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Tablel- Composition and nutrient content of the basal diet of broilers chickens
Diet Ingredients (%) Starter (d 1-10)  Grower (d 11-25)  Finisher (d 26-42)
Corn 53.00 54.81 60.63
Soybean meal 39.00 36.24 30.85
Sunflower oil 3.75 5.00 4.85
Limestone 1.43 1.35 1.30
Dicalcium phosphate 1.81 1.29 1.21
Vitamin and Mineral premix* 0.50 0.50 0.50
Salt 0.32 0.29 0.29
Lysine 0.32 0.23 0.13
DL- Methionine 0.24 0.29 0.25
Calculated value
AMEn (Kcal/Kg) 3025 3150 3200
Crude protein (%) 22 21 19
Lysine (%) 1.43 1.30 1.09
Methionine + Cystine (%) 1.07 0.95 0.86
Threonine (%) 0.94 0.90 0.82
Valine(%) 1.43 1.40 1.36
Isoleucine(%) 1.32 1.25 1.20
Arginine(%) 1.73 1.67 1.56
Tryptophan(%) 0.40 0.38 0.35
Leucine (%) 1.24 1.22 1.19
Glycine (%) 1.00 0.96 0.89
Histidine (%) 0.79 0.76 0.74
Phenylalanine (%) 1.34 1.20 1.24
Threonine (%) 0.93 0.89 0.83
Calcium (%) 1.05 0.90 0.85
Phosphorous (%) 0.52 0.45 0.42
Sodium(%) 0.11 0.12 0.12
Chloride(%) 0.16 0.16 0.16
Potassium(%) 0.72 0.68 0.60
DEB (mEq/kg) 184.5 181.4 161.8

!Provides the following per kg of diet: 4.13 mg retinol, 60.00 pg chole-calciferol, 30.00 mg Dl-a-tocopherol, 3mg
menadione, 2.20 mg thiamine, 8.00 mg riboflavin, 5.00 mg pyridoxine, 11.00 pg cyanocobalamin, 1.50 mg folic acid,
150.00 pg biotin, 25.00 mg calcium pantotenate, 65.00 mg nicotinic acid, 60.00 mg. Provides the following per kg of
diet: Mn (manganese sulphate), 40.00 mg Zn (zinc oxide), 0.33 mg | (potassium iodate), 80.00 mg Fe (ferrous sulphate)
8.00 mg Cu (copper sulphate), 0.15 mg Se (sodium selenite), 150.00 mg ethoxyquin.



Vo gleS i bbb ot 85 earg S slaemield g 035 iglsige by 3,8kes € el 5 JoSe b € eling slanlis

chs b sad 335 glada s ¥ Joaa ol Gulad
© ot s pa a SIS 500 fualiny S0 o Sbs 0o
oS e i ool olas ple gladasa
5 SLT 5 (V4AY) Sau58 5 WS (Y10) olLlKan
Sagine oEalS &el C ppualiny JoSo ) suliinl oS
Oxelin gk aalis 058 4 e SIHA Jad o
0 ShHsa Joasion s s Siebs ol e 55k 4 C
K] uf.AL.u (Y'\OUIJLSAA K) l.:s.ﬂ) KW s o éﬁg u‘};m
- shie Yoo 5l soliii) «S Wi S a8 (Y00 Y) SK S
ss el € oulisy spa a8l 50 2 S
Lol 5o Gaaoal Shsa Joass o e 5 adijo Slae
S saliiad (iulydl ael C ppeliny ad ol S i
09 5 9sdee (2le S S Job 5o Laad 5 il K3, S

S o Wl (55 4 s o 1) (page (B 4D
Sils 53 € ool g 936 5 C oaeli g () aamlio 5536
Jj‘ﬁ.u.u‘ sy bJJJT Y JJA.A B 4.&‘.-'}! 6‘;)%‘ C)j)d
O Bae ol 008 o eilell laslas (s) sl
S soldic) oS Wi S L) u_‘:'.z:a\.a_ﬂ 09 (88as Ly e
2 olsae S0 Glwl Juad 50 C el JoSe
wliie Gislesl opl ol b oS cdlss ol e 005
058 OielB8) oy ad saalie Lass S (o ol
Yoo b oad s oBuy by ¥ o
Ol OB 0 s emn o S IS o Crpmaling a S Le
poSike 00 mais b sud 383 G800 5y 4 i Hlass
S 500 felisy S0 2 Sl Yoo 500 (aling

(P<+/-0) wizly g,y Fae MR 6 58 2 S

S g bl

S0 L awlie 50 C puliyy ol 5 Jools mlss
2 S sladass Gioss esse o C Gasling
Qe 5 058 Ol (Sl (SIS suas (Sl
el sk 1Y Jgan S, sa ks

sLasa Shss Gome 5 gluins glajlas S
sad A5 glada o (P<-/-0) us Slaias Aa S
oo Voo b oC Gaaling o Sglie Yoo (sola 0 uals
i ol 8w asea a SIS 50 Gl g 5L 8 S
biasa b € oo 1) Shsa Boas (S
Koo @l slal, 5o bl ol awsl
p Sk Yoo 5l saliinl wiu S Gl € s Sullas
3 SBS)asdie Lalal ol Gol e el C Gasling
(VAAY a8

» ol S glains glaslas ¥ Jgas el s
sladaga (P<-/-0)) cals laasa 055 Gl
p oSS 5uC fualiny S0 a S he 00 L sad 4ias
Laslass sobes @ o 15 000 Ol Cpotds oo
(Y+01) ollSen 5 SAdis) @l ool b Gollaeaiisls
s oaT aia 5o (b C ualiny o958 &S Wi S (3,18
s waen SOl e sk 4 (ole S BT 8550 (e o
5 Oxala ok Gl 055 Ol 5 (Bae SlHsa
“olie Yoo 3l soliid €€ S IS (YY) SISS
sSlae Ssag Sels o o SIS 50 € fuallsy o S
S5a 5 ol Lo S o 5a cugoal
G55 Ll 5o C ppaaliny JeSa 4S uls ol (2013)
S S slada s 50 Glgs 0oy o8l el ol S
Ooan 5 Sy (0500 Gha g5 o ek (SH, EY Lo
Ol 58 s Gaelin g (Alse $U oS sy GLES(Y-VY)
ol 5 Shsa GBas Glhs, Guals 5 Gl 0o

A



WV Jlo /Y o)lad YY A / cald pole (la yimgly ay i

Table 2-Effects of vitamin and nano vitamin C on growth performance of heat stressed broiler chickens (d 26-42)

Experimental diets Feed intake (g.bd™?) Body weight Feed
gain(g.bd?) conversion

ratio
Control 148° 84.67° 1.76
50 mg vit C 1542 93.86° 1.68%
50 mg nano vit C 139°¢ 94.32% 1.46°
100 mg vit C 141°¢ 81.50° 1.69%
100 mg nano vit C 146° 82.73° 1.62°
200 mg vit C 1552 86.03% 1.772
200 mg nano vit C 137¢ 81.75° 1.68%
SEM 2.99 2.43 0.05
P-Value 0.002 0.003 0.006

¢ Means within same column with different superscripts differ significantly (p<0.05).
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Table 3- Effects of vitamin and nano vitamin Con carcass characteristics (g.kgliveBWx100) of heat stressed

broiler chickens (d 42)

Experimental diets Carcass Breast Thigh Liver Spleen Bursa Jejunum Jejunum
length weight
Control 66.53* 23.86° 19.64 2.02 0.157* 0.10080  3.75° 1.63
50 mg vit C 64.56°¢ 24.69° 1843 196 0.127° 0.070° 3.84° 2.16
50 mg nano vit C 63.94° 2619 1843 1.88 0.132° 0.087%  3.88® 1.99
100 mg vit C 65.15°¢ 23.40° 18.77 190 0.162* 0.062° 4.51% 1.86
100 mg nano vit C 64.80° 2373 1889 1.90 0.152% 0.062®  5.022 2.22
200 mg vit C 68.072 26.20° 20.36 1.74 0.127° 0.067° 4.23% 1.60
200 mg nano vit C 65.68° 22.84° 19.46 1.73 0.145° 0.067° 4.35% 1.58
SEM 0.663 0.382 0.484 0.107 0.005 0.006 0.254 0.174
P-Value 0.007 0.001 0.083 0.455 0.001 0.002 0.020 0.074

¢ Means within same column with different superscripts differ significantly (p<0.05).
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Table 4-Effects of vitamin and nano vitamin Con blood parameters in heat stressed broiler chickens (d-42)

Experimental diets WBC(x10%ul)  RBC(x10°ul) Hemoglobin Hematocrit Heterophil Lymphocyte Glutathione
(g/di) (%) (%) (%) peroxidase(U/ml)

Control 19500 2.950¢ 12.00% 42,13 10.00 90.00% 190.2¢
50 mg vit C 19250 2.78° 11.56% 39.50°¢ 10.50 89.50% 178.7¢
50 mg nano vit C 16125 2.74° 10.90° 39.25¢ 9.25 92.822 226.3¢
100 mg vit C 19875 2.95%¢ 12.50% 41.67% 9.61 89.19° 261.8°
100 mg nano vit 18875 2.993¢ 11.50% 40.94° 9.50 91.752 299.4°
C
200 mg vit C 22299 3.22%® 13.00% 46.422 11.73 86.40° 278.4%¢
200 mg nano vit 24625 3.332 13.382 45.49% 13.25 86.75 329.82
c
SEM 2325 0.080 0.430 0.891 0.962 0.901 11.807
P-Value 0.287 0.001 0.008 0.001 0.082 0.001 0.001

¢ Means within same column with different superscripts differ significantly (p<0.05).
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Introduction: One of the major obstacles to the development of poultry industry in the warmer
regions of the world is the issue of thermal stress (Gheisari et al. 2003). The effective role of vitamin
C cannot be overlooked in reducing the heat stress (Nameghi et al. 2007). In various studies,
nanoparticles having higher surface-to-volume ratio have shown improved absorption properties
(Simchi, 2008; Ebrahimzadeh et al. 2013). In this study, vitamin C particles were converted to
nanoscale according to the method of Murayama et al. (2012) and compared with vitamin C under
conditions of thermal stress in broiler chickens.

Materials and methods: In this study, 280 one-day old male Ross 308 broiler chickens were tested
for 17 days in the range of 26-42 days. The experiment was a completely randomized design with
seven treatments and four replications, 10 birds each. Treatments included: control diet, 3 level of
vitamin C (0, 100 and 200 mgkg™ diet) and 3 level of nano vitamin C (0, 100 and 200 mg/kg). The
experimental diets were corn-soybean meal based. Water and feed were offered ad libitum. Body
weight and feed intake at the end of each period were recorded and used to calculate BWG and FCR.
At 42 d one bird from each replicate was selected and sacrificed to measure the internal organ weights.
A section of jejunum was used for intestinal morphology. Blood samples were taken from the wing
vein and transferred to the EDTA tubes to measure the blood parameters. Data was analyzed by GLM
procedure of Minitab software and the means were compared by Tukey multi-domain test.

Results and discussion: Broiler chickens fed with 200 mg of vitamin C kg™ diet had the greatest
feed intake compared to other groups (P<0.05). Our results were in line with the results of Kutlu and
Forbes (1993) who reported that 250 mg of vitamin C increased these parameters. Broiler Chickens
fed with 50 mg nano vitamin C supplemented diet had the greatest weight gain compared with other
treatments (P<0.001). Comparable to our results, Roshani et al. (2006) reported that vitamin C during
the stress period improved the feed intake and daily weight gain. Sahin and Kucuk (2002) reported
that the use of 200 mg vitamin C kg™ of diet improved the feed intake of quails under stress. Gross
et al. (1988) showed that vitamin C supplementation increased daily weight gain of under stress
broiler chickens. In another study, Ping et al. (2011) showed that nano multivitamin improved weight
gain, feed intake and reduced mortality. Chicks fed 50 mg nano vitamin C had the best FCR compared
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with other treatments. Our results are consistent with the results of studies (Kutlu and Forbes 1993;
Amakye etal. 2000; Alba et al. (2015) reporting the positive effect of vitamin C supplementation on
FCR compared with the control group. Sahin and Kucuk (2002) reported that using 200 mg kg* of
vitamin C improved feed consumption and FCR under heat stress. Studies have reported the
insignificant effect of vitamin C supplementation in summer on the relative weight of the thigh, which
is similar to our results (Konca, 2009). Relative weight of breast and carcass was affected by
experimental treatments and a significant difference was observed. The greatest relative weight of the
carcass was related to 200 mg vitamin C kg™ diet fed birds. The greatest relative weight was related
to treatment with 50 mg nano vitamin C. According to these results, Sahin et al. (2002) reported that
vitamin C supplementation of 250 mg kg™ diet improved live weight, nutritional efficiency, and
carcass traits. Also, Roshani et al. (2006) reported that vitamin C supplementation during the stressful
period significantly increased the weight of the breast. Rafiei et al. (2014) reported that 250 mg kg™
vitamin C increased breast weight. Darmanikouhi et al. (2005) reported that ascorbic acid increased
the carcass quality and yield under the heat stress. The effect of treatments on relative weight of
spleen was significant (P<0.05). Chickens fed 100 mg of vitamin C had the greatest relative spleen
weight. Similar to our results an experiment showed that vitamin C had no significant effect on
different parts of gastrointestinal system (Konca, 2009). Nemati et al. (2013) reported that the use of
vitamin C under stress, reduced spleen relative weight, immune system, and mortality. Raeisi et al.
(2017) showed that the effect of different levels of vitamin C on the relative weight of the spleen and
liver was significant. The greatest amount of relative length of jejunum belonged to birds fed with
100 mg of nano vitamin C supplement (P<0.05). The greatest amount of RBC was related to treatment
with 200 mg nano vitamin C (P<0.05). The greatest amount of hemoglobin was related to 200 mg
nano vitamin C fed birds (P<0.001). The greatest amount of hematocrit was related to 200 mg vitamin
C fed birds being significantly different from those treated with 50 mg and 100 mg vitamin C and
nano vitamin C (P<0.001). The greatest amount of lymphocyte was related to birds fed 50 mg and
100 mg nano vitamin C(P<0.001). Abidin and Khatoon (2013) showed that the number of
lymphocytes was increased by the use of vitamin C in broiler diets. Taghilu et al. (2010) showed that
0.05% of vitamin C improved hematocrit. Tuleunet et al. (2011) reported the insignificant effect of
vitamin C on blood cell parameters. In another study, Mirzapoor et al. (2015) reported that 250 mg
and 500 mg of vitamin C increased the amount of red blood cells and hemoglobin while increasing
hematocrit. The greatest amount of glutathione peroxidase enzyme was related to 200 mg nano
vitamin C kg diet fed group (P<0.001). Vitamin C acts as a regenerator of active oxygen species
(ROS) having a moderating role in the antioxidant defense activity (Sies et al. 1995). Another study
also showed that vitamin C accounts for about 70% of the antioxidant activity and improves
glutathione peroxidase levels in the blood (Winston, 1998). The results indicated that the effect of
experimental treatments on SRBC test was significant at 35 days (P<0.001). Chickens receiving
different levels of vitamin C and nano vitamin C were significantly different than the control group
(data not shown). The level of antibodies against the SRBC indicates the status of the humoral
immune system (Grassman, 2010). Some nutrients, including dietary minerals, are capable of altering
the immune maturation rate and the level of antibodies produced against infections (Akbari et al.
2008). Rafiei et al. (2014) showed that lemon powder with 250 mg kg-1 of vitamin C reduced the
negative effects of heat stress while improving the immune response of the bird. Pardu et al. (1985)
reported that the consumption of 1000 mg kg™ of vitamin C would increase antibody production
against SRBC. Mccorkie et al. (1980) showed that ascorbic acid can increase the activity of B
lymphocytes and improve humoral immune responses. Amakye-Anim et al. (2000) reported that
vitamin C improves humoral immune response in broilers.

Conclusion: The results of this experiment showed that consumption of 50 mg nano vitamin C kg
diet had a positive effect on growth performance of broilers, thus improving the weight gain and FCR.
Also, this treatment increased the weight of liver, spleen and bursa, and improved immune function
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and the rate of humoral immune response. Also, 200 mg of nano-vitamin C kg™* diet increased the
concentration of hemoglobin and glutathione peroxidase enzyme in under heat stress broiler chickens.

Keywords: Diet, Feed conversion ratio, Glutathione peroxidase, Hemoglobin, Ross 308



