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SUMMARY

Two experiments were performed, in male and female broilers separately, to evaluate the
effect of early feed restriction on the composition, gain, and efficiency of nutrients retention
by comparative slaughter. Treatments were applied from 8 to 16 d age as follows: without feed
restriction [standard feed (SF) ad libitum]; quantity restriction (80% ad libitum consumption
of SF); time restriction (SF offered throughout 8 h/d); and quality restriction (SF diluted with
10% kaolin and 10% rice hulls containing 80% of the limiting nutrients). The broilers were
raised in pens and 6 replications/treatments were used. The composition and body gain of DM,
CP, and EE, and efficiency of protein and energy retention were evaluated. Time restriction
was considered the most severe, mainly in males that showed less protein gain at 42 d age.
Proportional body gain of EE was higher than that of CP in the refeeding period in the quantity
and time restricted broilers and no improvement in the protein retention efficiency was observed
in those birds previously restricted. The possibility that feed restriction decreases carcass fat
was not observed.
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DESCRIPTION OF PROBLEM

Fast growth and high-capacity feed intake are
attributes usually associated with genetic im-
provement programs in broilers. Modern strains
of broilers have great capacity for consump-
tion, which can lead to energy intake 2 to 3
times above maintenance [1]. This high feed
consumption is actually one of the greatest rea-
sons of the high body fat content of modern
broilers at slaughter, and could be modified by
nutrition [2].

1Corresponding author: aribeiro@ufrgs.br

Early feed restriction programs have been ap-
plied in order to improve carcass traits, reducing
body fat, and increasing protein deposition [3,
4]. Feed restriction applied early in the lifecy-
cle of broilers could reduce the cell hyperplasia
which is responsible, at this stage, for most of the
growth of adipose tissue [5]. However, several
authors have failed to reduce body fat utilizing
feed restriction [6, 7] and some have observed
broilers with complete adipocyte hypertrophy at
slaughter [8].

The high fat deposition is not desirable in
terms of energy cost and has no commercial
value, as well as undervalue product quality from
the consumer’s point of view, as it does not
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contribute to a better taste or cooking [5]. In
addition, the meat fat content and the high en-
ergy consumption intake are a matter of constant
concern related to humans’ metabolic diseases
[9].

Within this context, better understanding the
impact of a feed restriction program on compo-
sition, gain, and efficiency of nutrient retention
in feed-restricted broilers after a refeeding pe-
riod is necessary. The purpose of this study was
to evaluate the composition, gain, and retention
efficiency of body fat, protein, and energy in
male and female broilers under different early
feed restriction programs.

MATERIALS AND METHODS

All procedures used in this study were ap-
proved by the Ethics Committee on Animal Use
from the Federal University of Rio Grande do
Sul, Brazil (22326). Two separate experiments
were conducted with 384 male and 384 female
1-day-old Cobb 500 broilers [10] distributed
into 24 pens of 1 m2. The experimental design
was completely randomized, with 4 treatments,
6 replicates per treatment, and 16 animals per
replicate. Animals were kept in an environmen-
tally conditioned room under a 24-h lighting
program and received water for ad libitum con-
sumption. Treatments were applied from 8 to 16
d as follows: without feed restriction [standard
feed (SF) ad libitum]; quantity restriction (80%
of the daily ad libitum consumption defined in
Cobb 500 guidelines) [11]; time restriction (SF
offered for 8 h/d); and quality restriction (SF
diluted with 10% kaolin (a non-nutritive filler)
and 10% rice hulls with 80% limiting nutrients).
The SF was formulated according to Rostagno
et al. [12]. Before and after the restriction pe-
riod, the birds received ad libitum consumption,
which was adequate to meet their nutritional re-
quirements according to age and sex (Table 1).

Seven 1-day-old chicks were slaughtered, to
obtain initial body composition. At 16, 28, and
42 d, one bird with similar BW to the pen aver-
age from each replicate was euthanized to mea-
sure body composition. The birds were submit-
ted to fasting for 8 h to empty the gastrointesti-
nal tract, and then were slaughtered and stored in
a cold chamber. Subsequently, each frozen car-

cass (including the heads, feet, and viscera) was
cut into strips on a band saw and was minced
twice with a meat grinder (MCR22/G.Paniz),
using a 5 mm die. The samples were homog-
enized, and then ± 250 g was removed, which
was dried at 60 ◦C for 72 h and were ground
with a ball mill (DL-ME/De Leo) for 90 s or
until we obtained a thin and homogenous paste.
Laboratory tests were carried out according to
the AOAC International [13], including mea-
surement of DM (Method 930.15), CP (Method
980.13 adapted by Prates [14]), EE (Soxhlet pro-
cedure, Method 920.39), and gross energy (GE)
(calorimeter isoperibólico - Model C2000 - IKA
Werke GmbH & Co. KG, Staufen, Germany).
The values of body DM, CP, and EE were ap-
plied to the average BW of the replicate in order
to obtain the average body composition of each
replication at d 16, 28, and 42 [15]. Gains of
GE, CP and EE (GEg, CPg, EEg, respectively)
were determined by the comparative slaughter
technique [16]. For the comparative slaughter
technique GE, CP, and EE are quantified by as-
sessing the initial body composition of animals
and the composition of the animals at the end
of the test. The gains are calculated as the dif-
ference between the final composition and the
initial of each period. The intake of ME (MEi)
and intake of CP (CPi) were calculated for 1 to
16, 16 to 28, and 1 to 42 d. The efficiencies of
energy and protein retention were calculated as
the ratio between the GEg and MEi and CPg and
CPi. BW was measured at 16 and 42 d. Weight
gain, FCR, and feed intake were evaluated in the
total period (1 to 42 d). Details of the animal
performance data are given in Butzen et al. [17].

Data were analyzed by the method of gener-
alized least-squares, by the GLM procedure of
SAS [18], taking as variables the 4 treatments.
Males and females were analyzed separately, be-
cause they constituted independent experiments.
The averages were compared by the Student–
Newman–Keuls test and significance was de-
clared at P < 0.05.

RESULTS AND DISCUSSION

BW after restricted period (16 d) and perfor-
mance at 1 to 42 d are shown in Table 2. Feed
restriction programs by quantity or time reduced
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Table 1. Composition of experimental diets for male and female broilers according to each growth phase.

Item Male Female

Starter Quality diet Grower Finisher Starter Quality diet Grower Finisher
1 to 21 d 8 to 16 d 21 to 35 d 35 to 42 d 1 to 21 d 8 to 16 d 21 to 35 d 35 to 42 d

Ingredient (%)
Corn 56.83 45.46 58.96 64.21 56.74 45.39 59.96 63.59
Soybean meal 35.53 28.42 33.24 28.64 35.92 28.74 32.26 28.78
Vegetal oil 3.36 2.69 3.77 3.43 3.33 2.66 4.22 4.31
Dicalcium phosphate 1.90 1.52 1.75 1.61 1.90 1.52 1.65 1.56
Limestone 1.09 0.87 1.20 0.97 0.95 0.76 0.92 0.84
Sodium chloride 0.51 0.41 0.46 0.41 0.49 0.39 0.46 0.44
L-Lysine HCl 0.28 0.22 0.18 0.29 0.23 0.18 0.16 0.16
DL-Methionine 0.27 0.22 0.22 0.24 0.25 0.20 0.20 0.16
Monensin 20% 0.06 0.05 0.06 0.05 0.03 0.02 0.03 0.03
Choline 60 0.05 0.04 0.05 0.06 0.05 0.04 0.05 0.06
Mineral premix1 0.08 0.06 0.07 0.05 0.08 0.06 0.06 0.06
Vitamin premix2 0.04 0.03 0.04 0.03 0.04 0.03 0.03 0.03
Kaolin3 0 10 0 0 0 10 0 0
Rice hulls3 0 10 0 0 0 10 0 0
Calculated nutrient composition
ME (kcal/kg) 3,050 2,440 3,100 3,150 3,050 2,440 3,150 3,200
CP (%) 21.00 16.80 20.00 18.50 21.00 16.8 19.50 18.20
CP analyzed (%) 20.61 16.93 19.92 18.45 20.67 16.95 19.24 17.99
Ca (%) 0.95 0.76 0.95 0.82 0.90 0.72 0.82 0.76
Available P (%) 0.45 0.36 0.42 0.39 0.45 0.36 0.40 0.38
Na (%) 0.22 0.18 0.20 0.18 0.21 0.17 0.20 0.19
Digestible Lys (%) 1.19 0.95 1.06 1.04 1.16 0.93 1.02 0.94
Digestible Met + Cys (%) 0.84 0.67 0.78 0.76 0.83 0.66 0.75 0.68
Digestible Arg (%) 1.20 0.96 1.14 1.02 1.21 0.97 1.11 1.02
Digestible Trp (%) 0.21 0.17 0.21 0.18 0.21 0.17 0.20 0.18
Digestible Thr (%) 0.77 0.62 0.74 0.68 0.78 0.62 0.72 0.68
Choline (mg/kg) 1,500 1,200 1,400 1,400 1,500 1,200 1,400 1,350
Na+K-Cl (mEq/kg) 213 170 208 181 218 174 205 189

1Mineral premix (per kg) = 150,000 mg manganese, 100,000 mg zinc, 80,000 mg iron, 15,000 mg copper, 1,200 mg iodine,

700 mg selenium.
2Vitamin premix (per kg) = 23,200 kIU vitamin A, 5,600 kIU vitamin D, 52,000 kIU vitamin E, 6,000 mg vitamin K, 6,000

mg vitamin B1, 18,000 mg vitamin B2, 9,000 mg vitamin B6, 40,000 μg vitamin B12, 44,000 mg panthotenic acid, 132,000

mg niacin, 2,400 mg folic acid, and 200,000 μg biotin.
3Kaolin and rice hulls were considered to have zero nutrient contribution.

the initial growth rate without affecting the final
performance of male and female Cobb broilers.
Time restriction was the most drastic and mod-
ified the body composition of both male and
female broilers at d 16, and at the end of the
restriction period (Tables 3 and 4). Birds from
this treatment had the lowest DM (P < 0.01) and
EE (P < 0.01) contents and higher CP content
(P < 0.05) and ratio CP/EE (P < 0.01) compared
with non-restricted birds. Quantity restriction re-
duced only the DM content of carcasses females
(P < 0.05) and did not change body composition
of males and females at the end of the restriction
period. Quality restriction did not change body
composition at d 16. In fact, during the restric-

tion period, energy retention is highly targeted
to the retention of lean tissue [1]. However, this
effect was transient, because after the restric-
tion period, at 28 d, body composition of birds
previously restricted became similar to the non-
restricted (P > 0.05). The same occurred with
the ratio of CP/EE. Leone et al. [19] and Sug-
etta et al. [20] found similar results related to the
temporary change in broilers body composition.
The period from 16 to 28 d did not present any
difference among treatments, so it is not shown.

At 42 d, the EE content was higher in the
female carcasses previously restricted on quan-
tity compared with the quality restricted group
(P < 0.07). Reduction of body fat through the
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Table 2. Average BW at 16 and 42 d, and growth performance at 1 to 42 d, of male (♂) and female (♀) broilers
submitted to different feed restriction programs.1

Feed restriction programs2 BW (g) BW (g) Feed intake (g) Weight gain (g) FCR (g/g)
16 d 42 d 1 to 42 d 1 to 42 d 1 to 42 d

Without feed restriction ♂ 589.87a 3,000.82 5,059.5a,b 2,956.46 1.710a,b

Quantity restriction ♂ 497.41b 3,047.96 5,007.2a,b 3,004.11 1.666b

Time restriction ♂ 402.72c 2,931.27 4,776.7b 2,888.12 1.653b

Quality restriction ♂ 577.61a 3,004.82 5,154.4a 2,961.12 1.740a

SEM 17.20 84.48 250.17 84.64 0.05
P-value <.0001 0.1526 0.0915 0.1580 0.0458

Without feed restriction ♀ 599.20a 2,581.35 4,367.1a,b 2,532.41 1.724a,b

Quantity restriction ♀ 496.71b 2,590.70 4,320.5a,b 2,541.86 1.699b

Time restriction ♀ 428.69c 2,541.79 4,193.4b 2,492.72 1.682b

Quality restriction ♀ 582.59a 2,658.23 4,597.3a 2,609.48 1.762a

SEM 14.30 113.68 218.32 113.37 0.05
P-value <.0001 0.3777 0.0321 0.3731 0.0544
a–cMeans within a line with no common superscript differ significantly by Student–Newman–Keuls test.
1Each value represents the mean of 6 replicate samples.
2Without feed restriction (standard feed, ad libitum), quantity restriction (80% of the ad libitum consumption of standard feed),

time restriction (standard feed offered throughout 8 h/d), and quality restriction (standard feed with 80% of limiting nutrients,

diluted with 10% kaolin and 10% rice hulls).

Table 3. Body composition of male broilers at 16, 28, and 42 d submitted to the different programs of feed
restriction.1

Feed restriction program2

Period (d) Variable (g/100 g) Without feed restriction Quantity Time Quality SEM P-value

DM 27.03a 26.42a 24.72b 26.62a 0.78 0.001
CP3 58.65b 59.37b 64.17a 60.70b 1.95 0.001

16
EE3 33.59a 31.86a 25.94b 30.66a 2.26 0.001

CP/EE 1.77 b 1.87 b 2.48a 1.99b 0.19 0.001

DM 30.36 30.76 30.14 29.59 0.88 0.174
28

CP 59.19 58.34 59.82 60.44 2.32 0.460
EE 33.16 34.09 32.70 31.74 2.35 0.399

CP/EE 1.80 1.73 1.83 1.91 0.19 0.416

DM 32.48 33.25 32.85 31.99 1.52 0.539
CP 58.15 57.03 56.25 59.33 2.58 0.215

42
EE 34.98 36.21 36.87 33.58 2.74 0.204

CP/EE 1.67 1.60 1.53 1.78 0.19 0.1716

a–bMeans within a line with no common superscript differ significantly by Student–Newman–Keuls test.
1Each value represents the mean of 6 replicate samples.
2Without feed restriction (standard feed, ad libitum), quantity restriction (80% of the ad libitum consumption of

standard feed), time restriction (standard feed offered throughout 8 h/d), and quality restriction (standard feed with

80% of limiting nutrients, diluted with 10% kaolin and 10% rice hulls).
3CP and EE are on dry basis.

use of diet dilution was also verified in other
studies [3, 4, 21]. In males, an EE increase was
observed in the groups restricted by Quantity and
Time, although the differences were not statisti-
cally significant, probably due to the variability
of the samples and because males had around
5% less fat that the females (Tables 3 and 4).

Zhan et al. [22] reported that birds restricted
4 h/d, from 1 to 21 d, were fatter and had higher

lipid synthesis at the end of the experiment
(d 63). The authors suggested that this effect was
the result of metabolic programming, defined as
a physiological process by which an adaptation
to a nutritional stress changes the physiology
and metabolism of the body and continues to
be expressed even in the absence of the stress
that caused the adaptation. Also, Furlan et al.
[23] found higher body EE in chickens that
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Table 4. Body composition of female broilers at 16, 28, and 42 d submitted to the different programs of feed
restriction.1

Feed restriction program2

Period (d) Variable (g/100 g) Without feed restriction Quantity Time Quality SEM P-value

DM 28.61a 26.97b 26.88b 28.42a 0.91 0.004
CP3 58.22b 59.85a,b 61.08a 58.44b 1.85 0.049

16
EE3 33.65a 31.62a,b 29.82b 33.13a 1.86 0.009

CP/EE 1.74b 1.90a,b 2.06a 1.77b 0.17 0.014

28 DM 31.17 33.03 32.54 32.77 1.91 0.361
CP 56.40 54.93 53.79 55.09 2.41 0.342
EE 36.46 37.95 39.50 37.85 2.85 0.359

CP/EE 1.57 1.45 1.36 1.46 0.18 0.28

DM 32.82b 35.42a 33.29b 32.99b 1.72 0.056
CP 54.00a,b 51.08b 52.18a,b 54.99a 2.42 0.046

42
EE 39.88a,b 42.78a 41.30a,b 38.75b 2.59 0.070

CP/EE 1.36 1.20 1.27 1.43 0.14 0.056

a–bMeans within a line with no common superscript differ significantly by Student–Newman–Keuls test.
1Each value represents the mean of 6 replicate samples.
2Without feed restriction (standard feed, ad libitum), quantity restriction (80% of the ad libitum consumption of standard feed),

time restriction (standard feed offered throughout 8 h/d), and quality restriction (standard feed with 80% of limiting nutrients,

diluted with 10% kaolin and 10% rice hulls).
3CP and EE are on dry basis.

underwent time restriction, from the 8 to 50
d. Powell et al. [24], restricting protein intake,
showed that broiler pectoralis major satellite
cells will transdifferentiate to an adipogenic lin-
eage. In contrast, Yang et al. [25] found a lower
gene expression of some enzymes related to an-
abolism of fat in birds restricted precociously.

Males have greater growth potential and,
therefore, greater capacity to deposit nutrients
compared with females, except for fat deposi-
tion, and these differences are more pronounced
with increasing ages [26]. In this study, the dif-
ferences in body composition of EE and CP be-
tween males and females was observed after 28
d, and increased up to 42 d.

The majority of the published studies about
feed restrictions, the researchers only deter-
mined the percentage of abdominal fat of broil-
ers, instead of the percentage of total body fat
[27–29]. The latter is a better response to mea-
sure fat deposition, since fat deposits can oc-
cur in individual deposits, such as the abdom-
inal region or distributed inside other organs
such as muscle, liver, skin, kidney, lungs, bones,
and connective tissue [5]. Moreover, the man-
ual method of removing abdominal fat results
in large great variability [30]. Sugeta et al. [20]
found that the CV abdominal fat measure was

32.6% while the CV of measuring body fat was
13.6%.

Evaluating the gains in GE, CP, and EE from
the first to 16th d, it is clear that time restric-
tion program was the most severe, followed by
quantity restriction (P < 0.01). Both restric-
tions resulted in less GE, CP, and EE gains, in
both sexes (Tables 5 and 6). Quality restriction
in males only decreased EE gain (P < 0.01),
even with the same ME intake than the non-
restricted group. This result may be related to
the higher fiber content of the diluted diet, and
consequently greater heat production in diges-
tion, and also to the greater expenses of feeding
activity. Energy and CP intakes were lower in the
quantity and time restriction groups, as expected.
The latter had the lowest feed intake (Table 2)
(P < 0.001), while quality and control groups
were not significantly different. Time restric-
tion led to lower efficiency in energy retention
in males (P < 0.05), but not in the females
(GEg/MEi) (Tables 5 and 6).

Even with no statistical differences, from 16
to 28 d, CP gain in males restricted by time and
quantity were 4.5% higher comparing to the con-
trol (Table 5). In contrast, EE gain was ± 13%
greater. In females (Table 6), responses of similar
magnitude were observed (17 and 21% more EE,
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Table 5. Gross energy gain (GEg), CP gain (CPg), EE gain (EEg), ME intake (MEi), CP intake (CPi), and
efficiency of energy retention (GEg/MEi) and protein retention (CPg/CPi) for periods of male broilers
submitted to the different programs of feed restriction.1

Feed restriction program2

Period (d) Variable3 Without feed restriction Quantity Time Quality SEM P-value

GEg (kcal) 1,042a 844b 583c 975a 68.96 0.0001
CPg (g) 92.45a 77.50b 60.98c 92.56a 4.69 0.0001

1 to 16 EEg (g) 55.03a 43.00b 25.20c 47.88b 5.73 0.0001
MEi (kcal) 2084a 1699b 1428c 2097a 200.70 0.001

CPi (g) 144a 117b 98c 114a 200.75 0.001
GEg/MEi (%) 49.9a 49.7a 40.8b 46.5a 12.86 0.001
CPg/CPi (%) 64.4 66.3 62.1 64.1 1.63 0.215

GEg (kcal) 2,172b 2,370a 2,357a 2,163b 178.96 0.098
CPg (g) 199.51 208.41 209.59 202.01 13.21 0.498
EEg (g) 110.59 126.26 124.19 108.14 28.53 0.222

16 to 28 MEi (kcal) 4,673 4,821 4,663 4,719 174.78 0.3949
CPi (g) 299 308 298 301 11.12 0.3949

GEg/MEi (%) 46.6 49.2 50.5 45.8 3.69 0.1276
CPg/CPi (%) 66.6 67.7 70.3 67.1 4.83 0.5975

GEg (kcal) 6,634 6,952 6,608 6,552 475.03 0.477
CPg (g) 583.40a 592.38a 556.15b 593.38a 25.07 0.061
EEg (g) 353.28 381.70 367.03 338.48 46.16 0.428

1 to 42 MEi (kcal) 15,928 15,775 15,056 15,803 1.49 0.247
CPi (g) 975 963 918 968 1.87 0.167

GEg/MEi (%) 41.7 44.1 43.9 41.6 1.52 0.340
CPg/CPi (%) 59.8 61.5 60.6 61.4 0.86 0.478

a–cMeans within a line with no common superscript differ significantly by Student–Newman–Keuls test.
1Each value represents the mean of 6 replicate samples.
2Without feed restriction (standard feed, ad libitum), quantity restriction (80% of the ad libitum consumption of

standard feed), time restriction (standard feed offered throughout 8 h/d), and quality restriction (standard feed with

80% of limiting nutrients, diluted with 10% kaolin and 10% rice hulls).
3Results in dry basis.

respectively for time and quantity restriction),
and a small difference in CP gain, indicating
once again that the hypothesis of decreasing car-
cass fat through early feed restriction programs
was not seen. The increase in protein (lean tis-
sue) is difficult to change, since it is linked to
the genetics and, therefore, there is a limit to
its deposition independently of daily feed intake
[31]. Leeson and Zubair [32] showed that during
the refeeding period, broilers are less sensitive to
protein or dietary lysine increments and respond
better to energy, which might promote fat depo-
sition. Also, from d 16 to 28, it was observed
only in males a greater GEg in the time and
quantity restricted groups (P < 0.10), indicating
compensatory growth during this period.

From 1 to 42 d gains in energy, protein, and
fat were similar for all groups (P > 0.05), except
the CPg (P = 0.06) of males under time restric-
tion, which had lower values, confirming that

this restriction was the most severe (Table 5),
even with same final BW than other treatments
(Table 2). Velleman et al. [33] reported that feed
restriction after hatch can affect pectoralis major
muscle development at the cellular or tissue level
even when absolute weight is not reduced, which
has important implications for muscle function-
ality. The same authors showed that morphologi-
cal and gene expression changes observed in the
first week feed restriction were eliminated by
moving the 20% feed restriction to wk 2, which
is after the period of maximal myogenic satellite
cell mitotic activity. In this study all treatments
were applied in the second week, and all the birds
recovered BW at 42 d (Table 2).

Time restriction program had a stronger im-
pact in males than in females because its high
nutritional requirements. All groups ate the same
amount of energy (1 to 42 d). Otherwise, females
efficiency in energy retention, under quantity
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Table 6. Gross energy gain (GEg), CP gain (CPg), EE gain (EEg), ME intake (MEi), CP intake (CPi), and
efficiency of energy retention (GEg/MEi) and of protein retention (CPg/CPi) for periods of female broilers
submitted to the different programs of feed restriction.1

Feed restriction program2

Period (d) Variable3 Without feed restriction Quantity Time Quality SEM P-value

GE (kcal) 1,060a 818b 678c 1,025a 44.20 0.0001
CP (g) 94.46a 76.03b 65.33c 92.19a 4.30 0.0001

1 to 16 EE (g) 55.79a 41.11b 32.68c 53.42a 3.70 0.0001
ME (kcal) 2,244a 1,757b 1,514c 2,229a 90.52 0.001

CP (g) 155a 121b 104c 153a 90.52 0.001
GEg/ME (%) 47.3 46.6 44.7 46.2 1.25 0.318
CPg/CP (%) 61.1 62.9 62.7 60.3 0.92 0.447

GE (kcal) 2.032 2,289 2,277 2,220 315.95 0.4809
CP (g) 165.28 177.22 167.38 172.66 12.95 0.3988
EE (g) 116.29 136.52 141.14 131.88 28.53 0.4784

ME (kcal) 4187 4276 4201 4220 210.04 0.8915
16 to 28

CP (g) 267 273 268 270 13.42 0.8915
GEg/ME (%) 48.3 53.5 54.1 52.4 5.92 0.3362
CPg/CPi (%) 61.9 64.8 62.3 64.1 4.35 0.6114

GE (kcal) 6,197 6,763 6,271 6,427 528.50 0.2849
CP (g) 488.31 495.82 475.62 519.55 33.19 0.1692
EE (g) 364.29 419.94 379.78 369.81 45.25 0.1700

1 to 42 ME (kcal) 13,728 13,598 13,205 13,791 0.91 0.452
CP (g) 846 834 808 863 1.88 0.167

GEg/ME (%) 45.1b 49.7a 47.5a,b 45.2b 3.63 0.032
CPg/CPi (%) 57.7 59.7 58.8 60.3 0.89 0.464

a–cMeans within a line with no common superscript differ significantly by Student–Newman–Keuls test.
1Each value represents the mean of 6 replicate samples.
2Without feed restriction (standard feed, ad libitum), quantity restriction (80% of the ad libitum consumption of

standard feed), time restriction (standard feed offered throughout 8 h/d), and quality restriction (standard feed

with 80% of limiting nutrients, diluted with 10% kaolin and 10% rice hulls).
3Results in dry basis.

restriction achieved better results compared to
the control and the quality group (P < 0.03).

In this study, we have demonstrated that
males, due to their particular growth curve and
higher growth rates are more sensitive to protein
deficiencies. Males present higher protein depo-
sition rates up to 28 to 35 d, meanwhile females
have maximum deposition rate up to 21 to 28 d,
explaining de differences related to sex [2]. In
contrast, restricted females were more efficient
retaining energy, probably due to the fact of less
body protein:fat proportion [34, 35].

CONCLUSIONS AND
APPLICATIONS

1. Early feed restriction type influences body
composition and retention efficiency of pro-

tein and fat in broilers. Sex is one of the
factors that influence the responses.

2. Within the early feed restriction type stud-
ied, Time restriction of 8 h/d food access
was most severe for males than for females.
Males did not recover lean tissue at 42 d.

3. Fat content of females restricted by quantity
was higher at 42 d. In males, this difference
was not observed.
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30. Laganá, C., A. M. L. Ribeiro, A. M. Kessler, and
E. N. Souza. 2005. Influência do nı́vel nutricional da dieta
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