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Abstract 

 
This study investigated the role of vitamin C and Citrus Sinensis peel (sweet orange peel (Sop)) on growth, carcass 

characteristics and health status in 160 one day old broiler chickens (Ross308) which were randomly divided into four equal 
groups consisting 4 pens. Each pen having 10 birds (5 male and 5 female) for 35 days. All chicks were exposed to heat stress 
(330C) during all the experimental period (35 days). Group one considered as control, groups 2, 3, 4 were given feed 
containing vitamin C (500ppm/ feed), sweet orange peel (Sop) (1,2 % respectively). Sop 2% significantly increased average 
body weight gain and feed intake during the grower period (16-28) (P<0.05). The birds fed Sop 2% during the whole 
experimental period had higher FI and greater feed conversion ratio (P<0.05) compared to the other groups. The mortality rate 
tended to be the lowest in the birds fed the feed additives (P<0.05). The relative weight of internal organs, blood profiles 
pictures were not affected by Sop with two tested levels (P<0.05) or vitamin C compared with the control group. Broiler fed 
vitamin C or Sop levels had greater primary and secondary antibody responses to sheep red blood cells (SRBC) and against 
phytohemagglutinin (PHA-P) antigen compared with those in the control group (P<0.05). Sop and vitamin C increased 
antibodies titer against Newcastle disease during the secondary antibody response (P<0.05). Overall, Sop as feed additive 
improved immune responses in broiler chickens under heat stress. Also the result indicate that the Sop 2 % during the grower 
period had a positive effect on growth performance of broiler chickens under heat stress. 
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الدموية والكفاءة  اداء النمو و الصفات البرتقال كأضافات غذائية علىتأثير فيتامين ج وقشور 
  المناعية وصفات الذبيحة في فروج اللحم المعرض للاجهاد الحراري

 
  يحيى صباح عبد الامير

 
 ، بابل، العراقجامعة القاسم الخضراء، كلية الطب البيطري، الصحة العامة البيطرية فرع

  
  الخلاصة

  
التعرف على دور فيتامين ج و قشور الابرتقال المجففه على النمو وصفات الذبيحة والحالة الصحية للدجاج اللحم هدفت الدرسة الى  

قسمت الى اربعة مجاميع بشكل متساوي كل مجموعة تتألف من اربعة اقفاص. ،  )٣٠٨( طير بعمر يوم واحد من نوع روز ١٦٠أستخدم ب
درجة  ٢± ٣٣ يوم وتحت تأثير الاجهاد الحراري التي كان ٣٥تربيتها لمدة  ذكور) تمت ٥اناث و ٥دجاجات ( ١٠وكل قفص يحتوي على 

 ٥٠٠أعطيت على فيتامين ج ( ٤و ٣و ٢. المجموعة الاولى اعتبرت كمجموعة سيطرة اما المجاميع ٣٥مئوية من عمر يوم وحتى يوم 
كان كسب الوزن و استهلاك العلف عالي للمجموعة  .التوالي% على  ٢و  ١جزء من المليون مع الغلف) و قشور البرتقال المجفف بنسبة 

بينما لم تظهر اختلافات معنوية على انجازات  (P<0.05) (28-16)من القشور مقارنة مع السيطرة خلال فترة النمو  %٢التي استهلكت 
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استهلاك للعلف الكلي ومعامل تحويل غذائي % من قشور البرتقال امتلكت اعلى  ٢النمو خلال فترة التجربة الاخرى. الطيور التي تناولت 
و صورة الدم لم تتأثر باضافة قشور البرتقال او فيتامين ج. الطيور التي  الوزن النسبي للاحشاء الداخلية (P<0.05) مقارنة مع السيطرة

للاغنام وضد مادة فيتو هيموكلوتينين  كريات دم الحمراء اخذت فيتامين ج او قشور البرتقال امتلكت اكبر استجابة مناعية اولية وثانوية ضد
. هذه النتائج (P<0.05) أما الاضداد المناعية ضد مرض نيوكاسل كانت معنوية في الاستجابة الثانوية فقط .(P<0.05) مقارنة مع السيطرة

على اداء النمو خلال فترة  موجببينت ان قشور البرتقال امتلكت تأثير مهم على المناعة تحت تأثير الاجهاد الحراري. وايضا امتلكت تأثير
  النمو. 

 

 
Introduction  
 

The effects of thermal stress (TS) on chickens have 
been widely explored due to their relation to economic 
losses and animal performance retardation. Modern broiler 
chickens strains have greater sensitive to high temperature 
than old strain (1). A high temperature is one of the major 
stressors linked to economic losses to the poultry industry 
(2). It causes bad growth performance (3), immune 
depression (4), and high fatal rate (5). The optimum living 
temperature of broiler chickens ranges between 33°C to 
21°C depending on the age. The physiological, 
immunological and productive status are influenced by a 
temperature-humidity index (6). In broiler chicken, thermal 
stress TS symptoms include panting of breath, 
uncomfortable, and loss of appetite (7). Additionally, heat-
stressed broiler chickens usually suffer a state of metabolic 
disorders (8). Studies have reported that growth 
performance of thermal-stressed broilers is decreased by > 
14 % between 1 to 40 days of age (9) and their results 
revealed that the TS, is one of the major agents leading to 
decrease feed consumption by 22 % between 1- 42 days of 
age in broiler chickens subjected to 35 0C. Until 2006, it 
was known that considerable attention has been paid to 
chemical materials and antibiotics that promote the 
metabolic ecosystem resulting in alleviating thermal 
stresses (10). Also, several types of nutritional components 
have been used to alleviate TS, including vitamin C (11), 
niacin (12), K2SO4 and Gamma-AminoButyric Acid (13). 
Vitamin C is a major antioxidant that acts as scavenger 
agent for removing free radical roots produced by thermal 
condition (14). The skin forms one-fourth of the fruit and it 
can be used as anti thermal stress because its components 
contain vitamin C, energy, and high level of phenol (15). 
These components participate in anaerobic glycolysis and 
tissue respiration activities. Also, they play important roles 
in anti-TS (16).Under normal condition, the skin of sweet 
orange fruit can increase a growth performance, daily feed 
intake (DMI), carcass yield, and improve a meat quality 
(17). Because of, the great attention on using natural 
products as feed additive instead of chemical products in 
broiler diets, we thought that the Sop and ascorbic acid may 
be able to reduce antibiotic and adverse effects of heat 
stress. Therefore, the current study was designed to use 

vitamin C and Sop as feed additives, as a potential 
antistress factor to improve the growth performance, 
carcass characteristics, and blood profiles in broiler 
chickens under thermal stress.  
 
Material and methods 
 
Birds and experimental treatments  

 A completely randomized control design was 
conducted to explained the role of vitamin C and Citrus 
Sinensis peel (sweet orange peel (Sop)) on growth and 
health status of broiler chicken in to heat stress condition. 
One hundred and sixty, one-day-old broiler chickens (Ross 
308) were purchased from a commercial broiler hatchery 
(Babylon Company). The broilers were housed in suitable-
sized floor pens (16 pens; 5 males and 5 females per pen; 
0.11 m2/boiler chicks). The floor pen was covered with a 7-
cm layer of wood shaving and provided with one water and 
one feeder. The ambient temperature in broiler’s pen was 
33 °C ± 2 on day 1 until day 35 of age. The relative 
humidity was 60 % during the study. The light program was 
23hrs light /1 hrs darkness. The broiler chicks were 
weighed and divided into 4 groups. Each group consisted of 
4 pens. The experimental groups were assigned to form the 
first group 1 (T1) (control): basal diet without any feed 
additives. Second Group 2 had broilers which fed on basal 
diet contained 5 ppm / feed of vitamin C (10%) (Pars-Daro 
Company, Gorgan, Iran) as feed additive from day one to 
day 35 of age. Third group was the broiler chicks that fed a 
basal diet contained Sop 1 % as feed additive from one day 
old to 35 days of age. Fourth group consisted of broiler 
chicks that received a basal diet with Sop 2% as feed 
additive from one day old to 35 days of age. The feed and 
water were provided ad libitum. The nutritional 
requirements of broiler chickens were formulated according 
to a two-phase feeding program on a starter diet (1-21 days) 
and a finisher diet (21 to 35 days of age). The ingredient 
compositions of basal diets were formulated to meet the 
nutritional requirements of broiler chicken Ross 308 based 
on Boiler Nutrition Specification (18) (Table 1). All the 
broiler chicks were vaccinated according the common 
vaccinated programs in Iraq (Table 2). 
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Table 1: Ingredients and nutrient level of basal diets Item 
(%, as fed basis)1 

 

Ingredients% 
Starter 

(1-21 d) 
Finisher 
(22-35d) 

Corn 58.50 63.10 
Soybeanmeal 35.99 31.39 
Vegetable oil 1.25 2.21 
Dicalcium phosphate 1.75 1.25 
Lime stone 1.57 1.39 
Lysine-Hcl 0.02 0.03 
Dl-Methionine 0.37 0.23 
Sodium chloride  0.25 0.20 
Mineral-vitamin premix¥ 0.30 0.21 

Nutrients composition 

Metabolizable energy (kcal/kg) 2,960 3,085 
Crude protein 22.00 20.2 
Calcium% 1.00 0.94 
Available phosphorus% 0.71 0.63 
Methionine + cysteine% 0.92 0.77 
Lysin % 
Threonin 

1.13 
0.93 

1.05 
0.79 

¥ Mineral-vitamin premix provided the following per 
kilogram of diet:vitamin A, 9,000 IU; vitamin D3, 2,100 
IU; vitamin E, 30 mg; nicotinic acid, 30 mg; vitamin B12, 
0.12 mg; calcium pantothenate, 10 mg; vitamin K3, 5 mg; 
thiamine, 1.1 mg; riboflavin, 4.5 mg; vitamin B6, 2.0 mg; 
folic acid, 0.5 mg; biotin, 0.5 mg; Fe, 50 mg; Cu, 10 mg; 
Mn, 70 mg; Zn, 50 mg; I, 1.0 mg; Se, 0.3 mg; butylated 
hydroxytoluene,150 mg. 1Estimated from NRC (1994) 
composition table. 
 
Table 2: Vaccination program applied during the experiment 
 

Types 
Age of broiler 

chicks 
Route of 

administration 
IB (infectiousbronchitis) 
(GeneraCompany, Croatia) 

8 Orally 

ND-Hitchiner B1 (Genera 
Company, Croatia) 

12 Intraocular 

ND-La Sota strain 
(Nobilis®ND Clone 30, 
Intervet) 

18 Intraocular 

 
Data Collections 
Growth performance  

Observations on body weight gain (BWG) (g), feed 
intake (g) (FI), and feed conversion ratio (FCR) (feed / 
gain) were recorded on a pen basis from day 1 to 14, 15 to 
28 days, and 29 to 35 days of age. The feed intake was 
recorded by subtracting weekly remaining feed from 

offered feed. Mortality rate were recorded on a daily basis. 
Any dead bird was weighed, and the FCR and FI were 
adjusted accordingly.  
 
Determination of blood biochemical parameters and 
organs weight 

At the end of the experiment (5 weeks), after 9 hrs 
starvation, 2 chickens from each pen (female) were selected 
randomly and weighed. The blood samples were collected 
via jugular vein and put in labeled tubes with and without 
anticoagulants and centrifuged at 2500 rpm for 15 min at 25 
0C to obtain serum and the serum samples were kept in 
eppendrof tubes at -150C. The biochemical tests: Total 
protein, total cholesterol, blood urea, serum creatinine and 
triglyceride levels were evaluated using Reflotrone plus 
analyzer (Roche, USA). While the heparinzed tubes were 
used for measuring white blood cells (WBC), red blood 
cells (RBCs), hemoglobin (Hb) and hematocrit (HCL) 
using automatic blood analyzer (boehringer, Mannhe, 
Germany) the hetrophils to lymphocytes ratio (H/L), were 
measured by Gimsa stain methods. All samples were 
analyzed by averaging the triplicate of a single sample, 
error is reduced. Thereafter, the previously selected broiler 
chickens were slaughtered by halal method. The weights of 
hot carcass, and internal organs e.g. liver, spleen, heart, 
Bursa, and intestinal weight were measured expressed as a 
percentage of the live body. The intestinal length was also 
recorded. 
 
Immune competence measurements  

On days 18, 25 of age, two female broilers from each 
pen were selected and injected with 0.2 ml of 0.5% sheep 
red blood cell suspension in breast muscle. At 18, 25, and 
32 days of age, blood samples were taken from jugular 
vein. Serum was collected by centrifugation (2500 ppm, 10 
min at 25 0C) and stored at -15°C for measuring antibodies 
titer against sheep red blood cell (SRBC) and Newcastle 
viral disease (NDV) by HI as referred previously by (19). 
HI was expressed by log 2 of the reciprocal of the highest 
dilution giving visible hemagglutination. 
 
Statistical analysis  

The collected data were subjected to Anova procedures 
for a completely randomized design using the SPPS 
software (20). The mean values were compared by LDS 
tests at P<0.05. The experimental unit differed according to 
the parameter that was measured. For performance 
characteristics, the experimental unit was pen, whereas 
individual chick data were used for blood biochemical 
parameters. The mathematical model was as follow: 
 
Xij = U+ Ti+ Eij.  
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Where, Xij =value observed in each group, U= is the mean 
of the observation, Ti=the effect of feed addives, Eij=the 
effect of experimental error.  
 
Results and discussion  
 
Growth performance 

 As shown in Table 3, sweet orange peel (Sop) with 
level 2 % improved body weight gain (BWG) and feed 
intake (FI) of broiler chicks during the grower (15-28 days) 
(P<0.05), but no statistical effects were shown during the 
other experimental periods. Treatment with Sop (2%) 
enhanced overall FI (P<0.05), (during the whole period 1-
35 days) compared with the control group. Moreover, 
chickens received high level 2 % of Sop had inferior feed 
conversion ratio (FCR) than Control group (P<0.05). The 
mortality rate was significantly reduced when broilers were 
given diet containing 2% (P<0.05). Considerable attention 
has been focused in recent years on the natural products in 
animal feed. They have been shown that their effects can 
reduce antibiotic growth promoters in animal production 
(21). The main purpose of the use of peel of sweet orange 
in this study is to reduce the chemical anti stress materials 
under heat stress in broiler chickens. In the current study, 
the results showed that FI, and BWG during the grower 
period and mortality rate in bird fed Sop 2% were improved 
compared with the control group. It was previously 
revealed that BWG, FI were enhanced in broiler chicks fed 
diets contained 1or 2 % of Sop (22). In the present study, 
stressed broiler chickens in the Sop levels and vitamin C 
treatment gained more BW and FI than did stressed broilers 
in the control group during grower and whole period of 
experiment. Dietary Sop improved broiler growth 
performance at the levels less than 5 % (16). The similar 
trend was reported by (22), who used two levels of Sop 1% 
and 2% as feed additive in broiler diet under normal 
condition. (23) who explained that the Sop supplementation 
at levels of 10 to 50 % did not change the mean of BWG, 
FI, and FCR during starter and finisher period. 
Furthermore, (16,17) who reported that the Sop levels of 3 
to 5 % as a feed additive in broiler chickens had negative 
effects on growth performances. (24,25) explained that the 
negative effects of high dose of Sop on growth production 
in broiler chicken attributed to high crud fiber and pectin 
presented in the Sop (26). The fiber and Pectin have a 
deteriorating effect on GIT through increasing viscosity 
within intestinal tract which lower the digestive enzymes 
(27). No significant effects were seen in growth 
performances of broilers during starter and finisher among 
experimental treatments. These results are comparable with 
those reported by other researchers (22,23). Furthermore, 
(28,29) evinced a no significant effect in the mean body 
weight at starter period of age in the broiler chickens 
receiving Sop in their diet (0.4 or 0.8 g/kg feed) as 

compared with control group. The no significant effect of 
orange peel powder on growth performances in the 35-day 
of rearing period is unknown. A biological effect of Sop 
does not appear to play a major role, since overall feed 
conversion ratio was not affected with the low dose, while 
was inferior with the high dose 2%. As result of the 
increase of the fiber and pectin in broiler’s diet at the high 
dose of Sop, slow enzymatic secretion can result in an 
increase FI for obtaining required energy. On the contrary, 
feeding graded levels 2. 3. 5 % of dried lemon peels 
decreased daily feed intake in broiler chickens (26,30,31). It 
is important to note that, there are fluctuated results of Sop 
on growth performances. Nevertheless, the efficacy of 
vitamin C or Sop agent may be influenced by several 
factors, such as differences in the levels, age, feed 
components, and farm hygiene.  

 
Carcass traits  

The effects of treatments on carcass traits of broiler 
chickens are shown in Table 4. Internal organs (liver, heart, 
and Bursa) were not affected by treatments. Meanwhile, the 
inclusion of 1 % Sop in the diet recorded the highest 
relative weight of spleen (P<0.05). Similarly, no obvious 
effect of treatments was found in terms of relative intestinal 
weight and intestinal length, although, the relative weight 
of carcass yield tended to decrease due to dietary addition 
of Sop 2 % (P<0.05). No favorable effects were observed in 
the relative weight of internal organs except in spleen 
(Table 4). The current results were confirmed by (32,33) 
who showed no obvious effect of Sop on relative weight of 
liver, gizzard, heart and bursa. Furthermore, our results 
confirmed that the Sop at levels of 1to 2% did not have any 
side effects on internal organs. (34) showed that the Sop did 
not affect lymphoid organs. On the basis of these effects of 
Sop on spleen, may indicate an enhancement of immune 
function. The carcass yield was reduced with the increase 
of Sop level of 2%. This result was in agreement with 
research articles of (22). Increasing fiber in the diet with the 
high dose of Sop 2% is an acceptable mechanism of the 
reduction in carcass yield. 

 
Hematological parameters  

The effects of treatments on blood biochemical indices 
of 35-days-old broilers are revealed in Table 5. The serum 
concentration of T.P, serum triglyceride, blood urea, and 
creatinine concentrations were not significantly affected by 
treatments at 35 days of age. In addition, the blood 
hematology (WBC, RBC, HB, HCT and H/L ratio) was not 
influenced by dietary treatments which are showed in Table 
6. These observations showed that inclusion of Sop levels 
and vitamin C did not change biochemical parameters (T.P. 
cholesterol, creatinine and blood urea) or hematological 
traits (WBC, RBC, H/L ratio, Hb and Hct). These results 
were in line with findings of (22) who found that sweat 
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orange peel with different levels from 0.5 to 2% as feed 
additives of broiler chickens had no effects on glucose, 
cholesterol, and liver enzymes. Also, they revealed that 
high dose of Sop could change the low and high density 
lipoprotein. (35) revealed that Sop up to level of 40 % as 
feed additive of broiler chicken did not effect on blood 
biochemical parameters (T.P, cholesterol and albumin). The 
vitamin C also had no effect on blood profiles at level 250 

g/kg feed (10). (35) have concluded that, the offer of sweet 
orange waste up until 8% in the ration, the haematological 
and serum biochemical indices (measured variables were 
erythrocytes, hemoglobin, hematocrit, leukocyte) had no 
negative impact. Incontrast to our results, (36) found that 
Sop as feed additives had beneficial effects on reducing 
cholesterol and triglyceride and on increasing total protein 
and globulin, but no effect on glucose. 

 
Table 3: productive performances for broiler1 at different periods as influenced by Vit C and different levels of Sop 
 

Item Treatments2 
Control vit. C Sop 1% Sop 2 % SEM P value 

BWG (g/bird) 
1-14d 440 440 452 448 4.6 0.7 
15-28 d 852.2b 942.5ab 916.3ab 1022a 24.9 0.01 
29- 35 d 465 392 393.7 337 26.5 0.4 
1-35d 1761 1793 1771 1737 25.2 0.9 
Feed intake (g/bird) FI 
1-14d 458.7 489 500 500 13 0.7 
15-28 d 1657.3c 1770b 1831b 1967a 31 0.00 
29- 35 d 1025.5 1000 1025 1151 29.2 0.26 
1-35 d 3102c 3350b 3380b 3577a 56 0.009 
Feed conversion ratio (feed:gain) 
1-14d 1.04 1.1 1.13 1.12 0.03 0.8 
15-28 d 1.93 1,95 1.79 1.94 0.03 0.5 
29- 35 d 2.2 2.9 2.8 2.9 0.22 0.7 
1-35 d 1.7a 1.8ab 1.9ab 2b 0.01 0.04 
PEI 
35 days 266 275 266 250 9.2 0.4 
Mortality rate 
35 days 0.93a 0.33b 0.3b 0.15b 0.12 0.04 

a-b values with different small letter superscripts within the same row indicate significant differences, 1Values are the means of 
four pens with 10 birds per pen, 2control: basal diet, vit C : basal diet +500 mg vitamin C / kg feed (500 ppm); Sop 1%: basal 
diet + 1% of Citrus sinensis as feed additive ; Sop 2%: basal diet + 2% of Citrus sinensis as feed additive. 

 
Table 4: Effect of vitamin C and sweet orange peel on the carcass characteristics of broiler1  

 
Item Treatments 

Control vit. C Sop 1% Sop 2 % SEM P value 
Carcass yield percentage 73.2b 75.7b 73.9b 68.7a 0.78 0.008 
Liver (%) 2.69 2.44 2.6 2.6 0.05 0.09 
Heart (%) 0.52 0.50 0.52 0.54 0.01 0.6 
Spleen (%) 0.12 b 0.14 ab 0.18 a 0.16 ab 0.08 0.05 
Bursa 0.087 0.067 0.089 0.082 0.004 0.4 
Intestinal weight % 6.7 7.52 7.1 6.2 0.18 0.06 
Intestinal length (cm) 205.5 228.5 231.2 225 4.9 0.2 
a-b values with different small letter superscripts within the same row indicate significant differences, 1Values are the means of 
four pens with 10 birds per pen, 2control: basal diet, vit C : basal diet +500 mg vitamin C / kg feed (500 ppm); Sop 1%: basal 
diet + 1% of Citrus sinensis as feed additive ; Sop 2%: basal diet + 2% of Citrus sinensis as feed additive. 
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Table 5: Effect of vitamin C and sweet orange peel on the parameter of biochemical indices of broiler1 

 

Item Treatments2 
Control vit. C Sop 1% Sop 2 % SEM P value 

TP(g/dl) 4.7 4.9 5.9 5.5 0.17 0.15 
Cholesterol mg /dl 134 122.3 134.5 130.7 3 0.5 
Triglyceride (mg/dl) 194 192 209 178.2 7.2 0.7 
Blood urea( mg /dl) 16.37 17.0 11.59 17.7 1.53 0.5 
Creatinine (mg /dl) 0.5 0.5 0.5 0.5 0.00 0.00 

a-b values with different small letter superscripts within the same row indicate significant differences1, 1values are the means of 
4 pens of two birds per pen (8 birds / treatment), SEM : Standard error mean, 2control: basal diet, vit C : basal diet +500 mg 
vitamin C / kg feed (500 ppm); Sop 1%: basal diet + 1% of Citrus sinensis as feed additive; Sop 2%: basal diet + 2% of Citrus 
sinensis as feed additive. 

 
Table 6: Effect of vitamin C and sweet orange peel on the parameter of haematology of broiler1  

 
Item Treatments2 

Control vit. C Sop 1% Sop 2 % SEM P value 
RBC(1o6/µL) 2.67 2.61 2.73 2.49 0.068 0.6 
WBC (thousand/µL) 76.9 79.4 72.3 72.4 1.3 0.1 
Hb(g/dl) 10.8 11 10.9 10.42 0.42 0.8 
HCL% 31.1 30.2 31.2 28 0.82 0.65 
Heterophils/ Lymphocytes ratio 0.27 0.10 0.08 0.13 0.05 0.5 

a-b values with different small letter superscripts within the same row indicate significant differences, 1values are the means of 
4 pens of two birds per pen (8 birds / treatment), SEM : Standard error mean, 2control: basal diet, vit C : basal diet +500 mg 
vitamin C / kg feed (500 ppm); Sop 1%: basal diet + 1% of Citrus sinensis as feed additive ; Sop 2%: basal diet + 2% of Citrus 
sinensis as feed additive. 

 
Immune competence  

The effect of dietary treatments on humeral and cell 
mediate immune responses are explained in Table 7. 
Antibodies titer against NDV and SRBCs in the treated 
broiler chicks with Sop levels were higher at the primary 
and secondary response (P<0.05) compared with those in 
the control group. The highest web- toe thickness response 
against phytohemaglutinine was obtained in the broilers 
received feed additives (P<0.05). Sop is major sources of 
vitamin C, hesperidine and poly phenols. These substances 
have potent ability to reduce free radical roots in the body 
and reduce oxidants in the body cells (15,37,38). It is 
proven that some herbal components can modify the 
immune function (39,40). In our experiment, it was found 
that Abs titer against SRBCs and against NDV were 
affected by Sop levels. In a previous research, (34) showed 
that by adding Sop extract at levels of 1000 to 1250 ppm, 
the Abs titer against NDV and SRBCs was increased 
(P<0.05). This increase in Ab titers is due to the flavonids 
presented in Sop causing stimulation of immune organs. 
The cell mediate immunity (web toe thickness) was 
significantly increased with the Sop levels and vitamin C. 

The fibers contained in sop have an ability to promote 
phygocytosis and raise the interleukins, interferon ¥ 
secretion (41). 
 
Conclusion  

 
Overall, Sop as feed additive improved immune 

responses in broiler chickens under heat stress. However, 
since the apparent impact on growth performances was only 
seen at the grower period when broilers fed the Sop 2% 
under heat condition, further research is needed to test the 
efficacy of Sop as a natural growth promoter under heat 
condition.  
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Table 7: Effect of vitamin C and sweet orange peel on the parameter of the immune responses of broiler1  
 

Item Treatments2 
Control vit. C Sop 1% Sop 2 % SEM P value 

Antibody titers against ND ( 7 day) 2.0 1.95 2.0 2.3 0.07 0.4 
Antibody titers against ND( 14 day) 1.56b 1.97ab 1.97ab 2.3a 0.09 0.05 
Antibody titers against sRBC( 7 day) 1.54c 2.0cb 2.55ab 2.6a 0.14 0.004 
Antibody titers against sRBC(14 day) 1.58b 2.0ab 2.1a 2.65a 0.12 0.01 
Cell mediate immunity response(toe web 
thickness) after 24 h 

1.46c 1.9a 1.6b 1.7b 0.04 0.01 

Cell mediate immunity response(toe web 
thickness) after 48 h 

1.65c 2.17a 2.0b 2.1ab 0.04 0.01 
a-b values with different small letter superscripts within the same row indicate significant differences, 1values are the means of 
4 pens of two birds per pen (8 birds / treatment), SEM : Standard error mean, 2control: basal diet, vit C : basal diet +500 mg 
vitamin C / kg feed (500 ppm); Sop 1%: basal diet + 1% of Citrus sinensis as feed additive ; Sop 2%: basal diet + 2% of Citrus 
sinensis as feed additive. 
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