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ABSTRACT Mammalian studies have shown that
nutritional constraints during the perinatal period are
able to program the progeny (metabolism, perfor-
mance). The presented research aimed to investigate if
broiler breeders and their offspring performance could
be influenced by reducing the dietary crude protein
(CP) level with 25%. A total of 160 day-old pure line A
breeder females were randomly divided over 2 dietary
treatments. The control group was fed commercial di-
ets, whereas the reduced balanced protein (RP) breed-
ers received an isoenergetic diet that was decreased with
25% in dietary CP and amino acid during their entire
lifespan. The RP birds required an increased feed al-
lowance, varying between 3 and 15%, to meet the same
BW goals as their control fed counterparts. The dif-
ference in feed allocations and reduction of the dietary
CP level resulted in a net protein reduction varying be-
tween 14 and 23%. At wk 27 and 40, the body compo-

sition of the breeders was changed as a result of the di-
etary treatment. At both ages, the proportional abdom-
inal fat pad weight of the RP breeders was increased
(P < 0.001), whereas the proportional breast muscle
weight was only higher at wk 27 in the control group
compared to the RP group (P < 0.001). Egg weight (P
< 0.001) and egg production (P < 0.001) was decreased
for the RP fed birds. The lower dietary CP level reduced
the proportional albumen weight of the RP eggs (P =
0.006). Male offspring from RP breeders were charac-
terized by an increase in BW from 28 d until 35 d of
age (P = 0.015). Moreover, female progeny of RP breed-
ers showed a reduced FCR (P = 0.025), whereas male
progeny showed a tendency (P = 0.052) towards a lower
FCR at 5 wk of age. In conclusion, lowering dietary CP
levels in rearing and laying phase of breeders had a neg-
ative effect on breeder performance but enhanced live
performance of the offspring.
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INTRODUCTION

The importance of crude protein (CP) levels in
broiler breeder diets is well known and has been an in-
teresting topic of research for the last decades. Both, al-
bumen removal from the eggs prior to incubation (Ever-
aert et al., 2013) and maternal protein reduction (Lopez
and Leeson, 1995a; Hocking et al., 2002; van Emous
et al., 2013; Moraes et al., 2014), were thoroughly in-
vestigated in the past. A decrease in the dietary CP
level in poultry production could have a positive im-
pact on the economic and environmental costs of poul-
try meat production. Broiler production has evolved
tremendously over the past 30 years and the selection
towards a higher proportional breast muscle weight re-
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sulted in an altered body composition of broilers and
breeders. The growth curve of female breeders altered
from a convex to a concave shaped curve. This resulted
in a lower feed allowance in the beginning of the rear-
ing period, but a higher feed allocation towards the
start of the laying phase. This concave growth curve
assures a more uniform maturation of the flock (Ren-
ema et al., 2007). Consequently, breeder production and
the feed requirements of both breeder and broiler gen-
erations are changed as well. Not only breeding com-
panies, but also the feed industry made tremendous
progress in the last decades, resulting in a broiler that
is more efficient and grows 4.6 times the rate of a 1957
random-bred strain (Havenstein et al., 2003a,b; Thiru-
venkadan et al., 2011; Zuidhof et al., 2014). The in-
terest in low protein and diluted diets is increasing
again (Enting et al., 2007; Zhu et al., 2012; Moraes
et al., 2014; van Emous et al., 2015a,b). By reducing
the CP and/or energy content of the broiler breeder di-
ets, daily feed allocation can be increased, which could
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enhance the welfare of the breeder generation. In addi-
tion, maternal dietary treatments have been shown to
program the offspring of avian species, with the impli-
cation of epigenetic effects (Berghof et al., 2013; Frésard
et al., 2013). The study by van Emous et al. (2015a) re-
duced the dietary CP levels during the rearing period,
resulting in an increase of the proportional breast mus-
cle (BM) of the male offspring. Moreover, Rao et al.
(2009) reduced the dietary CP level during the lay-
ing phase and showed an altered gene expression in
the yolk-sac membrane, hypothalamus, and muscle of
developing chicken embryos. Furthermore, the effect of
a reduced albumen amount available for the embryo
has been shown to program the chicken early in life
with long-lasting effects (Everaert et al., 2013; Willems
et al., 2016). Therefore, the presented study investi-
gated the effects of a lower dietary CP level in both
rearing and laying phase of breeders. It is hypothesized
that reduced dietary CP levels during the entire lifes-
pan of breeder hens could induce maternal program-
ming effects on the broiler offspring towards a better
protein efficiency.

MATERIALS AND METHODS

Ethics

The present research was approved by the ethical
commission for experimental use of animals of the KU
Leuven under accession number P187/2013.

Birds and Management Breeder Trial

A total of 160 1-day-old Pure Line A female breed-
ers were wing tagged and randomly distributed over 10
floor pens (1.5 × 2 m), resulting in 16 birds per pen in
the rearing phase and 12 birds per pen in laying phase.
Forty 1-day-old male breeders of the same Pure Line A
were allotted in 2 pens and kept separate from the fe-
males. Pure line A is a pure broiler breeder male line of
a commercial breeding company at the A position of a
4-way cross that makes up a commercial broiler. These
pens were all located in the same poultry house and the
floor was covered with wood shavings. The females were
divided into 2 groups: a control group (C), fed with
standard commercial breeder diets (Aviagen, 2013) and
a reduced balanced protein group (RP), fed with diets
wherein the dietary protein and amino acid level was
reduced by 25% during rearing and laying phase (Ta-
ble 1). This experimental setup was conducted with 5
replicates per treatment. In the first 3 wk, all birds
received the same starter feed (Research Diet Service,
Wijk bij Duurstede, The Netherlands), which was fed
ad libitum from 1 to 14 d. From 15 to 21 d all birds
were fed a controlled amount of the starter 1 diet. Af-
ter 21 d of age the dietary treatment started and the
RP group received a feed with a 25% reduction in di-
etary crude protein and amino acids throughout rear-

ing and laying phase (Table 1). Starter 2 was provided
from 22 to 42 d, the grower diet was administered from
43 to 105 d, the pre-breeder diet from 106 to 154 d
and breeder diet from 155 d until 40 wk of age. Dur-
ing rearing, the feed allocations were adapted weekly to
maintain a similar BW for both groups as all breeders
were kept on the same target BW curve recommended
in the breeder management guide for a Ross 308 parent
stock (Aviagen, 2013). BW and egg production were
the directives for calculating the daily feed allocation
during the laying phase. For each feeding phase, diets
were formulated to be isoenergetically and composed
of the same raw materials. Fat percentage was similar
in the C and RP diets of each phase, whereas protein
was isoenergetically substituted by carbohydrates. The
main focus of this research was to evaluate the effects
of a RP diet on the progeny and to a lesser extent on
the egg production.

The male breeders were not subjected to any dietary
treatment and were fed according to the breeder man-
agement guide for a Ross 308 parent stock (Aviagen,
2013). The breeders were artificially inseminated from
wk 25 onwards. At the age of 19 wk, 12 males were se-
lected and transferred to individual cages (60 × 40 ×
60 cm). Their semen was pooled and diluted following
the protocol of Sexton (1977), after which 100 μL of the
diluted semen was injected once a wk to the vagina of
the female breeders. The progeny of these breeders was
used for the offspring experiment.

Light and temperature schedules were applied ac-
cording to the management guidelines for a Ross 308
parent stock (Aviagen, 2013). The photoperiod of the
pullets during the first 2 d was 23L:1D and was grad-
ually reduced to 8L:16D at d 10 of age. At 21 wk of
age, the breeders were photostimulated and light period
was increased to 11L:13D. The photoperiod was fur-
ther increased by 1 h extra light per wk until 13L:11D
was reached at 23 wk of age. During the laying phase,
light was on between 0400 h and 1700 h. Feed was
supplied daily at 0900 h. Water was available ad li-
bitum during light hours through 1 bell-type drinker
per pen. The birds were vaccinated according to the
standard commercial vaccination procedures (Galluvet,
Lummen, Belgium).

Birds and Management Offspring Trial

In wk 30 and 31, a total of 350 fertile eggs of the
control and RP groups were collected. All eggs were
incubated in a forced draft incubator (PAS Reform in-
cubator, Zeddam, The Netherlands) for 21 d following
the standard incubation conditions, i.e., dry bulb tem-
perature of 37.6◦C, a wet bulb temperature of 29.0◦C
and were turned every hour over an angle of 90◦. On
embryonic d 18, all eggs were candled and those with
signs of viable embryos were transferred from the setter
trays to individual hatching baskets. At the end of the
incubation period (21.5 d), unhatched eggs were opened
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Table 1. Composition and calculated contents of the rearing and laying phase diets (g/kg).

Starter 2 Grower Pre-breeder Breeder
Starter 1 (22 to 42 d) (43 to 105 d) (106 to 154 d) (From 155 d)

Item (0 to 21 d) C1 RP2 C RP C RP C RP

Ingredient
Wheat 151.6 219.1 293.8 185.7 246.1 194.5 262.4 198.9 268.8
Maize 450.0 400.0 400.0 400.0 400.0 450.0 450.0 450.0 450.0
Soybean meal 215.0 156.0 44.5 107.0 21.0 105.0 7.0 150.0 47.0
Sunflower meal 50.0 50.0 50.0 30.0 30.0 75.0 75.0 40.0 40.0
Wheat middlings 50.0 70.0 70.0 150.0 150.0 100.0 100.0 30.0 30.0
Reapseed meal 20.0 30.0 30.0 - - - - - -
Vegetable fat 15.0 20.0 21.5 14.0 14.0 10.0 10.0 15.2 15.2
Cellulose - 10.0 43.0 35.0 45.0 5.00 16.5 5.00 17.0
Diamol - - - 35.0 45.0 5.00 16.5 5.00 17.0
Animal lard - - - - - 7.50 7.50 10.0 10.0
Chalk 15.5 15.5 16.0 14.0 14.6 25.0 25.0 24.5 24.5
Limestone - - - - - - - 49.0 49.0
Monocalcium phosphate 11.5 12.5 13.0 11.5 11.8 5.50 6.50 6.00 7.00
Sodium carbonate 3.70 2.50 3.20 2.60 3.00 2.80 3.40 2.20 2.80
Potassium carbonate - - - 1.00 5.00 - 4.80 - 5.00
Salt 1.80 2.40 2.00 2.40 2.10 2.20 1.80 2.50 2.10
L-Lysine 2.70 0.60 1.80 0.70 1.60 0.95 2.15 0.35 1.65
DL-Methionine 2.20 1.00 0.60 0.75 0.30 1.15 0.80 1.10 0.70
L-Threonine 0.90 0.30 0.50 0.20 0.40 0.25 0.45 0.20 0.50
L-Tryptophan - - - - - - - - 0.15
L-Isoleucine - - - - - - - - 1.15
L-Arginine - - - - - - - - 0.35
Natuphos 5000G 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Premix 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Analyzed content4

CP 218.6 195.0 143.0 156.5 117.6 162.0 126.5 161.6 115.5
Calculated content5

AMEn (kcal/kg) 2801 2798 2800 2605 2604 2787 2785 2791 2792
DM 878.4 879 882.0 883.9 886.5 879.5 882.5 886.0 889.0
Crude ash 58.6 57.7 52.7 87.8 95.6 63.0 72.1 108.9 118.3
Crude fat 41.8 45.6 45.8 39.7 38.8 44.3 43.3 49.9 48.7
Crude fibre 41.8 52.7 82.0 72.0 79.9 52.2 61.3 38.6 48.0
Energy: protein ratio 12.8 14.3 19.6 16.6 22.1 17.2 22.0 17.3 24.2
Starch 399.6 409.4 446.8 400.5 430.9 428.1 462.2 418.0 453.1
Sugars 36.7 34.5 26.2 30.3 23.9 30.0 22.7 28.5 20.8
Calcium 10.0 10.0 10.0 9.00 9.00 12.1 12.0 30.1 30.0
Total phosphorus 6.60 6.90 6.50 6.60 6.30 5.30 5.10 4.60 4.4
Available phosphorus 4.30 4.50 4.50 4.20 4.20 2.90 3.00 2.90 3.0
Digestible lysine 0.95 0.66 0.48 0.51 0.38 0.55 0.41 0.56 0.41
Digestible leucine 1.28 1.13 0.83 0.93 0.70 1.00 0.74 1.04 0.77
Digestible M + C 0.73 0.57 0.43 0.46 0.34 0.53 0.41 0.52 0.38
Digestible arginine 1.08 0.94 0.61 0.74 0.49 0.80 0.52 0.81 0.55
Digestible threonine 0.60 0.47 0.34 0.36 0.26 0.40 0.28 0.41 0.30
Digestible tryptophan 0.17 0.15 0.10 0.12 0.08 0.12 0.09 0.13 0.10

1Control group: standard breeder diets.
2RP group: Reduced balanced protein diet, 25% reduction in dietary crude protein and amino acids.
3Provided per kg diet: Vitamin A 10,000 IU; Vitamin D3 3,500 IU; Vitamin E 100 mg; Vitamin K3 3.0 mg; Vitamin B1 3.0 mg; Vitamin B2 6.0 mg;

Vitamin B6 3.0 mg; Vitamin B12 20 μg; Niacinamide 35 mg; D-pantothenic acid 15 mg; Choline chloride 600 mg; Folic acid 1.5 mg; Biotin 0.15 mg;
Iron 40 mg; Copper 16 mg; Manganese 120 mg; Zinc 110 mg; Iodine 1.25 mg; Selenium 0.3 mg.

4Based on 2 analyses in duplicate per diet.
5Calculated according to CVB, 2012.

to determine the stage of embryonic mortality (early,
mid and late death). After cloacal sexing, male and fe-
male progeny were randomly allocated to 16 floor pens
(1.0 × 0.75 m), with either 10 male or female chicks
per pen, resulting in 4 replicates per group per gender.
The floor was covered with wood shavings as bedding
material. The light and temperature schedules were fol-
lowed according to the management guide of Ross 308
broilers (Aviagen, 2014). During the first wk, the pho-
toperiod was 23L:1D, from 1 wk of age onwards broilers
were kept on a 14L:4D:2L:1D:2L:1D lighting program.
Both the progeny from the control and RP group were
fed a standard 3 phased broiler feed optimized following

the recommendation of CVB (2012) (Table 2) (Research
diet service, Wijk bij Duurstede, The Netherlands). The
starter diet was supplied from 1 to 10 d, a grower diet
from 11 to 25 d and a finisher diet from 26 to 35 d. All
birds were wing tagged for individual weekly weighing.

Data Collection Breeder Trial

Body Weight. During both rearing and laying
phase, individual BW was monitored weekly for all
birds. The weighing was performed before feeding time
and daily feed allocations for C and RP group were
determined based on this weekly weighing data.
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Table 2. Composition and calculated contents of the starter,
grower and finisher broiler diets (g/kg).

Starter Grower Finisher
Item (0 to 10 d) (11 to 25 d) (26 to 35 d)

Ingredient
Wheat 192.4 340.6 500.0
Maize 400.0 250.0 95.1
Soybean meal 290.0 270.0 265.0
Reapseed meal 20.0 30.0 30.0
Potato protein 20.0 10.0 -
Vegetable fat 33.0 29.0 31.0
Animal lard - 30.0 40.0
Chalk 14.5 13.0 12.6
Monocalcium phosphate 11.0 8.50 6.50
Sodium carbonate 3.00 2.20 2.20
Salt 2.10 2.10 2.00
L-Lysine 1.50 1.80 2.20
DL- Methionine 2.15 2.05 2.10
L-threonine 0.25 0.50 0.80
L-valine - 0.15 0.45
Natuphos 5000G 0.10 0.10 0.10
Premix1 10.0 10.0 10.0

Analyzed content2

CP 222.6 212.6 201.8
Calculated content3

AMEn (kcal/kg) 2843 2954 3000
DM 880.3 881.9 881.9
Crude ash 56.5 52.1 49.9
Crude fat 57.9 79.4 87.1
Crude fiber 26.9 27.5 27.7
Starch 385.2 378.6 375.8
Sugars 38.9 40.1 42.1
Calcium 9.5 8.50 8.00
Total phosphorus 5.9 5.50 5.10
Available phosphorus 4.2 3.70 3.40
Digestible lysine 1.10 1.04 1.01
Digestible leucine 1.54 1.34 1.27
Digestible M + C 0.80 0.76 0.75
Digestible arginine 1.25 1.18 1.15
Digestible threonine 0.68 0.65 0.64
Digestible tryptophan 0.21 0.20 0.20

1Provided per kg diet: Vitamin A 10,000 IU; Vitamin D3 2,500 IU;
Vitamin E 50 mg; Vitamin K3 1.5 mg; Vitamin B1 2.0 mg; Vitamin B2
7.5 mg; Vitamin B6 3.5 mg; Vitamin B12 20 μg; Niacinamide 35 mg; D-
pantothenic acid 12 mg; Choline chloride 460 mg; Folic acid 1.0 mg;
Biotin 0.2 mg; Iron 80 mg; Copper 12 mg; Manganese 85 mg; Zinc 60 mg;
Iodine 0.8 mg; Selenium 0.15 mg.

2Based on 2 analyses in duplicate per diet.
3Calculated accoding to CVB, 2012.

Body Composition. At 27 and 40 wk of age, 10
birds representing the average weight per treatment
were sacrificed for sampling. The birds were sacrificed
by electrical stunning, following to the EU regulations,
prior to decapitation. The BM (both the pectoralis ma-
jor and minor of the left side), abdominal fat pad (AF),
liver, pancreas, heart, oviduct, ovaria, stroma and the
largest follicle were dissected and weighed. Addition-
ally, the number of small (between 5 and 10 mm) and
large (>10 mm) yellow follicles was recorded. The pro-
portional tissue weights were calculated by dividing the
absolute tissue weight by the live weight of the bird.

Egg Production. During the laying period, from 24
to 39 wk of age, eggs were collected daily and weighed
individually. The eggs were classified into first and sec-
ond grade eggs, second grade eggs contained double-
yolked eggs or shell abnormalities and were not used
for calculation of laying rate. Laying rate in the first

2 wk of production was calculated from 24 to 25 wk
of age. Breeder FCR was calculated as the total feed
intake (rearing and production phase) divided by the
total egg mass from 24 to 39 wk of age (kg feed/kg egg
mass).

Egg Composition and Quality. At wk 26, 32, and
39, egg composition and egg quality were determined
on 20 eggs per treatment the day after collection. The
yolk, albumen, and egg shell of the eggs were separated
and weighed. Proportional weights were calculated rel-
ative to egg weight. The shell thickness was measured
by using a micrometer at 3 places around the equa-
tor of the egg. The albumen height measured in Haugh
units (HU) (Eisen et al., 1962) was determined at the
center of the thick albumen using a standard tripod
micrometer (Futura-Werner Fürste, Löhne, Germany).
Haugh units were calculated using the following equa-
tion: HU = 100 × log {albumen height − 5.67 × [(30
× egg weight 0.37 − 100)/100] + 1.9}. The color of the
yolk was determined by using a Roche Yolk Color Fan
scale (Hoffmann-La Roche, Basel, Switzerland), which
ranges from 1 (very light yellow) to 15 (dark orange).

Data Collection Offspring Trial

Body Composition. At hatch and d 35, 10 chicks
per group (offspring control and RP group) were sac-
rificed and dissected. The hatchlings were killed by
decapitation, whereas 35-day-old broilers were eutha-
nized by electrical stunning, following the EU regula-
tion, prior to decapitation. The 35-day-old broilers used
for sampling were selected based on their BW being
near the average BW of the representing pen. At hatch,
the weight of residual yolk, breast muscle (pectoralis
major and minor, both sides), pancreas, liver and heart
was recorded. At d 35, the weight of breast muscle (pec-
toralis major and minor, left side), abdominal fat pad,
pancreas, liver and heart were recorded. Proportional
weights were calculated by dividing the organ weight
by the live weight.

Body Weight, Feed Intake, and Feed Conversion
Ratio. All birds were weighed individually at weekly in-
tervals. The feed intake was calculated weekly by weigh-
ing the remaining feed and subtracting this from the
amount of feed administered. The feed conversion ratio
(FCR) was calculated weekly and corrected for mor-
tality and difference in BW. The used empirical equa-
tion is based the assumption that 1 point of FCR, i.e.,
0.01 is equivalent to a 45 g difference in BW. Heavier
birds have higher maintenance requirements and there-
fore have a higher feed intake. This empirical equation
thus corrects for differences in BW between groups.

FCRwmc = FCRactual + [(Target BW—Actual
BW)/45∗0.01]

FCRwmc = FCR corrected for BW differences and
mortality

FCRactual = BW gain divided by feed intake, cor-
rected for mortality
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Figure 1. Feed allocation difference and protein reduction between
the control and RP group. To maintain the same BW curve differ-
ent feed allocations between the control and reduced balanced protein
group were needed. The protein reduction is the net protein reduc-
tion that takes the feed allocation and dietary crude protein level into
account.

Statistics

All data regarding the breeder trial were analyzed
with the statistical software package SAS University
(SAS Institute Inc., Cary, NC). Egg weight, egg pro-
duction, body and egg composition were analyzed using
GLM with treatment, age, and their interaction as clas-
sification variables. When there was a significant effect
of treatment, or interaction with age, means were fur-
ther compared by a post-hoc Tukey’s test. The zootech-
nical laying performance of the breeder trial and body
composition of the offspring trial were analyzed using
one-way analysis of variance (ANOVA) with treat-
ment as a classification variable. Average weekly BW,
feed intake, and FCR data of the offspring experiment
were analyzed using a GLM repeated measurements
procedure of JMP pro 12 (SAS Institute Inc., Cary, NC)
with age, treatment, and their interactions as classifica-
tion variables. Data are presented as mean ± SEM. For
each result the significance level was set at P < 0.05.

RESULTS

Feed, Protein and Energy Intake

The RP birds had on average 10% more feed allocated
to maintain a similar BW throughout the entire exper-
iment (Figure 1), with an increased energy intake as a
consequence. In all feeding phases, the diets were for-
mulated isoenergetically and therefore the differences
in feed allocation amounts corresponds with an extra
energy intake of the RP fed breeders. The net protein
reduction takes into account the protein reduction of
the RP feed and the difference in feed allocation. An
overview of the differences in feed allocation and con-
sequently the net protein reduction and extra energy

Table 3. Effects of dietary protein (CP) level on BW, CV, total
feed intake1 and CP intake1 of breeders fed control or reduced
balanced protein (RP) diets at 10, 15, and 22 wk of age.

Group BW CV Feed intake1 CP intake1

(g) (%) (g) (g)

10 wks of age

Control 966 ± 20 16.3 ± 1.6 2653 507
RP 976 ± 8 14.2 ± 1.4 2827 417
P-value CP NS NS / /

15 wks of age

Control 1,460 ± 28 18.8 ± 1.8 5131 833
RP 1,446 ± 13 16.4 ± 1.2 5553 698
P-value CP NS NS / /

22 wks of age

Control 2,308 ± 35 15.8 ± 0.8 9240 1497
RP 2,274 ± 16 15.8 ± 0.7 10,123 1226
P-value CP NS NS / /

1Total feed intake and CP intake is calculated from 2 wk of age. Daily
feed allocations within a treatment were the same for all pens.

are shown in Figure 1. From wk 3 to 18, the RP birds
were fed approximately 10% more to maintain a simi-
lar BW as the control birds. This daily feed allocation
corresponded with a 17.5% reduction in dietary protein
compared to the control group. In the following weeks,
RP birds required a higher feed allowance to reach the
same BW. The total feed and CP intake of the con-
trol and RP breeders at 10, 15, and 22 wk of age is
shown in Table 3. During the start of the laying phase,
both groups were fed according to their egg production.
After peak production, the birds were fed to realize a
growth of approximately 30 g per wk. At 37 wk, the
feed allocation difference was only 3.0% which resulted
in a 22.8% reduced dietary protein level for the reduced
balanced protein group.

Body Weight and Body Composition

At wk 27 and 40 BW was not affected by the dietary
treatment (Table 4). Absolute BM, AF, liver and pan-
creas weight increased with age. At 27 wk of age the
RP breeders had a lower proportional BM (on average
17.0 ± 0.5%) weight compared to the control breeders
(on average 21.4 ± 0.7%), whereas at 40 wk the dif-
ference was largely diminished (P < 0.001). The RP
birds had a higher absolute (P < 0.001) and propor-
tional (P < 0.001) AF weight at wk 27 and 40. Also
the proportional liver (P = 0.002) and pancreas (P =
0.042) weights were affected by the dietary treatment
whereas absolute and proportional weights of the heart,
reproductive organs, and brain were not altered (data
not shown).

Egg Weight and Egg Production

The control birds came into production at 169 ± 3 d
of age, whereas RP breeders produced their first egg 5 d
later (Table 5). The laying rate in the first 2 wk of the
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Table 4. BW, body composition (breast muscle (BM) and abdominal fat (AF) pad) and organ weight (liver and pancreas) of breeders
fed control or reduced balanced protein (RP) diets at 27 and 40 wk of age.

Treatment

Variable Age (wk) Control RP PCP level Page Pinteraction

BW (g) 27 3,600 ± 107 3,440 ± 73 NS <0.001 0.092
40 4,301 ± 40 4,484 ± 54

BM weight (g) 27 762a ± 40 587b ± 26 0.003 0.001 0.013
40 796a ± 32 779a ± 17

Proportional BM weight (%) 27 21.4a ± 0.7 17.0b ± 0.5 <0.001 NS 0.02
40 18.7ab ± 0.8 17.4b ± 0.3

AF weight (g) 27 78.0b ± 7.7 121.0a ± 10.4 <0.001 <0.001 NS
40 149.2b ± 9.9 228.3a ± 18.0

Proportional AF weight (%) 27 2.15b ± 0.22 3.50a ± 0.27 <0.001 <0.001 NS
40 3.49b ± 0.22 5.06a ± 0.39

Liver weight (g) 27 58.8b ± 3.2 67.2a ± 2.8 0.002 <0.001 NS
40 77.6b ± 5.9 97.9a ± 4.5

Proportional liver weight (%) 27 1.67b ± 0.08 1.96a ± 0.09 0.002 NS NS
40 1.81b ± 0.12 2.19a ± 0.11

Pancreas weight (g) 27 5.46 ± 0.22 4.72 ± 0.21 NS 0.032 NS
40 5.88 ± 0.32 5.58 ± 0.37

Proportional pancreas weight (%) 27 0.15a ± 0.01 0.14b ± 0.01 0.042 NS NS
40 0.14a ± 0.01 0.12b ± 0.01

a,bMeans within a tissue, treatment mean with different superscripts have significantly treatment effects (P < 0.05).

Table 5. Effect of dietary CP level of breeders fed control or
reduced balanced protein (RP) diets during rearing and laying
phase on age of first egg, laying rate in the first 2 wks of produc-
tion (24 to 25 wks of age), total number of eggs per hen (from
24 to 39 wk of age), egg mass (from 24 to 39 wk of age), breeder
FCR (from 24 to 39 wk of age), percentage of second grade eggs
(from 24 to 39 wk of age) and on fertility and hatchability of
eggs collected at 30 and 31 wk of age.

Treatment

Zootechnical parameter Control RP PCP level

Age first egg (d) 169 ± 3 174 ± 2 NS
Laying rate first 2 wks (%) 13.6a ± 2.7 5.1b ± 1.4 0.022
Total number of eggs per hen 69.3a ± 3.5 55.2b ± 2.5 0.011
Egg mass (g) 34.2a ± 1.5 25.1b ± 1.3 0.002
FCR (kg feed/kg egg mass) 52.0a ± 2.3 75.3b ± 4.1 0.001
Second grade eggs (%) 1.34 ± 0.20 1.93 ± 0.54 NS
Fertility (%) 84.9 ± 1.6 70.4 ± 4.3 0.004
HOF1 (%) 78.4 ± 1.4 77.2 ± 2.2 NS

a,bMeans within a zootechnical parameter, treatment mean with dif-
ferent superscripts have significantly treatment effects (P < 0.05).

1Hatchability calculated on amount of fertile eggs (HOF).

control breeders was higher in comparison with their
RP fed counterparts (P = 0.022). Although they dif-
fered at the beginning of the laying phase, both groups
reached their peak production in wk 32. The RP breed-
ers were characterized by a decreased laying perfor-
mance from 24 to 39 wk of age (Figure 2). The average
peak production was 77 ± 3% for the control breeders,
whereas the RP group reached a laying rate of 66 ± 3%.
At the end of the experiment (wk 39) the control and
RP birds had an egg production of respectively 66 ± 3%
and 58 ± 3%. No differences between the control and
RP breeders in the percentage of second-grade eggs was
observed. The RP fed breeders were characterized by
a decreased fertility, but no difference was found on

Figure 2. The daily egg production of the control and reduced
balanced protein breeders summarized in a weekly overview from wk
23 to 39 (N = 5). Asterisks indicate significant differences (P < 0.05)
between the treatments at particular age.

hatchability (Table 5). The egg weight of birds receiving
RP diets was lower (P < 0.001) than the control eggs
during the whole laying phase (Figure 3). The combined
effect of a reduced egg mass output and a higher daily
feed intake in both rearing and laying phase resulted
in an increased breeder FCR (kg feed/kg egg mass) for
the RP fed breeders (Table 5).

Egg Composition

The effects of a reduced dietary CP level on egg com-
position and egg quality traits at 26, 32, and 39 wk
of age is shown in Table 6. The egg weight of the RP
breeders was lower (P < 0.001) at wk 26, 32, and 39, an
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Figure 3. The average egg weight of the control and reduced bal-
anced protein (RP) breeders summarized in a weekly overview from
wk 24 to 39 of age. Asterisks indicate significant differences (P < 0.05)
between the treatments at particular age.

effect that was consistently observed during the whole
laying period (Figure 3). Both the absolute (P < 0.001)
and proportional (P = 0.006) albumen weight of eggs
were affected by age in an opposite way but were both
decreased as a result of reducing the dietary protein
level. The proportional albumen weights at peak pro-
duction, namely at 32 wk of age, was 57.9 ± 0.4% and
56.3 ± 0.5% for respectively the control and RP group.
The eggs from the control group had a higher absolute
yolk weight (P < 0.001), while no effects were observed
in the proportional yolk weight. No effects of the di-
etary treatment on the yolk color (data not shown) and
albumen height were observed. The proportional egg
shell weight decreased with breeder age and was higher
(P = 0.046) for breeders receiving the reduced balanced
protein diet.

Offspring Performance

Body Weight. The male and female BW trajecto-
ries from hatch until wk 5 are presented in Table 7.
Male offspring results showed an interaction effect be-
tween the dietary CP level and age (P = 0.002).

Table 6. Egg composition and egg quality traits of breeders fed control or reduced balanced protein (RP) diets at wk 26, 32 and 39
of age.

Treatment

Variable Age (wks) Controls RP PCP level Page Pinteraction

Egg weight (g)1 26 50.1a ± 0.3 45.1b ± 0.5 <0.001 <0.001 NS
32 59.9a ± 0.2 55.3b ± 0.4
39 62.8a ± 0.3 59.3b ± 0.4

Albumen weight (g) 26 29.8a ± 0.5 25.0b ± 0.6 <0.001 <0.001 NS
32 33.7a ± 0.7 30.1b ± 0.6
39 35.3a ± 0.6 32.2b ± 0.6

Proportional albumen weight (%) 26 58.8a ± 0.4 57.9b ± 0.5 0.006 <0.001 NS
32 57.9a ± 0.4 56.3b ± 0.4
39 55.7a ± 0.3 55.3b ± 0.5

Yolk weight (g) 26 13.6a ± 0.2 11.5b ± 0.4 <0.001 <0.001 NS
32 17.1a ± 0.3 16.3b ± 0.3
39 20.2a ± 0.6 18.6b ± 0.4

Proportional yolk weight (%) 26 26.7 ± 0.3 26.6z ± 0.9 NS <0.001 NS
32 29.4 ± 0.4 30.5y ± 0.3
39 31.9 ± 0.3 32.0x ± 0.5

Yolk: albumen (%) 26 45.6 ± 0.8 46.1 ± 1.7 NS <0.001 NS
32 51.0 ± 1.0 54.3 ± 0.9
39 57.4 ± 0.8 58.1 ± 1.3

Shell weight (g) 26 7.19a ± 0.11 6.79b ± 0.13 0.011 0.010 NS
32 7.37a ± 0.13 6.98b ± 0.09
39 7.86a ± 0.12 7.35b ± 0.16

Proportional shell weight (%) 26 14.2b ± 0.3 15.8a ± 0.3 0.046 <0.001 NS
32 12.7b ± 0.2 13.1a ± 0.1
39 12.4b ± 0.2 12.7a ± 0.3

Shell thickness (mm) 26 0.337 ± 0.011 0.342 ± 0.010 NS NS NS
32 0.353 ± 0.006 0.350 ± 0.006
39 0.348 ± 0.005 0.337 ± 0.005

Albumen height (HU) 26 77.5 ± 1.2 74.2 ± 1.8 NS <0.001 NS
32 80.3 ± 1.5 78.1 ± 1.7
39 83.5 ± 1.2 81.1 ± 1.8

a,bMeans within a row, treatment mean with different superscripts have significantly treatment effects (P < 0.05).
1All eggs of these wk were weighed.
2(Proportional) albumen, (proportional) yolk, yolk: albumen, (proportional) shell weight, shell thickness and albumen height were measured on 20

eggs with an average egg weight within the corresponding group.
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Table 7. BW and FCR corrected for weight differences and mortality (FCRwmc) of male and female progeny of control and reduced
balanced protein (RP) breeders at hatch, wk 1, wk 2, wk 3, wk 4 and wk 5 of age.

Broiler age (wks)

Maternal treatment P-value Hatch 1 2 3 4 5

Male offspring
BW (g)
Control 43.5a ± 0.5 169 ± 2 496 ± 5 1,008 ± 13 1,579b ± 17 2,263b ± 22
RP 39.5b ± 0.7 161 ± 3 479 ± 8 1,013 ± 16 1,631a ± 22 2,345a ± 31
P-value CP 0.025
P-value age <0.001
P-value CP × age 0.002
P-value CP per wk <0.001 NS NS NS 0.021 0.015

FCRwmc
Control 1.118 ± 0.012 1.192 ± 0.013 1.226 ± 0.006 1.337 ± 0.005 1.406 ± 0.007
RP 1.118 ± 0.015 1.185 ± 0.011 1.211 ± 0.004 1.334 ± 0.006 1.364 ± 0.010
P-value CP NS
P-value age <0.001
P-value CP × age NS

Female offspring
BW (g)
Control 42.3a ± 0.5 166a ± 2 465a ± 6 948a ± 13 1458a ± 16 2088a ± 23
RP 38.9b ± 0.6 153b ± 3 445b ± 7 897b ± 14 1430b ± 19 2050b ± 26
P-value CP <0.001
P-value age <0.001
P-value CP × age NS

FCRwmc
Control 1.151b ± 0.024 1.242b ± 0.031 1.267b ± 0.013 1.373b ± 0.017 1.431b ± 0.009
RP 1.145a ± 0.014 1.211a ± 0.006 1.246a ± 0.015 1.336a ± 0.018 1.402a ± 0.010
P-value CP 0.025
P-value age <0.001
P-value CP × age NS

a,bMeans within a zootechnical parameter, treatment mean with different superscripts have significantly effects (P < 0.05).

Average hatch weight was lower in both male and fe-
male offspring (P < 0.001) for chicks originating from
the RP breeders. Proportional chick weight was not af-
fected by the dietary treatment. Male progeny of RP
hens was on average 4 g lighter at hatch than hatchlings
from the control group. At wk 3, BW of both groups
was approximately 1,010 ± 11 g, while at wk 5 BW was
higher (P = 0.025) for the progeny of the RP breeders.
At 5 wk of age, the male offspring of RP fed breed-
ers was on average 82 g heavier compared to offspring
of control fed breeders. In contrast, female progeny of
the RP breeders were characterized by a lower BW from
hatch until 5 wk of age (P < 0.001) (Table 7). At 5 wk of
age, the female progeny originating from control breed-
ers was on average 38 g heavier compared to the female
offspring of RP breeders.

Feed Conversion Ratio. The weight and mortality
corrected FCR (FCRwmc) for males and females (Ta-
ble 7) increased with age (P < 0.001). A tendency to-
wards a lower FCRwmc was observed for male progeny of
RP breeders (P = 0.052). The FCRwmc at slaughter age
was on average 1.40 ± 0.01 and 1.36 ± 0.01 for broilers
originating from respectively the control and RP breed-
ers. The female progeny of RP birds had a decreased
FCRwmc (P = 0.025) compared to the chicks descending
from the control breeders (on average 1.40 ± 0.01 and
1.43 ± 0.01 respectively).

Body Composition. Absolute and proportional or-
gan weights for the male and female offspring are shown
in Table 8. At 5 wk of age, the proportional BM weight

Table 8. Body composition (breast muscle (BM) and abdominal
fat (AF) pad) and organ weight (liver and pancreas) of the male
and female broiler progeny of breeders fed control or reduced
balanced protein (RP) diets at 5 wk of age.

Breeder treatment

Variable Control RP PCP level

Male progeny
BM1 (g) 238b ± 7 264a ± 8 0.019
Proportional BM1 (%) 10.4b ± 0.1 11.0a ± 0.1 0.005
AF (g) 23.1 ± 0.9 23.9 ± 1.7 NS
Proportional AF (%) 1.00 ± 0.03 0.98 ± 0.07 NS
Liver (g) 46.0 ± 2.2 46.9 ± 1.7 NS
Proportional liver (%) 2.00 ± 0.9 1.93 ± 0.6 NS
Pancreas (g) 3.50 ± 0.19 3.46 ± 0.16 NS
Proportional pancreas (%) 0.15 ± 0.01 0.14 ± 0.01 NS

Female progeny
BM1 (g) 228 ± 7 230 ± 9 NS
Proportional BM1 (%) 10.8 ± 0.2 10.9 ± 0.2 NS
AF (g) 25.5 ± 2.1 23.0 ± 1.9 NS
Proportional AF (%) 1.20 ± 0.03 1.10 ± 0.07 NS
Liver (g) 44.2 ± 2.9 43.9 ± 1.8 NS
Proportional liver (%) 2.08 ± 0.10 2.09 ± 0.06 NS
Pancreas (g) 3.26b ± 0.16 3.77a ± 0.15 0.035
Proportional pancreas (%) 0.15b ± 0.01 0.18a ± 0.01 0.049

a,bWithin a tissue, treatment means with different superscripts are
significantly different (P < 0.05).

1The breast muscle (both the pectoralis major and minor) of the left
side.

of the male broiler offspring from the RP birds was
higher (P = 0.019) compared to their control fed coun-
terparts (on average 10.4 ± 0.1% and 11 ± 0.1%). The
absolute and proportional AF and liver weights of both
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male and female progeny were not affected by the di-
etary treatment of the breeder generation. However, the
absolute and proportional pancreas weights of the fe-
male RP progeny was increased (P = 0.049).

DISCUSSION

The present study investigated the effects of a lower
dietary CP level in both rearing and laying phase of
breeders. The reduced dietary CP levels during the en-
tire lifespan of the breeder hens induced maternal pro-
gramming effects of the broiler offspring towards an im-
proved zootechnical performance.

Breeder Performance

At 27 wk of age, the RP breeders were character-
ized by a respectively higher and lower proportional AF
and BM weight compared to their control counterparts.
These effects of a reduced dietary CP level on the body
composition of breeders are in accordance with previ-
ous studies (Spratt and Leeson, 1987; Miles et al., 1997;
Hudson et al., 2000; van Emous et al., 2013, 2015b).
The higher AF in the RP breeders could be explained
by the excess of energy consumed by the RP group (De
Beer et al., 2007; Mohiti-Asli et al., 2012). The possibly
increased hepatic de novo lipogenesis, mediated by the
alteration in the energy:protein ratio of (pre-breeder:
control diet 17.2 versus 22.0 in the RP diet), resulted
in an increased lipid deposition in the abdominal fat,
and an increased (proportional) liver weight, which is in
accordance with Adams and Davis (2001) and Swennen
et al. (2007). At 40 wk of age, the end of the experi-
ment, the (proportional) AF weight was still higher for
the RP fed birds, as the energy:protein ratio was 17.3
versus 24.2 for respectively the control and RP diet. At
40 wk of age, the (proportional) BM weight was similar
for the control and RP group, as also observed by van
Emous et al. (2015b). In contrast to the latter study, the
RP birds were fed also a RP diet in the laying period.
Hence, these results suggest that the dietary CP con-
tent during the rearing phase had a higher impact on
the body composition than the CP level in the breeder
diet.

Not only body composition, but also egg weight and
composition were influenced by the dietary CP level.
A lower egg, yolk, albumen and shell weight was ob-
served for breeders that were fed the RP diets. Lopez
and Leeson (1995b) also reported a 2 g lower egg weight
for breeders fed low protein diets in the laying phase,
whereas Spratt and Leeson (1987) found a minor de-
crease in egg weight from 32 until 35 wk of age as a con-
sequence of a reduced dietary CP in the laying phase,
but reported a 0.5 g decrease in egg weight throughout
the entire laying period for breeders fed lower energy
diets. Hocking et al. (2002) found no effects of a lower
dietary CP level during rearing phase on egg weight.
However, in contrast with the work of Spratt and Lee-

son (1987), Lopez and Leeson (1995b) and Hocking
et al. (2002), the BW of our C and RP breeders was
kept equal. As BW, a potential predominant factor in
egg weight, did not vary between C and RP groups,
this factor can be excluded in our study. Hence, it is
hypothesized that besides BW, also dietary CP level is
a major determining factor for egg weight. In addition
to a reduced egg weight, our results also showed a de-
creased proportional albumen and shell weight. Spratt
and Leeson (1987) also reported a decreased propor-
tional albumen weight at 32 wk, but not at 28, 36, and
40 wk of age. In contrast, Lopez and Leeson (1995b)
and Naber (1979) observed no effect of dietary CP lev-
els on egg composition, which could be explained by
the fact that the reduced dietary CP levels were only
applied during the rearing phase, whereas in our study
the breeders were fed RP diets throughout their entire
lifespan. A lower shell weight was reported by Spratt
and Leeson (1987) as consequence of an increased en-
ergy intake, which is in agreement with our findings.

The lower laying performance by RP breeder was in
contrast with the findings of van Emous et al. (2015b),
whereby an increased egg production was reported for
breeders that were fed a lower dietary CP level dur-
ing the rearing period. Hocking et al. (2002) reported a
decreased egg production when pullets were fed a low
protein diet (10% CP) during rearing, which is slightly
lower compared to our RP grower diet (11.8% CP),
while the study of van Emous et al. (2015b) decreased
the dietary CP content of the grower diet only to 12.8%.
However, in the present study RP breeders were also fed
an RP breeder diet (11.6% CP), whereas in the study
of van Emous et al. (2015b) and Hocking et al. (2002)
all breeders received a control diet during the laying
period with respectively 14.5% and 15.0% CP. Joseph
et al. (2000) reported a decrease in early and late stage
egg production when birds were reared on control diets
but fed a low protein (14% CP) compared to a con-
trol (16% CP) and high protein (18% CP) diet during
the laying period. It is postulated that a deficiency in
methionine and lysine levels, which were lower in the
present study compared to van Emous et al. (2015b),
may be responsible for the decreased laying perfor-
mance of the RP breeders (Bowmaker and Gous, 1991).
Hence, not only the dietary CP in the breeder feed,
but also the magnitude of dietary CP reduction rela-
tive to normal CP levels in rearing diets may be a de-
termining factor for laying performance afterwards. van
Emous et al. (2015b) also observed a better laying per-
sistency from 48 wk onwards when the breeder pullets
were reared on diets with a lower dietary CP level. The
improved persistency was probably mediated by the in-
creased AF and decreased BM at the onset of lay. Even
though our experiment was terminated at wk 40, the
extra fat reserve at the onset of lay was demonstrated.

In accordance with Walsh and Brake (1997) and van
Emous et al. (2015a), a decreased fertility was found for
RP fed breeders. In the present research total dietary
CP intake of the RP fed breeders was only 1059 g at
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20 wk of age. Walsh and Brake (1997) a reported that
a minimal total dietary CP intake of 1,180 g between
0 and 20 wk of age is needed for an adequate level of
fertility. Whereas van Emous et al. (2015a) found that
a minimal total CP intake of 1,300 g was needed for the
modern broiler breeders.

Feed allocations were weekly adapted to maintain
a similar BW for both groups throughout the entire
experiment, as BW is one of the main factors that
could influence breeder and offspring performance. The
breeders fed RP diets required approximately 10%,
with a maximum of 14%, more feed during the rear-
ing phase to obtain a similar BW at 23 wk. This ob-
servation is in agreement with literature, although the
absolute amount of extra feed, required to meet the
same BW goals, varied between published results (Lil-
burn and Myers-miller, 1990; Miles et al., 1997; Hudson
et al., 2000; Hocking et al., 2002; van Emous et al., 2013,
2015b). The higher feed allocation of the RP breeders
must be taken into account for calculating the net pro-
tein reduction of RP group. The control and RP diets
were formulated isoenergetically, thus a higher feed allo-
cation resulted in a higher energy intake for the RP fed
birds. During the rearing phase, the RP diets contained
25% less protein which corresponds in an average net
reduction of 17.5% in CP intake and a 10% increase in
ME intake. As a result, not only the dietary protein and
ME levels, but also energy:protein ratio was altered for
the RP fed birds. At the beginning of the laying phase,
the difference in feed allocation between the RP and C
breeders varied as a result of feeding the breeders ac-
cording to their egg production. At peak production,
the RP fed birds received 8% more feed compared to
their control counterparts. The difference gradually de-
creased to 3% at 38 wk, while the difference in egg pro-
duction declined from 11 to 8%. At wk 38 of age, the
net difference in daily protein and energy intake was
respectively 22.8 and 3.0%. These results suggest that
the dietary CP content during the rearing phase had
a higher impact on BW and body composition than in
the laying phase.

Offspring Performance

Despite a lower hatch weight, as a result of a lower egg
weight, male offspring of the RP fed breeders had a bet-
ter growth performance in comparison with the progeny
of their control fed counterparts. The RP male progeny
had a significantly higher slaughter weight (on average
+ 82 g) and a tendency towards a lower FCRwmc. The
female RP progeny on the other hand had a lower BW
at slaughter age, but a significantly decreased FCRwmc.
A differential gender effect, as a consequence of the
maternal nutrition was also reported by Spratt and
Leeson (1987), Zambrano et al. (2005), van der Waaij
et al. (2011) and van Emous et al. (2015a). A lower
FCR is in accordance with the research of Lopez and
Leeson (1995a). Rao et al. (2009) also reported a higher

BW and proportional BM weight for the progeny of
low protein fed Langshan breeders. These positive ef-
fects on the offspring were supported by alterations of
the gene expression in yolk-sac membrane, hypothala-
mus and muscle of developing chicken embryos (Rao
et al., 2009). However, Moraes et al. (2014) and van
Emous et al. (2015a) did not observe an effect of a
lower dietary CP level in the breeder rearing diets on
offspring live performance. These apparent discrepan-
cies between published results can be explained by the
period when a lower dietary CP level was provided to
the breeders. Interestingly, the reduced proportional al-
bumen weight and hence the possibly reduced protein
amount available for the broiler embryo, was followed
by an improved postnatal performance. The study of
Willems et al. (2016) reported that prenatal protein
undernutrition, by albumen removal early during in-
cubation, in laying hens influenced gene expression and
associated metabolic pathways in the liver such as “em-
bryonic and organismal development”, “organ morphol-
ogy and development”, “tissue development” and “re-
productive system development and function”, which
resulted in long-lasting effects on the protein and carbo-
hydrate metabolism of adult laying hens. Additionally,
Piestun et al. (2013) reported that increasing tempera-
ture during the mid-phase of incubation had a positive
influence on the energy metabolism and an improved
thermotolerance of broilers in later life. Thus an in-
creased incubation temperature programmed broilers to
cope better with higher temperatures. In mammals, it
is also known that prenatal nutritional constraints can
program the offspring, resulting in an altered metabolic
phenotype in adult life (Lillycrop et al., 2009). One
of the most interesting and important features of de-
velopmental programming is the evidence in mammals
that the effects of maternal malnutrition can be passed
transgenerationally from mother over daughter to the
F2 progeny (Aerts and Assche, 2003; Zambrano et al.,
2005; Pinheiro et al., 2008). Prenatal programming
by maternal influences is often referred to as epige-
netic programming. Indeed, the inheritance of some ef-
fects without selection or altering the DNA sequence
of the hens implies that epigenetic mechanisms must
be involved.

CONCLUSION

In conclusion, reducing the dietary CP levels in both
rearing and laying phase of broiler breeders had a nega-
tive effect on egg production rate and egg weight and al-
tered breeder body composition. However, the reduced
dietary CP levels had a positive effect on zootechnical
performance of the offspring.

ACKNOWLEDGMENTS

The diligent technical assistance of Daniel Ver-
meulen, Astrid Koppenol, Yufeng Wang, Els Willems
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