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ABSTRACT An appropriate dietary CP level and
feeding regimen during rearing is considered important
for controlling BW and improving semen production in
broiler breeder males. A total of 640 day-old broiler
breeder male chicks of two commercial strains (A and B)
received treatments of a factorial arrangement of two CP
levels (12 and 16%) of corn-soybean grower diets and
two feeding regimens [changing feed to a grower diet
from the standard broiler starter at 0.45 and 0.68 kg BW
and then skip-a-day feeding]. Four- to 28-wk BW
differed between CP levels during rearing, with heavier
BW on the 16% CP diet than on the 12% CP diet in spite
of isocaloric feed intake. Strains did not show a
significant difference in BW prior to 40 wk of age. Feed
restriction initiated at 0.45 or 0.68 kg BW had no effect in
controlling BW after 4 wk of age. Uniformity of BW did
not differ between CP levels. Semen volume was greater

on the 12% than on the 16% CP diet from 28 to 36 wk of
age. Semen concentration was not affected by CP levels,
feeding regimens, or strains. Spermatozoa per ejaculate
from 28 to 52 wk of age was correlated negatively with
8- to 20-wk BW. This negative relationship was attenu-
ated with age, until at Week 46 or later spermatozoa per
ejaculate was associated positively with BW after sexual
maturity. No difference in percentage of males in semen
production was noted between strains, CP levels, or
feeding regimens. In brief, diet changes at 0.45 or 0.68 kg
BW were not important in improving semen production,
whereas the low CP diet (12%) had advantages in semen
production over the high CP diet (16%). A negative
relationship existed between semen production and BW
during rearing; however, continued BW gain after
sexual maturity was necessary to optimize semen
production, especially during the late breeding period.
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INTRODUCTION

Crude protein and feed restriction are used to control
BW of broiler breeder males before and after sexual
maturity for optimum reproductive performance.
However, CP level in the diet, degree of feed restriction,
and age at commencement of restriction vary among
breeder complexes.

Semen volume, concentration, spermatozoa per ejacu-
late, and testes weight at 50 wk of age were unaffected
by CP levels before sexual maturity (9, 12, and 15%,
isocaloric intake), whereas birds fed 9% CP from 6 to 50
wk of age had the lowest BW and birds fed 12 and 15%
CP became similar in BW with age (Wilson et al., 1988).
Birds fed isocaloric diets containing 9 to 12% CP before
sexual maturity had similar semen volume, sperm

concentration, testes weight, duration of semen produc-
tion, and BW. The proportion of males that produced
semen was greater when the feed contained 9 to 12% CP
than 15 to 18% (Wilson et al., 1987). Semen volume was
not affected by CP levels (12, 15, and 18%), regardless of
feeding everyday or skip-a-day, although BW gain
differed at 4 to 20 wk of age (Vaughters et al., 1987).
Sexual maturity was delayed 4 and 8 wk, respectively,
by feeding 8.9 and 5.1% CP diets and low protein diets
had no adverse effects on semen production, fertility, or
hatchability following recovery from the protein restric-
tion to a 17% CP diet (Wilson et al., 1971).

Semen concentration was lower in caged broiler
breeder males fed 16% CP diet than in those fed 12% CP
from 21 to 66 wk of age and increasing the amount of
feed did not produce more semen or increase sperm
concentration (Hocking and Bernard, 1997). The percen-
tage of males in semen production, semen volume and
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2Semen Absorbance Photometer System, IMV, France.

TABLE 1. Composition of the starter (I)
and grower diets (II and III)

1Vitamin premix provided in per kilogram finished feed: vitamin A
(retinyl palmitate), 7,350 IU; cholecalciferol, 2,200 IU; vitamin E (dl-a-
tocopheryl acetate), 8 IU; riboflavin, 5.5 mg; d-pantothenic acid, 13.0 mg;
niacin, 36 mg; choline, 500 mg; vitamin B12, 0.02 mg; menadione, 2 mg;
folic acid, 0.5 mg; thiamine mononitrate, 1.0 mg; pyridoxine, 2.2 mg; d-
biotin, 0.05 mg.

2Mineral premix provided in milligrams per kilogram finished feed:
Cu, 6.0; Fe, 54.8; I, 1.0; Mn, 65.3; Se, 0.3; Zn, 55.0.

Ingredients I II III

(%)
Corn 52.498 69.087 75.656
Soybean (48% protein) 37.719 20.094 10.178
Poultry oil 5.722 . . . . . .
Rice mill feed . . . 6.892 10.132
Dibasic calcium phosphate 1.960 1.894 1.962
Calcium carbonate 0.879 0.981 0.984
Salt 0.423 0.421 0.422
Vitamin premix1 0.250 0.250 0.250
Mineral premix2 0.250 0.250 0.250
DL-methionine 0.199 0.031 0.025
Biocox 0.100 0.100 0.100
Calculated components
Protein 22.62 16.00 12.00
ME, kcal/kg 3,157 2,860 2,860
Calcium 0.95 0.95 0.95
Available phosphorus 0.48 0.45 0.45

concentration, and spermatozoa production were
decreased with increasing CP from 8 to 40% at 18 to 64
wk of age (Hocking, 1989). No differences were found in
semen volume and sperm number of broiler breeder
males consuming 5, 7, and 9% CP diets ad libitum, from
20 to 65 wk of age (Buckner and Savage, 1986); however,
BW of males was reduced with the 5% CP diet from 24
to 36 wk of age. A daily CP intake of 10.9 g and 495 kcal
ME (free access to a 5% protein and 2,300 kcal ME diet)
maintained semen volume and sperm numbers as well
as an isocaloric daily intake of 18.7 g protein (free access
to a 9% protein diet).

Primary broiler breeder companies recommend 15 to
16% CP grower diets and restricted feeding regimens
during rearing for a greater safety margin of protein
requirements. This CP level during rearing is possibly
too high for optimal semen production of broiler
breeder males. The objective of this study was to
determine an appropriate CP level and feeding regimen
during rearing in two strains of broiler breeder males.

MATERIALS AND METHODS

Birds and Management

Six hundred and forty day-old broiler breeder male
chicks from two high yielding commercial strains (A and
B) were wing-banded and vaccinated for Marek’s disease,
Newcastle disease, and infectious bronchitis at the
hatchery. All chicks consumed the starter diet ad libitum
(Table 1) and then received treatments of a factorial
arrangement of two CP levels (12 and 16%) of corn-
soybean grower diets (Table 1) and two feeding regimens
(changing feed to a grower diet from the starter at 0.45 or
0.68 kg mean BW, criteria used by some primary
breeders). Once those birds designated for diet change at
0.68 kg mean BW reached the target, all birds across
treatments were fed skip-a-day and received equal
amounts of feed on an isocaloric basis. This amount was
determined weekly by target BW of birds fed 16% CP diet
at 0.68 kg mean BW according to the guideline of a
primary breeder.

Experimental treatments were arranged in the ran-
domized complete block. Each treatment was replicated
four times with 20 chicks each (floor pen) in a window-
sided house with controlled temperature, ventilation, and
illumination. At 21 wk of age, five males were chosen
randomly from each of the 32 floor pens, caged individu-
ally in a randomized complete block in a window-sided
house with natural temperature in July to January, and fed
the 12% CP grower diet (Table 1). Chicks were provided
with full access to water at all times, 23 h light in the first 3
d, 12 h from the 4th d to 3 wk, 8 h from 4 to 20 wk of age,
and 16 h from 21 to 54 wk of age.

Criteria

Birds were weighed individually every 4 wk to monitor
uniformity, which was determined by percentage of the
birds that were within 10% of the mean BW of all the birds
of a treatment. Two birds per replicate were killed by
cervical dislocation to obtain testes weight at 8, 14, and 20
wk of age, respectively. Age of sexual maturity was
assessed as first semen production. Semen was collected
twice (2 d) a week at 28, 32, 36, 40, 46, and 52 wk of age.
Collections were performed by abdominal massage
(Burrows and Quinn, 1937). Semen volume was measured
indirectly by weight (1 g ∼ 1 mL) (Brillard and de Reviers,
1981). In order to minimize the collection error among
people, all semen collections were performed by the same
person, except for the unavailability of the person when
birds were 52 wk of age. Semen concentration was tested
by spectrophotometer.2 Spermatozoa per ejaculate was
calculated as semen volume × concentration. A male was
determined as not in semen production when sper-
matozoa per ejaculate was zero at a given age. Percentage
of males in semen production was calculated.

Statistical Analysis

Data were subject to ANOVA with pens as experimen-
tal units using the General Linear Models procedure (SAS
Institute, 1990) with a complete model as

Yijkl = m + ai + bj + (ab)ij + gk + (ag)ik + (bg)jk +
(abg)ijk + eijkl
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TABLE 2. Analysis of variance for BW, uniformity of BW, semen volume and concentration, and spermatozoa per ejaculate in broiler
breeder males of two strains as affected by CP levels (12 and 16%) of the grower diet and two feeding regimens

(FR, changing feed to a grower diet from the starter at 0.45 and 0.68 kg mean BW)1

1Main effect of strains at all tested weeks and interactions of strain by CP or FR at all ages were not significant and thus not shown here except
for: 40- and 46-wk BW, strains differed at P < 0.05 and 46-wk spermatozoa per ejaculate and 46- and 52-wk semen volume, strains differed at P <
0.05.

Probability at Week

Source 4 8 12 16 20 24

BW
CP 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
FR <0.01 0.89 0.23 0.30 0.38 0.14
CP × FR 0.47 0.93 0.54 0.71 0.70 0.14

Uniformity
CP 0.61 0.86 0.41 0.96 0.95 0.78
FR 0.10 0.12 0.42 0.40 0.16 0.19
CP × FR 0.86 0.04 0.76 0.19 0.41 0.08

Probability at Week
Source 28 32 36 40 46 52

BW
CP 0.05 0.82 0.97 0.59 0.46 0.97
FR 0.25 0.34 0.08 0.23 0.18 0.36
CP × FR 0.48 0.63 0.16 0.47 0.15 0.08

Uniformity
CP 0.49 0.12 0.44 0.33 0.67 0.55
FR 0.01 <0.01 0.06 0.15 0.74 0.09
CP × FR 0.81 0.15 0.44 0.53 0.79 0.42

Semen volume
CP 0.03 0.05 0.04 0.48 0.80 0.24
FR 0.65 0.99 0.42 0.94 0.22 0.99
CP × FR 0.84 0.58 0.14 0.35 0.05 0.09

Semen concentration
CP 0.20 0.79 0.40 0.96 0.86 0.51
FR 0.69 0.62 0.87 0.88 0.39 0.72
CP × FR 0.71 0.07 0.86 0.86 0.10 0.27

Spermatozoa per ejaculate
CP 0.02 0.14 0.16 0.77 0.87 0.65
FR 0.58 0.58 0.99 0.99 0.10 0.75
CP × FR 0.82 0.08 0.67 0.88 0.03 0.19

Percentage of males in semen production
CP 0.84 0.49 0.79 0.67 0.65 0.09
FR 0.56 0.65 0.56 0.92 0.65 0.18
CP × FR 0.18 0.88 0.97 0.90 0.65 0.28

here Yijkl is the observation of the lth replicate, the kth

feeding regimen, the jth CP level, and the ith strain; m is the
overall mean for a trait; ai is the effect of the ith strain; bj is
the effect of the jth CP level; gk is the effect of the kth

feeding regimen; (ab)ij is the interaction effect of strain
and CP level; (ag)ik is the interaction effect of strain and
feeding regimen; (bg)jk is the interaction effect of CP level
and feeding regimen; (abg)ijk is the interaction effect of
strain, CP level, and feeding regimen; eijkl is the random
error, which was used as the error term to test for all other
effects in the model. The repeated statement (SAS
Institute, 1990) was used for BW, semen volume and
concentration, and spermatozoa per ejaculate. Gain of BW
after sexual maturity was calculated by subtracting
20-wk BW. Uniformity of BW and percentage of males in
semen production were transformed by arc sine square
root before subjected to ANOVA. A relationship of
spermatozoa per ejaculate with BW during rearing or BW

gain after sexual maturity was assessed by correlation and
regression analysis.

RESULTS AND DISCUSSION

Four- to 28-wk BW differed between birds receiving
different CP levels during rearing (Table 2), with heavier
BW in birds consuming the 16% CP diet than the 12%
diet despite isocaloric feed intake (Figure 1). Strains did
not show any difference in BW prior to 40 wk of age but
the difference between strains was significant in
40- to 46-wk BW (Table 2). Changing feed to a grower
diet from the starter at 0.45 or 0.68 kg mean BW did not
significantly alter BW gain after 4 wk of age (Table 2).

Uniformity of BW of birds did not differ between CP
levels or feeding regimes (Table 2) at any age except 28
to 32 wk. Body weight had a greater uniformity when
changing feed to the grower diet at 0.68 kg than at 0.45
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FIGURE 1. Metabolizable energy of feed consumed daily per bird and mean BW of broiler breeder males fed isocaloric diets containing 12 or
16% CP.

FIGURE 2. Uniformity of BW changed with age by feeding
regimens (changing feed to a grower diet from the starter at 0.45 and
0.68 kg mean BW). FIGURE 3. Semen volume changed with age by CP levels of diets.

kg (Figure 2). Uniformity of BW declined with the age of
birds (Figure 2). Although 24 to 28 wk BW was more
uniform than previously, the population size was
different, greater during rearing than after caging, which
should be taken into consideration. The current study
did not exhibit above 80% uniformity of BW during
rearing as indicated by the primary breeder, possibly

because of a smaller scale interval (grams) used in the
current assessment than the primary breeder’s (pounds).
The larger the scale interval, the higher the uniformity
value (North, 1984).

Semen volume of males differed between CP levels
only at 28 to 36 wk of age (Table 2) and was greater with
12% CP than that with 16% CP (Figure 3). There was no
difference between strains and between feeding regi-
mens at any ages except at 46 to 52 wk, when males
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TABLE 3. Correlation coefficients of weekly averaged semen measurements and BW of broiler
breeder males of two strains as affected by two CP (12 and 16%) levels of the grower diet

and two feeding regimens (FR, changing feed to a grower diet
from the starter at 0.45 and 0.68 kg mean BW)1

1Means by treatments, i.e., n = 8.
†P ≤ 0.1.
*P ≤ 0.05.
**P ≤ 0.01.

BW at
Week

Semen characteristics at Week

28 32 36 40 46 52

Semen volume
4 –0.60 –0.40 –0.59 –0.17 0.25 –0.15
8 –0.88** –0.92** –0.66† –0.27 0.00 –0.37

12 –0.88** –0.94** –0.66† –0.24 0.07 –0.36
16 –0.92** –0.89** –0.66† –0.23 0.08 –0.33
20 –0.88** –0.89** –0.71† –0.29 0.07 –0.34
24 –0.82* –0.89** –0.57 –0.08 0.29 –0.11
28 –0.80* –0.64† –0.43 –0.04 0.48 0.13
32 0.03 0.11 0.27 0.70† 0.56
36 0.32 0.50 0.81* 0.64
40 0.51 0.85** 0.67
46 0.95** 0.74*
52 0.88**

Semen concentration
4 –0.33 –0.24 –0.34 –0.09 0.22 0.19
8 –0.49 –0.06 –0.53 –0.01 –0.06 –0.16

12 –0.50 –0.09 –0.54 –0.02 0.02 –0.14
16 –0.48 0.02 –0.50 0.02 0.00 –0.11
20 –0.60 –0.07 –0.55 –0.12 –0.02 –0.11
24 –0.51 –0.81 –0.38 –0.05 0.34 0.27
28 –0.35 –0.14 –0.29 0.04 0.43 0.42
32 0.48 0.15 0.28 0.60 0.59
36 0.33 0.30 0.79* 0.57
40 0.40 0.77* 0.60
46 0.87** 0.64
52 0.65

Spermatozoa per ejaculate
4 –0.53 0.00 –0.44 –0.05 0.45 –0.08
8 –0.85** –0.56 –0.68† –0.13 0.02 –0.15

12 –0.87** –0.59 –0.64† –0.13 0.13 –0.16
16 –0.88** –0.49 –0.65† –0.08 0.12 –0.14
20 –0.87** –0.51 –0.70† –0.17 0.12 –0.13
24 –0.79* –0.66† –0.60 –0.03 0.44 0.15
28 –0.73* –0.33 –0.51 0.10 0.67† 0.35
32 0.22 0.04 0.42 0.84** 0.56
36 0.30 0.51 0.89** 0.51
40 0.63† 0.82* 0.57
46 0.90** 0.64
52 0.71*

from one strain had a greater semen volume than from
the other (Table 2). Covariance analysis, with BW the
covariate, indicated that CP levels indirectly affected
28- to 36-wk semen volume because the CP effect was
not significant after adjusted for 4- to 20-wk BW. In
other words, it was BW not CP per se that had a direct
influence on semen volume of males. Thus, relationships
of semen characteristics with BW instead of CP were
analyzed further.

Semen volume of males from 28 to 32 wk of age was
correlated negatively with 8- to 28-wk BW (Table 3).
Negative correlations between semen volume and BW
declined with age, until 46- to 52-wk semen volume was
correlated positively with 36- to 52-wk BW (Table 3).

Semen concentration was not affected by CP levels,
feeding regimens, or strains of birds (Table 2). However,
males consuming 12% CP diet had a numerically but not
significantly higher semen concentration than those
consuming 16% CP diet at all ages (Figure 4), which was
similar to the result of 48 caged males consuming 12 and
16% CP from 21 to 66 wk of age (Hocking and Bernard,
1997). Unlike semen volume, semen concentration was
not affected by BW during rearing (Table 2). However,
46-wk semen concentration was correlated positively
with 36- to 46-wk BW (Table 3).

Spermatozoa per ejaculate differed between CP levels
only at 28 wk of age (Table 2, Figure 5). Negative
correlations of 28-wk spermatozoa per ejaculate and
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FIGURE 4. Semen concentration changed with age by CP levels of
diets.

FIGURE 5. Spermatozoa per ejaculate changed with age by CP
levels of diets.

FIGURE 6. Linear regression of 28 to 52 wk by treatment means (n
= 8) of spermatozoa per ejaculate (Y) on 8 to 20 wk mean BW (X) with
the model of Y = a + bX.

FIGURE 7. Percentages of males in semen production changed
with age by CP levels of diets.

8- to 28-wk BW were observed (Table 3). Cumulatively
averaged spermatozoa per ejaculate from 28 to 52 wk of
age was correlated negatively with 8- to 20-wk BW
(Figure 6), which was influenced mainly by CP levels.
With each 100-g increase in 8- to 20-wk BW in ranges as
showed in Figure 6, cumulatively averaged spermatozoa
per ejaculate from 28 to 52 wk of age was decreased by
approximate 0.1 to 0.2 billion as estimated by linear
regression. This negative correlation declined with age,
until, at 46 to 52 wk of age, it was correlated positively
with 36- to 52-wk BW (Table 3). The results suggest that
appropriately continued BW gain is necessary to op-
timize the number of spermatozoa per ejaculate during
the late breeding period, i.e., after 46 wk of age. This
result agrees with Sexton et al. (1989), who reported that
full-fed males had heavier BW and higher spermatozoa
per ejaculate than those restricted-fed from 17 to 56 wk

of age. Hocking (1990) stated that naturally mated
broiler breeder males should be allowed to gain BW by
increasing the amount of a low CP diet (11%) through-
out the breeding period. In the current study, no
difference in BW gain after 20 wk of age was observed
between treatments throughout the test period.
However, it appeared that a greater BW gain after
sexual maturity was associated with an increased
spermatozoa per ejaculate, although the correlations
were not statistically significant (data not shown).

Spermatozoa per ejaculate, as well as semen volume
and concentration, decreased linearly with age in the
current study and also in previous reports (Hocking and
Bernard, 1997; Sexton et al., 1989). However, some
investigators have observed that semen volume and
concentration remained relatively stable at 26 to 42 wk
of age (Wilson et al., 1971) or at 27 to 53 wk (Wilson et
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al., 1987). This result could be partially due to strains
and environmental consistency throughout the entire
period of studies. In the current study, an increase of
semen volume after 46 wk of age (Figure 3) might be
attributable to collections by a different person.

No difference in percentage of males in semen
production was noted between strains, CP levels, or
feeding regimens (Table 2), in contrast to previous
reports that a greater percentage of caged males
produced semen on low CP rations than on high CP
rations (Wilson et al., 1987; Hocking, 1989). The percen-
tage of males in semen production was decreased with
age from 94% at 28 wk of age to about 30% at 52 wk of
age (Figure 7), which was responsible for the decline of
mean semen volume and concentration and sper-
matozoa per ejaculate. It has yet to be determined
whether or not naturally mating males exhibit such
greatly depressed semen production with age. Given a
positive effect of boosted mating frequency and libido
satiety on semen production in field males, it is likely
that semen characteristics of caged males is reflective of
a depressed status in semen characteristics of naturally
mating males.

Testes weight during rearing did not differ between
CP levels or feeding regimens in the current study, with
the exception that there was a greater testes weight with
16% CP than with 12% at 12 wk of age. Previous studies
have found varying results with regard to the relation-
ship between testes weight and CP levels. No difference
was noted in 53-wk testes weight of 120 broiler breeder
males fed 12, 14, and 16% CP diets during rearing
(Wilson et al., 1987). In contrast, Wilson et al. (1965)
noted that testes weights of Leghorn males at 40 wk of
age were greater with lower CP levels (4.5 to 9%) than
with 16% CP during rearing. Average testes size of 24
caged broiler breeder males fed 16% CP at 21 to 66 wk
of age was smaller and testicular function was absent in
a larger proportion than fed 12% CP (Hocking and
Bernard, 1997). There was no apparent relationship
between testes weight and semen production (Brown
and McCartney, 1983). It seems that testes weight is not
reflective of semen-producing ability.

Age of first semen production did not differ between
CP levels or between feeding regimens in this study.
Sexual maturity was not delayed by 12.4% CP diet
during rearing (Wilson et al., 1971) but was delayed a
few weeks by diets as low CP as 4.5 to 9% in Leghorns
(Wilson et al., 1965) and broiler breeder males (Wilson et
al., 1971).

In short, diet changes at 0.45 or 0.68 kg (1.0 or 1.5 lb,
respectively) BW were not important in improving
semen production. The low CP diet (12%) had advan-
tages in semen production over the high CP diet (16%).
A negative relationship existed between semen produc-

tion and BW during rearing. Appropriately continued
BW gain after sexual maturity was necessary to optimize
semen production, especially during the late breeding
period.
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