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ABSTRACT Three experiments were conducted, from
January until September 2001, to estimate the optimized
age to apply feed restriction to control mortality from
ascites, with no negative effects on production and carcass
characteristics of broilers. For each experiment, 1,200 1-
d-old mixed Ross × Peterson chicks were reared in floor
pens (50 chicks in each) and fed commercial feed. Feed
restriction was applied for 8 h/d for 14 d at 21 or 28 d
of age in experiment 1, 14 or 21 d in experiment 2, and
7 or 14 d in experiment 3. In experiments 2 and 3, a
microelement supplement (without or with) was tested;
the control groups received feed ad libitum and no sup-
plement. Body weight gain, feed conversion, total mortal-
ity, and mortality from ascites, leg problems, and carcass
characteristics were considered at the end of each experi-
ment. The data were analyzed as a completely random-
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INTRODUCTION

Ascites continues to be one of the main problems in
broiler production because of the high mortality rate and
the difficulties to control all the factors involved. Among
the factors that have been related to ascites are incubation
conditions (Camacho and Suárez, 1996a), shell quality
(Camacho and Suárez, 1996b), altitude (McGovern et al.,
2000), environmental temperature (Wideman et al., 1995;
Ruiz-Feria et al., 2001), and growth rate of the birds.
Broiler growth rate has been found to have a direct rela-
tionship with susceptibility to ascites; to reduce ascites,
qualitative and quantitative feed restriction has been
used. Newcombe et al. (1992) and Romero et al. (1999)
indicated that the levels of triiodothyronine (T3) decrease
in feed-restricted broilers, suggesting a lower metabolic
rate during restriction. However, Luger et al. (2001) stated
that a high growth rate is not always related to the devel-
opment of ascites.
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ized design, or as a 2 × 2 factorial to estimate main and
interaction effects (experiments 2 and 3). Additional anal-
yses, including the control, were done; means compari-
sons were by orthogonal contrasts. The production and
carcass characteristics of the restricted groups were lower
than the control but were not statistically different in
experiments 2 and 3, although the optimized age for feed
restriction was at 7 d. Total mortality and mortality from
ascites decreased by restriction, but leg problems in-
creased without supplement. The results indicated that
quantitative feed restriction and microelement supple-
mentation at 7 d of age reduced mortality from ascites
and leg problems and permitted compensatory growth
sufficient to equal the production characteristics of the
control group at 49 d of age. However, it is necessary to
determine the specific microelements to be supplemented
and to estimate the effects of season and genetic line.

Mortality from ascites is reduced with feed restriction,
but BW and yield of certain parts of the carcass of re-
stricted birds are lower than those of the control groups
(Leeson et al., 1992, 1996; Acar et. al., 1995). These effects
have not been consistent and probably indicate that these
variables depend on other factors, such as the birds pul-
monary ventilation rate ability (González-Alvarado et al.,
2000), intensity of restriction (Suárez and Rubio, 1989),
flock management (Mollison et al., 1984; Arce et al., 1992;
Acar et al., 1995), and age of the birds (Robinson et al.,
1992).

The literature indicates that the age at which feed re-
striction programs are applied and their duration and
intensity have not been optimized for compensatory
growth of feed-restricted birds (Deaton, 1995; McGovern
et al., 1999). Therefore, the objective of this study was to
evaluate the optimized age at which quantitative feed
restriction should be applied to control mortality from
ascites and compensatory growth of the restricted birds
to equal the production and carcass characteristics of the
birds fed ad libitum at the end of the growing period.

MATERIALS AND METHODS
General Procedures

Three experiments were conducted from January until
September 2001 in the Experimental Unit of the Colegio
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TABLE 1. Ingredients of commercial diets used
in experiments 1, 2, and 3

Ingredient Starter1 Finisher2

(%)
Sorghum 60.40 66.49
Soybean meal (45% CP) 30.00 24.00
Fish meal 4.00 3.00
Vegetable oil 3.00 3.75
Calcium carbonate 0.84 0.79
Dicalcium phosphate 0.71 1.15
Salt 0.32 0.35
DL-Methionine 0.18 0.12
L-Lysine HCl 0.15 —
Vitamin-mineral3 premix 0.35 0.30
Coccidiostat 0.05 0.05
Calculated nutrient content

Crude protein 22 18
Metabolizable energy (kcal/kg) 3,071 3,019
Fat 5.92 7.30
Calcium 0.96 0.95
Available phosphorus 0.42 0.42
Methionine 0.44 0.34
Lysine 1.25 0.96

1Starter feed was given from 1 to 28 d.
2Finisher feed was given from 29 to 49 d.
3Content per kilogram of feed: vitamin A, 8,500 IU; vitamin D3, 15

IU; vitamin E, 15 IU; choline, 900 mg; menadione S.B., 2.5 mg; thiamine
mononitrate, 1 mg; riboflavin, 6 mg; niacin, 40 mg; D-calcium pantothe-
nate, 10 mg; HCl pyridoxine, 1,500 mg; folic acid, 0.5 mg; biotin, 0.05
mg; vitamin B12; 0.01 mg; Mn, 90 mg; Zn, 80 mg; Fe, 50 mg; Cu, 7 mg;
I, 1.5 mg; and Se, 0.2 mg.

de Postgraduados, Montecillo, Mexico, located at an alti-
tude of 2,240 m. For each experiment 1,200 mixed-sex, 1-
d-old, Ross × Peterson chicks from a commercial hatchery
were randomly allocated to one 2.5- × 2.0-m floor pen of
50 chicks each, which was considered the experimental
unit. The birds were reared until 49 d of age on oat straw
litter, and the house temperature was controlled until
the fourth week by thermostatically controlled brooders
starting at 32°C and gradually decreased by 2°C per week.
After the fourth week, and until the end of the experiment,
the average maximum and minimum of temperature in-
side the house was 22 and 16°C for experiments 1 and 2
and 27 and 18°C for experiment 3. All birds, including
the controls, were fed with a commercial feed (Table 1).
A starter feed was supplied from 1 to 28 d of age, and
finisher was supplied from 29 to 49 d. Water was provided
ad libitum, and incandescent light was used to provide
24 h of light throughout the experimental period.

The variables considered at the end of each experiment
were BW gain, feed conversion, total mortality, mortality
from ascites, leg problems, and carcass characteristics.
Live BW and feed consumption were recorded manually
as the average of the whole group from each experimental
unit at the beginning, before and after restriction, and at
the end of each experiment to estimate weight gain and
feed conversion. Mortality from ascites was determined
by necropsy of the dead birds, and leg problems were
estimated visually on chicks that were prostrated or had
difficulty walking. Both variables were recorded as the
percentage of the total number of the dead birds or total
birds in each experimental unit.

TABLE 2. Composition of the commercial premix of microelements
used in experiments 2 and 3

Nutrient Content

Threonine, g 0.16
Choline, g 0.60
Vitamin B12, mg 0.014
Phosphorus, g 2.73
Calcium, g 6.27
Antioxidant, g 0.12
Sodium 39 % + chlorine 60%, g 2.45
Biotin, mg 0.080
Lysine HCl, g 1.08
Methionine, g 1.99
Niacin, g 0.04
Zinc, g 0.11
Copper, g 0.01
Iron, g 0.10
Vitamin D3, UI 2,500,000

Vitamin B6, g 0.003
Vitamin E, UI 18,000

Pantotheic acid, g 0.01
Vitamin A, UI 9,000,000

Vitamin B1, g 0.002
Folic acid, mg 0.70
Iodine, mg 0.45
Vitamin K3, g 0.004
Magnesium, g 0.09
Vitamin B2, g 0.055
Selenium, mg 0.0004

At the end of experiments 2 and 3, one male and one
female from each pen were selected randomly, deprived
of feed for 24 h, weighed, and killed by cervical disloca-
tion. Then, the weights of carcass, breast with bone, thigh
with leg, and abdominal fat were recorded. The breasts
and legs were cut lengthwise several times to find pete-
chiae caused by capillary rupture.

Feed Restriction

A quantitative feed restriction program was applied 8
h/d for 14 d at different ages. In experiment 1, feed was
restricted at 21 or 28 d of age, in experiment 2 at 14 or
21 d, and experiment 3 at 7 or 14 d. In all the experiments
the feeders were raised at 0800 h and lowered at 1600 h.
Due to the high incidence of leg problems in experiment
1, a restriction plus 10% of microelement supplementation
was tested (Table 2) in experiment 2. This percentage was
based on the difference between the control and restricted
groups on feed consumption in experiment 1. Results for
BW and feed conversion showed negative effects due to
the supplement. Therefore, in experiment 3 it was re-
duced to 5%. The supplement was mixed with the avail-
able feed, and the control groups did not receive any
placebo.

Statistical Analyses

Each experiment was analyzed independently. The
data were analyzed by the GLM procedure of the SAS
software (SAS Institute, 1994). For experiment 1, data
were analyzed as a completely random design with 3
treatments and 8 replications. For experiments 2 and 3
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TABLE 3. Least square means for weight gain (WG), feed conversion (FC), total mortality (TM),
mortality from ascites (AM), and leg problems (LP) of mixed-sex, 7-wk-old broilers

under feed restriction1 at different ages; experiment 1

WG TM AM LP
Treatment1 (g) FC (%)2 (%)2 (%)2

Control (1) 2,170 2.23 11.15 7.72 4.95
Restriction at 21 d2 (2) 2,082 2.48 7.47 5.39 20.20
Restriction at 28 d3 (3) 1,985 2.35 9.19 6.13 21.83
SEM 32.56 0.04 0.04 0.02 0.04

Significance level
Orthogonal contrast

1 vs. 2 + 3 ** ** NS * **
2 vs. 3 * * NS NS NS

1Numbers in parentheses used for orthogonal contrasts.
2Eight hours per day during the restriction period.
3Percentages transformed into arc sine √y.
*P < 0.05; **P < 0.01.

as 2 × 2 factorials with 5 replications and considering age
of restriction and supplement (with or without) as main
effects. To estimate main effects and their interactions,
data were analyzed without the control groups. To com-
pare the treatments of the factorial arrangement with the
control groups, additional analyses were performed con-
sidering treatment as source of variation (Littell et al.,
1991). The variables estimated as percentages were trans-
formed to the arc sine √Y function before the analysis

(Steel and Torrie, 1980). Live BW was used as covariate
for the analysis of carcass weight and carcass weight as
covariate for the analyses of breast, leg, and fat weights.
Because both covariates were highly significant, adjusted
least square means were estimated. Comparisons of least
square means of the control group vs. other treatments
were done by orthogonal contrasts. The results are re-
ported as percentages and adjusted least square means.
Probabilities less than 5 and 1% were considered signifi-
cant and highly significant, respectively.

RESULTS AND DISCUSSION

The results of experiment 1 (Table 3) indicated that the
control group had a significantly higher performance than
the restricted groups, including the frequency of leg prob-
lems. Total mortality and mortality from ascites were
decreased by restriction but were not different (P < 0.05)
from the control.

The analysis of the factorial structure for experiments
2 and 3 (Tables 4 and 5) indicated that main effects of
age of restriction, supplementation, and their interactions
were not significant on production and carcass variables;
BW gain and feed conversion improved in birds restricted
at an earlier age (2.06 vs. 2.13 at 14 or 21 d of age in
experiment 2; 2.14 vs. 2.23 at 7 or 14 d of age in experiment
3) but decreased in those that received the supplement
(Tables 4 and 5). The greatest efficiency was achieved in
experiment 2 with feed restriction without supplement.
This effect was consistent in experiment 3, which could
indicate that the supplement affected negatively feed con-

sumption and, therefore, weight gain and feed con-
version.

Total mortality was not different among treatments, but
mortality from ascites decreased significantly (51.58%) as
a result of feed restriction and 5% of supplement (experi-
ment 3). Leg problems showed an inverse relationship
with age of restriction. They increased by effect of feed
restriction but decreased with supplement.

The analyses including the control groups indicated
that weight gain in the restricted groups was not different
from the control groups, but for the restricted groups at
7 d of age without supplement (Tables 6 and 7) this vari-
able was 34 g higher than the control; feed conversion
was better with feed restriction (2.31 vs. 2.19 for control
and restricted birds, respectively). Total mortality and
mortality from ascites decreased in feed-restricted birds
without supplement in experiment 2; however, a positive
effect of restriction plus supplementation was observed
in the results of experiment 3 on total mortality (12.71 vs.
6.56%) and mortality from ascites (7.29 vs. 3.75%). In all
of the experiments, leg problems increased more than
50% in the restricted groups without microelement sup-
plementation.

Carcass, thigh and leg, and abdominal fat weights of
the restricted groups were not different from those of the
control groups in any of the experiments. Feed restriction
at 7 d of age was more favorable for carcass weight (exper-
iment 3), and breast weight of these birds was 69 g higher
than of control birds. The birds with greater breast
weights had also lower leg weights.

The results of this study showed that the age at which
quantitative feed restriction was applied was an im-
portant factor to control mortality from ascites and com-
pensatory growth of the restricted chickens. In
experiment 1, in which the birds were restricted at 21 or
28 d of age, there was not sufficient compensatory growth
to equal the final BW of the control group. In experiments
2 and 3 in which the birds were restricted at 7 and 14 d
of age, the difference in weight gain of the restricted
groups was very small, and some of the groups were
able to surpass the BW of the control groups. This result
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TABLE 4. Least square means and analysis of variance for weight gain (WG), feed conversion (FC), total mortality (TM), mortality
from ascites (AM), leg problems (LP), carcass weight (CW), breast weight (BRW), leg and thigh weight (LTW), and abdominal
fat weight (AFW) of mixed-sex, 7-wk-old broilers under feed restriction1 plus microelements2 at different ages; experiment 2

Production variable Carcass variable (g)

WG TM AM LP
Effect (g) FC (%)3 (%)3 (%)3 CW4 BRW5 LTW5 AFW5

Age of restriction
Restriction at 14 d 2,275 2.06 14.01 9.19 5.05 1,895 487 453 37
Restriction at 21 d 2,198 2.13 13.75 9.13 7.68 1,962 502 495 44
SEM 45.49 0.04 0.03 0.03 0.02 70.36 16.94 20.90 2.81

Supplement of microelements
Without supplement 2,270 2.05 12.24 8.12 7.75 1,931 495 473 43
With supplement 2,203 2.17 15.52 10.21 5.00 1,926 494 475 38
SEM 45.49 0.04 0.03 0.03 0.02 70.36 16.94 20.90 2.81

Age of restriction × supplement of microelements
Restriction at 14 d without supplement 2,304 1.99 10.94 7.56 6.67 1,869 481 438 36
Restriction at 21 d without supplement 2,236 2.06 13.54 8.68 9.17 1,992 508 508 49
Restriction at 14 d with supplement 2,247 2.12 17.09 10.83 3.33 1,921 492 468 37
Restriction at 21 d with supplement 2,160 2.21 13.96 9.52 6.67 1,931 495 482 38
SEM 60.65 0.06 0.04 0.04 0.03 99.50 23.96 29.56 3.98

Significance level
Analysis of variance

Age of restriction NS NS NS NS * NS NS NS NS
Supplement of microelements NS NS NS NS * NS NS NS NS
Age of restriction × supplement of microelements NS NS NS NS NS NS NS NS NS

1Eight hours per day during the restriction period.
2Supplement = 10% microelement content of the diet.
3Percentages transformed into arc sine √y.
4Ajusted to a final BW of 2,075 g.
5Ajusted to a carcass weight of 1,933 g.
*P < 0.05; **P < 0.01.

TABLE 5. Least square means and analysis of variance for weight gain (WG), feed conversion (FC), total mortality (TM), mortality
from ascites (AM), leg problems (LP), carcass weight (CW), breast weight (BRW), leg and thigh weight (LTW), and abdominal
fat weight (AFW) of mixed-sex, 7-wk-old broilers under feed restriction1 plus microelements2 at different ages; experiment 3

Production variable Carcass variable (g)

WG TM AM LP
Effect (g) FC (%)3 (%)3 (%)3 CW4 BRW5 LTW5 AFW5

Age of restriction
Restriction at 7 d 2,339 2.14 6.04 3.86 2.50 2,281 563 508 45
Restriction at 14 d 2,269 2.23 7.08 3.65 6.04 2,283 538 506 49
SEM 21.47 0.02 0.03 0.02 0.04 71.69 15.27 19.28 3.10

Supplement of microelements
Without supplement 2,320 2.17 7.92 4.48 6.25 2,338 574 510 49
With supplement 2,288 2.21 5.21 3.02 2.29 2,226 527 504 46
SEM 21.47 0.02 0.03 0.02 0.04 71.69 15.27 19.28 3.10

Age of restriction × supplement of microelements
Restriction at 7 d without supplement 2,356 2.15 7.50 4.79 3.54 2,367 588 504 44
Restriction at 14 d without supplement 2,284 2.19 8.33 4.17 8.96 2,195 538 512 46
Restriction at 7 d with supplement 2,322 2.14 4.58 2.92 1.46 2,308 560 516 53
Restriction at 14 d with supplement 2,254 2.27 5.83 3.13 3.13 2,257 516 496 45
SEM 30.37 0.03 0.04 0.03 0.05 101.38 21.60 27.27 4.39

Significance level
Analysis of variance

Age of restriction NS NS NS NS * NS NS NS NS
Supplement of microelements NS NS NS NS * NS * NS NS
Age of restriction × supplement of microelements NS NS NS NS NS NS NS NS NS

1Eight hours per day during the restriction period.
2Supplement = 5% microelement content of the diet.
3Percentages transformed into arc sine √y.
4Ajusted to a final BW of 2,579 g.
5Ajusted to a carcass weight of 2,285 g.
*P < 0.05; **P < 0.01.
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TABLE 6. Least square means for weight gain (WG), feed conversion (FC), total mortality (TM), mortality from ascites (AM), leg problems
(LP), carcass weight (CW), breast weight (BRW), leg and thigh weight (LTW), and abdominal fat weight (AFW) of mixed-sex, 7-wk-old

broilers under feed restriction1 plus microelements2 at different ages; experiment 2

Production variable Carcass variable (g)

WG TM AM LP
Treatment (g) FC (%)4 (%)4 (%)4 CW5 BRW6 LTW6 AFW6

Control (1) 2,307 2.13 16.46 11.67 4.58 1,950 511 488 35
Restriction at 14 d without supplement (2) 2,304 1.99 10.94 7.56 6.67 1,869 481 438 36
Restriction at 21 d without supplement (3) 2,236 2.06 13.54 8.68 9.17 1,992 508 508 49
Restriction at 14 d with supplement (4) 2,247 2.12 17.09 10.83 3.33 1,921 492 468 37
Restriction at 21 d with supplement (5) 2,160 2.21 13.96 9.52 6.67 1,931 495 482 38
SEM 45.49 0.04 0.03 0.03 0.02 70.36 16.94 20.90 2.81

Significance level
Orthogonal contrast

1 vs. 2 + 3 + 4 + 5 NS NS NS NS NS NS NS NS NS
2 + 4 vs. 3 + 5 NS NS NS NS * NS NS NS NS
2 vs. 4 NS NS * NS * NS NS NS NS
3 vs. 5 NS NS NS NS NS NS NS NS NS

1Eight hours per day during the restriction period.
2Supplement = 10% microelement content of the diet.
3Numbers in parentheses used for orthogonal contrasts.
4Percentages transformed into arc sine √y.
5Ajusted to a final BW of 2,075 g.
6Ajusted to a carcass weight of 1,933 g.
*P < 0.05; **P < 0.01.

indicated that restriction at 7 d of age, for 8 h/d (which
allowed about 7% less feed consumption than the control
groups) and for 14 d, enabled the birds to attain the
required compensatory growth to equal the live BW of
the nonrestricted chickens. These results were similar to
those obtained by Acar et al. (1995) with broilers restricted
in the consumption of metabolizable energy at 7 to 14 d
of age. However, the same authors also reported that the
birds restricted from 4 to 11 d of age had the lowest final
BW. This finding possibly indicates a critical stage during

TABLE 7. Least square means for weight gain (WG), feed conversion (FC), total mortality (TM), mortality from ascites (AM), leg problems
(LP), carcass weight (CW), breast weight (BRW), leg and thigh weight (LTW), and abdominal fat weight (AFW) of mixed-sex,

7-wk-old broilers under feed restriction1 plus microelements2 at different ages; experiment 3

Production variable Carcass variable (g)

WG TM AM LP
Treatment3 (g) FC (%)4 (%)4 (%)4 CW5 BRW6 LTW6 AFW6

Control (1) 2,322 2.31 12.71 7.29 2.71 2,298 574 531 49
Restriction at 7 d without supplement (2) 2,356 2.15 7.50 4.79 3.54 2,367 588 504 44
Restriction at 14 d without supplement (3) 2,284 2.19 8.33 4.17 8.96 2,195 538 512 46
Restriction at 7 d with supplement (4) 2,322 2.14 4.58 2.92 1.46 2,308 560 516 53
Restriction at 14 d with supplement (5) 2,254 2.27 5.83 3.13 3.13 2,257 516 496 45
SEM 30.37 0.03 0.04 0.03 0.05 101.38 21.60 27.27 4.39
Orthogonal contrast Significance leve

1 vs. 2 + 3 + 4 + 5 NS * ** ** NS NS NS NS NS
2 + 4 vs. 3 + 5 * NS * NS ** NS * NS NS
2 vs. 4 NS NS NS NS NS NS NS NS NS
3 vs. 5 NS NS NS NS ** NS NS NS NS

1Eight hours per day during the restriction period.
2Supplement = 5% microelement content of the diet.
3Numbers in parentheses used for orthogonal contrasts.
4Percentages transformed into arc sine √y.
5Ajusted to a final BW of 2,579 g.
6Ajusted to a carcass weight of 2,285 g.
*P < 0.01; **P < 0.05.

the first week of life because of the influence of dietary
composition (Noy and Sklan, 2002), higher requirements
to maintain a high metabolic rate (Leeson, 1996), or a
lower physiological limit for quantitative feed restriction.
Plavnik and Hurwitz (1988) suggested that feed restric-
tion should be between 5 and 7 d of age, and the results of
experiment 3 are in agreement with this recommendation.

Feed conversion was better in most of all the restricted
groups, although the difference from the control groups
was significant only in experiment 3. This improvement in
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feed efficiency was not consistent in all of the experiments
despite of the fact that the severity and the duration of
the restriction were similar. Zubair and Leeson (1994)
pointed out that during restriction body mass is reduced,
and, consequently, energy requirements are decreased.

The results for mortality from ascites are in agreement
with those reported by Arce et al. (1992, 1995) under
similar conditions of management and altitude. In this
study, the effect of the age at which feed was restricted
was observed, as well as the positive effect of the 5%
microelement supplementation on total mortality and
mortality from ascites.

Leg problems increased significantly in the restricted
groups according to the age at which feed restriction was
applied. This result was not in agreement with reports
indicating that feed restriction reduces dyscondroplasia
(Yu and Robinson, 1992; Elliot and Edwards, 1994; Ed-
wards, 2000) as an effect of muscle weight reduction and,
consequently, BW. In experiment 1, the restricted groups
weighed less than the control group. Leg problems in
broilers have been attributed to several causes, including
genetics and nutrition (Sullivan, 1994), speed of growth,
and imbalance between BW and bone development (Ju-
lian, 1998). Edwards (2000) pointed out that broilers fed
diets with concentrations of vitamins, minerals, and
amino acids lower than their requirements can be more
susceptible to leg problems. He recommended the use of
quantitative feed restriction, as long as Ca and P were
adequately balanced or in excess.

In the present study, feed consumption of the restricted
groups was reduced about 7%, including consumption
of microelements essential for bone development, mainly
vitamin D3, Ca, P, Zn, Cu, and others. The deficiency of
essential microelements could explain the high incidence
of leg problems in the restricted groups without the mi-
croelement supplement during restriction. This finding
was corroborated by the results from the groups that
received 5% of supplement containing amino acids, vita-
mins, and minerals. In these groups, leg problems de-
creased significantly, even though the BW of the restricted
birds were similar to or greater than those of the control
groups. Breast and thigh quality were better in feed-re-
stricted birds, which did not exhibit petechiae or bruises
from the rupture of capillaries found in the control group
(visual observation); however, this characteristic was
not analyzed.

Under the experimental conditions of this study, the
results indicated that quantitative feed restriction, begin-
ning at 7 d of age with a microelement supplement to
compensate for microelements that the birds consume
less during restriction, reduced total mortality, mortality
from ascites, and leg problems in broilers and permitted
a compensatory growth response of the restricted birds
great enough to equal the production and carcass charac-
teristics of the control groups at 49 d of age. Nonetheless,
it is necessary to conduct further research to determine
the repeatability of these results considering the specific
microelements to be supplemented and other factors such

as the season of the year during which the chickens are
reared and their genetic lines.
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