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An experiment was conducted in a completely randomized design to study the effect of physical feed
restriction on broilers’ performance during the starter period. Two hundred and forty one-day-old
unsexed (Hubbard) broiler chicks were randomly distributed in six treatments; there were five replicates
with eight chicks per a replicate. Treatment A: fed ad libitum (control). Restricted groups were
restricted at selected percentages of the ad libitum intake of the full fed controls. The percentages
were: B= 90%, C= 80%, D= 70%, E= 60% and F= 50%. Feed restriction was applied from 8-28 days of
age. The experiment lasted for six weeks. Control birds showed significantly (p<0.05) higher body
weight and carcass cuts weight than restricted ones. Feed conversion ratio was not affected by feed
restriction regimen applied in the present study. Restricted birds failed to compensate for the loss in

weight due to prolonged feed restriction period.
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INTRODUCTION

Eating to full gut capacity was believed to guarantee
maximum weight gain during the rearing period. So, to
achieve this goal, management practices concerning
broiler nutrition and welfare are thus established (NRC,
1994). Broilers also were genetically selected to gain
more weight in shorter time with better feed conversion.
These broiler strains are characterized by fast growth
rates ((Netshipale et al., 2012) and over-consumption of
feed (Mirshamsollahi, 2013). This led to increased
mortality and culls due to ascites and skeletal
abnormalities (Yagoub and Babiker, 2008; Tumova et al.,
2002; Netshipale et al.,, 2012) and increased fat
deposition (Yu and Robinson, 1992). As a result,
management practices concerning feed and feeding have
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been changed to reduce the bad effects resulting from ad
libitum feeding. Such practices aim to reduce the early
growth rate of these modern strains. These practices
include changing feed quantity and quality. Researches
applied different early feed restriction programs to reduce
growth rate. These programs may result in synchronizing
the speed of growth of different body organs and
decrease bad effects of rapid growth (Balog et al., 2000;
Ozkan et al, 2006; Leeson and Summers, 2009),
improve the efficiency of feed utilization and weight gain
(Mahmood et al., 2007) and decrease the feed cost
(Tolkamp et al., 2005; Zhan et al., 2007; Yang et al.,
2009; Sahraei, 2012). Feed restriction means feeding
chicks with a diet that does not meet the nutritional
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Table 1.Composition of the experimental diets (%).

Ingredients (%)

Sorghum
Groundnut cake
Super concentrate
Lime stone

Lysine

Methionine

Tallow

Anti mycotoxin
Salt

Total

Starter Finisher
67.5 71.65
25 20

5 5

1.7 1
0.15 Not added
0.2 Not added
0.2 2

0 0.1
0.25 0.25
100 100

Reference: calculations were based on The Nutrient Composition of

Sudanese Animal Feeds (1999).

requirements for normal growth. It is achieved by limiting
feeding time, or reducing amount of feed offered to the
birds or changing the quality of feed by reducing protein
or energy or both. Early feed restriction depends on
compensatory growth phenomenon (Leeson and Zubair,
1996) in which restricted birds compensate for the weight
loss during restriction period when feed restriction is over.
The objective of the present study is to evaluate how six
levels of physical feed restriction during the starter period
influence broiler chicks’ performance.

MATERIALS AND METHODS
Experimental birds

Two hundred and forty 1-day-old (Hubbard) broiler chicks were
tested for performance in this experiment. The birds were reared as
one group for one week (adaptation period). At day 8 of their age,
these chicks were weighed and distributed amongst cages so that
the mean body weight in each cage and their variations were nearly
identical. Then they were allotted randomly to six treatment groups
such that each treatment received five replicates with eight chicks
per a replicate. Each replicate was kept in a separate pen
measuring 1 x 1 m? The chicks in group A were fed ad libitum and
served as control. The birds in groups B, C, D, E and F were kept
on a feed restriction program from 8-28 days. The chicks were
restricted at selected percentages of the ad libitum intake of the full
fed controls. The birds were kept under similar management
conditions like space, light, and vaccination in an open-sided
poultry house up to the age of six weeks. Fresh and clean water
was available ad libitum during the experimental period. The
experiment was carried out at the Animal Production Research
Center, Khartoum North, Sudan.

Restriction program

Broiler chicks were restricted at selected percentages of the ad
libitum intake of the previous 24 h feed consumption of full fed
controls ( X% multiplied by amount of feed intake of controls at the
previous 24 h); (A) ad libitum feeding; (B) 90% of ad libitum; (C)
80% of ad libitum; (D) 70% of ad libitum; (E) 60% of ad libitum; (F)
50% of ad libitum. The amount of feed is daily calculated and

offered to the chicks. At the end of the week the left overs are
weighted and feed intake is calculated.

Experimental diets

All birds received the same pre-starter diet to 7-days of age. They
received the starter diets to 28 days old, and the finisher diet from
29 to 42 days old (Tables 1 and 2). All diets were formulated to
meet the nutrient requirements per NRC (1994) with sorghum and
groundnut cake.

Data collection

Feed intake, body weight, weight gain were recorded weekly. Then,
feed conversion ratio is calculated for all treatments. The data were
collected in group basis. At day 42 after feed was withheld for 12 h,
ten birds from each treatment were selected for carcass and
carcass cut weights.

Statistical analysis

In this experiment, birds were assigned to the six dietary treatment
groups following a completely randomized design (CRD). The
experimental units were replicate cage means. All data were
analyzed using the One- Way ANOVA procedure for analysis of
variance. Significant differences among treatments were identified
at 5% level by Duncan's Multiple Range Tests (1955).

RESULTS

Effect of physical feed restriction during 8-14 days-
old

The results of the effect of physical feed restriction on
performance during 8-14 days old are presented in
Tables 2 and 3. The results showed that full fed birds had
significantly higher (p<0.05) body weight, weight gain and
feed intake than restricted ones. Among restricted birds,
90% fed birds consumed more feed and gained more
weight (p<0.05) than the other restricted groups. Feed
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Table 2. Calculated nutrients and determined analysis of the experimental diets.

Ingredients Starter Finisher
ME (kcal/kg) 2951 3121
Crude protein (%) 23 21
Crude fiber (%) 4.4 4.01
Ether extract (%) 3.81 5.54
Methionine (%) 0.54 0.59
Lysine (%) 1.27 1.01
Ca (%) 1.34 1.10
Available phosphorus (%) 0.55 0.53
Determined analysis

ME (kcal/kg) 3086 2995
Dry matter (%) 94.10 92.20
Ash (%) 8.93 5.01
Crude protein (%) 21.92 16.81
Ether extract (%) 3.2 3.8
Crude fiber (%) 4.4 4.00

Composition of the super concentrate: ME =2300 kcal/ kg, CP =37%, EE = 4.5%,

CF =7.5%, Ca=6.0, P=6.5, Lysine=11.0, Methionine =4.2.

restriction regimes used in the present study had no
effect on feed conversion ratio except for 60% fed birds
which showed the poorest feed conversion ratio (p<0.05).

Effect of physical feed restriction during 15-21 days-
old

The results of the effect of physical feed restriction on
performance during 15-21 days old are presented in
Tables 2 and 3. Control birds showed significantly higher
(p<0.05) body weight than restricted ones. Comparing
restricted birds, the differences in body weight were
significant (p<0.05) and the 90% fed birds were the
heaviest. During this week, the differences in weight gain
and feed intake of control and 90% fed birds were not
significant. The effect of feed restriction on feed
conversion ratio was not significant (p<0.05) between full
fed and restricted birds and amongst the restricted ones.

Effect of physical feed restriction during 22-28 days-
old

The results of the effect of physical feed restriction on
performance during 22-28 days old are presented in
Tables 2 and 3. At 28 days- old (the end of the restriction
period), there were no significant differences in body
weight between full fed and restricted birds (p<0.05).
There was no significant difference (p<0.05) in weight
gain between full fed and 90%, 70% and 60% fed birds.
Control birds consumed significantly (p<0.05) more feed

than restricted birds. The best feed conversion ratio was
shown by 90% fed birds. There were no significant
differences in feed conversion ratio among full fed, 80
and 60% fed birds.

Effect of physical feed restriction on carcass and cut
weights

The results of the effect of physical feed restriction on
carcass and cuts weights are presented in Table 4. The
differences in carcass weight, breast, drumstick and
wings weight between full fed and restricted birds were
significant (p<0.05). Restricted birds showed different
breast, drumstick and wing weights.

Effect of physical feed restriction on overall

performance (8-42 day old)

The results of the effect of feed restriction on
performance during 8-42 days old are presented in Table
5. Different feed restriction regimes used in this study
resulted in significantly (p<0.05) lighter body weight of
restricted birds than full fed ones. Among restricted birds,
90 and 80% fed birds showed the same weight (p<0.05).
Full fed birds gained significantly (p<0.05) more weight
than restricted birds, but the difference in weight gain
among restricted birds was not significant. Full fed and
90% fed birds consumed the same (p<0.05) amount of
feed. There were no significant differences in feed intake
among 80, 70 and 60% fed birds. The group fed 50% diet
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Table 3. Effect of feed restriction on body weight and weight gain (g).

Treatment

Parameter
A

B C DE

F

Bird age (days)

8-14 337.5+15.31%
15-21 650.25+31.87%
22-28 611.8+464.1

Bird age (days)

Body weight (g/b)
205.0+11.18" 241.25+33.54°
431.5+25.39% 459.25+50.25°
745.00+38.78 796.2+59.29

244.0+25.08"
530.25+45.98°
882.8+61.28

Weight gain (g/b)
103.75+33.54°

202.5+9.48"
361.5+22.03e
675.00+15.98

165.0+78.76°
403.75+25.62%
724.00+£34.52

65.0+9.48°

8- 14 200.0+15.31% 114.0+14.24° 67.5+11.18° 67.5+14.25°
15- 21 312.75+23.39° 286.25+42.4° 226.5+20.34° 218.0+29.43" 198.8+14.18° 159.0+18.08°
22-28 333.6+16.29%° 352.6+41.37% 313.8+15.99" 337.00+20.29% 320.2+35.49% 313.8+14.69"

Means within a row with different super scripts differ significantly (p<0.05). Feed conversion ratio (gram feed intake/gram weight gain). A= 100%, B=90%,
C=80%, D=70%, E=60%, F= 50%. Values are means * Standard deviation.

Table 4. Effect of feed restriction on feed intake and feed conversion ratio (g).

Treatment

Parameter
A

B C D

E F

Bird age (days)

8- 14 308.95+29.25%
15-21 577.0+63.7%
22-28 603.2+35.55%

Bird age (days)

Feed intake (g/b)
129.5+23.48° 177.68+14.72
460.42+38.95" 426.29+76.81
541.8+23.27" 548.4+19.86"

204.80+17.58" b

577.96+138.1°
542.6+37.58"

b

Feed conversion ratio (g/b)

141.85+23.56°  123.27+20.09°
408.78+86.37" 296.6+20.84°
536.2+29.92" 519.8+17.40°

8- 14 1.55+0.14° 1.76+0.06" 1.92+0.19% 1.85+0.51%° 2.14+0.37% 1.9+0.17*
15- 21 1.86+0.11 2.00+0.29 2.02+0.11 1.95+0.19 2.05+0.39 2.05+0.11
22-28 1.81+0.09° 1.55+0.15° 1.73+0.05% 1.63+0.10™ 1.69+0.14%" 1.66+0.07™

Means within a row with different super scripts differ significantly (p<0.05). Feed conversion ratio (gram feed intake/gram weight gain). A= 100%,
B=90%, C=80%, D=70%, E=60%, F= 50%. Values are means * Standard deviation.

consumed the lowest amount of feed. There were
no significant (p<0.05) differences in feed
conversion ratio between control and the other
restricted groups except 50% fed group which had
the poorest performance.

DISCUSSION
Performance at 14 days- old

At this early age, restricted birds' performance

was inferior to control birds. That might be due to
the inability of the young birds to adapt to feed
restriction. This inability of adaptation was evident
in the performance of birds subjected to severe
(60% and 50%) and mild (80%) levels of restriction.



Table 5. Effect of physical feed restriction on carcass weight (g).
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Thigh

Drumstick

Wings

Treatment Carcass Breast

A 1310.000+60.21% 390.70+27.03%
B 1130.000+71.59" 306.60+33.25"
c 1087.600+81.13" 323.00+13.22°
D 1090.000+195.74° 279.75+16.80h°
E 1045.000+54.20° 276.80+27.98h°
F 1077.000+31.84° 233.0056.47°

198.40+16.29°
206.20+9.88°
192.50+52.56%°
194.50+15.42%°
164.80+7.53°
178.00+5.00%°

189.20+26.34%
153.20+12.05"°
148.00+4.08™
126.00+4.76°
160.20+13.44°
137.40+8.17%

147.8045.76°
134.60+10.97°
135.25+2.06"
113.50+6.14°
126.00+8.94°
124.20+4.60"

5

Means within a column with different super scripts differ significantly (p<0.05), A= 100%, B=90%, C=80%, D=70%, E=60%, F= 50%,

Values are means * Standard deviation.

Restricted birds had significantly (p<0.05) lower body
weight than full fed ones. This result agrees with the
findings of Mohebodini et al. (2009). The results of the
present study showed that full fed birds gained higher
weight than restricted ones. This result agrees with what
reported by Jang et al. (2009) and Acheampong-Boateng
et al. (2012). Reduced feed intake of restricted birds
agrees with the findings of Santoso (2002) who found
that feed intake was lower during feed restriction. It also
follows the findings of Leeson et al. (1999), Jang et al.
(2009), Mohebodini et al. (2009), Toghyani et al. (2014)
and Dissanayake and David (2017). It seemed that
longer duration and more severe feed restriction would
significantly reduce feed intake (Santoso, 2002). That is
clear in feed consumed by 90% fed birds in comparison
to the restricted birds except for 80% fed ones. The
reduced feed intake of restricted birds in this study does
not follow the findings of Acheampong-Boateng et al.
(2012). The results of the effect of feed restriction on
feed conversion ratio in this study showed no effect of
feed restriction on the ability of restricted birds to utilize
nutrients at this age. This result does not follow the
findings of Shariatmadari and Hosseni (2001) who found
that the feed conversion efficiency of the birds subjected
to early feed restriction was better than the control group.
The results also do not follow the findings of Urdaneta-
Rincon and Leeson (2002), but agrees with Lippens et al.
(2000) and Yussefi et al. (2001) and Jang et al. (2009)
who found that feed restriction did not affect feed
conversion ratio.

Performance at 21 days- old

The results of the present study showed higher body
weight and weight gain of control birds in comparison to
restricted birds. The increased severity of feed restriction
caused lower body weight. This result agrees with the
findings of Mohebodini et al. (2009) and Vargas et al.
(1999) who reported that the body weight and weight gain
reduced in higher levels of feed restriction. Santoso
(2002) reported that the level of feed restriction
significantly influenced the body weight. This result

agrees with the findings of Jalal and Zakaria (2012) who
found that ad libitum fed birds showed higher body weight
and gained more weight than the restricted groups. El-
Moniary et al. (2010) got different results. They found that
70% of fed birds had higher body weight and gained
more weight than full fed birds at 21 days old. The
present study showed that at 21 days old, 90% fed chicks
consumed more feed than the control and other restricted
groups, while other restricted groups consumed lesser
guantities than full fed birds. This agrees with Santoso
(2002), Mohebodini et al. (2009) and Acheampong-
Boateng et al. (2012) who found that feed intake of
restricted birds was lower during feed restriction.
Dissanayake and David (2017) also reported that feed
intake deceased with the severity of feed restriction. The
effect of feed restriction on feed conversion ratio was not
significant (p<0.05) between full fed and restricted birds.
Full-fed and 90% fed birds had superior feed conversion
ratio, which indicates a good ability of these birds to
utilize nutrients. This result agrees with the findings of El-
Moniary et al. (2010).

Performance at 28 days old (the end of restriction
period)

Even though there were no significant differences in body
weight between full fed and restricted birds (p<0.05),
restricted birds showed higher body weight than control
ones. This result does not agree with Butzen et al. (2013)
who found lower body weight of restricted birds at the
end of the restriction period. The results of Jang et al.
(2009), Mohebodini et al. (2009) and Acheampong-
Boateng et al. (2012) go in the same line with the present
study. Feed intake of restricted birds was significantly
(p<0.05) lower than that of full fed birds. This result
agrees with Leeson et al. (1999), Santoso (2002) and
Dissanayake and David (2017) but disagrees with
Leeson et al. (1991) and Mahmood and Mehmood (2007)
who reported that restricted birds consume more feed
than full fed birds. The results of the present study also
do not follow the findings of Lippens et al. (2000) who
found no significant difference in feed intake between
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Table 6. Effect of physical feed restriction on overall performance (8-42 day old) (g).

Treatment Body weight Weight gain Feed intake *FCR

A 1725.00+106.07% 1588.00+106.13% 2943.40+159.19% 1.85600+0.09%°
B 1585.00+96.18" 1454.60+96.76" 2851.40+191.50% 1.96600+0.16%
c 1525.00+107.53° 1388.00+107.53° 2554.00+162.47° 1.84800+0.15%°
D 1378.00+101.16° 1335.20+77.31° 2676.20+96.85 2. 00800+0.11%
E 1474.00+57.60° 1337.00+57.60° 2595.00+114.98° 1.94200+0.09%
F 1485.00+60.21"° 1348.00+60.21° 2335.20+123.90° 1.73200+0.04°

Means within a column with different super scripts differ significantly (p<0.05), FCR= feed conversion ratio (gram feed intake/gram
weight gain), A= 100%, B=90%, C=80%, D=70%, E=60%, F= 50%,Values are means + Standard deviation.

restricted and full-fed birds. The significant difference in
feed intake combined with the same body weight of full
fed and restricted birds reflects the improvement of feed
conversion ratio of restricted birds due to restriction
regime used in the present study. Similar results were
reported by Vargas et al. (1999), Urdaneta-Rincon and
Leeson (2002), Saleh et al. (2005), Ozkan et al. (2006)
and Yagoub and Babiker (2008).

Carcass and cuts weight

Feed restriction procedure applied in this study clearly
affected carcass and cuts weight (Table 4). Full-fed birds
had the heaviest carcass and cuts weight. This result
agrees with Vargas et al. (1999), Lippens et al. (2000),
Urdaneta-Rincon and Leeson (2002) and Mohebodini et
al. (2009), who found that carcass and cuts weight were
depressed by feed restriction. Different results have been
reported by Jalal and Zakaria (2012). They reported no
significant differences were observed in carcass yield.
Mirshamsollah (2013) found that feed restriction did not
affect carcass cuts weight. Jahanpour et al. (2015) found
that feed restriction did not affect breast weight. Tumova
et al. (2002) and Jahanpour et al. (2015) found increased
carcass weights of restricted birds compared to the
control ones.

Overall performance

The results of the present study showed that restricted
birds do not compensate for the loss in body weight
(Tables 5 and 6). This result agrees with Fontana et al.
(1992) who reported that broilers subjected to early feed
restriction commencing at 4 days of age had significantly
lower mean final body weight than control for all
durations. The result of the present study also follows the
findings of Santoso et al. (1995) who reported that
restricted birds at 50% had lower body weight than
control ones at 56 days old, Ramlah et al. (1996) who
concluded no compensatory gain in restricted groups
when providing 75% or restricted to 50% and Lanhui et

al. (2011) who reported that feed restriction for 70 and/or
80% decreased body weight significantly compared to full
fed birds. Jang et al. (2009) reported the same result
after 85 and 70% physical feed restriction at 35 days old.
The significant (p<0.05) difference in body weight
between full fed and restricted birds reflected that the
restriction was severe enough, that it did not allow for
complete recovery at 42 days of age. This result
indicated no compensatory growth occurred at this age.
Past studies showed complete compensatory growth at
42 days of age after one week of feed restriction. Zubair
and Leeson (1996) found complete compensatory growth
when 50% was used, while Kumar et al. (1997) used
60%. Lippens et al. (2002) found that compensatory
growth was substantial at 42 days old when 80% physical
feed restriction was used.

Deaton (1995) applied 90, 80 and 60% levels and
found complete compensatory growth at 41 days old.
Bally et al. (1992) found that complete compensatory
growth can be achieved in just 39 days after 6 days of
feed restriction during the first 18 days of age. Many
authors reported complete compensatory growth after
longer re-feeding periods. Jones and Farrell (1992)
reported that restricted birds showed body weight
equivalent to that of control ones at 48 days old, Plavnik
and Balnave (1992) at 47 days, Santoso et al. (1995) at
56 days, Attia et al. (1998) at 49 days, Santoso (2002) at
56 days, and Ozkan et al. (2006) at 56 days old.

According to study of Zubair and Leeson (1996), most
weight loss during early feed restriction in birds can be
normally compensated by 20 to 25 days of the re-feeding
period. This indicates that mild feed restriction followed
by long re-feeding period (6 weeks) allows restricted
birds to compensate for the loss in body weight. That
may be the reason for the failure of restricted birds in the
present study to compensate for the loss in body weight.
The results of this study showed significant differences
(p>0.05) in weight gain, feed intake and feed conversion
ratio between full fed and restricted birds. Comparing
restricted birds, 80, 70, 60 and 50% fed birds consumed
lesser amounts of feed but gained significantly (p>0.05)
same weight. This indicated improvement in feed
conversion ratio.



Conclusion

Early feed restriction depends on compensatory growth
phenomena, in which restricted animals compensate for
the weight loss during restriction period when feed
restriction is over depending on duration of feed
restriction and age of restriction. According to the study of
Zubair and Leeson (1996), most weight loss during early
feed restriction in birds can be normally compensated by
20 to 25 d of the re-alimentation period. The severity and
prolonged period of feed restriction as well as the short
re-feeding period (13 days) caused the restricted birds
not to recover the loss of body weight due to feed
restriction. It could be concluded that the severity and
duration of feed restriction program applied in this study
required a longer re-feeding period to allow complete
compensatory growth.

CONFLICT OF INTERESTS

The author has not declared any conflict of interests.

REFERENCES

Acheampong-Boateng O, Benyi K, Norris D, Maake MS (2012).Effects
of feed withdrawal periods of different durations on the growth
performance of male Hybro broiler chickens. African Journal of
Agricultural Research 7(29):4140-4144.

Attia FM, Alsobayel AA, Aldabiby AAS (1998). The effect of feed
restriction on performance and abdominal fat content of broilers.
JKSU Agricultural Science 10:19-31.

Bally M, Dunnington EA, Gross WB, Siegel PB (1992). Restricted
feeding and broiler performance: Age at initiation and length of
restriction. Poultry Science 71(3):440-447.

Balog JM, Anthony NB, Cooper MA, Kidd BD, Huff GR, Huff WE, Rath
NC (2000). Ascites syndrome and related pathologies in feed
restricted broilers raised in a hypobaric chamber. Poultry Science
79(3):318-323.

Butzen FM, Ribeiro AM, Vieira MM, Kessler AM, Dadalt JC, Della MP
(2013). Early feed restriction in broilers. I-Performance, body fraction
weights, and meat quality. Journal of Applied Poultry Research
22(2):251-259.

Deaton JW (1995). The effect of early feed restriction on broiler
performance. Poultry Science 74:1280-1286.

Dissanayake DM, David LS (2017). Effects of quantitative feed
restriction on the performance of broiler chickens. AGRIEAST:
Journal of Agricultural Science 11(1).

El-Moniary MM, Hemid AA, El-Wardany |, Gehad AE, Gouda A (2010).
The effect of early age heat conditioning and some feeding programs
for heat-stressed broiler chicks on: 1-Productive performance. World
Journal of Agricultural Science 6(6):689-695.

Fontana EA, Weaver Jr WD, Watkins BA, Denbow DM (1992). Effect of
early feed restriction on growth, feed conversion, and mortality in
broiler chickens. Poultry Science 71(8):1296-1305.

Jahanpour H, Seidavi A, Qotbi AA, Van Den Hoven R, Rocha e Silva S,
Laudadio V, Tufarelli V (2015). Effects of the level and duration of
feeding restriction on carcass components of broilers. Archives of
Animal Breeding 58(1):99-105.

Jalal MA, Zakaria HA (2012). The effect of quantitative feed restriction
during the starter period on compensatory growth and carcass
characteristics of broiler chickens. Pakistan Journal of Nutrition
11(9):719.

Jang IS, Kang SY, Ko YH, Moon YS, Sohn S (2009). Effect of
qualitative and quantitative feed restriction on growth performance

Alkhair 7

and immune function in broiler chickens. Asian-Australian Journal of
Animal Science 22(3):388-395.

Jones GPD, Farrell DJ (1992). Early-life food restriction of broiler
chickens i. methods of application, amino acid supplementation and
the age at which restrictions should commence. British Poultry
Science 33(3):579-587.

Kumar U, Mathur MC, Taparia AL, Jain LS (1997). Effect of diet dilution
on compensatory growth and carcass traits of broilers. Indian Journal
of Poultry Science 32(3):230-235.

Lanhui L, Zhao G, Ren Z, Duan L, Zheng H, Wang J, He Y (2011).
Effects of early feed restriction programs on production performance
and hormone level in plasma of broiler chickens. Frontiers of
Agriculture in China 5(1):94-101.

Leeson S, Caston LJ, Summers JD, Lee KH (1999). Performance of
male broilers to 70 days when fed diets of varying nutrient density as
mash or pellets. Journal of Applied Poultry Research 8(4):452-464.

Leeson S, Summers JD, Caston LJ (1991). Diet dilution and
compensatory growth in broilers. Poultry Science 70(4):867-873.

Leeson S, Summers JD (2009). Commercial poultry nutrition.
Nottingham University Press.

Lippens M, Room G, De Groote G, Decuypere E (2000). Early and
temporary quantitative food restriction of broiler chickens. 1. Effects
on performance characteristics, mortality and meat quality. British
Poultry Science 41(3):343-354.

Mahmood S, Hassan S, Ahmed F, Ashraf M, Alam M, Muzaffar A
(2005). Influence of feed withdrawal for different durations on
performance of broilers in summer. International Journal of
Agriculture and Biology 7:975-978.

Mahmood S, Mehmood S, Ahmad F, Masood A, Kausar R (2007).
Effects of feed restricion Mahmud during starter phase on
subsequent growth performance, dressing percentage, relative organ
weights and immune response of broilers. Pakistan Veterinary
Journal 27(3):137.

Mirshamsollahi A (2013). Effect of different food restriction on
performance and carcass characteristics of Arian and Ross broiler
chicks. International Journal of Agriculture 3(3):495.

Mohebodini H, Dastar B, Sharg MS, Zerehdaran S (2009). The
comparison of early feed restriction and meal feeding on
performance, carcass characteristics and blood constituents of broiler
chickens. Journal of Animal Veterinary Advances 8(10):2069-2074.

NRC (1994). Nutrient Requirements of Poultry. 8th ed. National
Academy Press, Washington, DC.
https://www.nap.edu/read/2114/chapter/4

Netshipale AJ, Benyi K, Baloyi JJ, Mahlako KT, Mutavhatsindi TF
(2012). Responses of two broiler chicken strains to early-age skip-a-
day feed restriction in a semi-arid subtropical environment. African
Journal of Agricultural Research (48):6523-6529.

Ozkan S, Plavnik I, Yahav S (2006). Effects of early feed restriction on
performance and ascites development in broiler chickens
subsequently raised at low ambient temperature. Journal of Applied
Poultry Research 15(1):9-19.

Plavnik I, Balnave D (1992). Responses of different strains of Australian
broiler chickens to feed restriction at an early age. Australian Journal
of Agricultural Research 43(6):1253-1258.

Ramlah AH, Halim AS, Siti Sara AR (1996). Effects of early feed
restriction on the performance of 16broilers. Asian-Australian Journal
of Animal Science 22(1252): 63-67.

Sahraei M (2012). Feed restriction in broiler chickens production.
Biotechnolgy and Animal Husbandry 28(2):333-352.

Saleh EA, Watkins SE, Waldroup AL, Waldroup PW (2005). Effects of
early quantitative feed restriction on live performance and carcass
composition of male broilers grown for further processing. Journal of
Applied Poultry Research 14(1):87-93.

Santoso U, Tanaka K, Ohtani S (1995). Early skip-a-day feeding of
female broiler chicks fed high-protein re-alimentation diets.
Performance and body composition. Poultry Science 74(3):494-501.

Santoso U (2002). Effects of early feed restriction on the occurrence of
compensatory growth, feed conversion efficiency, leg abnormality
and mortality in unsexed broiler chickens reared in cages. Asian-
Australian Journal of Animal Science 15(9):1319-1325.

Shariatmadari F, Hosseni SH (2001). Effect of time of feed restriction on
the performance of broiler chickens. British Poultry Science 42:5S106.



8 Int. J. Livest. Prod.

Toghyani M, Gheisari AA, Tabeidian SA, Ghalamkari GR, Zamanizad
M, Mohammadrezaie M (2014). Performance, Carcass Characteristics
and Immune Responses of Broiler Chickens Subjected to Sequential
or Wet Feeding Programs Subsequent to Early Meal Feeding
Regime. Iranian Journal of Applied Animal Science 4(1).

Tolkamp BJ, Sandilands V, Kyriazakis | (2005). Effects of qualitative
feed restriction during rearing on the performance of broiler breeders
during rearing and lay. Poultry Science 84(8):1286-1293.

Tumova E, Skfivan M, Skfivanova V, Kacerovska L (2002). Effect of
early feed restriction on growth in broiler chickens, turkeys and
rabbits. Czech Journal of Animal Science 47:418-428.

Urdaneta-Rincon M, Leeson S (2002). Quantitative and qualitative feed
restriction on growth characteristics of male broiler chickens. Poultry
Science 81(5):679-688.

Vargas Junior JG, Albino LF, Rostagno HS, Donzele JL, Silva MA
(1999). Performance and characteristics of carcass of broiler
chickens submitted to feed restriction in different periods. Brazilian
Journal of Poultry Science 28(3):583-590.

Yagoub MY, Babiker SA (2008). Effect of compensatory growth on the
performance and carcass characteristics of the broiler chicks.
Pakistan Journal of Nutrition 7(3):497-499.

Yang YX, Guo J, Yoon SY, Jin Z, Choi JY, Piao XS, Kim B, Ohh SJ,
Wang MH, Chae BJ (2009). Early energy and protein reduction:
effects on growth, blood profiles and expression of genes related to
protein and fat metabolism in broilers. British Poultry Science
50(2):218-227.

Yu MW, Robinson FE (1992). The application of short-term feed
restriction to broiler chicken production: a review. Journal of Applied
Poultry Research 1(1):147-53.

Yussefi Kelaricolaii K, Rezaei M, Kamyab A (2001). Performance of
broiler chickens during and following feed restriction at an early age.
British Poultry Science 42:S111.

Zhan XA, Wang M, Ren H, Zhao RQ, Li JX, Tan ZL (2007). Effect of
early feed restriction on metabolic programming and compensatory
growth in broiler chickens. Poultry Science 86(4):654-660.

Zubair AK, Leeson S (1996). Compensatory growth in the broiler
chicken: a review. World's Poultry Science Journal 52(2):189-201.



