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Table 1- Composition of the experimental diet

s 4 Slhgd alge
) ingredients
53.75 NS
Wheat

36.54 (£67) Ly sllas
Soybean meal (44% CP)

5.58 L B2
Soybean oil

1.39 Cds 5o
oyster shell

159 Slicd a0
DCP

Salt

0.17 RV LA
Sodium bicarbonate

0.24 O ssie ~DL
DL-methionine

0.25 ool g JoSo
Vitamin premix*

0.25 8 Sure JoSo
Mineral premix**

(ousds daralans) (s3ds 9l go a8 3

Composition of nutrients (calculated)

3000 (Kcal/Kg) ME
21.56 (/)CcP
! (%) Ca
0.45 (/) Av. P
0.18 (/) Na
115 (#) Lysine
0.9 (/) Met + Cys
0.45 () Zn

“Provides per kg of diet: all-trans-retinyl acetate, 2.72
mg; 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.

“Provides per kg of diet: 76 mg Mn (as MnO); 40 mg
Fe (as FeSO4* 7H20); 4 mg Cu (as CuSO4+5H,0); 0.64
mg | (as Nal); 0.2 mg Se (as Na;SeO3+5H,0).
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Table 2- Effect of different levels of supplemental Zn as ZONPs in a wheat-based diet on feed intake (g) of
broiler chickens

(590) 8099 sdule)T slas e Experimental diets

Days of age T T, Ts Ts Ts Ts SEM™ P value
1-7 80p 88ab 88ab 83ab 99a 86ab 5.6 0.08
1-14 384p 400ab 457ab 399ab 4602 391ab 19.3 0.04
1-21 959ab 957ab 10332 922ab 10254 911b 29.9 0.05

.(P<~/~O)A..i\__|u.nwiehjiguaj‘)i&t\jdulmajmdﬁjgﬁm;de)ﬂ)dqm)eiddﬁa

b

abMeans in the same row with different superscript differ significantly (P<0.05).
T4, with no supplemental Zn; T, with 20 ppm supplemental Zn; T3, with 40 ppm supplemental Zn; T4, with 60 ppm
supplemental Zn; Ts, with 80 ppm supplemental Zn; Tg, with 100 ppm supplemental Zn.

**Standard error of means.

o 3 59y Slide 7 gl (5 gla puiS daly 3 (5Lao yaa b oudh addd (di oS (sLada 92 3 (p5) 09 LRI - d g
9y ) gils

Table 3- Effect of different levels of supplemental Zn as ZONPs in a wheat-based diet on weight gain (g) of
broiler chickens

(5u0) s549 s<wbe)T slas e Experimental diets

Days of age T T, Ts Ty Ts Ts SEM™ P value
1-7 71bc 77ab 79a 67¢ 782 67¢ 2.1 <0.01
1-14 277ab 284ab 2972 278ab 291a 262b 7.1 0.05
1-21 587ab 608ab 6352 621ab 61742b 555b 20.3 0.06

(P<e/r0) wibige (ptaladT (slas s S (s Dl fiae &l s gm y OLES s 58 Lo Gl sut St

bc

ab Means in the same row with different superscript differ significantly (P<0.05).
“T4, with no supplemental Zn; T, with 20 ppm supplemental Zn; T3, with 40 ppm supplemental Zn; T4, with 60 ppm
supplemental Zn; Ts, with 80 ppm supplemental Zn; Tg, with 100 ppm supplemental Zn.

**Standard error of means.
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Table 4- Effect of different levels of supplemental Zn as ZONPs in a wheat-based diet on FCR of broiler chickens

(590) 8099 sdule)T slas e Experimental diets

Days of age T T, Ts Ts Ts Ts SEM™ P value
1-7 1.12 1.33 1.19 1.23 1.28 1.29 0.061 0.34
1-14 1.39 1.41 1.52 1.43 1.58 1.53 0.066 0.37
1-21 1.68 1.58 1.63 1.47 1.67 1.69 0.069 0.30

*T1, with no supplemental Zn; T, with 20 ppm supplemental Zn; T3, with 40 ppm supplemental Zn; T, with 60 ppm
supplemental Zn; Ts, with 80 ppm supplemental Zn; Tg, with 100 ppm supplemental Zn.

**Standard error of means.
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Table 5- Effect of different levels of supplemental Zn as ZONPs in a wheat-based diet on antibody titers against
SRBC antigen (log: of reciprocal dilution factor) and CBH response (um) in broiler chickens

suleT slas s Experimental diets

T T Ts Ts Ts Te SEM™ P value
SRBC wle S (subi T s
G205 ) u Suo V 2.5 2.6 2.7 2.4 2.5 2.5 0.21 0.53
7 days post injection
Geo38 Ol om D9 VE 2.9 3.0° 2.9° 3.0 41  35® 0.28 0.04
14 days post injection
CBH &~ul
G205 ) o eelw VY 385° 445% 506 9722  705% 522 149.1 0.07
12 hrs post injection

402 350 720 577 378 336 148.8 0.45

Goo3 O o el Y
24 hrs post injection

(Pl 0) wabge (paladT (slas S (s Dl fiae &gl s n y OIS B,y 58 Lo Gl 5ut St

b

ab Means in the same row with different superscript differ significantly (P<0.05).
“T1, with no supplemental Zn; T, with 20 ppm supplemental Zn; T3, with 40 ppm supplemental Zn; T4, with 60 ppm
supplemental Zn; Ts, with 80 ppm supplemental Zn; T¢, with 100 ppm supplemental Zn.

**Standard error of means.
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Table 6- Effect of different levels of supplemental Zn as ZONPs in a wheat-based diet on serum MDA
concentration (umol/l) and jejunal and ileal digesta viscosity (cp) in broiler chickens (measured on 21 d of

smbeT slas ua Experimental diets

T, T, T4 Ts Te SEM™ P value
waullgas sl (MDA) 0.26° 0.21% 0.16% 0.18% 0.19% 0.10° 0.032 0.05
G5 sSany (Viscosity)
p35 202 12 17 17 ob 16% 25 0.04
Jejunum
o i1 218 18% 182 5b 19% 4.0 0.05
Ileum

.(P<~/~O) A.‘.‘LLU.A u‘l‘ﬁL‘)T (_;LAaJ; O J‘JU:M SolE uga g glin aay A Ll R JJ);ab
ab Means in the same row with different superscript differ significantly (P<0.05).
T4, with no supplemental Zn; T,, with 20 ppm supplemental Zn; Ts, with 40 ppm supplemental Zn; T4, with 60 ppm
supplemental Zn; Ts, with 80 ppm supplemental Zn; Tg, with 100 ppm supplemental Zn.

**Standard error of means.
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Introduction: Using supplements and additives for growth enhancement and improved production
is currently a routine method in animal production. Recently, several mineral supplements using
nanotechnology has been developed for use in animal production systems such as Nano-silver,
Nano-selenium, and Nano-zinc oxide. Zinc is an essential nutrient for growth and different
physiological functions in animals. Since, a considerable part of zinc in poultry feeds is as the form
of compounded with phytic acid which is not easily available in gastrointestinal tract, maintaining a
good balance of this element in poultry diets is essential. In most of the diets formulated for poultry,
zinc is supplemented in order to meet the requirements. Zinc requirements for poultry has been
reported from 10 mg/kg to 100 mg/kg of the diet for different purposes in different literatures. Zinc
is essential for the optimum activity of about 300 enzymes and is incorporated in many different
metabolic pathways in the body. Using high NSP rations in poultry nutrition such as wheat based
diets, causes considerable injury to intestinal epithelium which is related to a reduction in nutrients
absorption. Zinc as an essential nutrient is effective in maintaining intestinal wall health and
integrity. This experiment was conducted to evaluate the effects of a wheat-based diet (WBD)
supplemented whit different levels of zinc (Zn) in the form of zinc oxide nanoparticles (ZONPs) on
performance and immune system of broiler chickens.

Material and methods: A total of 240 day-old Ross 308 male broiler chicks in a completely
randomized design with 4 replicates of 10 chicks per each were used. Six dietary treatments were
prepared as follow: a WBD without Zn supplement in mineral premix as control, and 5 WBD
supplemented with 20, 40, 60, 80, and 100 mg/kg Zn from the source of ZONPs, respectively. The
basal diet was formulated to meet minimum requirements as described by NRC (1994). The used
lighting program was as 23 h light/1 h darkness in each 24 h period. Feed and water were freely
available during the entire period of the experiment. Feed intake (FI), body weight gains (BWG),
and feed conversion ratio (FCR) were recorded weekly. Sheep red blood cells (SRBC) (2% V/V) as
an antigen was injected to thigh muscle on 7 days of age. Seven and 14 days after injection, blood
samples were collected via brachial vein and antibody titers against SRBC were measured in
obtained serum. For this, log. of the reciprocal of the dilution factor corresponding to the last well
in which hemagglutination inhibition was visible, were recorded as antibody titer. In order to
evaluate cutaneous basophil hypersensitivity (CBH) response, on day 20, 8 chicks per treatment
were randomly selected and 0.1 ml phytohemagglutinin-p (PHA-P) dissolved in phosphate buffered
saline (PBS, 1 pg in 1 pl) were injected subcutaneously between toe web of left leg.
Simultaneously, PBS (0.1 ml) alone was injected to toe web of the right leg. Twelve and 24 hours
after injection, the thickness of the toe webs were measured and recorded. The response to CBH
was calculated by subtracting the thickness of the web in the right leg from the thickness of the web
in the left leg. On day 21, serum samples of 2 chicks from each replicate were collected for
malondialdehyde (MDA) measurement. Two chicks from each replicate were randomly selected on
day 21, euthanized and jejunal and ileal digesta were sampled for viscosity measurement.

Results and discussion: Supplementation of the WBD with 80 mg Zn/kg in the form of ZONPs,
caused a significant increase in FI for periods of 1 to 7 and 1 to 14 days of age compared to control
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group (p<0.05). Also, supplementation of the WBD with 80 mg Zn/kg in the form of ZONPs,
caused a significant increase in anti-SRBC titer on 14 days post injection, and decreased serum
MDA concentration and jejunal and ileal digesta viscosity, compared to control group (p<0.05).
Furthermore, supplementation of the WBD with 60 mg Zn/kg in the form of ZONPs, significantly
increased CBH response compared to control group (p<0.05).

Conclusion: Overall, it can be concluded that supplementation of the WBD with 60 to 80 mg Zn/kg
from the source of ZONPs, would improve immune system and serum antioxidant properties of
broiler chickens.
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