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Summary 

This experiment was conducted to determine the effects of feed restriction 

(FR) on performance and the immune system of Arian and Ross strains. 

Feed efficiency was significantly better for restricted birds. Body weight 

(BW) of the restricted chickens was significantly lower than those of the ad 

libitum group at day 42. Arian strain had lower BW at day 21 but higher 

BW at day 42 th an Ross strain. Birds in FR group showed a significant 

increase in percentage of CD4+ (helper T cell) and decreased CD8+ 

(cytotoxic T cell) at day 21 and 42. T cell subsets of Ross and Arian birds 

was not significantly different on day 21, but in day 42 the Arian chickens 

had higher CD4+ and lower CD8+ than those of Ross chickens. Antibody 

response to sheep red blood cells was significantly higher in the birds on the 

FR group at day 21. Antibody titer was not affected by strain at day 21 but 

Ross chickens had higher antibody liter than Arian chickens at day 42. The 

results indicate that the feed restriction may have sorne adavantages, mainly 

by increasing feed efficiency and immune system competence. 
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Introduction 

Over the last few decades, selection for greater body weight gain resulted in 

considerable improvements in broiler performance. These genetic manipulations 

accompanied by increase sorne disorders (Katanbaf et al 1988a, 1988b, 1989). 

Several researchers have suggested a negative genetics correlation between growth 

rate and immunocompetence in chickens (Bacon 1992, Klasing 1988. Latashaw 1991, 

McMorty et al 1988, Qureshi & Havenstine 1994). 

Several management strategies have been used to reduce these unfavorable 

disorders. One of these procedures involves early growth rate reduced by food 

restriction in broiler chickens. Even though the immunocompetence was affected by 

various nutrient deficiencies such as vitamins and minerais (Ferket & Qureshi 1999, 

Latashaw 1991), many researchers have reported that immune system was not 

affected by food restriction program (Ballay et al 1992, Dagass & Flores 1998, 

Zulkifli et al 1993 ). Ballay et al (1992) found no significant effect of long term food 

restriction, from day 1 to 39, on the antibody titer against SRBC injection. Aiso their 

experiment show that food restriction has no effect on les ion scores of chickens 

challenged with Escherichia coli. Glick et al (\.981) reported that a diet low in ail 

amino acids severely reduced growth of chickens, but this diet did not decrease 

antibody response to SRBC injection. Praharaj et al (1999) demonstrated that reduced 

metabolizable energy in broiler chickens had no effect on antibody titer. 

We have not found information about the effects of food restriction on T

lymphocyte subsets. T lymphocytes are divided in two main populations: helper and 

cytotoxic. The main function ofhelper T-cells is stimulating the proliferation of the 

B-cells specific for antigen. Cytotoxic T-cells are important in killing infected cells 

(Ferket & Qureshi 1999). Helper and cytotoxic T-cells are recognized by CD4 and 

CD8 prote in molecules on the their surface, respectively. For this reason, helper and 

cytotoxic T-cells were termed CD4+ and CD8+, respectively. These two T-cells 

subset can be recognized . with fluorescent monoclonal antibodies, which have been 

produced against CD4 and CD8 surface prote in molecules (Chen et al 1991, 1994). 
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The present experiment was designed to research the effect of feed restriction on 

CD4+ and CD8+ T-cell subsets in peripheral blood of male and female oftwo 

common broiler chicken strains in Iran. In addition, other features of immune system 

and broiler performance have been measured. 

Materials and Methods 

Experimental design. A 3-factorial experiment (2x2x2) was set up to investigate the 

effect of two feed intake pattern (restricted feeding and ad libitum), on performance 

and immune system of male and female broiler chickens of Ross and Arian strains. 

Each treatment had three replicates consisting of seven chickens in each. 

Birds. Five hundred Ross and five hundred Arian chicks were obtained from a local 

hatchery. Male and female chicks were separated 24h after hatching. The chicks were 

kept in floor pens on chopped straw, from day one to day nine. At 10 day of age, 168 

uniformed chickens consisted of 42 male and 42 female of each strain were selected. 

They were randomly distributed into eight treatments ofthree replicates and were 

moved tobatteries. 

Diets and feeding regimens. Except for the duration of the feed restriction, the 

chickens were fed ad libitum. Birds in restriction group were restricted to alternate

day feeding from II to 20 day of experiment. A starter diet was given until 21 dayof 

age, and from day 22 to day 42 a grower diet offered. The diets were formulated to 

meet NRC (1994) nutrient requirement. 

Chickens performance. Ali chickens were weighed individually at day 1 l, 20, and 42 

to determine body weight, weight gain and feed efficiency. Feed consumption was 

recorded daily for ail replicates. 

Flow cytometry analysis. Briefly, the following procedure was used to measure the 

CD4+ and CD8+ T cells. On day 21 and 42, 0.5ml of heparinized blood was collected 

from one chicken in each replicate. Thirty III ofblood sample was incubated with 

0.31lg monoclonal phycoerythrin conjugated antibodies against chicken CD8 antigen 

(Southern Biotechnology, USA) for 5min in darkness. Samples were incubated with 

1.51lg mouse monoclonal fluorescein isothiocyanate conjugated antibodies against 
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chicken CD4 antigen (Southern Biotechnology, USA) for 15min in darkness. Labeled 

cells were subsequentiy washed twice in phosphate buffered saline (PBS) and 

suspended in 1 ml PBS. Per each sam pie, 10,000 cells were counted using a flow 

cytometer (F ACSort, Becton Dikinson, USA). The percentage of T -cell subset was 

determined by PC-L YSIS Il package (Becton Dickinson, USA). 

Antibody response. On day 16 and 37, one chic ken randomly chosen from each 

replicate was injected intraperitoneumly with 0.1 ml suspension of SRBC (Razi 

Institute, Karaj). Five days later blood samples were collected and antibody measured 

by microagglutination (Wegmann & Smithies 1966). Antibody titer expressed as IOg2 

of the reciprocal of the last dilution in which there was agglutination (Ambrose & 

Donner 1973). 

Heterophil/Lymphocyte ratios. On day 21 and 42, one chick from each replicate was 

chosen at random and blood samples were obtained from wing vein using heparin as 

the anticoagulant. Blood smears were prepared using May-Grunwald-Giemsa stain 

and herterophil (H) and lymphocyte (L) were counted to a total of 1 OO-cell (Gross & 

SigeI1983). 

Statically analysis. Ail results were expressed as means±standard error of the me an 

(SEM). The data obtained from variable measured, analyzed with analysis of 

variance, using MST A TC computer package. A full factorial design was used, 

containing feeding regimens, strains and sex. Comparisons among multiple means 

were made by Duncan's multiple range test. 

Results 

1. Chickens performance. Results of body weight and food intake are shown in table 

1. Body weight and feed intake of chickens submitted to the early feed restriction at 

the end of the restriction had decreased 210 and 255g, respectively (P<O.O 1). On the 

42nd day of age, body weight and feed intake of restricted birds was significantly 

lower compared to that of the ad libitum fed controls. During the period after 

restnctlon, up to day 42, feed intake of restricted birds was significantly higher than 

the ad libitum fed birds. At the age of 21, the body weight of Arian chicks was 
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significantly lower than that of Ross chicks. At the slaughter age, Arian chicks were 

significantly heavier than Ross chicks. Body weight and feed intake of male broiler at 

ail time was significantly higher than female chicks. Feed efficiency (data are not 

presented In table) was significantly better for restricted birds (P<O.OI). Feed 

efficiency was not affected by strain throughout the duration of the study. Sex 

differences in feed efficiency were observed during the period of study. 

Table 1. Effects offeeding regimens. strains and sex on body weight and consume at different 
days and duration of experiments 

Body Weight (g) Feed Consumption (g) 
Variables 21 day 42 dey 10-21 22-42 1-42 

of age of age day of day of day of 
age age lIJte 

Feeding Regimens 
Feed Restriction 385 1810 489 2185 3077 

ad Libitum 595 1982 744 2247 3488 
SEM' 6.02 8.32 7.50 6.82 9.23 
Mel •• .•• •• •• • • 

........................................... •............... +.................. . .............. _I-••••... _ ••..• _ ••• j •••••• _ ••• 

Sirains . :: 
Ross 512 1912 645: 2226 : 3365 
Arian 472 i 1950 585 i 2309 i 3450 
SEM 5.15 ! 6.55 4.50 i 7.02 i 14.33 
MC 0- : 00 0_ i 00 i 0_ ................ _ ........................................ + ..... _ ...... _ .... _ ... _ ..... -t-.. _._._ ... -1-._ ......... . 
Su : 1 i 

Male 511 : 2085 639: 2480 i 3649 
Female 465 ; 1870 586 i 2290 i 3347 
SEM 5.03 6.14 7.21: 9.03 i 12.80 
MC oo! 00 : 00 

1 :Standard Error of Means. 2:Means Comparison: 0: signlficant at P<O.05 
oO:significant at P<O.OI. 

2. T-Iymphocyte population. The influence of feeding programs, strain and sex on 

percentage of the CD4+ and CD8+ T cells are presented in table 2. Data analysis 

revealed that feed restriction affects mean percentage ofCD4+ and CD8+ T-cells in 

peripheral blood of broiler chickens. The proportion of CD4+ and CD4+/CD8+ ratio 

were increased and the proportion of CD8+ were decreased at 21 and 42 day of age 

by feed restriction. Strain had no effect on percentage ofCD4+ and CD8+ T cells at 

21 day of experiment. However, at the age of 42 d the percent age of CD4+ was 

increased and the percent age of CD8+ was decreased in Arian chickens. The 

percentage of CD4+ T-cell and CD4+/CD8+ ratio in male broiler was higher than 

female at 21 and 42 day of age. 
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Table 2. Effects offeeding regimens, slrains and sex on peripheral b/ood CD.J .. and CD8+ 
percenlage and CD.f+/CD8+ proporlion al differenl days of a~e 

21 dav of aee 42 dav of lIee 
Variables CD4+ l CD8+ CD4+1 CD4+ i CD8+ CD4+1 

1 CD8+ 1 CD8+ 
Feeding Regimens 
Feed Restriction 22.3 8.7 2.52 17.3 10.1 1.73 

ad Libilum 19.8 11.2 1.77 16.9 12.3 1.39 
SEM 0.6 0.71 0.09 0.52 0.57 0.09 
MC .,.... , • . •• 

--'--St~;in;------------- ------------····r'···--·--··.··r···.·.·.····.·. ·--·---·--····'1-------------1---······· 

Ross 21.5 9.9 2.16 16.8: 13.5 1.~5 
Arian 21.8 1 10.5 2.15 18.5 1 11.8 : 1.56 
SEM 0.54 : 0.31 ,0.03 0.6 1 0.8 1 0.08 

~---~f+-;~-t-~ii---~ifl~;l~~ï 
NS: not slgnifieant 

3. Antibody titer, On day 21, at the end of the restriction period, restricted birds 

showed a higher antibody titer than the ad libitum group (Table 3), There were, 

however, no significant differences among the feeding regimens for antibody 

response at day 42 of age, 

Table 3. Antibody Iiler response 10 SRBC 
injection among differenl feeding regimens, 
stra ins and sex at 2 J and 42 day of aKe 

Variables 21 day 42day 
ofaee ofaEe 

Feeding regimens 
Feed restriction 5.48 8.79 

ad libilum 4.35 8.17 
SEM 0.14 0.21 
MC • NS 

.. - ...... _ ... -
Strain! 

Ross 5.13 8.85 
Arian 4.89 8.11 
SEM 0.23 0.19 
MC NS •• -- ------_.-.------
Sex 

Male 5.76 8.64 
Female 4.93 7.12 
SEM 0.14 0.33 
MC •• •• 

Table 4. Effecis offeedinr, regimens, strains 
and sex on helerophil per Iymphocyle ralio of 
bro iler chic kens al 2 J and 42 day of aKe 

Variables 21 day 42 day 
ofal!e ofal!e 

Feeding regimens 
Feed restriction 0.44 0.49 

ad libilum 0.35 0.55 
SEM 0.032 0.043 
MC •• • ------------------_. ........ _- ----

Strains 
Ross 0.40 0.53 
Arian 0.38 0.51 
SEM 0.06 0.031 
MC NS NS .. _------_._--------- ......... _-
Sex 

Male 0.45 0.52 
Female 0.37 0.58 
SEM 0.087 0.05 
MC •• •• 
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Antibody production was similar for Ross and Arian chickens on day 21. On day 

42, Ross birds showed significantly higher humoral immune response to SRBC. 

There were significant differences in antibody response between male and female 

chicks at 21 and 42 day of age. 

4. Heterophil/lymphocyte ratio. The effects of feeding regimens, strains and sex on 

heterophil per lymphocyte ratio are given in "table 4. Results showed that proportion 

of heterophyl per lymphocyte cells were increased at the end of restriction period, on 

day 21, by restriction. There were, however, no significant differences among Ross 

and Arian birds at 21 and 42 day of age. Significant differences between male and 

female chickens were observed at 21 and 42 day of age. 

Discussion 

The present study confirmed earlier evidence that feed restriction decreased body 

weight and feed intake at the end of restriction period. Our finding demonstrated that 

after 10 days altemate-day feed restriction, body weight and feed intake at the end of 

restriction period had decreased by 210 and 255g, respectively. During the period 

after restriction, up to day 42, restricted birds grew faster than the ad libitum group. 

However this was not sufficient to catch up with the final body weight of the ad 

libitum chicks. This is in contrast with the statement of Plavnik and Hurwitz (1985, 

1988, and 1991) who found compensatory growth with a better food conversion after 

a period of food restriction in broiler chicken. In CUITent trial, even though the catch

up growth did not occur in the restricted group, their food efficiency was significantly 

better than the ad libitum fed chickens. CUITent results agree with those reported by 

Pinchasov and Jensen (1989) and Cristofori et al (1997), who found that the 

improved food conversion was at the expense of final body weight. In reviewing the 

literature, Yu and Robinson (1992) reported the factors such as severity, timing, 

duration of food restriction, food intake during the periods ofrefeeding, sex and 

strain may affect the subsequent ability ofbroiler chickens to recover from a growth 

deficit state. 
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The current results show that food restriction increased peripheral blood CD4+ 

cells and decreased peripheral blood CD8+ in broiler chickens. Several researches 

have reported the effects ofvarious nutrients on T-Iymphocyte subset. The effect of 

food restriction on T.cells subset has not been reported. Our finding may be 

attributed to the endocrinological changes induced by feed restriction. This theory, 

however, is supported by the finding of Johonson et al (1993), who reported that 

growth hormone elevated CD4+ populations and decreased the proportion of CD8+ 

cells in birds. AIso, Marsh and Scanes (1994) observed that growth hormone 

increased ratio of peripheral CD4+ to CD8+ T-cells in chickens. More research is 

needed to fully understand the mechanism of food restriction effects on T cells 

subsets. 

Our finding show significant differences between Ross and Arian chicks in 

peripheral T cells subsets at the 42 day of age. Several studies show the variation 

affects of genetics on immune system (Erf & Smyth 1996, Lamontl994, Zulkitli et al 

2000, 1993). Current results show significant differences between sex in peripheral 

percentage of T cells subsets. This finding may be resulted due to sex steroid 

hormones. This hypothesis is supported by the Dayens et al (1990), Who reported 

that dehydroepiandrosterone (a weak androgen) affect immune system development 

and function. Our results confirm previous finding (Klasing 1988), that feed 

restriction enhances antibody response to SRBC injection. These studies show that 

food restriction increase the ability of humoral immune system against Foreign 

antigens. However, Ballay et al (1992) found no significant effects of sorne form of 

feed restriction on humoral immune system. 

The present study, confirm earlier evidence that food restriction can induce stress. 

As measured by HlL ratio, stress response to food restriction occurred at the end of 

restriction period. These results agree with thosereported by Zulkifli et al (1993) 

who found that food restriction enhanced HIL ratio in broiler chickens. It may be 

concluded From the results of this investigation that feed restriction offer sorne 

economlc advantages over an ad libitum feeding regimen by reducing feed 

conversion ratio and increasing the immune system competence. 
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