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Abstract. An experiment was conducted 10 determine the effect of feed restriction using Selicarnia higelovii
Torr meal (SM} on perfermance and abdominal fat deposition in broiler chicks. Duning the first week of age,
alt hirds  wers fed a practical storter diel. Teealments then proceeded os follows: treatment 1, conlinued 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 uge: leatmenl 3, s the control but supplemented with 3% SM during the
second and third weeks of age; treatment 4, as the cantrol 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
nge.  The results of this experiment showed that the inclusion of 3% SM for one week did no significantdy
affect feed intake or weight gain during the 2.3 weeks period compared to the control. |lowever, the inclusion of
6% SM lor one week significuntly reduced leed intoke and weight gnin compared to the control. The: inclusion of
6% SM for two weeks significantly reduced weight gain, Upon release from dicts supplemented with SM for one
or two weeks, no significant differences were noted in weight gan during the 2-3 or 34 weeks period,
respectively. However, these birds gained significantly morc than the control daring the 34 and 4-3 weck periods,
respectively. Cumuldative weight gain and body weight at four and seven wecks of age were sipnificantly fower for
binds led 6% SM for two weeks  Feed conversion was adversely nffected by SM inclusion in the diet and the
cffcct was more pronounced for bird fed 6% SM for two weeks. Carcass weight was significantly lower for birds
fad 6% SM fur two weeks, Abdominal fat and percentage shdominal fat were not affected by SM inclusion in the
tier. Tt was conctoded that SM was effective in reducing feed intake and hence body weight gain and final hody
weighl. However, neither the addition of SM in the diet nor the duration of feed restniction were effective in
rethucing abdominal 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 resulls in increased
deposition of abdominal fat at juvenile ages [1-3]. Problems associated with increased
{at depusition 1n broilers increascd interest in foed restriction programs designed to
reduce both ahdominal and carcass fat [4-7]. Several reporls indicated thal the type of
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diet and fecding program during the first days of kite might influence the net deposition
of fat in broilers [4, 8-10].

Quantitative feed restriction may require extra Iabor or mechanization. Theretore, a
number  of reports suggested that feed restriction could be pructiced 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 lo unnatural compounds as it helps to avoid tissue residuc.

Salicornia higelovii Torr is considered us un oil seed crop tolerant of sea water
irrigation in extreme coastal desert environment [14], Glemn et of. [15] reporied that
Salicornia bigelovii Torr seeds contained 26-33% oil, 30-33% protein. These warkers
reported that the principle product extracted from seeds was an oil rich in linoleic acid.
Salicorniu bigelovii Torr meal (SM) is the by preduct of oil extraction containing 33%
pratein.  SM also conlains an antigrowth factor(s), belicved to be saponins, which
reduces feect intake and depresses growth. Inclusion of SM that contains saponins in
broiler diets at an early age might be a valuuble mean 1o conlrol {eed intake and may
results in reduced abdominal fat.

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

Materials and Mcthods

Three hundred 1-day-old ISA Vedette broiler chicks were wing bunded,
individually weighed and randomly allocated to five dietary treatments. Each treatment
wus represented by three replicates of 20 birds each. Birds were kept in floor pens in an
environmentuily controlled house and temperature  was maintained a1 33 C during the
first week with the temperuture being reduced three C/week until it reached 24 C. Light
was provided continually using incandescent lamps. Duning 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 wecks of age (C-0% SM, control); treatment 2, as the
control  but  supplemented with 3% SM during the 2nd wk of age (3% SM-wk, )
treatment 3, s the control bul supplemented with 3% SM during the 2nd and 3rd wk of
age (3% SM-wk,g,): treatment 4, as the conlro! but supplemented with 6% SM during
the 2nd wk of ape (6% SM-wk,}; treatment 5, us the control but supplemented with 6%
5M during the 2nd and 3rd wk of age (6% SM-wk,g,). SM was supplemented at the
expense of the whole diet. At four weeks of age, all hirds were fed a finisher diet until
the end of the cxperiment (Table 1).

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

Table I. Composition of the basal diets

Ingredient Starter Finisher
,,,,,,,,,,,,,,,,, gk

Ground yellow com 603.0 6575
Soybean meal 3400 2850
Vitamins' and mmeral’ 25.0 250
| imcstone 145 V5.0
Dicsleium phosphale 15.0 15.0
Salt (NaC1) 25 25
Total 1000.0 1000.0

Calculated composition®

Protein, % 22.54 20.34
ME,, keal’kg 2920.00 2067.00
Ether extract, % 277 2.64
Ca, % 0.95 0.94
Availablc phosphorus, % .41 .41

'Provided the following per kg of diet vitamin A, 12,000 11; vitamin Dy, 7,200 1CU; vilamin E, 20 1U;
vilamin B, 2.5 mg; vilumic By, 5 my, vitannn K, 3 og; vitamin B, L5 pg; pyrodoxine, 225 pg;
pantathenie acid, 10 mg; niacin, 35 my; choling chloride, 500 my; lohe acid, L3 mg; bictin, &.I mg;
virginiamyein, 20 mg; ntioxidant, 125 mg

"Provided the following per kg of died: Mn, 90 mg; Cu. 7.5 mg: Zn. 65 mg: Fe, 50 mg; S, 0.1 mg.

"Rused on the Natonal Research Cownend [ 18] lshles uf feed composition.

At seven weeks of age, 24 birds (males and females) per treatment were
selected randomly, slaughtered, and scx 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.
Ahdominal fat was that surrounding the bursa of Tabricus, cloaca and adjacent
ahdominal muscles.

Data were subjected to statistical analysis using the General Linear Models
procedure of SAS® [19] as a completely randomized design.  Variable means for
treatmenls showing signilicunt differences iz the ANOVA were compared using the
Least Squares method.  Percentage dara were rransferred to arc sine prior to analysis;
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however, aclual percenlage data are reported.
Results and Discussion

Data for body weighl and body weight gain are shown in Table 2. Treatment
significantly (P < .01) affected weight gain during all periods except the 5-6 weeks
period. Also, treatmemt significantly (P < .01) affecled body weight at four and seven
wecks of age. Feed intake and feed conversion were also significantly (P < .05 and .01)
affected by treatment throughout the experiment (Table 3).

Table 2. Least square means for welght gain and body welght for non-sexed ESA Vedette broller chlcks
during one to seven weeks of age

Weight gain (g/week) Body welght (g)
Weeks of age
Svurce -1 2-3 34 4-5 56 w7 n-4 0-7 4 7
Treamment! NS 'S % ak N§ Ty T ETY [T [Ty
C-AP SM B 223 366" 339 431 37 8Tt 1vdee BRO™ 2030

3% SM-wk, 79 232* 399* 323 423 375* 866" 1948 917 1998
3% SM-wkye, 79 178® 300%  35TR 430 327 ges™ 1892* BRSSP 1041
6% SM-wlk;, 79 224¢ 377 347 447 3270 7971t 19107 B4R®  1059*
6% 8Mawky, 81 1526 37ER 3T 41 203%  744°  L7ROT 704¢ (RISP

SkM? +1 2 3 14 5 17 15 16 16 +16

0% SM, control; 3% SM-wk,, diet supplemented with 3% SM during the second week; 3% SM-wk s,
diet supplemented with 3% SM during the second and third weeks; 6% SM-wk,, dict supplemented with 6%
SM during the second week; 6% SM-wky,,, diet supplemented with 6% 5M during the second and third
weeks.

*SEM, pooiud stundard ermor of the mean.

*Means within a column witheut common superscript letter are significantly different (P < 05}).

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 these of the control, indicating that the 3% SM level for one
week had no adverse effect on weight pain and feed intake. However, this was not the
case for birds fed the 6% SM dict that diffcred significantly from the contro). During
the 2-3 week period and upon release from diets supplemented with SM, no significant
difterences 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 wr weight  giin occerred 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 fod the 3% SM diet for one week exhibited
significantly (P < .05) highcr body wcight gain relative (o the control. During the 4-3
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 guin during 0-4 weeks was significantly
affccted 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 treaiment groups. During the 6-7 weck 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 diel hus a pronounced effect. Cumulative weight
gain during the -7 weeks of age was significantly (P < .05} low only for birds fed 6%
5M for two weeks.

Body weight

Body weight of birds (ed 6% SM for two weeks at four and seven weeks of age
was significanlly (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 fur (wo weeks. The results of this study are in agreement
with those reported by Plavink and Hurwitz [4] and Attia ef 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 morc than five
days reduced body weight at seven weeks of age. The presem data suggest that the
ability of birds to compensate for hody weight loss depend on the severity and duration
of feed restriction and age of the hird.

Feed conversion

Although, differences in feed intake during the 0-4 wecks were similar Lo those
observed during 0-7 weeks of age, weight gain data werc different during the same
perinds resulting in pronounced differences in feed conversion (lables 2 und 3).
Although compensatory adjustment was anticipated in birds fed $M, overall feed
conversion for all birds fed SM diets was inferior (P < .03) to that of the control group.
The findings of the present experiment support the conclusion of Mollison ef #/.{22] and
those of Alsobayel er al. [6] that feed resmiction for short perieds caused no
improvement in the overall feed conversion. Other workers, however, reported that
early feed restriction showed feed conversion advantages over tull fed birds [4, 21].
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‘I'able 3. Least squares means for feed intake and conversion for non-sexed ISA Vedette broller chicks
during one to seven weeks of age

Feed intake (g/week) Conversion {g/g)
Weeks of age
Source 0-1 1-2 2-3 3-4 4-5 5-6 6-7 0-4 -7 0-4 07
Treatment’ NS - bl had o b s L hd e hid
C-0% SM 160 237 428 598 781" 929 965" 1420° 4097 172 2108

1, SM-wk, 159 234 060 6RO 851 978> 1041%  1588*  4461° 135%™ 2.3
1% SMowkye, 158 244° 3779 632 788 043%  937°  1411* 4131°  178* 219®
6% SM-wk, 158 199¢  451%  pI4 7RO 948°  976*  1421% 4126° 1.BIL™ 2.19%
6% SMewky,, 157 2210 355 648°  760°  BO8Y 877 137U 3N wwe 2220
SEM? £1.0 1.0 &1l 13l L1 121 461 38 +121 4001 +002
WC0% SM, control; 3% SM-wk,, dict supplemented with 3% SM during the second week; 3% SM-wk,a;,
dict supplemented with 3% SM during the second and third weeks; 6% SM-wk;,, dict supplemented with 6%
SM during the second week; 6% SM-wk,gy. diel supplemented with “SEM, pooled standard ervor of the
mcan.
% SM during the second and third weeks.
“cMeans within column without commen superscript letter are significantly different (I < 05).
NS, not significant; *P < .05; **P « 01.

Careass composition

Data for carcass composition obtaincd at seven weeks of age are presented in Table
4. Body weight and carcass weight of bhirds fed the 6% SM for two weeks were
significantly (P < .05) lower than thosc of control and other treatments.

Table 4. Least squares means of body characteristics of male and female 1SA Vedette broller chicks
slaughtered al seven weeks of age

Source Carcass weight (g} Abdominal fat (g) AF/BW! (%)
Treaimenr® " NS NS
C-0% SM 14632 258 1.5
3% SM-wk, 1462* 279 .37
184 SM-wkyy + 1433 233 1.25
6% SM-wk, 1397 2538 1.30
% SM-wk g | 134" 23.2 .23
SEX L 1] *¥ E
Male |494* 217 1.06"
Fernale 1333¢ 28.7" 1.50"
SFM? +12.24 +0.9Y 10,047

Pereentage abdominal fatbody weipht.

0% SM, control; 3% SM-wk,, diet supplemented with 3% SM during the second week; 3% SM-wkpy,
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-wkiz;. diet supplemented with 6% SM during the second and third
weeks

*SEM, pooled standard error of the mean

#Means within i colunm withoul coiomon superseript letter (a-b) are significantly different (P« 05).

NS. not significant; *IP « 05; ** « 0]
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Sex significantly {P < .01} affected carcass weight, ahdominal fat, and percent
abdominal fat'body weight. Males were heavier (F < .05) and showed less abdominal
fat than ferales. Similar findings have heen 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 etul. [24] who noted
comparable percentage abdominal far for hroilers 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 al. [26] found that early feed resiriction
wcreased abdomuinal fat deposition in two of four broiler strains stedied und decreased in
the other two strains. Conflicting results of this kind could result from differences in the
experimental proccdure uscd such as the level and duration of feed resiriction, age at
which feed restriction was imposed, and strain of the bird. The nonsignificant effect of
feed restriction on abdominal fat, duc 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 er al. [2] noted that the problem of fat depositien in broilers was
apparently related to facturs that affecied adipocyte hypertrophy or body composition
and not adipocyte hyperplasia.
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