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Abstract
This study investigated the effects of dietary crude protein level on the pro-
duction performance of Jining Bairi laying breeder hens, established a factorial
model for protein requirement, and determined the dietary crude protein require-
ment. A single-factor completely randomized design was adopted with dietary
crude protein levels of 13%, 14%, 15%, 16%, and 17%, while other nutritional
indices remained consistent. A total of 525 healthy Jining Bairi laying breeder
hens at 40 weeks of age with similar body weight were randomly divided into
5 groups, with 5 replicates per group and 21 hens per replicate. The pre-trial
period was 7 days, and the experimental period was 56 days. The results showed
that: 1) Dietary crude protein level had an extremely significant effect on av-
erage daily crude protein intake (ADCPI) of Jining Bairi laying breeder hens
(P<0.01), and ADCPI increased significantly with increasing dietary crude pro-
tein level (P<0.05). 2) Dietary crude protein level had significant effects on egg
number, laying rate, average egg weight, and average daily egg mass (ADEM)
of Jining Bairi laying breeder hens aged 41-48 weeks (P<0.05), and had an ex-
tremely significant effect on feed-to-egg ratio (P<0.01); the high crude protein
level groups (16%, 17%) had higher egg number, laying rate, and ADEM than
the low crude protein level groups (13%, 14%, 15%). Within a certain range of
dietary crude protein levels (13%-16%), egg weight tended to increase with in-
creasing dietary crude protein level. 3) Using ADCPI as the dependent variable
and average daily gain (ADG), ADEM, and metabolic body weight (BW0.75)
as independent variables, the factorial model for crude protein requirement of
Jining Bairi laying breeder hens was fitted as: ADCPI=0.268 0 ADG+0.271 1
ADEM+3.299 3 BW0.75 (R2=0.993 4). The appropriate dietary crude protein
level to achieve optimal production performance for Jining Bairi laying breeder
hens aged 41-48 weeks was 15.49%.
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Full Text
Abstract
This experiment was conducted to investigate the effects of dietary crude protein
levels on the performance of Jining Bairi breeding hens, establish a factorial
model for protein requirements, and determine the optimal dietary crude protein
level for this breed. A single-factor completely randomized design was employed
with dietary crude protein levels of 13%, 14%, 15%, 16%, and 17%, while other
nutrient indices remained consistent. A total of 525 healthy 40-week-old Jining
Bairi breeding hens with similar body weight were randomly allocated into 5
groups, each consisting of 5 replicates with 21 hens per replicate. The pre-test
period lasted 7 days, followed by a 56-day experimental period. The results
showed: 1) Dietary crude protein level had an extremely significant effect on
average daily crude protein intake (ADCPI) (P<0.01), with ADCPI increasing
significantly as dietary crude protein level increased (P<0.05). 2) Dietary crude
protein level significantly affected egg number, laying rate, average egg weight,
and average daily egg mass (ADEM) during weeks 41–48 (P<0.05), and had
an extremely significant effect on feed-to-egg ratio (P<0.01). The high crude
protein groups (16% and 17%) exhibited higher egg number, laying rate, and
ADEM compared to the low crude protein groups (13%, 14%, and 15%). Within
a certain range (13%–16%), average egg weight tended to increase with rising
dietary crude protein level. 3) Using ADCPI as the dependent variable and
average daily gain (ADG), ADEM, and metabolic body weight (BW^0.75) as
independent variables, the factorial model for crude protein requirements was
fitted as: ADCPI = 0.2680 ADG + 0.2711 ADEM + 3.2993 BW^0.75 (R² =
0.9934). The suitable dietary crude protein level for optimal performance of
Jining Bairi breeding hens aged 41–48 weeks was determined to be 15.49%.

Keywords: crude protein; Jining Bairi chicken; performance; crude protein
requirement

Introduction
Protein constitutes a primary component of poultry body composition, account-
ing for approximately 21% of live body protein in laying hens after digestive
tract contents are removed, and about 12.8% of whole egg protein. Protein in-
fluences poultry immune function, regulates hormones and antibody levels, and
enhances defense mechanisms. Dietary crude protein level significantly affects
body weight gain, feed intake, feed conversion ratio, and laying rate in poultry,
though some reports indicate that it does not significantly impact average daily
feed intake (ADFI), average daily gain (ADG), or feed-to-gain ratio in local
chicken breeds.

Recent research has extensively investigated the nutritional requirements of local
chicken breeds, covering protein and energy needs for multiple varieties. Due to
differences in breed, climate, management system, body size, and physiological
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stage, the dietary crude protein requirements vary among different laying hen
breeds. For instance, Huainan Partridge chickens have different crude protein re-
quirements at different production stages: 14.0% during early lay (weeks 19–23)
at 11.56 MJ/kg metabolizable energy (ME), 16.0% at peak production (weeks
24–40) at 11.68 MJ/kg ME, and 12.9% in late lay (weeks 44–51) at 11.68 MJ/kg
ME. Beijing You chickens require 15.2% crude protein at peak production.

Jining Bairi chicken, a dual-purpose local breed originating from Jining, Shan-
dong Province, is named for its early maturity, with some individuals reaching
sexual maturity around 100 days of age. The Jining Bairi chicken breeding farm
currently maintains over 20,000 breeding birds, which have been distributed to
more than 20 provinces across China with annual sales exceeding 10 million birds.
However, no studies on its crude protein requirements have been reported. This
experiment aimed to investigate the effects of dietary crude protein levels on
the performance of Jining Bairi breeding hens to obtain parameters for crude
protein requirements and provide a scientific basis for establishing feeding stan-
dards and production practices.

Materials and Methods
1.1 Experimental Design

This experiment was conducted at the Jining Bairi chicken breeding farm. A
total of 525 healthy 40-week-old Jining Bairi breeding hens with similar body
weight were randomly divided into 5 groups, with 5 replicates per group and
21 hens per replicate. The pre-test period lasted 7 days (at 40 weeks of age),
followed by a 56-day experimental period (weeks 41–48). A single-factor com-
pletely randomized design was employed with dietary crude protein levels of
13% (Group A), 14% (Group B), 15% (Group C), 16% (Group D), and 17%
(Group E), while other nutrient indices remained consistent across treatments.

1.2 Experimental Diets

Corn-soybean meal-based diets were formulated according to the NY/T 33-2004
“Feeding Standard of Chickens”and adjusted based on practical production con-
ditions. The composition and nutrient levels of experimental diets are presented
in Table 1 . Diet samples from each group were analyzed for crude protein con-
tent using the Kjeldahl method.

Table 1 Composition and nutrient levels of experimental diets (air-dry basis),
%

Note: 1) Premix provided per kilogram of diet: VA 230,000 IU, VD� 100,000
IU, VE 1,000,000 IU, VK� 60 mg, VB� 60 mg, VB� 350 mg, VB� 100 mg, VB��
0.6 mg, Cu 0.5–2.5 g, Fe 1.6 g, Mn 2.5 g, Zn 2.5 g, Se 10–18 mg, biotin 5 mg,
choline 16 g, folic acid 32 mg, nicotinic acid 2,000 mg, pantothenic acid 400
mg. 2) Crude protein was measured value; others were calculated values.
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1.3 Management Practices

Hens were housed in a three-tier step cage system under natural light supple-
mented with artificial lighting to provide 16 hours of light daily. Dry mash feed
was provided twice daily with four redistributions, allowing ad libitum access
to feed. Nipple drinkers provided free access to water. Eggs were collected once
daily in the afternoon. Routine management followed the standard operating
procedures established by the Jining Bairi chicken breeding farm.

1.4 Measurements

Feed Intake: During the experimental period, 14-day batches of experimental
diets were prepared for each replicate, with total feed amount and residual
feed accurately recorded. Feed intake was calculated every two weeks for each
replicate to determine ADFI and average daily crude protein intake (ADCPI).
Feed intake = total feed amount - residual feed; ADFI = feed intake / (number
of hens per replicate × experimental days); ADCPI = ADFI × dietary crude
protein level.

Body Weight: Every two weeks during the experimental period, 6 hens per
replicate were randomly selected and weighed to calculate average body weight,
ADG, and metabolic body weight (BW^0.75). ADG = (final body weight -
initial body weight) / experimental days.

Survival Rate: Daily mortality and culling numbers were recorded for each
replicate, along with body weight, to calculate survival rate. Survival rate (%)
= (total number of hens housed - total mortality and culling) / total number of
hens housed × 100.

Performance: Daily egg number and egg weight were recorded for each repli-
cate, along with the number of unqualified eggs (broken, misshapen, sand-shell,
soft-shell, etc.). Egg number, laying rate, average egg weight, average daily egg
mass (ADEM), and feed-to-egg ratio were calculated.

1.5 Statistical Analysis

Data were analyzed using one-way ANOVA with SAS 9.2 software. Statistical
significance was set at P<0.05, and Duncan’s multiple range test was used for
pairwise comparisons when significant differences were detected. Sensitive indi-
cators were subjected to linear and quadratic regression analysis. The factorial
model for crude protein requirements was fitted using interactive data analysis.

Results
2.1 Effects of Dietary Crude Protein Level on Feed Intake, Body
Weight, and Survival Rate

As shown in Table 2 , dietary crude protein level had an extremely significant
effect on ADCPI (P<0.01). ADCPI increased significantly as crude protein level
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increased from 13% to 16% (P<0.05), but no significant difference was observed
between the 16% and 17% groups (P>0.05). Dietary crude protein level had no
significant effects on ADFI, average body weight, BW^0.75, ADG, or survival
rate (P>0.05).

Table 2 Effects of dietary crude protein level on feed intake, body weight, and
survival rate of Jining Bairi laying hens

Note: In the same row, values with the same letter or no letter superscripts
indicate no significant difference (P>0.05), adjacent letters indicate significant
difference (P<0.05), and alternate letters indicate extremely significant differ-
ence (P<0.01). The same applies to Table 3.

2.2 Effects of Dietary Crude Protein Level on Performance

Table 3 shows that dietary crude protein level significantly affected egg number,
laying rate, average egg weight, and ADEM (P<0.05), and had an extremely
significant effect on feed-to-egg ratio (P<0.01), but did not significantly affect
the rate of unqualified eggs (P>0.05).

The effects on egg number, laying rate, and ADEM followed similar patterns:
these parameters decreased as crude protein level increased at lower levels (13%,
14%, and 15%), reached maximum values at 16% crude protein, and then de-
creased at 17% crude protein. However, the high crude protein groups (16%
and 17%) consistently outperformed the low crude protein groups (13%, 14%,
and 15%).

Average egg weight increased significantly with rising dietary crude protein level
(P<0.05), reaching a maximum of 44.97 g at 16% crude protein, which was 1.54
g heavier than the minimum weight of 43.43 g observed in the 13% group. Egg
weight decreased when crude protein level increased to 17%. Within the range
of 13%–16% crude protein, average egg weight tended to increase with dietary
crude protein level, though the highest level did not produce the highest egg
weight.

The feed-to-egg ratio increased with crude protein level at lower concentrations
(13%, 14%, and 15%), reaching a maximum of 3.45 at 15% crude protein. It
then decreased significantly at 16% crude protein (P<0.05) and continued to
decline to a minimum of 2.90 at 17% crude protein. The differences in feed-to-
egg ratio between high (16% and 17%) and low (13%, 14%, and 15%) crude
protein groups were significant (P<0.05).

In summary, the high crude protein groups (16% and 17%) showed superior
egg number, laying rate, and ADEM compared to the low crude protein groups
(13%, 14%, and 15%). The 16% crude protein group achieved the highest values
for egg number, laying rate, average egg weight, and ADEM, demonstrating the
best overall performance. Notably, the highest crude protein level (17%) did
not yield the highest performance.
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Table 3 Effects of dietary crude protein levels on performance of Jining Bairi
laying hens

2.3 Crude Protein Requirements of Jining Bairi Laying Hens Aged
41–48 Weeks

A factorial approach was used to establish the crude protein requirement model
for Jining Bairi laying hens during weeks 41–48. Using ADCPI as the depen-
dent variable and ADG, ADEM, and BW^0.75 as independent variables, the
factorial model for crude protein requirements was fitted (Table 4 ). Based on
the effects of dietary crude protein level on performance and the established fac-
torial model, combined with the ADG, ADEM, and BW^0.75 values from the
optimal performance group, the dietary crude protein requirement for Jining
Bairi laying hens was determined to be 15.49%.

Table 4 Crude protein requirements of Jining Bairi laying hens aged 41–48
weeks

Factorial model: ADCPI = 0.2680 ADG + 0.2711 ADEM + 3.2993 BW^0.75

Discussion
3.1 Effects of Dietary Crude Protein Level on Feed Intake, Body
Weight, and Survival Rate

As a local breed, Jining Bairi chickens exhibit lower performance compared to
high-yielding commercial layers. In this experiment, ADFI, laying rate, ADEM,
and egg weight were all relatively low compared to commercial layers. These
differences in performance and breed characteristics between Jining Bairi and
commercial chickens determine their distinct nutritional requirements, and feed-
ing standards recommended for commercial layers are not suitable for Jining
Bairi chickens, failing to exploit their production potential.

Poultry are known to“eat for energy,”with feed intake decreasing as dietary en-
ergy level increases, while crude protein level has minimal impact on feed intake.
Under consistent dietary metabolizable energy levels in this study, although the
lowest crude protein group (13%) showed the highest ADFI and the highest
crude protein group (17%) showed the lowest ADFI, demonstrating a trend of
decreasing ADFI with increasing crude protein level, the effect was not statis-
tically significant. This aligns with previous reports and further validates the
“eat for energy”theory. ADCPI increased significantly with dietary crude pro-
tein level, mirroring the trend in crude protein levels, which is consistent with
literature reports. This occurred because ADFI was not significantly affected
by crude protein level while dietary crude protein levels varied, confirming that
crude protein level did not significantly impact feed intake in Jining Bairi laying
hens.

Breed, genetics, physiological status, management, and environmental condi-
tions all influence crude protein requirements. Dietary crude protein level is
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also a major nutritional factor affecting body weight. At a given energy level,
adequate crude protein intake is essential for normal physiological and produc-
tive functions, and deficiency can cause adverse effects or even mortality. This
study showed that dietary crude protein level did not significantly affect body
weight or ADG in Jining Bairi laying hens. Although a trend of increasing body
weight with crude protein level was observed, this trend disappeared at high
crude protein levels, with body weight actually decreasing from 1.46 kg in the
15% group to 1.34 kg in the 17% group. This may be because excessive crude
protein levels cause digestive disturbances, impair nutrient absorption, lead to
enteritis and diarrhea, and result in the production of toxic substances from
undigested protein fermented by gut microbiota. The liver and kidneys may
also be damaged from overloading, ultimately causing toxicity. Similar results
were reported in Kangdal yellow-feathered broilers, where 17% crude protein
produced poorer performance than 16%. Other studies have shown different re-
sults, with dietary nutrient levels significantly affecting body weight and daily
gain in Hetian chickens, where daily gain was positively correlated with crude
protein level at a given energy level, and optimal crude protein and energy lev-
els varied by sex and growth stage. In contrast, this study demonstrated that
higher crude protein levels did not necessarily result in higher body weight, and
that appropriate crude protein levels are required for optimal body weight and
daily gain.

Although dietary crude protein level did not significantly affect survival rate,
the 17% group showed the lowest survival rate, with the primary cause of mor-
tality being prolapse. Excessive dietary crude protein increases the frequency
of large eggs, making oviposition difficult and reducing tissue elasticity around
the cloaca, which prevents the oviduct from retracting properly after egg laying.
Short-term feeding of high-protein diets to hens at peak production can cause a
sudden increase in egg production and higher incidence of prolapse. High crude
protein levels can cause nutritional imbalances that increase the likelihood of
prolapse and mortality.

Nutrient requirements of laying hens are influenced by breed, management, en-
vironment, body weight, and egg production. Among factors affecting poultry
productivity, heritability accounts for only 5%–10%, while 50%–95% depends
on environmental conditions. The lack of significant effects of crude protein
level on ADFI, body weight, BW^0.75, ADG, unqualified egg rate, and survival
rate in this study may be attributed to breed characteristics or the relatively
small gradient differences in dietary crude protein levels. When Huainan Par-
tridge chickens aged 24–40 weeks were fed diets with 15%, 16%, and 17% crude
protein at 11.68 MJ/kg ME, no significant effects on daily feed intake, average
egg weight, or body weight were observed, consistent with our findings.

3.2 Effects of Dietary Crude Protein Level on Performance

Dietary crude protein level significantly affected the primary performance indi-
cators of laying hens—egg number, laying rate, average egg weight, and ADEM
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—consistent with previous research. As dietary crude protein level increased,
laying rate and daily egg mass of Hy-Line Brown hens at peak production also
increased. Crude protein level significantly affected laying rate and total egg
weight of Hy-Line W-36 hens from 19 to 72 weeks. When crude protein level in-
creased from 11.7% to 14.6%, egg production and average egg weight of Roman
hens increased significantly despite no change in laying rate, demonstrating that
dietary energy-protein balance significantly affects performance.

Our results also showed that at low crude protein levels (13%, 14%, and 15%),
egg number and laying rate decreased as crude protein level increased, reaching
maximum values at 16% crude protein, then decreasing at 17% crude protein.
However, the high crude protein groups (16% and 17%) outperformed the low
crude protein groups (13%, 14%, and 15%) in egg number, laying rate, and
ADEM. This suggests that low crude protein diets failed to meet the require-
ments for egg production, while 17% crude protein exceeded the requirement
for Jining Bairi laying hens.

Excessive crude protein intake is detrimental to performance, as confirmed by
this study. The 16% crude protein group showed the best performance, while
the highest level (17%) did not produce the best results, possibly due to reduced
protein metabolism efficiency at excessive levels. This aligns with reports on
Xueshan grass chickens, which have a wide adaptation range to crude protein
levels in late growth stages, but both deficient (13.11%) and excessive (17.08%)
levels impair performance and waste protein resources. Similar findings were
reported for Luxi game chickens and Chongren Partridge chickens, where ap-
propriate crude protein levels significantly improved egg production, laying rate,
and feed-to-egg ratio in Luxi game chickens aged 21–46 weeks, while Chongren
Partridge chickens were insensitive to high nutrient levels and achieved similar
performance with medium levels.

Selecting appropriate crude protein levels for different production stages can
improve performance and reduce costs. Huainan Partridge chickens require
different crude protein levels at various stages: 20% at 1–6 weeks (11.96 MJ/kg
ME), 14.0%–15.0% at 7–18 weeks (11.69–11.73 MJ/kg ME), 14.0% at 19–23
weeks (11.56 MJ/kg ME), 16.0% at 24–40 weeks (11.68 MJ/kg ME), and 12.9%
at 44–51 weeks (11.68 MJ/kg ME). Similar results were found for Luxi game
chickens, with optimal crude protein levels of 14.0% at 26–29 weeks, 17.0% at
30–37 weeks, and 18.5% at 38–41 weeks. This study confirms that only when
dietary crude protein level matches the animal’s requirements can production
potential be maximized with minimal input.

High crude protein diets have been shown to significantly increase egg weight and
laying rate. When 30–52-week-old broiler breeders were fed diets with 16%, 14%,
12%, and 10% crude protein at consistent amino acid and energy levels, higher
crude protein levels resulted in greater egg weight with significant differences
among groups throughout the experiment. This study also demonstrated that
within a certain range, average egg weight of Jining Bairi laying hens tended to
increase with dietary crude protein level.
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High egg production does not necessarily translate to high economic benefit; only
when high production is accompanied by low feed consumption can profitability
be achieved. Feed-to-egg ratio is an economic indicator reflecting input-output
efficiency in production. In this study, the high crude protein groups (16%
and 17%) had significantly lower feed-to-egg ratios than the low crude protein
groups (13%, 14%, and 15%). While this experiment did not evaluate economic
impacts, this represents a direction for future research.

Conclusion
This study demonstrated that: � ADCPI of Jining Bairi laying hens increased
significantly with dietary crude protein level, showing a consistent trend with
dietary crude protein levels. � Dietary crude protein level significantly affected
egg number, laying rate, average egg weight, and ADEM, and had an extremely
significant effect on feed-to-egg ratio in Jining Bairi laying hens aged 41–48
weeks. The high crude protein groups (16% and 17%) outperformed the low
crude protein groups (13%, 14%, and 15%) in egg number, laying rate, and
ADEM. Within the range of 13%–16% crude protein, average egg weight tended
to increase with dietary crude protein level. � The suitable dietary crude protein
level for optimal performance of Jining Bairi laying hens aged 41–48 weeks was
15.49%.
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