU/kg of the diet improved production index
and decreased feed cost per kg of live weight. Furthermore, it has been evidenced that higher levels of supplemental
vitA (more than 1500 IU/kg as the requirements) could be effective in decreasing abdominal fat pad in broiler chickens.

Keywords: Anti-oxidative defense, Carcass fat, Digestibility, Viscosity, Vitamin A.



