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Summary

Four hundred and eighty broiler chicks of both sexes were obtained from commercial hatchery 
(Hubbard) and raised on floor pens. All chicks were allowed free access to food from 0 to 7 and 
20 to 56 days of age. At 7 days of age, all broilers were weighed individually, and divided into five 
groups as follows: 1. feed ad libitum as the control; 2. allowed free access to food 3 days and starved 
1 day (3 X 1); 3. allowed free access to food 2 days and starved I day (2 X 1); 4. allowed free
access to food 1 day and starved 1 days (1 x 1) and; 5. allowed free access to food 2 days and
starved 2 days (2 X 2). Broilers were restricted for 12 days (d 7 through 17) of a 56-day trial.
Broilers were fed a commercial starter diet (crude protein 23.8% and ME 3,070 kcal/kg) for 21 days,
and commercial finisher diet (crude protein 20% and ME 3,160 kcal/kg) from 22 to 56 days of age. 
Although there was compensatory growth in some groups, (the 1 X 1 female group, and the 3 X 
1 and 2 x 1 male grous), its level was not sufficient to achieve normal body weight at market age. 
There was sexual dimorphism for accelerated growth as well as differences in the ability to achieve 
a complete compensation of growth to the weight, feed conversion ratio, and body composition of 
ad libitum chicks. Early feed restriction could be used to reduce production cost because of the lower 
fed conversion ratio, mortality rate and the amount of starter diet consumed by broilers. The response 
of chicks to early feed restriction might depend on the degree of feed restriction, the method of feed 
restriction, duration of feed restriction, and sexes.
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Introduction

Various feed restriction methods were used 
in broilers for reducing body fat and/or abdomi
nal fat without loss in performance characteristic 
with better feed efficiency (Plavnik and Hurwitz, 
1985, 1988, 1990, 1991; Santoso et al., 1993; 
Plavnik et al., 1986; Rosebrough et al., 1986). 
Previous observation in our laboratory showed 
that compensatory growth was occurred when 
broilers were fed various feed intake regimes 
(Santoso et al., 1993). However, body fat content 
was reduced only in female chicks fed 55% or 
45% feeding with abdominal fat weight similar 
to the ad libitum chicks. The degree of feed 
restriction, duration, sex and age influence the 
occurrence of compensatory growth (Plavnik and

,Address reprint requests to Dr. K. Tanaka, Depart
ment of Animal Science and Technology, Faculty of 
Agriculture. Gifu University, Gifu 501-11, Japan.

Received April 19, 1993
Accepted July 6, 1993

Hurwitz, 1988).
Restricted chicks could reach body weight 

similar to the ad libitum chicks at 39 days of 
age when chicks were fed free access to feed and 
starved on alternate day for 6 days (Bailey et 
al., 1992). Furthermore, restriction for more than 
6 days improved feed efficiency with no compen
satory growth. Some reports (Washburn and 
Bondari, 1978; Yu et al., 1990) failed to show 
compensatory growth. No compensatory growth 
may be due to the longer period of feed restric
tion (Plavnik et al., 1986) and its severity was 
not sufficient (Wilson and Osbron, 1960). Our 
previous study (Santoso et al., 1993) showed that 
compensatory growth was occurred when broiler 
chicks were feed-restricted for 10 days from 7 
to 17 days of age. However, the use of this 
method in commercial practice may be limited 
bacause it spends much time. Therefore, the 
method applied in this experiment was designed 
to be similar to the previous method in the 
degree of restriction using skip day feeding pro
grams.
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Materials and Methods

Animal and diets
Four hundred and eighty broiler chicks of 

both sexes were obtained from a commercial 
hatchery and raised on floor pens. AH chicks were 
allowed free access to food from 0 to 7 and 20 to 
56 days of age. Water was made available at all 
times. At 7 days of age, all chicks were weighed 
and divided into 5 groups of 48 chicks each as 
follows: i) fed ad libitum as the control; 2) 
allowed free access to food 3 days and starved
1 day (3 X J) (the degree of feed intake was 
assumed 75%); 3) allowed free access to food
2 days and starved 1 day (2 X I) (the degree 
of feed intake was assumed (66%); 4) allowed 
free access to food 1 day and starved 1 days 
(1 X 1) (the degree of feed intake was assumed 
50%); 5) allowed free access to food 2 days and 
starved 2 days (2 X 2) (the degree of feed intake 
was assumed 50%). Birds were restricted for 12 
days (d 7 through 19) of a 56-day trial. Each 
treatment group was represented by one replicate 
floor pen. Body weight was obtained weekly, and 
feed intake was determined daily.

Chicks were fed a commercial starter diet 
(crude protein: 23.8%, crude fat: 5.8%, crude 
fiber: 2.5%, crude ash: 5.3% and Metabolizable 
Energy (ME): 3,070 kcal/kg) for 21 days, and 
commercial finisher diet (crude protein: 20%, 
crude fat: 6.8%, crude fiber: 2.6%, crude ash: 
5.0% and ME: 3,160 kcal/kg) from 22 to 56 days 
of age.

General procedure
At 21 and 56 days of age, eight broilers were 

selected from each treatment group and then 
sacrified one by one by decapitation. The liver 
and abdominal fat were immediately removed 
and weighed. One part of liver of female chicks 
were placed in an ice-cold saline to determine 
the activities of lipogenic enzymes, and another 
part of those livers were frozen and stored at 
—30XJ prior to analysis of various lipid fractions. 
The various lipid fractions were separated by thin 
layer chromatography on silica gel chromarod 
using hexane/diethyl ether/formic acid (85:15: 
0.15) as developing solvent, and quantitated by 
IATROSCAN (Tanaka et al., 1979). At 56 days 
of age, carcasses as previously described (Santoso 
et al., 1993) were also obtained. After the car

casses were cut, carcasses including abdominal fat 
were frozen and stored in a sealed plastic bag 
at —30 °C prior to subsequent analysis. The 
frozen carcasses were minced as previously de
scribed (Santoso et al., 1993). Fat, moisture and 
protein contents of carcasses were determined by 
the method of AOAC (1980).

Preparation of liver homogenates
Livers were homogenized in 0.25 M sucrose 

solution containing 1 mM ethylene diamine tetra 
acetate — Na2 (EDTA- Na2), after which the 
homogenates were centrifuged at 600 g at 4Q 
for 15 minutes. The supernatants were recentri
fuged at 105,000 g at 4°C for 60 minutes and 
the resulting clear supernatants (cytosolic fraction) 
were used for assaying lipogenic enzymes.

Enzyme assay
Acetyl-CoA carboxylase was assayed by H'4 

CO_3-fixation method (Qureshi et al., 1980). Fatty 
acid synthetase was assayed by l-14C-acetyl-CoA 
incorporation method (Hsu et al., 1965). The 
protein content of solutions used for enzyme assay 
was determined by the method of Lowry et al. 
(1951) using albumin as the standard. Enzyme 
activities are expressed as nanomole of substrate 
converted to product per minute per mg protein 
at 37°C.

Statistical analyses
All data were statistically analyzed using the 

one-way or two-way analysis of variance (Yoshida, 
1975). Significant differences between treatment 
were determined by Duncan's multiple range test 
(Duncan, 1955).

Results and Discussion

Effect of early skip day feeding on growth 
performance of broilers are shown in table 1. 
As expected, body weights were lighter in the 
feed-skipped chicks after the end of skip day 
feeding programs. In general, the body weight 
gains were lower during skip day feeding pro
grams in feed-skipped chicks, and during refeeding 
those body weight gains were similar to control 
chicks except for 1 X 1 (in females), 3X1, 
and 2 X 1 (in males) treatment groups which 
exhibited compensatory growth but this compen
satory growth was not sufficient to recover
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TABLE 1. EFFECT OF EARLY SKIP DAY FEE미NG ON PERFORMANCE OF BROILERS

Age Female1 Male1
(days) Control 3 X 1 2 X 1 1 x 1 2X2 Control 3 X 1

................................................ (kg/bird)..................................................
Body weight

7 0.142 0.14 0.14 0.14 0.14 0.14 0.14
14 0.36e 0.33d 0.31c 0.28b 0.21a 0.38e 0.34d
19 0.60e 0.46d 0.43c 0.38b 0.26a 0.65e 0.48d
21 0.69d 0.56c 0.55c 0.48b 0.40a 0.76e 0.60d
28 1.14d 1.00c 0.98c 0.92b 0.78a 1.33e 1.18d
35 1.62d 1.47c. 1.43bc 1.39b 1.25a 1.94e 1.76d
42 2.09c 1.93b 1.90b 1.89b 1.71a 2.55d 2.36c
49 2.57C 2.42b 2.39b 2.38b 2.21a 3.15d 2.99c
56 2.93c 2.78b 2.75b 2.79b 2.57a 3.62d 3.5率서

Body weight gain
7-19 0.46e 0.32d 0.29c 0.24b 0.12a 0.51e 0.34d

20-56 2.3a 2* 2.32a 2.4 lb 0.31a 2.97a 3倔

Age Male1 Pooled Analysis of Variance3
(days) 2 x 1 1 x 1 2X2 SE R S R X S

.................................................. (kg/bird)
Body weight

7 0.14 0.14 0.14 0.002 NS NS NS
14 0.31c 0.29b 0.22a 0.003 <0.01 <0.01 <0.01
19 0.43c 0.40b 0.28a 0.003 <0.01 <0.01 <0.01
21 0.57c 0.50b 0.42a 0.006 <0.01 <0.01 <0.01
28 l.llc 1.02b 0.87a 0.008 <0.01 <0.01 <0.01
35 1.69c 1.59b 1.43a 0.009 <0.01 <0.01 <0.01
42 2.30c 2.21b 2.05a 0.01 <0.01 <0.01 <0.이

49 2.93以 2.83b 2.70a 0.015 <0.01 <0.01 <0.01
56 3.49c 3.3卽 3.25' 0.0J7 <0.01 <0.01 <0.01

Body weight gain
7-19 0.29c 0.26b 0.14a 0.001 <0.01 <0.01 <0.01

20-56 3.06b 2.95a 2.97a 0.003 <0.01 <0.01 <0.01

1 Each treatment group was represented by one replicate floor pen. 3X1= chicks were fed ad libitum for 
3 days and then fasted for 1 day for 12 days (d 7 through d 19). Other groups were done in similar pattern.

2 Values reported represent means for 48 chicks (d 7 through d 21) or 40 chicks (d 22 through d 56). Means 
within a row not followed by the same superscripts are significantly different.

3 Probability of a significant treatment effect; R = restriction, S = sex and R X S = interaction between R 
and S.

their body weights. Consequently, body weights 
of the feed-skipped chicks were lower than those 
of ad libitum chicks at market age. No com
pensatory growth during refeeding was in agree
ment with observation of Washburn and Bondari 
(1978), Yu et al. (1990) and Pinchasov and Jensen 

(1989), but in contrast to the results of Plavnik 
and Hurwitz (1985, 1988, 1990), McMurtry et 
al. (1988) and Santoso et al. (1993). Results of 
the previous study (Santoso et al., 1993) and 
present study showed that common feed restriction 
(the chick was fed certain degree of the control 
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feed intake daily) and skip day feeding have 
different effect on broiler performance and body 
composition. Although feed intake degree of 
feed-skipped chicks (feed intake of feed-skipped 
chicks divided by feed intake of control chicks) 
during feed restriction period was higher in the 
present study, compensatory growth was not 
occurred. Jones and Farrell (1992) stated that 
the success of feed restriction was associated with 
the success in maintaining body weight stasis 
during period of feed restriction in proper period 
of feed restriction. Using skip day feeding, body 
weight was decreased by fasting and then was 
increased by repletion period (Pinchasov et al., 
1985). However, period of feed restriction appear 
to influence the results. In the previous study, 
period of feed restriction was for 10 days, whe
reas in the present study, period of feed starva
tion was for 12 days. Jones and Farrell (1992) 
found that increasing the duration for 2 days 
decreased the ability of the broilers to achieve 
full body weight recovery. This finding suggests 
that factors influencing the occurrence of com
pensatory growth included the methods applied 
to the chicks and periods of feed restriction. The 
observation of Plavnik and Hurwitz (1985) and 
Wilson and Osborn (I960) also suggested that 
compensatory growth was obtained after short 
periods of feed restriction, whereas longer periods 
diminished recovery and might result in delay 
in achieving normal body weight or in a per
manent stunting of animal.

During skip day feeding programs, female 
chicks consumed 650, 527, 484, 375 and 309 g 
for ad libitum, 3 X I, 2 X 1, 1 X 1 and 2 X 
2 treatment group, respectively. Male chicks 
consumed 732, 573, 501, 398 and 320 g for ad 
libitum, 3 X 1, 2 X 1, 1 x 1 and 2x2 treat
ment group, respectively (table 2). The feed- 
skipped female chicks consumed 81.1%, 74.5%, 
57.7% and 47.5% of ad libitum fed chicks for 
3X1, 2X1, 1X1, and 2X2 treatment group, 
respectively. The feed-skipped male chickens 
consumed 78.3%, 68.4%, 54.4% and 43.7% of 
ad libitum fed chicks for 3 X 1, 2 X 1, 1 X 1 
and 2X2 treatment group, respectively; Early 
skip day feeding programs reduced the consump
tion of the starter diets by 15%, 21%, 33% and 
42% for 3 X 1, 2 X 1, 1 X 1 and 2X2 
treatment group (females), and 7.5%, 45%, 32% 
and 51% for 3 x 1, 2 X 1, 1 X 1 and 2x2 

treatment group (males) when compared with 
control. This should have an impact on produc
tion costs because the starter diets are generally 
the most expensive diet for broilers (Fontana et 
al., 1992).

After skip day feeding program ended, the 
feed-skipped chicks could not eat higher than those 
control chicks except for the 3 X 1 male chicks. 
Feed conversion ratio during the experiment 
period was better in the feed-skipped male chicks. 
The calculated improvement in feed conversion 
ratio was 2.2% and 2.7% for females in 1 X 
1 and 2X2 treatment group, respectively and 
4.6%, 8.6%, 5.7% and 5.1% for males in 3 X 
1, 2 X 1, 1 X 1 and 2x2 treatment group, 
respectively. Male chicks were more responsive 
to restriction in an early life in improving feed 
conversion ratio as noted by some investigators 
(for example, Santoso et al., 1993; Plavnik et al., 
1986).

The factors regulating the concurrent growth 
rate of the restricted birds are related in part 
to plasma concentration of certain hormone 
related to growth rate; for example, plasma 
concentration of triiodothyronine (T3) appear to 
be positively related to growth rate (Decuypere 
and Uyse, 1988; McGuinness and Cogburn, 
1990). Newcombe et al. (1992) concluded that 
lower T3 than control chicks during recovery 
period may account for a lack of complete com、 

pensatory growth. Compensatory growth pheno
menon in some groups was accompanied with 
hyperphagia and (the 3 X 1 male chicks) or 
lower feed conversion ratio. These results were 
in agreement with our previous results (Santoso 
et al., 1993). The factors reg니ating feed intake 
are related in part to the anatomical adaptation 
of the gastro-intestinal tract, e.g. its increase in 
weight and in digestive enzyme activity (Pinchasov 
et al., 1985). However, the anatomical adaptation 
of the gastro-intestinal tract might not be suffi
cient to allow the chick consume feed greater 
than control chicks in order to induce compen
satory growth in the present study. Fjeld et al. 
(1989) suggested that protein might be a limiting 
nutrient during recovery period after a period 
of malnutrition. Plavnik and Hurwitz (1989) also 
suggested that essential amino acid requirements 
were higher in order to maximize growth in the 
first few weeks following feed restriction. If it 
is the case, the absence of compensatory growth
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TABLE 2. EFFECT OF EARLY SKIP DAY FEEDING ON FEED INTAKE, FEED CONVERSION RATIOS, AND 니VER 
VOIGHT

Age 
(days)

Female1 Male1
Control 3 X 1 2 X 1 1 X 1 2X2 Control 3 X 1

Feed intake (kg/bird) 
7-19 days of age 0.65 0.53 0.48 0.36 0.31 0.73 0.57

20-56 days of age 4.52 4.36 4.34 4.40 4.08 5.20 5.62
7-56 days of age 5.17 4.89 4.82 4.78 4.39 5.93 5.67

Feed conversion ratio 
8-56 days of age

(feed/gain)
1.86 1.86 1.86 1.82 1.81 1.75 1.67

Liver weight (g/100 g
56 days of age

BW)2
1.8 1.8 1.9 1.8 2.1 1.4 1.4

12 days (d 7 through d 19). Other groups were done in similar pattern.
2 Values reported represent means for 8 chicks. Means within a row not followed by the same superscripts are 

significantly different.
3 Probability of a significant treatment effect; R = restriction, S = sex and R X S = interaction between R 

and S.

Age 
(days)

Male1 Pooled _ 
SE

Analysis of Variance3
2 X 1 1 X 1 2X2 R s R X S

Feed intake (kg/bird)
7-19 days of age 0.50 0.40 0.32

20-56 days of age 4.85 4.90 4.66
7-56 days of age 5.35 5.30 4.98

Feed conversion ratio (feed/gain)
8-56 days of age 1.60 1.65 1.66

Liver weight (g/100 g BW)2
56 days of age 1.6 1.5 1.5 0.05 NS NS NS

1 Each treatment group was represented by one replicate floor pen of 48 chicks (d 7 through d 19) or 40
chicks (d 20 through d 56). 3X1 = chicks were fed ad libitum for 3 days and then fasled for 1 days for

and the limition of protein deposition during the 
recovery period is due to an inadequate supply 
of dietary protein as noted by Yu et al. (1990). 
Also, if it is the case, high protein diet during 
the first few weeks might overcome the problem 
of the absence of compensatory growth. Fur
thermore, high protein diet can be used to reduce 
body fat and abdominal fat weight (Fisher, 
1984).

Effect of early skip day feeding on pen body 
weight and mortality are shown in table 3. In 
the present study, mortality in males were lower 
in feed-skipped chicks. Some proposal were made 
to explain lower mortality in the restricted chicks. 
Bowes et al. (J988) and O'Sullivan et al. (1991) 

stated that the reduce in mortality rate was 
associated with a lower rate of mortality caused 
by Sudden Death Syndrome. Holloszy (1992) 
hypothesized that food restriction decreases 
mortality rate possible by decreased formation 
of toxins and/or carcinogens, and/or decreased 
accumulation of waste products. However, it is 
likely that longer period of starvation and more 
its severity decreased chick viability because of 
the crisis in nutrient intake leading to an im
pairment in metabolic processes.

Higher total pen weights were observed in 
the 3 X 1 or 2 X 1 group of male chickens 
in comparison with ad libitum group at 56 days 
of age. These results showed that although the 
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individual body weights of the 3 X 1 or 2 X 1 
groups were lower than those of control chicks, 
the total quantity of meat produced per pen was 

higher. These can be explained by the significant 
reductions in the rates of mortality observed in 
feed-skipped male chickens.

'Each treatment group was represented by one replicate floor pen of 48 chicks (d 7 through d 19) or 40 
chicks (d 20 through d 56). 3X1= chicks were fed ad libitum for 3 days and then fasted for 1 day for 12 
days (d 7 through d 19). Other groups were done in similar pattern.

2 Pen body weight was calculated by multiplying individual weight and amount of live chicks in pen.
3 Body fat and protein weights were calculated by multiplying those percentage and pen body weights.

TABLE 3. EFFECTS OF EARLY SKIP DAY FEEDING ON VOIGHTS
AND MORTA니TY IN EACH PEN AT 56 DAYS OF AGE

OF BODY, BODY PROTEIN AND BODY FAT

Feeding1
Control 3 X 1 2 X 1 1 x 1 2X2

Body weight (kg)2
Male 119.6 131.1 125.5 117.4 110.5
Female 108.3 105.5 104.6 105.8 97.6

Mortality (bird)
Male 5 1 2 3 4
Female 1 0 0 0 0

Body protein weight (kg)3
Male 19.4 20.8 20.2 19.1 17.3
Female 17.2 15.6 16.0 16.8 15.2

Body fat weight (kg)3
Male 22.6 23.6 22.9 20.2 20.9
Female 22.8 27.0 23.2 23.8 23.0

The effect of early skip day feeding on carcass 
compositions and abdominal fat weight are shown 
in table 4. Body fat content of female chicks was 
increased in the 3 X 1 treatment group (p < 
0.05) or tended to be increased in other treatment 
groups, whereas moisture (p < 0.05) and protein 
contents (p < 0.05) were decreased in 3 X 1 
treatment group. Protein content of males was 
decreased, although it statistically was not sig
nificantly different. Abdominal fat pad weight of 
female chickens were significantly decreased (p < 
0.05) in chicks fed the 2 X 2 treatment group. 

The abdominal fat weight of this group decreased 
by 18.0% compared with control group, however, 
that body weight also reduced by 12.2%.

The effect of early skip day feeding on energy 
intake, carcass energy, energy loss and fat protein 
ratios of carcasses are shown in table 5. The 
3 3 1 treatment group in females had the lowest 
value of energy loss and highest value of fat 
protein ratio.

It is likely that protein synthesis of female 
chicks (especially the 3 X 1 group) was reduced, 
and or chicks used body protein for maintenance 
requirement during skip day feeding; and protein 
recovery during refeeding was not sufficient to 
achieve normal protein content. This finding was 
in agreement with the observation of Santoso 
et al. (1993) but in contrast with the observation 
of Plavnik and Hurwitz (1985, 1988). There was 
also sex dimorphism, especially for the 3 X 1 
treatment group, in response to early skip day 
feeding on body composition. These results and 
our previous results (Santoso et al., 1993) also 
demonstrated that skip day feeding (the present 
study) and restriction-refeeding regimes (previous 
study) had different effect on body protein con
tent of male chicks (skip day feeding reduced 
protein contents whereas restriction-refeeding 
program increased them) and body fat content 
of female chicks (skip day feeding increased body 
fat contents whereas restriction-refeeding regimens
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TABLE 4. EFFECT OF EARLY SKIP DAY FEEDING ON CARCASS COMPOSITION AND ABDOMINAL FAT WEI- 
GHT OF BROILERS AT 56 DAYS OF AGE

Age ______________________Female】_____________________________ ___________ Male】__________

(days)  Control. 3X1  2 X 1 . 1X1 2x2 Control 3 X 1

(g/100 g BW)2

............................................... （낑 .............................................
Moistrue 59.42c 56.0a 59.0盘 58.0abc 56.6b 60.9 61.8
Fat 21.la 25.6b 22.2ab 22.5ab 23.6ab 18.9 18.0
Protein 15.9b 14.7a 15.3ab 15俨 15.5b 16.3 15.9
Abdominal fat 3.9b 4.1b 3.8b 3.7ab 3.2a 3.0 2.6

Age Male* Pooled Analysis of Variance3
(days) 2 X 1 1 X 1 2x2 SE R S R X S

(g/100 g BW)2

................................................................场）..................................................................

Moistrue 61.1 62.2 61.1 0.3 <0.05 <0.05 <0.05
Fat 18.2 17.2 19.0 0.2 <0.05 <0.01 NS
Protein 16.1 16.2 15.6 0.09 <0.05 <0.이 NS
Abdominal fat 3.0 2.7 2.7 0.09 <0.05 <0.05 NS

1 Each treatment group was represented by one replicate floor pen of 48 chicks (d 7 through d 19) or 40 
chicks (d 20 through d 56). 3X1= chicks were fed ad libitum for 3 days and then fasted for 1 days for 
12 days (d 7 through d 19). Other groups were done in similar pattern.

2 Values reported represent means for 8 chicks. Means within a row not followed by the same superscripts are 
significantly different.

3 Probability of a significant treatment effect; R = restriction, S = sex and R X S = interaction between R 
and S.

reduced them). Rosebrough et al. (1986) also 
stated that total starvation resulted in an increase 
in body fat when refeeding occurs; in contrast, 
the restriction-refeeding regime resulted in a 
decrease in body fat during refeeding.

The effect of early skip day feeding on hepatic 
lipogenic enzyme activities and various lipid frac
tion contents in the liver are shown in table 6 
and 7. At 21 or 56 days of age, none of early 
skip day feeding significantly affected hepatic 
acetyl-CoA carboxylase activities, whereas hepatic 
fatty acid synthetase activity at 21 days of age 
was significantly increased (p < 0.01), and at 
56 days of age that activity was decreased in 
1 X 1 treatment group. At 21 days of age, trigly
ceride content was increased (p < 0.01), however, 
at 56 days of age, that content was decreased. 
Phospholipid content was increased (p < 0.05) 
at 21 days of age, however, at 56 days of age, 
that content was not affected. At 21 days of age, 
free cholesterol contents were significantly in

creased (p < 0.01), at 56 days of age, those contents 
were increased by 9.5%, 28.6% and 4.8% for the 
2 X 1, 1 X 1 and 2X2 treatment group, 
respectively.

At 21 days of age, an increase in hepatic 
lipogenic enzyme activities might have contributed 
the raise of triglyceride content in the liver, 
Tanaka et al. (1975) found that lipogenesis was 
decreased by fasting, and then was increased by 
feed realimentation. If lipoprotein formation in 
the liver does not keep pace with the hepatic 
lipogenesis, triglyceride will be accumulated in 
the liver. At 56 days of age, triglyceride content 
was decreased. One of the factors responsible for 
decreasing triglyceride content in the liver might 
be increased transport of triglycerides from the 
liver into the blood. Griffin et al. (1982) stated 
that there is positive correlation between plasma 
triglyceride concentration and body fat. Further
more, in the present study, there was negative 
relationship between triglyceride content in the
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TABLE 5. EFFECT OF EARLY SKIP DAY FEEDING ON ENERGY INTAKE (티) CARCASS ENERGY (CE), 
ENERGY LOSS (EL), ENERGY EFFICIENCY (EE) AND FAT PROTEIN RATIOS (FPR) OF BROILERS 
AT 56 DAYS OF AGE

________________________ Female，_____________________ __ Male'
Control 3 X 1 2 X 1 i X 1 2X2 Control 3 X 1

................................................ (kcal/bird)..................................................

El2 16,043 15,285 16,999 14,985 13.771 18,800 17,799
CE4 7,1753 7,412 6,642 7,220 7,183 8,508 7,913
EL 9,083 8,088 10,5 기 7,980 6,802 10,412 10,006
EE5 45 53 39 48 49 45 45
FPR 13严 1.74b 1册 1.42a 1.52ab 1.16 1.13

(kcal/bird)

Male1 Pooled Analysis of Variance6
2 X 1 I X 1 2X2 SE R S RXS

are significantly different.
4 Carcass Energy = Fat weight of carcass X 9.129 kcal + Protein weight of carcass X 5.5209 kcal (Hakan- 

sson and Svensson, 1984).
5 Energy efficiency = Carcass Energy/Energy Intake X 100%.
6 Probability of a significant treatment effect; R = restriction, S = sex and R X S = interaction between R 

and S,

El2
CE4
EL
EE5
FPR

17,604 
7,922 
9,801

45 
1.13

16,735 15,856
NS

<0.05

NS

<0.05

NS

NS

7,255 7,494 238
9,599 8,482

43 47
1.06 1.21 0.03

1 Each treatment group was represented by one replicate floor j)en of 48 chicks (d 7 through -d 19) or 40
chicks (d 20 through d 56). 3X1= chicks were fed ad libitum 
through d 19). Other groups were done in similar pattern.

2 Energy intake 느 Feed intake X Metabolizable Energy of feed.

for 3 days and then fasted for 1 day (d 7

3 Values reported represent jmeans for 8 chicks. Means within a row not followed by the same superscripts

liver with total body fat (r = —0.74) as noted 
by Santoso et al. (1993). The chicken adipocyte 
has a limited capacity to synthesize fatty acid 
de novo (O'Hea and Leveille, 1969) and most of 
the fat deposited within the adipose tissue must 
be derived from the plasma (Griffin et al., 1982). 
Thus, triglyceride concentration in the liver 
and plasma might also contribute total body fat.

Fasting produces a clear decrease in chick 
liver HMG-CoA reductase activity, the rate-limi
ting enzyme of cholesterol biosynthesis (Ramirez 
et al., 1984). Changes in its activity correlate with 
changes in cholesterogenesis in response to diffe
rent experimental conditions (Dietschy and Brown, 

1974; Rodwell et al., 1976). Thus, an increase 
in cholesterogenesis in the liver during refeeding 
might partly explain the raise of hepatic chole
sterol content.

The present results confirmed our previous 
resxilts (Santoso et al., 1993) pertaining factors 
contributing body fat content. The response of 
chicks to early feed restriction might depend on 
the degree of feed restriction, the method of feed 
restriction, duration of feed restriction and sex. 
Early feed restriction could be used to reduce 
production cost because of the lower feed 
conversion ratio, mortality rate and the amount 
of starter diet consumed by broiler chicks.
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TABLE 6. EFFECT OF EARLY SKIP DAY FEEDING ON ACETYL-CoA CARBOXYLASE (ACC) AND FATTY A이D 
SYNTHETASE (FAS) ACTR/ITIES OF FEMALE BROILERS

Feeding1 Pooled 八,Q

3x1= chicks were fed ad libitum for 3 days and then fasted for 1 day for 12 days (d 7 through d 19). 
Other groups were done in similar pattern.

2 Values reported represent means for 8 chicks. Means within a row not followed by the same superscripts are 
significantly different.

3 Probability of a significant treatment effect.

------------ ---------------------------- --------------- -------------------Prob，
Contr이 3 X 1 2 X 1 1X1 2x2 SE

............................................(nmol/min/mg protein/ ..............................................
Acetyl-CoA carboxylase

21 days of age 1.32 3 1.5 1.3 1.5 1.4 0.07 NS
56 days of age 0.7 0.6 0.6 0.7 0.6 0.04 NS

Fatty acid synthetase
21 days of age 3.7a 4.6b 4.7b 5.2b 5.4b 0.12 <0.01
56 days of age 2.3ab 2.5b 24> 1.9a 2.0a 0.07 <0.05

1 3 X 1 = chicks were fed ad libitum for 3 days 지】d then fasted for 1 day for 12 days (d 7 through d 19). 
Other groups were done in similar pattern.

2 Values reported represent means For 8 chicks. Means within a row not followed by the same superscripts are 
significantly different.

3 Probability of a significant treatment effect.
4 Enzymes activities are expressed as nanomole of substrate converted to product per minute per mg protein 

at 37*0.

TABLE 7. EFFECTS OF EARLY SKIP DAY FEEDING ON VARIOUS 니PID FRACTIONS CONTENTS OF THE 니VER 
IN FEMALE BROILERS

_____________________ Feeding】_____________________________ Pooled
Control 3 X 1 2 X 1 1 X 1 2X2 SE

21 days of age 
Cholesterol ester 
Triglyceride 
Free cholesterol 
Phospholipid

56 days of age 
Cholesterol ester 
Triglyceride
Free cholesterol 
Phospholipid

28
 o.
,2a
,4a
.7a

3.1

0.

2
 

2

a
b
b
 

7

.9J
 
4
 

0.
3.z
 
z

2
 

2

a
b
b

7
 Q, 
-q

.7 

0.2
 2

6.

2
 

2

b 
b 
b

7
 9
 3
 
4
 

o.z
 
Z

9.

3
 

2

e
b
b
 

7

.73
 Q" 

0.06 
Z

9.

3
 

2

.7J
.
2

.3

0.6

2.
9.

1
 

2

0.02 NS
0.5 <0.01
0.2 <0.01
0.7 <0.05

0.02 NS
1.60 <0.01
0.34 NS
0.7 NS
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