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Abstract

This study investigated the effects of dietary crude protein (CP) levels on body weight (BW),
laying performance, egg quality, and nitrogen (N) balance in laying hens from 18 to 62
weeks of age. A total of 84 Hy-Line Brown hens at 18 weeks old were randomly assigned
to two groups, each with six replicates. The control group (CON) received diets with 17.5%,
16.5%, 15.5%, and 14.5% CP from weeks 18-38, 3946, 47-54, and 55-62, respectively.
The reduced protein group (RP) was fed diets with 1.5% less CP than the CON group during
the same periods (16.0%, 15.0%, 14.0%, and 13.0%, respectively). The RP group showed
significantly lower BW from weeks 30-62 (p < 0.05) and reduced hen-day egg production
during weeks 18-38 and 54-62 (p < 0.05). Egg weight (EW) was significantly higher in the
CON group than the RP group during weeks 54-62 (p = 0.003), and feed efficiency was also
reduced in the RP group across multiple phases (p < 0.05). At week 38, Haugh units (HU)
were lower in the RP group (p = 0.034), and yolk color was lighter at week 62 (p = 0.006). N
balance parameters showed that the RP group had significantly lower N intake at weeks 46,
54, and 62 (p < 0.01), and N excretion was reduced throughout the trial (p < 0.05). Total N
retention was lower in the RP group at weeks 26, 38, 54, and 62 (p < 0.05), and N retained
in eggs was also reduced at weeks 26, 38, and 62 (p < 0.05). In summary, lowering dietary
CP levels by 1.5% decreased N excretion, suggesting environmental benefits. In summary,
reduction of dietary CP levels by 1.5% reduced N excretion but also compromised BW, laying
performance, HU, and N retention. These findings highlight the need for further refinement of
amino acid formulations to achieve both environmental and production goals.
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INTRODUCTION

As global demand for protein sources for human consumption increases, the laying hen industry has
become essential to the poultry sector, providing eggs. Eggs are recognized as an excellent source of
protein due to their superior amino acid balance and ease of digestion [1]. Additionally, eggs contain
numerous nutritional elements that offer protection against chronic diseases, such as lysozyme, lutein,
zeaxanthin, choline, selenium, and vitamin D [1,2]. They are also rich in essential amino acids and
have a high biological value, making them highly bioavailable for human absorption [3]. Given the
nutritional and economic importance of eggs, optimizing the nutritional composition of layer feed
is crucial for maximizing production efficiency and egg quality. Key factors in feed include dietary
energy levels [4], protein levels [5], energy and digestible lysine contents [6], and dietary calcium and
phosphorus levels and ratio [7], all of which can influence egg production and quality.

While meeting the nutritional requirements of hens is crucial for optimal egg production,
excessive dietary crude protein (CP) aimed at enhancing productivity can lead to increased N
excretion, compromising hygiene conditions in the layer house [8]. N compounds in poultry manure
can produce ammonia gas, leading to air pollution [9]. Therefore, balancing these nutritional and
environmental considerations requires a comprehensive assessment of dietary CP levels. Thus,
determining adequate dietary CP levels in layer feed is essential for productivity and minimizing
environmental impacts, a growing concern in modern times. Numerous studies have examined the
effect of dietary CP levels on N excretion in various livestock species, such as cattle and pigs [10,11],
and some studies have explored the effect of supplementing synthetic amino acids or protease to
compensate for potential productivity losses due to reduced dietary CP in the diet [5,12]. However,
concerns about the potential losses in productivity and body weight (BW) associated with reduced-
protein diets remain unresolved, necessitating further investigation to ensure both production and
environmental goals are met.

Although nutritional guidelines such as the National Research Council (1994) [13] or the
National Institute of Animal Science (2022) [14] suggest optimal dietary CP requirements for
laying hens, the key determinant of production performance is not total dietary CP intake but
rather the ideal amino acid balance in diets. Thus, defining the ideal amino acid balance is crucial for
optimizing productivity. However, studies aimed at defining the optimal dietary amino acid balance
in layer diets remain scarce, highlighting the need for further research to establish ideal amino acid
profiles and their implications for production performance and environmental sustainability in
laying hens.

'This study examined the effect of a dietary CP level on BW, laying performance, egg quality,
and N balance in laying hens from 18 to 62 weeks of age. We hypothesized that feeding reduced-
protein diets, supplemented with limiting amino acids (methionine, lysine, threonine) to meet
standard requirements, to hens in the laying stage would reduce N excretion without compromising

production performance, thereby contributing to more sustainable laying hen production systems.

MATERIALS AND METHODS

Birds and housing

'The 17-week-old birds were individually weighed upon arrival to verify the requirement of having
approximately the same BW. A total of 84 17-week-old Hy-Line Brown (1,393.1 + 10.98 g)
were randomly allocated to enriched cages (90 x 90 x 90 cm) with four nipple drinkers and a
detachable metal trough for free access to water and feed, respectively. Perches and nesting boxes

were provided as enrichments in the cages to promote the welfare of birds. The hens were housed in
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an environmental-friendly, windowless, and temperature-controlled facility (maintained at around
18C to 22°C). An initial one-week adaptation period was provided to allow the hens to acclimate
to the new environment. Hens were initially fed 80 g/bird/day at week 18. The amount of feed
was gradually increased, reaching 110 g/bird/day from weeks 24-62. The hens were subjected to a
lighting scheme that provided 11 hours of light and 13 hours of darkness per day at week 18. The
light duration was gradually increased, with the hens eventually subjected to a lighting scheme with
16 hours of continuous light and 8 hours of darkness from weeks 25-62. Any deviations from the
flock average were noticed, and birds that were not laying were excluded.

Experimental design and management

The experiment, lasting 44 weeks, involved 18-week-old hens randomly assigned to one of two
dietary treatments, with six replicates per treatment. All corn and soybean-based experimental diets
were formulated to meet or exceed the nutrient requirements outlined by the National Institute
of Animal Science (2022) [14], except for dietary CP level. The control (CON) group followed
the standard dietary CP levels recommended by the National Institute of Animal Science (2022)
[14], while the RP group received a diet with 1.5% less protein compared to the diet of the CON
group. The limiting amino acids, such as lysine, methionine, and threonine, were supplemented
using synthetic amino acids to achieve an ideal amino acid balance [14] and ensure consistent and
equal amino acid concentrations in the experimental diets. Both treatment diets had the same
metabolizable energy but differed only in protein levels. The dietary CP levels for the CON group
were 17.5%, 16.5%, 15.5%, and 14.5% for hens in the early (i.c., from weeks 18-38), middle (i.e.,
from weeks 39-54), and late (i.e., from weeks 55-62) laying stages, respectively. The dietary CP
levels in the diet of the RP group were 16.0%, 15.0%, 14.0%, and 13.0% for the same periods,
which were 1.5% lower than those of the CON group. According to the laying stage, the diets
were transitioned at weeks 38, 46, and 54. All diets were in pellet form. The composition of the
experimental diets used in the study is shown in Table 1.

Body weight
The BW of hens was measured every four weeks from weeks 18-62.

Laying performance

The total number and weight of eggs laid were recorded daily for each cage, and feed intake (FI)
was recorded weekly. The collected data was used to calculate the hen-day egg production (HDEP),
feed conversion ratio (FCR), EW, and egg mass (EM) at weeks 18-38, 38-46, 46-54, and 54-62.
Laying performance parameters were calculated using the following equations [15]:

HDEP. 0, — Total number of eggs produced ina day _, o
5 /0=

1)

Total number of laying hens in a day

Average daily feed intake (ADFI), g/day/hen = Total Flina we.ek 2
Days x Number of laying hens

Average EW, g = _ TowlEW 3)
Number of eggs
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Table 1. Feed ingredients and chemical composition of experimental diets with different dietary CP levels, as-fed basis
CON RP
week 18-38 week 39-46 week 47-54 week 55-62 week 18-38 week 3946 week 47-54 week 55-62

Items

Ingredient composition (%)

Comn 59.05 51.04 50.62 50.05 63.50 53.29 53.42 52.13
Wheat bran 0.00 12.94 15.65 19.13 0.10 14.83 17.24 21.79
Soybean meal (48%) 26.10 21.25 18.34 14.96 22.00 16.88 13.90 10.00
Vegetable oil 3.35 3.00 3.00 3.00 2.65 3.00 2.80 3.00
Monocalcium phosphate 1.44 1.1 1.03 0.92 1.45 1.1 1.04 0.92
Limestone 9.31 9.92 10.55 10.98 9.35 9.95 10.58 10.96
Salt 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
L-lysine 0.00 0.00 0.07 0.15 0.13 0.12 0.20 0.30
DL-methionine 0.15 0.14 0.14 0.16 0.16 0.16 0.15 0.18
L-threonine 0.00 0.00 0.00 0.05 0.06 0.06 0.07 0.12
Vitamin-mineral premix” 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Chemical composition (%)
ME (kcal/skg) 2,950 2,700 2,650 2,600 2,950 2,700 2,650 2,600
CcP 17.50 16.50 15.50 14.50 16.00 15.00 14.00 13.00
Crude fat 2.21 2.33 2.37 244 2.32 242 247 2.55
Crude fiber 244 3.44 3.62 3.88 245 3.57 3.74 4.10
SID Lysine 0.79 0.70 0.70 0.69 0.79 0.70 0.70 0.69
SID Methionine 0.42 0.37 0.37 0.36 0.42 0.37 0.37 0.36
SID Methionine+Cystine 0.66 0.60 0.60 0.58 0.66 0.60 0.60 0.58
SID Threonine 0.59 0.53 0.49 0.49 0.59 0.53 0.49 0.49
Calcium 4.00 4.18 4.40 454 4.00 4.18 4.40 454
Available phosphorus 0.40 0.36 0.35 0.33 0.40 0.36 0.35 0.33
Analyzed composition (%)
CP 16.94 16.31 14.94 13.44 16.31 14.94 13.44 12.13

YProvided per kilogram of diet: vitamin A, 12,000 IU; vitamin D;, 2,500 IU; vitamin E, 30 IU; vitamin K,, 3 mg; D-pantothenic acid, 15 mg; nicotinic acid, 40 mg; choline, 400 mg; and
vitamin B,, 12 ug; Fe, 90 mg from iron sulphate; Cu, 8.8 mg from copper sulphate; Zn, 100 mg from zinc oxide; Mn, 54 mg from manganese oxide; |, 0.35 mg from potassium io-
dide; Se, 0.30 mg from sodium selenite.

CP, crude protein; CON, control; RP, protein; ME, metabolizable energy.

EM, g/day/hen = LDEPXEW “
100
FCR, g feed/g egg = FI per d;}\’/lper hen 5

Egg quality

Egg quality analysis was conducted to evaluate the differences in egg quality between treatments.
At the end of weeks 26, 38, 46, 54, and 62, a total of 60 eggs (5 eggs per replicate cage) were
collected randomly and evaluated for egg quality. Eggshell breaking strength was evaluated using a
texture analyzer (TA. XTplusC; Stable Micro Systems). The shell color, albumen height, and haugh
units (HU) were measured using an egg multitester instrument (QCM+ Range; Technical Services
and Supplies). Yolk color intensity was measured against the DSM yolk color fan (1, light yellow;
15, orange). A shell thickness micrometer (Digimatic MDC-MX Series; Mitutoyo) was used to
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measure the shell thickness at three different locations (upper, lower, and middle), excluding the
inner shell membrane. The internal egg quality and eggshell analyses were completed within 24

hours of egg collection.

N balance

The N content of feed samples was analyzed using the Kjeldahl method [16]. Feces were collected
per cage for 72 hours to determine the total excreta output on a daily basis per bird. The collected
excreta from all birds within each cage were thoroughly mixed and pooled per replicate, and a 50
g sample was taken for N content analysis. The pooled samples were then stored at ~20C until
further analyses, including N balance measurements. Total excreta output and N balance were
measured in hens at weeks 26, 38, 46, 54, and 62. All N balance indicators were presented on a daily
basis per bird using the following formulas [17,18]:

N intake, g/day/hen = FI x N in the diet (6)

N excretion, g/day/hen = total excreta output x N in the excreta @
Total N retained, g/day/hen = N intake — N excretion 8)

N retained in egg, g/day/hen = 1.936% x EM )

N retained in body, g/day/hen = Total N retained — N retained in egg (10)

Statistical analysis

All data were analyzed using an independent t-test with SPSS software (version 29). Battery
cages were used as the experimental unit for assessing the BW, laying performance, and N balance.
Statistical analysis was conducted with six replicates, using five eggs per cage for egg quality analysis.

Mean difterences observed in the treatment were considered significant at p < 0.05.

RESULTS

Body weight

'The effect of dietary CP levels on the BW of hens is shown in Table 2. The BW of hens did not
differ between the dietary groups at weeks 18, 22, and 26. However, from week 30, the protein
group (RP) group consistently had lower (p < 0.05) BW than the CON group. At week 30, the BW
of the RP group was 1,776.60 g, 5.8% lower (p = 0.001) than the CON group at 1,886.52 g. This
reduction persisted until week 62, when the RP group showed a BW of 1,765.08 g, representing a
10.7% decrease compared to the CON group at 1,976.30 g (p = 0.040).

Laying performance

The effect of dietary CP level on laying performance in hens is presented in Table 3. The RP group
showed reduced (p < 0.05) HDEP during the early (i.e., from weeks 18-38) and late (i.e., from
weeks 54-62) laying stages, while no differences were observed in the middle laying stages (i.e.,
from weeks 38—46 and 46-54). During the early laying stage (i.c., from weeks 18-38), the HDEP
in the RP group was 84.76%, which was 7.6% lower (p < 0.001) than the CON group at 91.56%.
Similarly, during the late laying stage (i.e., from weeks 54-62), the HDEP in the RP group was
74.50%, which was 5.1% lower (p = 0.032) than the CON group at 78.28%. No difterences in
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Table 2. Influence of dietary CP level on BW"

Diets”
Items SEM? p-value®
CON RP

BW (9)
week 18 1,502.63 1,438.60 37.108 0.142
week 22 1,757.86 1,749.05 24.165 0.769
week 26 1,804.93 1,763.21 23.269 0.125
week 30 1,886.52 1,776.60 35.399 0.001
week 34 1,927.48 1,845.02 35.025 0.033
week 38 1,995.19 1,774.24 63.516 <0.001
week 42 2,009.80 1,754.09 77.942 <0.001
week 46 2,025.02 1,794.31 76.903 0.003
week 50 2,006.79 1,836.92 68.172 0.022
week 54 2,002.36 1,773.94 85.222 0.011
week 58 1,960.19 1,770.63 81.002 0.035
week 62 1,976.30 1,765.08 92.104 0.040

"Walues are the mean of six replicates per treatment.

ICON, a diet with 17.50, 16.50, 15.50, and 14.50% CP in weeks 18-38, 39-46, 47-54, and 55-62, respectively; RP, a diet with
16.00%, 15.00%, 14.00%, and 13.00% CP in weeks 18-38, 3946, 47-54, and 55-62, respectively.

“Pooled SEM.

“Statistical significance was determined at p < 0.05.

CP, crude protein; BW, body weight; CON, control; RP, protein.

average EW were observed during the early (i.e., from weeks 18-38) and middle (i.e., from weeks
38-46 and 46-54) laying stages. However, during the late laying stage (i.., from weeks 54-62), the
RP group exhibited an average EW of 62.63 g, which was 2.9% lower (p = 0.003) than the CON
group at 64.52 g. During the middle laying stage (weeks 38—46 and 46-54), EM did not differ
between dietary treatments. However, reductions (p < 0.05) in EM were observed during the early
(ie., from weeks 18-38) and late (i.c., from weeks 54-62) laying stages. In the early laying stage (i.e.,
from weeks 18-38), the EM in the RP group was 51.08 g/day/hen, which was 11.6% lower (p <
0.001) than the CON group at 57.83 g/day/hen. During the late laying stage (i.e., from weeks 54—
62), the RP group showed an EM of 46.72 g/day/hen, which was 7.4% lower (p = 0.005) compared
to the CON group at 50.43 g/day/hen.

ADFI remained unaffected during the early stage (i.e., from weeks 18-38). However, during the
middle (i.e., weeks 38—46 and 46-54) and late stages (i.e., from weeks 54-62), ADFI was higher (p
< 0.01) in the RP group compared to the CON group. From weeks 38-46, the RP group consumed
106.14 g/day/hen, which was 2.8% higher (p < 0.001) than the CON group at 103.21 g/day/hen. At
the end of the late laying stage (i.c., from weeks 54-62), ADFI in the RP group was 105.70 g/day/
hen, 2.0% higher (p = 0.009) than in the CON group at 103.59 g/day/hen. Likewise, no differences
in FCR were observed from weeks 46-54. On the other hand, FCR was higher (p < 0.05) in the RP
group compared to the CON group during the early (i.e., from weeks 18-38), the beginning of the
middle (i.e., from weeks 38-46), and late (i.e., from 54-62) laying stages. During the early laying stage
(i.e., from weeks 18-38), the FCR in the RP group was 2.07, which was 11.9% higher (» < 0.001)
than the CON at 1.85. Similarly, at the beginning of the middle laying stage (i.e., from weeks 38-46),
the FCR in the RP group was 2.20, which was 6.3% higher (p = 0.024) than the CON group at 2.07.
Likewise, in the late laying stage (i.e., from weeks 54-62), the RP group exhibited an FCR of 2.30,
which was 10.6% higher (p = 0.001) than the CON group at 2.08.
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Table 3. Influence of dietary CP level on laying performance”

Items? Diets? SEM* p-value®
CON RP
HDEP (%)
week 18-38 91.56 84.76 0.022 <0.001
week 38-46 82.46 80.80 0.017 0.338
week 46-54 81.04 77.59 0.021 0.104
week 54-62 78.28 74.50 0.018 0.032
EW (g)
week 18-38 62.97 61.04 1.700 0.071
week 38-46 61.33 60.86 1.030 0.660
week 46-54 63.28 61.77 1.351 0.278
week 54-62 64.52 62.63 0.712 0.003
EM (g/day/hen)
week 18-38 57.83 51.08 2430 <0.001
week 38-46 50.55 48.84 1.169 0.149
week 46-54 51.30 47.94 1.853 0.067
week 54-62 50.43 46.72 1.440 0.005
ADFI (g/day/hen)
week 18-38 105.93 106.01 0.610 0.827
week 38-46 103.21 106.14 0.897 <0.001
week 46-54 103.63 105.50 0.716 0.004
week 54—62 103.59 105.70 0.868 0.009
FCR (g feed/g egg)
week 18-38 1.85 2.07 0.082 <0.001
week 38-46 2.07 2.20 0.060 0.024
week 46-54 2.06 2.23 0.087 0.054
week 54-62 2.08 2.30 0.077 0.001

"Walues are the mean of six replicates per treatment.

“EM = HDEP x EW; FCR = ADFI/ EM.

®CON, a diet with 17.50, 16.50, 15.50, and 14.50% CP in weeks 18-38, 39-46, 47-54, and 55-62, respectively; RP, a diet with
16.00%, 15.00%, 14.00%, and 13.00% CP in weeks 18-38, 39-46, 47-54, and 55-62, respectively.

“Pooled SEM.

®Statistical significance was determined at p < 0.05.

CP, crude protein; BW, body weight; CON, control; RP, protein; EM, egg mass; HDEP, hen-day egg production; EW, Egg weight;

ADFI, Average daily feed intake.

Egg quality
The effect of dietary CP level on egg quality in hens is presented in Table 4. Throughout the
experimental period, eggshell thickness remained stable, ranging from 0.35 to 0.40 mm, with no
significant differences between dietary groups. Egg-breaking strength showed a similar pattern,
maintaining consistent values (approximately 5.16-5.76 kg) regardless of dietary CP level. Eggshell
color also remained unaffected, with values fluctuating slightly from 19.23 to 23.80 without diet-
related trends. Albumen height was comparable between groups throughout the study period,
with values ranging from approximately 6.91 to 8.60 mm, and showing no significant differences
between the CON and RP groups.

With respect to HU and yolk color, HU values did not differ between dietary groups at weeks
26, 46, 54, and 62. However, at week 38, the HU in the RP group was 98.69, which was 1.0%
lower (p = 0.034) than that in the CON group at 99.71. Similarly, yolk color remained unaffected
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Table 4. Influence of dietary CP level on egg quality”

Diets”
Items SEM® p-value®
CON RP
Eggshell thickness (mm)
week 26 0.35 0.35 0.008 0.997
week 38 0.38 0.38 0.006 0.751
week 46 0.39 0.39 0.004 0.140
week 54 0.38 0.40 0.007 0.296
week 62 0.38 0.39 0.009 0.837
Egg-breaking strength (kg)
week 26 5.16 5.15 0.242 0.991
week 38 5.63 5.62 0.136 0.491
week 46 5.72 5.70 0.198 0.908
week 54 5.76 5.72 0.252 0.882
week 62 5.33 5.33 0.259 0.999
Eggshell color
week 26 19.23 19.53 0.522 0.565
week 38 23.40 23.53 0.566 0.289
week 46 20.86 21.03 0.314 0.215
week 54 2257 22.22 0.908 0.921
week 62 23.78 23.80 0.645 0.983
Albumen height (mm)
week 26 8.12 8.06 0.345 0.067
week 38 8.37 8.37 0.263 0.997
week 46 8.46 8.45 0.230 0.602
week 54 8.06 8.04 0.238 0.347
week 62 7.03 7.03 0.190 0.994
HU
week 26 99.58 94.73 1.847 0.084
week 38 99.71 98.69 1.049 0.034
week 46 98.78 97.15 1.330 0.524
week 54 96.89 96.10 2.021 0.253
week 62 91.94 90.55 0.934 0.896
Yolk color
week 26 6.60 6.97 0.198 0.257
week 38 7.07 717 0.157 0.218
week 46 6.87 713 0.229 0.491
week 54 6.76 6.95 0.223 0.521
week 62 6.97 6.73 0.200 0.006

Walues are the mean of six replicates per treatment.

CON, a diet with 17.50, 16.50, 15.50, and 14.50% CP in weeks 18-38, 39-46, 47-54, and 55-62, respectively; RP, a diet with
16.00%, 15.00%, 14.00%, and 13.00% CP in weeks 18-38, 39-46, 47-54, and 55-62, respectively.

®Pooled SEM.

“Statistical significance was determined at p < 0.05.

CP, crude protein; CON, control; RP, protein group; HU, haugh units.

by dietary groups at weeks 26, 38, 46, and 54. On the other hand, at week 62, the yolk color in the
RP group was 6.73, which was lighter than the CON group at 6.97, showing a 3.4% reduction (p =
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0.006) in color intensity.

N balance

The effect of dietary CP levels on N balance in hens is shown in Table 5. No differences in total
excreta output were observed between the groups in weeks 26, 46, and 54. However, at weeks 38
and 62, the RP group showed lower (p < 0.05) total excreta output than the CON group. At week
38, total excreta output in the RP group was 108.02 g/day/hen, 9.7% lower (p = 0.004) compared to
the CON group at 119.65 g/day/hen. Consistently, at week 62, total excreta output in the RP group
was 96.44 g/day/hen, 15.6% lower (p = 0.043) compared to the CON group at 114.22 g/day/hen. N
intake remained unaffected by dietary CP levels at weeks 26 and 38. However, at week 46, N intake
in the RP group was 2.53 g/day/hen, which was 5.6% lower (p = 0.002) than the CON group at
2.68 g/day/hen. In week 62, the RP group had a N intake of 2.04 g/day/hen, which was 4.7% lower
(p = 0.001) than that of the CON group, which was 2.14 g/day/hen. In terms of N excretion, the
RP group consistently showed lower (p < 0.05) N excretion than the CON group throughout the
experimental period. At week 26, N excretion in the RP group was 1.12 g/day/hen, 17.0% lower (p
=0.009) than that of the CON group at 1.35 g/day/hen. This trend continued, with N excretion in
the RP group at 0.99 g/day/hen, 20.8% lower (p = 0.045) than the CON group at 1.25 g/day/hen
at week 62.

Dietary CP level did not affect total N retained at week 46. However, at weeks 26, 38, 54, and
62, total N retained was lower (p < 0.05) in the RP group than in the CON group. At week 26, the
total N retained was 1.48 g/day/hen, 11.9% lower (p = 0.038) than that of the CON group at 1.68
g/day/hen. Likewise, at week 62, the total N retained in the RP group was 1.22 g/day/hen, 17.6%
lower (p = 0.042) than that of the CON group at 1.48 g/day/hen. No dietary CP effect was noted
for N retained in eggs at weeks 46 and 54. However, at weeks 26, 38, and 62, N retained in egg in
the RP group was lower (p < 0.05) than in the CON group. At week 26, N retained in the egg in
the RP group at 0.99 g/day/hen, which was 8.3% lower (p = 0.192) than that of the CON group at
1.08 g/day/hen. In line with this trend, at week 38, N retained in egg in the RP group was 0.96 g/
day/hen, 17.9% lower (p = 0.004) than that of the CON group at 1.17 g/day/hen. Consistently, at
week 62, N retained in egg in the RP group was 0.91 g/day/hen, which was 7.1% lower (p = 0.034)
than that of the CON group at 0.98 g/day/hen. Throughout the trial, N retained in body did not
differ between dietary CP groups. At week 26, N retained in body was 0.48 g/day/hen in the RP
group and 0.60 g/day/hen in the CON group. Similarly, at week 62, N retained in body was 0.32 g/
day/hen in the RP group and 0.51 g/day/hen in the CON group.

DISCUSSION

Maintenance of the standard BW of hens is essential for sustaining egg production performance. It
is a key factor in determining productivity, especially in the early laying stage [19]. Thus, ensuring
that the diet includes adequate protein with an ideal amino acid ratio is critical for maintaining
adequate BW and optimizing egg production during the whole laying stages. The National Institute
of Animal Science (2022) [14] recommends diets of hens containing 17.50%, 16.50%, 15.50%,
and 14.50% dietary CP during the periods from early laying to 32, 3245, 4555, and 55- weeks
of age, respectively. In this study, hens were fed a reduced-protein diet that did not meet protein
requirements, with dietary CP levels of 16.00%, 15.00%, 14.00%, and 13.00% from 18-38, 39-46,
47-54, and 55-62 weeks of age, respectively. Indeed, the reduced-protein diets in the study do not
meet the nutritional requirements of branched-chain amino acids (BCAAs), which are critical for

protein synthesis in the body [20]. While the diets adequately supplied the limiting amino acids
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Table 5. Influence of dietary CP level on N balance”

Items Diets™ SEM? p-value”
CON RP
Total excreta output (g/day/hen)
week 26 113.13 104.52 5.551 0.192
week 38 119.65 108.02 3.976 0.004
week 46 124.25 113.37 5.843 0.109
week 54 115.03 105.08 6.556 0.202
week 62 114.22 96.44 7.851 0.043
N intake® (g/day/hen)
week 26 2.87 2.81 0.037 0.124
week 38 2.81 2.76 0.032 0.140
week 46 2.68 2.53 0.050 0.002
week 54 2.51 2.30 0.065 <0.001
week 62 2.14 2.04 0.035 0.001
N excretion (g/day/hen)
week 26 1.35 1.12 0.085 0.009
week 38 1.40 1.27 0.053 0.026
week 46 1.44 1.23 0.092 0.036
week 54 1.28 1.05 0.094 0.023
week 62 1.25 0.99 0.119 0.045
Total N retained® (g/day/hen)
week 26 1.68 1.48 0.088 0.038
week 38 1.60 1.41 0.076 0.024
week 46 1.53 1.29 0.111 0.052
week 54 1.50 1.25 0.097 0.016
week 62 1.48 1.22 0.117 0.042
N retained in egg” (g/day/hen)
week 26 1.08 0.99 0.007 0.028
week 38 1.17 0.96 0.011 0.001
week 46 0.98 0.95 0.006 0.313
week 54 0.99 0.94 0.010 0.244
week 62 0.98 0.91 0.007 0.034
N retained in body® (g/day/hen)
week 26 0.60 0.48 0.022 0.220
week 38 0.43 0.45 0.023 0.827
week 46 0.55 0.34 0.026 0.073
week 54 0.51 0.31 0.024 0.070
week 62 0.51 0.31 0.032 0.164

Walues are the mean of six replicates per treatment.

CON, a diet with 17.50, 16.50, 15.50, and 14.50% CP in weeks 18-38, 39-46, 47-54, and 55-62, respectively; RP, a diet with
16.00%, 15.00%, 14.00%, and 13.00% CP in weeks 18-38, 39-46, 47-54, and 55-62, respectively.

®Pooled SEM.

“Statistical significance was determined at p < 0.05.

®N intake was calculated as follows: ADFI in grams x (Analyzed diet CP/100).

®Difference between N intake and excreted.

"Calculated as EM (g/day/hen) x N concentration in eggs assumed as 1.936% [17].

®N retained in the body (g/day/hen) calculated as the difference between total N retained and N retained in the egg.

CP, crude protein; CON, control; RP, protein group; ADFI, average daily feed intake; EM, egg mass.
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methionine, lysine, and threonine, the lack of sufficient BCAAs may have further exacerbated the
reduction in BW by limiting overall protein synthesis. Additionally, the inadequate N pool in these
diets may necessitate supplementation with non-essential amino acids, such as glycine and serine, to
support the recovery of production performance, potentially mitigating the reduction in BW [21].
As a result, the gradual depletion of body protein stores and insufficient body tissue synthesis caused
by an imbalance in the dietary amino acid profile may have contributed to the decreased BW [5].
Even with supplementation of limiting amino acids, the marked reduction in BW observed in hens
fed reduced-protein diets may pose a health risk, which limits the practical applicability of such
diets.

'The reduced HDEP in the early and late laying stages observed in birds fed reduced-protein
diets may be attributed to an imbalance in an amino acid ratio in the diet, particularly during
physiologically demanding periods such as peak production or aging hens. One potential reason
is the insufficient availability of BCAAs in the diet, which are essential not only for protein
synthesis but also for regulating fatty acid metabolism in the liver, a process critical for hepatic yolk-
lipoprotein production [22]. Another contributing factor could be a deficiency in arginine in the
diet, an amino acid that promotes luteinizing hormone secretion, facilitating follicle development
and ovulation [23]. In line with this study, Adeyemo et al. [24] observed a reduction in HDEP in
hens fed diets containing 14% dietary CP with an adequate amount of methionine and lysine in
the diet. The weight of eggs is influenced by various factors such as dietary CP levels, methionine,
energy, and fat content in the diet [25,26]. However, the relationship between EW and dietary CP
depends not solely on protein levels but also on the amino acid balance in the diet. A deficiency or
imbalance in limited amino acids can impair protein synthesis, resulting in reduced EW [27].In the
study, the EW was lower in hens fed reduced-protein diets despite supplying methionine, lysine,
and threonine at levels meeting their nutritional requirements. The reduction in EW may also be
attributed to an insufficient N pool in a reduced-protein diet, particularly during the formation of
the ovum in the magnum [27]. Such insufficiency can occur even when adequate levels of limiting
amino acids are supplemented, highlighting the limitations of reduced-protein diets in supporting
optimal egg production. Similarly, other studies by Ji et al. [27], Alagawany et al. [5], van Harn
et al. [28], and Heo et al. [12] have reported a reduction in EW in hens fed reduced-protein
diets. Decreased EM may be attributed to reductions in HDEP and EW [29], supporting the
importance of adequate protein levels in sustaining egg production. Hens fed reduced-protein diets
supplemented with limiting amino acids may exhibit increased ADF], potentially due to imbalances
in the overall amino acid profile. These imbalances could affect protein metabolism, leading to an
increased ADFT as hens attempt to meet their physiological requirements [30]. Branched-chain
amino acids, which were deficient in reduced-protein diets used in the study, are known to play
a crucial role in FI regulation by influencing appetite and feeding behavior [31]. Additionally,
reduced N retention observed in hens fed reduced-protein diets suggests that nutrient utilization
efficiency may be compromised, further contributing to higher FI. While FI in hens is generally
influenced more by dietary energy levels than protein levels [32], this study highlights the need to
explore further how dietary CP levels and amino acid balance impact FI in layers. FCR is closely
related to EM and FI, both of which were negatively impacted by reduced-protein diets in the
study. The increased FCR observed in hens fed reduced-protein diets may be attributed to reduced
feed efficiency compared to those fed diets with adequate protein levels [5]. Not only deficiency
in dietary CP levels but also the amino acid ratio imbalances can impair nutrient utilization and
productivity, ultimately reducing feed efficiency [33]. This finding suggests the importance of
ensuring adequate protein levels and maintaining balanced amino acid profiles to optimize feed

efficiency in layer production.
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No differences in eggshell thickness, egg-breaking strength, eggshell color, and albumen
height were observed in relation to dietary CP level in this study. Similarly, Latshaw and Zhao
[30] and Kim and Kang [34] reported no differences in these parameters based on dietary CP
levels, suggesting that protein content in the diet may not play a significant role in determining
eggshell quality. The inferior HU observed in hens fed a reduced-protein diet highlights the
limitations of such diets in supporting optimal albumen synthesis during egg formation. Even with
supplementation of limiting amino acids, reduced-protein diets inherently provide an insufficient
N pool, which is crucial for maintaining albumen synthesis [27]. Such a reduced N pool likely
impaired albumen synthesis, ultimately compromising internal egg quality [35]. Based on the
findings of this study, feeding a 16.00% CP diet supplemented with methionine, lysine, and
threonine during the early laying stages (i.c., weeks 18-38) may result in a reduction in HU. In
general, higher levels of corn or corn gluten meal in the reduced-protein diet are associated with
more intense yolk color due to their xanthophyll content. In the present study, the RP group showed
numerically more intense yolk color than the CON group during the early to mid laying period,
although the differences were not significant. However, this trend reversed at the end of the study,
with the RP group exhibiting lighter yolk color compared to the CON group. To our knowledge,
such a result has not been previously reported. While earlier studies have shown either more intense
yolk color [12,27] or no difference [30,34] with reduced-protein diets, few have examined this in
laying hens. Further research is needed to understand this unexpected outcome.

N balance was assessed in the study to evaluate the efficiency of dietary CP utilization in the
experimental diets [36]. Typically, total excreta output in chickens accounts for 3%—4% of their
BW [37]. The reduction in total excreta output observed in hens fed reduced-protein diets can be
attributed to their decreased BW. However, the decline may also reflect a reduction in N excretion,
as chickens excrete N primarily as uric acid, a major component of solid waste. This suggests that
reduced-protein diets lower N excretion, thereby decreasing total excreta output. Although hens
fed a reduced-protein diet consumed more feed, the reduced protein levels likely resulted in lower
overall N intake. This observation aligns with previous studies by Latshaw and Zhao [30], Heo
et al. [12], and Tio et al. [38], which consistently demonstrated that reduced-protein diets lead to
reduced N intake in layers. N excretion in layers typically originates from dietary CP not utilized
for body tissue synthesis or egg formation [12]. Hence, hens fed a reduced-protein diet have less
protein that remains unused, resulting in reduced N excretion [30]. The consistent reduction in
N excretion across all laying stages (i.e., weeks 18-62) in the RP group highlights the potential
of reduced-protein diets to reduce environmental N excretion. On the other hand, the results of
the study underscore the need for balancing environmental benefits with productivity concerns
because reduced N excretion coincides with declines in egg production. Based on total EM output
over the experimental period (18-62 weeks), the RP group required approximately 10% more
hens to produce 1,000 g of EM due to lower productivity. Nevertheless, total N excretion per
1,000 g of EM was reduced by about 7%, suggesting that reduced-protein diets may still provide
environmental benefits, even when accounting for decreased production efficiency. The reduced total
N retention in hens fed reduced-protein diets reflects the challenges of meeting the physiological
demands of egg production with insufficient dietary CP. Even with supplementation of limiting
amino acids such as methionine, lysine, and threonine, reduced-protein diets are fundamentally
characterized by a deficient N pool. This inherent limitation disrupts protein metabolism and
reduces the availability of N for productive purposes, leading to decreased total N retention [33].
'This reduction may also be associated with the observed decreases in EM and feed efficiency in the
study, as N retention is closely linked to protein availability for productive purposes. The reduction
in N retained in eggs observed in the reduced-protein diet group corresponds directly to the
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decrease in EM, as N retention in eggs is calculated based on EM [17]. Although not statistically
significant, the trend of lower N retention in the body in the reduced-protein diet group suggests
a potential impact of reduced dietary CP levels on N utilization for body maintenance [39]. While
the differences were insignificant, the observed trend underscores the need for further study to

better understand the relationship between dietary CP levels and N retention in the body.

CONCLUSION

This study suggests that reduced-protein diets can lower N excretion but also lead to reductions in
BW, laying performance, HU, and N retention. Despite supplementation with limiting amino acids
such as lysine, methionine, and threonine, the amino acid profile of reduced-protein diets appeared
insufficient to support optimal protein synthesis and production performance. Notably, the observed
decline in egg production performance implies that more hens may be required to produce the
same number of eggs, potentially offsetting the environmental benefits of reduced N excretion.
However, based on the experimental data, even when accounting for the need to rear more hens to
produce the same number of eggs, total N excretion was slightly reduced in the reduced-protein
group when compared based on the same amount of egg mass. Therefore, reduced-protein diets
may still provide a modest environmental benefit. Further research is needed to define amino acid

profiles that minimize environmental impact without compromising productivity.
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