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Abstract. An experiment was conducted to determine the effect of feed restriction using Sa/icornia bifielovii 
Turr meal (SM) on performance and abdominal fat deposition in broiler chicks. During the first week of age. 
all birds were fed a practical starter diet. Treatments then proceeded as follows : treatment I. continued on the 
practical starter diet up to four weeks of age (control); treatment 2. as the control but supplemented with 3% 
SM during the second week of age; treatment 3. as the control but supplemented with 3% SM during the 
second and third weeks of age; treatment 4, as the control but supplemented with 6% SM during the second 
week of age; treatment 5. as the control but supplemented with 6% SM during the second and third weeks of 
age. The results of this experiment showed that the inclusion of 3% SM for one week did no significantly 
affect feed intake or weight gain during the 2-3 weeks period compared to the control. However. the inclusion of 
b% SM for one week significantly reduced feed intake and weight gain compared to the control. The indusion of 
6% SM for two weeks significantly reduced weight gain. Upon release from diets supplemented with SM for one 
or two weeks. no significant differences were noted in weight gain during the 2-] or ]-4 weeks period. 
respectively. However. these birds gained significantly more than the control during the 3-4 and 4-5 week periods. 
respectively. Cumulative weight gain and body weight at four and seven weeks of age were significantly lower for 
birds fed 6% SM for two weeks. Feed conversion was adversely affected by SM inclusion in the diet and the 
effect was more pronounced for bird fed 6% SM for two weeks. Carcass weight was significantly lower for birds 
fed 6% SM for two weeks. Abdominal fat and percentage abdominal fat were nOl affected by SM inclusion in the 
diet. II was concluded that SM was effective in reducing feed intake and hence body weight gain and final body 
weigh!. However. neither the addition of SM in the diet nor the duration of feed restriction were effective in 
reducing abdOlninal fat deposition in broiler chicks. 

Introduction 

Producing lean broiler meat is a major objective of the broiler industry . This goal is 
difficult to achieve as selection for rapid growth in broilers results in increased 
deposition of abdominal fat at juvenile ages [1-3] . Problems associated with increased 
fat deposition in broilers increased interest in feed restriction programs designed to 
reouce both abdominal and carcass fat [4-7] . Several reports indicated that the type of 
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diet and feeding program during the first days of life might influence the net deposition 
of fat in broilers [4, 8-10]. 

Quantitative feed restriction may require extra labor or mechanization. Therefore, a 
number of reports suggested that feed restriction could be practiced by dietary inclusion 
of feed additives that have specific inhibitory effects on the appetite of chicks. These 
feed additives include short and medium chain fatty acids such as propionic and lactic 
acids [11, 12], and glycolic acid [13]. Using natural compounds present in plants as feed 
additives is preferable to unnatural compounds as it helps to avoid tissue residue. 

Salicornia bigelovii Torr is considered as an oil seed crop tolerant of sea water 
irrigation in extreme coastal desert environment [14]. Glenn et al. [15] reported that 
Salicornia bigelovii Torr seeds contained 26-33% oil, 30-33% protein. These workers 
reported that the principle product extracted from seeds was an oil rich in linoleic acid . 
Salicornia bigelovii Torr meal (SM) is the by product of oil extraction containing 33% 
protein. SM also contains an antigrowth factor(s), believed to be saponins, which 
reduces feed intake and depresses growth. Inclusion of SM that contains saponins in 
broiler diets at an early age might be a valuable mean to control feed intake and may 
results in reduced abdominal fat. 

In the present experiment, we examined the effects of SM inclusion in broiler diets 
on performance and abdominal fat deposition. 

Materials and Methods 

Three hundred I-day-old ISA Vedette broiler chicks were wing banded, 
individually weighed and randomly allocated to five dietary treatments. Each treatment 
was represented by three replicates of 20 birds each. Birds were kept in floor pens in an 
environmentally controlled house and temperature was maintained at 33 C during the 
first week with the temperature being reduced three C/week until it reached 24 C. Light 
was provided continually using incandescent lamps. During the first week of age, all 
groups were fed a practical starter diet containing 22.54% crude protein and 2920 kcal 
ME/kg (Table 1). Treatments then proceeded as follows: treatment 1, continued on the 
practical starter diet up to four weeks of age (C-O% SM, control); treatment 2, as the 
control but supplemented with 3% SM during the 2nd wk of age (3% SM-wk2); 

treatment 3, as the control but supplemented with 3% SM during the 2nd and 3rd wk of 
age (3% SM-wk2&3); treatment 4, as the control but supplemented with 6% SM during 
the 2nd wk of age (6% SM-wk2); treatment 5, as the control but supplemented with 6% 
SM during the 2nd and 3rd wk of age (6% SM-wk2&3)' SM was supplemented at the 
expense of the whole diet. At four weeks of age, all birds were fed a finisher diet until 
the end of the experiment (Table 1). 

Proximate analysis of SM used in this study on dry matter basis [16] showed that it 
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contained 34% crude protein, 6.45% ether extract, 5.3% crude fiber, and 15% ash. 
Saponins content of SM used in this study was .05% on dry matter basis [17]. 
Individual body weights and feed intake by pen were determined weekly, and gain and 
feed conversion (feed:gain) were calculated. 

Table 1. Composition of the basal diets 
Ingredient Starter Finisher 

.. ..... glkg ... 

Ground yellow com 603.0 657.5 

Soybean meal 340.0 285.0 

Vitamins' and mineral' 25.0 25.0 

Limestone 14 .5 15.0 

Dicalcium phosphate 15.0 15 .0 

Salt (NaCI) 2 .5 2.5 

Total 1000.0 10000 

Calculated composition' 

Protein, % 22.54 2034 

MEn' kca IIkg 2920.00 2967.00 

Ether extract, % 2.77 2 .64 

Ca,% 095 0.94 

Available phosphol1Js , % 041 041 

'Provided the following per kg of diet: vitamin A, 12,000 IU; vitamin 0,,7,200 ICU; vitamin E, 20 IU ; 

vitamin B" 2.5 mg; vitamin B" 5 mg; vitamin K, 3 mg; vitamin B'2, 1.5 ~g ; pyrodoxine, .225 ~g; 
pantothenic acid, 10 mg; niacin, 35 mg; choline chloride, 500 mg; folic acid, I .S mg; biotin , O.1 mg; 
virginiamycin , 20 mg; ntioxidant, 125 mg. 
'Provided the following per kg of diet: Mn, 90 mg; Cu, 7.5 mg; Zn, 65 mg; Fe, 50 mg; Se, 0 .1 mg. 
'Based on the National Research Council [18J tables of feed composition. 

At seven weeks of age, 24 birds (males and females) per treatment were 
selected randomly, slaughtered, and sex was confirmed by organs examination. 
Feed was withdrawn for overnight before processing. Each bird was eviscerated 
manually and abdominal fat was excised and weighed. Carcass weight was defined 
as the weight of each dressed carcass without the neck, giblets, and abdominal fat. 
Abdominal fat was that surrounding the bursa of Fabricus, cloaca and adjacent 
abdominal muscles. 

Data were subjected to statistical analysis using the General Linear Models 
procedure of SAS® [19] as a completely randomized design. Variable means for 
treatments showing significant differences in the ANOV A were compared using the 
Least Squares method. Percentage data were transferred to arc sine prior to analysis; 
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however, actual percentage data are reported . 

Results and Discussion 

Data for body weight and body weight gain are shown in Table 2, Treatment 
significantly (P < .0 1) affected weight gain during a II periods except the 5-6 weeks 
period. Also, treatment significantly (P <.0 I) affected body weight at four and seven 
weeks of age . Feed intake and feed conversion were also significantly (P < .05 and .0 I) 
affected by treatment throughout the experiment (Table 3). 

Table 2. Least square means for weight gain and body weight for non-sexed ISA Vedette broiler chicks 
durmg one 10 seven weeks of age 

Weight gain (glweek) Body weight (g) 

Weeks of age 

Source 0-1 2-3 3-4 4-5 5-6 6-7 0-4 0-7 4 7 

Trenlmel1l' NS •• •• .. NS •• • • •• •• • • 
C-O% SM 80 223' 366b 339b' 431 377' 837,b 1980' 886'b 2030' 

3% SM-wk, 79 232' 399' 323< 423 375' 866' 1948' 917' 1998' 

3% SM-wk'&J 79 178b 390,b 357,b 439 327,b 80Sbd 1892' 8SSb 1941 ,b 

6% SM-wk, 79 224' 377,b 347iK 447 327,b 797d 1910' 848b 1959' 

6% SM-wk2&3 81 152c 376,b 377' 411 293b 744c 1789b 794c 1825b 

SEM' ±l ±2 ±3 ±4 ±S ±7 ±S ±16 ±6 ±16 

'C-O% SM, control; 3% SM-wk" diet supplemented with 3% SM during the second week; 3% SM-wk
'
&3' 

diet supplemented with 3% SM during the second and third weeks; 6% SM-wk" diet supplemented with 6% 
SM during the second week; 6% SM-wk,&], diet supplemented with 6% SM during the second and third 
weeks, 
'SEM, pooled standard error of the mean. 
,-dMeans within a column without common superscript leller are significantly different (P < ,OS). 
NS, not significant; **P < .01. 

Weight gain and feed intake 

The 1-2 week weight gain and feed intake of birds fed 3% SM diet were not 
significantly different from those of the control, indicating that the 3% SM level for one 
week had no adverse effect on weight gain and feed intake. However, this was not the 
case for birds fed the 6% SM diet that differed significantly from the control. During 
the 2-3 week period and upon release from diets supplemented with SM, no significant 
differences were noted in weight gain between birds previously fed with 3 or 6% SM for 
one week and the control. On the other hand, birds fed diets supplemented with 3 or 6% 
SM for another week showed significantly (P < .05) lower weight gain than the control. 
The reduction in weight gain occurred stepwise with the level of SM in the diet, being 
more pronounced in birds fed the 6% SM diet. 
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The smaller weight gain for birds fed the SM diets for two weeks paralleled the 
reduction in feed intake during the same period (Tables 2 and 3). Weight gain during the 
3-4 week of age was comparable for all treatments regardless of prior SM 
supplementation. However, birds fed the 3% SM diet for one week exhibited 
significantly (P < .05) higher body weight gain relative to the control. During the 4-5 
week period, no treatment differences were noted except for birds fed the 6% SM for 
two weeks, whose weight gain significantly (P < .05) exceeded that of the control, 
indicating a rapid compensatory growth. 

The ability of animals to compensate from undernutrition was reported by several 
investigators [7, 4, 20]. Cumulative weight gain during 0-4 weeks was significantly 
affected by SM supplementation only when SM was fed for two weeks and/or when 
birds were fed 6% SM. During the 5-6 week period, weight gain was not significantly 
different among treatment groups. During the 6-7 week period, birds fed 6% SM for 
two weeks showed the lowest (P<.05) weight gain among treatments. A similar trend 
was observed for feed intake during the same period. These results might indicate that 
the duration of feeding the 6% SM diet has a pronounced effect. Cumulative weight 
gain during the 0-7 weeks of age was significantly (P < .05) low only for birds fed 6% 
SM for two weeks. 

Body weight 
Body weight of birds fed 6% SM for two weeks at four and seven weeks of age 

was significantly (P < .05) lower than the control. This might indicate that 
compensatory gain for this group was insufficient to overcome the growth depression 
caused by feeding 6% SM for two weeks. The results of this study are in agreement 
with those reported by Plavink and Hurwitz [4] and Attia el al. [7] who showed that 
final body weight was lower in broilers restricted for two or four weeks than in fully fed 
birds. Plavink and Hurwitz [21] concluded that early feed restriction for more than five 
days reduced body weight at seven weeks of age. The present data suggest that the 
ability of birds to compensate for body weight loss depend on the severity and duration 
of feed restriction and age of the bird. 

Feed conversion 
Although, differences in feed intake during the 0-4 weeks were similar to those 

observed during 0-7 weeks of age, weight gain data were different during the same 
periods resulting in pronounced differences in feed conversion (Tables 2 and 3). 
Although compensatory adjustment was anticipated in birds fed SM, overall feed 
conversion for all birds fed SM diets was inferior (P < .05) to that of the control group. 
The findings of the present experiment support the conclusion of Mollison el al.[22] and 
those of Alsobayel e l al. [6] that feed restriction for short periods caused no 
improvement in the overall feed conversion. Other workers, however, reported that 
early feed restriction showed feed conversion advantages over full fed birds [4, 21]. 
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Table 3. Least squares means for feed intake and conversion for non-sexed ISA Vedette broiler chicks 
during one to seven weeks of age 

Feed intake (glweek) Conversion (gig) 

Weeks of age 
Source 0-1 1-2 2-3 3-4 4-5 5-6 6-7 0-4 0-7 0-4 0-7 

Treatment' NS •• •• •• •• •• •• •• • • •• 
C-O% SM 160 237' 428' 595d< 781 b 929' 965b 1420b 4097b 1.72' 2.10' 

3% SM-wk, 159 234' 506' 689' 851 ' 978' 1041' 1588' 4461' 1.85b' 2.31 b 

3% SM-wk,&3 158 244' 377" 632be 788b 943 be 987b 1411 b 4131" 1.78'b 2.19'b 

6% SM-wk, 158 199' 451 b 614'd 780b 948b 976b 1421 b 4126b 1.81 be 2.19'b 

6% SM-wk,&3 157 221" 355' 648" 760' 898d 877' 1379' 3917' 1.88' 2.22b 

SEM' ±1.0 ± 1.0 ±I . I ±3.1 ± 1.8 ±2.1 ±6.1 ±38 ±12.1 ±0.01 ±0.02 

'C-O% SM, control; 3% SM-wk" diet supplemented with 3% SM during the second week; 3% SM-wk,&3, 
diet supplemented with 3% SM during the second and third weeks; 6% SM-wk" diet supplemented with 6% 
SM during the second week; 6% SM-wk,&3, diet supplemented with 'SEM, pooled standard error of the 
mean. 
6% SM during the second and third weeks. 
,-eMeans within column without common superscript letter are significantly different (P < .05). 
NS, not significant; 'P < .05; "P < .01. 

Carcass composition 
Data for carcass composition obtained at seven weeks of age are presented in Table 

4. Body weight and carcass weight of birds fed the 6% SM for two weeks were 
significantly (P < .05) lower than those of control and other treatments. 

Table 4. Least squares means of body characteristics of male and female ISA Vedette broiler chicks 
slaughtered at seven weeks of age 

Source Carcass weight (g) 

Treatment' •• 
C-O% SM 1463' 

3% SM-wk, 1462' 

3% SM-wk2&3 1433' 

6% SM-wk2 1397'" 

6% SM-wk'&3 1314b 

Sex •• 
Male 1494' 

Female 1333 b 

SEM3 ±12.24 

'Percentage abdominal fatlbody weight. 

Abdominal fat (g) 

NS 

25 .8 

27 .9 

233 

25.8 

23.2 

•• 
21.7' 

28.7b 

±O.99 

AF/BW' (%) 

NS 

125 

1.37 

1.25 

130 

1.23 

•• 
1.06' 

1.50b 

±O.047 

'C-O% SM, control; 3% SM-wk" diet supplemented with 3% SM during the second week; 3% SM-wk,&3, 
diet supplemented with 3% SM during the second and third weeks; 6% SM-wk" diet supplemented with 6% 
SM during the second week; 6% SM-wk'&3' diet supplemented with 6% SM during the second and third 
weeks. 
3SEM, pooled standard error of the mean. 
,.bMeans within a column without common superscript letter (a-b) are significantly di fferent (P < .05). 
NS, not significant; .p < .05; "P < .01. 
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Sex significantly (P < .01) affected carcass weight, abdominal fat, and percent 
abdominal fatlbody weight. Males were heavier (P < .05) and showed less abdominal 
fat than females. Similar findings have been documented previously [6, 23]. 

Abdominal fat and its percentage of body weight were not significantly different 
among groups. This observation supports the finding of Deaton et aJ. [24] who noted 
comparable percentage abdominal fat for broilers weighing 1580 or 2300 g. Similarly, 
Cable and Waldroup [25] reported that feed restriction for six or 12 days had no effect on 
abdominal fat at 49 days. However, Cherry et aJ. [26] found that early feed restriction 
increased abdominal fat deposition in two of four broiler strains studied and decreased in 
the other two strains. Conflicting results of this kind could result from differences in the 
experimental procedure used such as the level and duration of feed restriction, age at 
which feed restriction was imposed, and strain of the bird. The nonsignificant effect of 
feed restriction on abdominal fat, due to SM supplementation, might suggest that the 
level of SM in the starter diets or the duration of feeding SM supplemented diets was 
insufficient to reduce adipocyte proliferation or that if such effect did occur was nillified 
by adipocyte hypertrophy when adequate feed was offered during the realimenation 
period. Cartwright et al. [2] noted that the problem of fat deposition in broilers was 
apparently related to factors that affected adipocyte hypertrophy or body composition 
and not adipocyte hyperplasia. 
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