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Abstract

This experiment aimed to investigate the effects of different dietary metaboliz-
able energy (ME) and crude protein (CP) levels on production performance, egg
quality, and serum biochemical indices of Xinyang green-shell laying hens during
the late laying period (44-56 weeks of age), and to determine the optimal dietary
ME to CP ratio for this period. A total of 768 43-week-old Xinyang green-shell
laying hens with similar body weight were randomly allocated to 6 groups, with
4 replicates per group and 32 hens per replicate. A 2$x$3 factorial design was
employed (ME levels: 10.87 and 11.08 MJ/kg; CP levels: 15.00%, 15.50%, and
16.00%), resulting in 6 experimental diets. The trial consisted of a 1-week pre-
test period and a 12-week test period. The results showed: 1) Dietary ME and
CP levels significantly affected laying rate and feed-to-egg ratio (P<0.05), with
a highly significant interaction between ME and CP for laying rate (P<0.01).
The high ME low CP group (ME at 11.08 MJ/kg, CP at 15.00%) exhibited the
highest laying rate and the lowest feed-to-egg ratio. 2) A higher dietary CP
level (16.00%) significantly increased Haugh unit (P<0.05); a higher dietary
ME level (11.08 MJ/kg) significantly increased yolk color (P<0.05); no signifi-
cant interaction between dietary ME and CP levels was observed for egg quality
(P>0.05). 3) The high ME low CP group had the lowest serum urea nitrogen
content; a higher dietary ME level (11.08 MJ/kg) significantly reduced serum
total cholesterol content (P<0.05). In conclusion, under the conditions of this
experiment, dietary ME and CP levels of 11.08 MJ/kg and 15.00%, respectively,
were more conducive to optimizing production performance and improving egg
quality in green-shell laying hens during the late laying period.
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Abstract: This study investigated the effects of different dietary metabolizable
energy (ME) and crude protein (CP) levels on production performance, egg qual-
ity, and serum biochemical indices of Xinyang green-shell laying hens during the
late laying period (44-56 weeks of age) to determine the optimal dietary ME
and CP combination. A total of 768 healthy Xinyang green-shell laying hens at
43 weeks of age were randomly allocated to six groups with four replicates of 32
hens each. A 2$x$3 factorial design was employed with two ME levels (10.87
and 11.08 MJ/kg) and three CP levels (15.00%, 15.50%, and 16.00%), resulting
in six experimental diets. The pre-trial period lasted one week, followed by
a 12-week formal trial period. The results showed that: (1) Dietary ME and
CP levels significantly affected laying rate and feed-to-egg ratio (P<0.05), with
a highly significant interaction between ME and CP for laying rate (P<0.01).
The high-energy low-protein group (11.08 MJ/kg ME, 15.00% CP) achieved
the highest laying rate and lowest feed-to-egg ratio. (2) The higher CP level
(16.00%) significantly increased Haugh unit (P<0.05), while the higher ME level
(11.08 MJ/kg) significantly improved yolk color (P<0.05). No significant inter-
action between ME and CP was observed for egg quality parameters (P>0.05).
(3) The high-energy low-protein group exhibited the lowest serum urea nitrogen
content. The higher ME level (11.08 MJ/kg) significantly reduced serum total
cholesterol content (P<0.05). In conclusion, under the conditions of this exper-
iment, a dietary ME level of 11.08 MJ/kg combined with a CP level of 15.00%
is optimal for maximizing production performance and improving egg quality in
Xinyang green-shell laying hens during the late laying period.

Keywords: green-shell laying hens; late laying period; metabolizable energy;
crude protein; optimal requirement

Introduction

Feed represents the primary cost in poultry production, and feed costs are largely
determined by dietary metabolizable energy and crude protein levels, as well as
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the supplementation of essential amino acids [1]. Dietary energy and protein
levels significantly influence the production performance and body composition
of laying hens [2], making the determination of appropriate ME and CP levels
crucial for meeting production requirements and ensuring efficient feed resource
utilization. The Xinyang green-shell laying hen is an excellent domestic poultry
breed independently developed in China through hybridization of Dongxiang
green-shell chickens with White Leghorn or Hy-Line White chickens after com-
patibility testing, conducted by Shanghai Poultry Breeding Co., Ltd., China
Agricultural University, and the National Poultry Engineering Technology Re-
search Center. However, recent research on green-shell chickens has primarily
focused on the effects of essential amino acids such as methionine, lysine, and
tryptophan on production performance [3-4], with most studies limited to the
rearing period [5]. To date, no feeding standards exist for the laying period
of this breed. Therefore, this study aimed to investigate the effects of dietary
ME and CP levels and their interaction on production performance, egg qual-
ity, and serum biochemical indices of Xinyang green-shell laying hens during
the late laying period, thereby establishing optimal dietary ME and CP com-
binations to provide a theoretical basis for formulating feeding standards and
guiding production practices.

1.1 Experimental Materials

The experimental animals were Xinyang green-shell laying hens during the late
laying period (44-56 weeks of age). The trial was conducted at the Huaqing
Breeding Base of Shanghai Poultry Breeding Co., Ltd. from May 21 to August
29, 2015.

1.2 Experimental Design

A total of 768 healthy 43-week-old green-shell laying hens with similar body
weights were randomly divided into six groups, each comprising four replicates
of 32 hens. After a one-week pre-trial period, during which laying rates were
monitored and groups were adjusted to ensure no significant differences in initial
laying rates (P>0.05), the formal 12-week trial commenced. Based on NRC
(1994) guidelines for Leghorn-type layers and China’ s “Feeding Standard of
Chickens” (NY/T 33—2004) for quality egg-type chickens, a 2$x$3 factorial
design was employed with two ME levels (10.87 and 11.08 MJ/kg) and three
CP levels (15.00%, 15.50%, and 16.00%), resulting in six experimental diets.
The composition and nutrient levels of the experimental diets are presented in
Table 1 .

1.3 Management Practices

Hens were housed in three-tier step cages with semi-mechanical ventilation and
artificial lighting. Feed was provided twice daily at 08:00 and 14:00. Feed
allowance was adjusted based on residual feed to maintain ad libitum intake,
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stimulate appetite, and minimize waste. Birds had free access to water through-
out the pre-trial period (one week) and the formal trial period (12 weeks).

1.4 Measurement Indices

1.4.1 Production Performance Daily records were maintained for mortal-
ity, feed intake, egg number, and egg weight within each replicate to calculate
average daily feed intake (ADFI), laying rate, average egg weight, and feed-to-
egg ratio. At the beginning of the trial, eight hens with similar body weights
were selected and marked in each replicate; these same hens were weighed again
at the end of the trial to calculate average body weight gain per replicate.

1.4.2 Egg Quality Eggs were collected every six weeks (two collections total).
For each replicate, six eggs were randomly selected (24 eggs per group, 144
eggs total) for quality assessment using a Nippon Denshi DET 6000 egg quality
analyzer. Measured parameters included albumen height, yolk color, Haugh
unit, eggshell thickness, and eggshell strength.

1.4.3 Serum Biochemical Indices At the end of the feeding trial, four hens
were randomly selected from each replicate (16 per group), fasted for 12 hours
with free access to water, and then blood samples were collected from the wing
vein. Serum was prepared by centrifugation at 3,500 r/min for 15 minutes,
immediately aliquoted, temporarily stored in ice boxes, and then preserved at
-80°C. Serum total protein (TP), albumin (ALB), urea nitrogen (UN), triglyc-
erides (TG), and total cholesterol (T-CHO) were measured using commercial
kits purchased from Nanjing Jiancheng Bioengineering Institute.

1.5 Statistical Analysis

All data are expressed as means + standard deviation. Data were analyzed
using the univariate procedure in SPSS 20.0 general linear model, and Duncan’ s
multiple range test was used for post-hoc comparisons. Significance was declared
at P<0.05.

Results
2.1 Effects of Dietary ME and CP Levels on Production Performance

As shown in Table 2 | dietary ME and CP levels significantly affected laying rate
and feed-to-egg ratio (P<0.05), with a highly significant interaction between ME
and CP for laying rate (P<0.01). The high-energy low-protein group (HELP)
achieved the highest laying rate, which was 10.62% (P<0.05), 11.80% (P<0.05),
7.06% (P>0.05), 7.48% (P<0.05), and 11.00% (P<0.05) higher than the low-
energy low-protein (LELP), low-energy medium-protein (LEMP), low-energy
high-protein (LEHP), high-energy medium-protein (HEMP), and high-energy
high-protein (HEHP) groups, respectively. The HELP group also had the lowest
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feed-to-egg ratio, which was 7.57% (P>0.05), 9.23% (P<0.05), 7.85% (P>0.05),
7.20% (P>0.05), and 7.01% (P>0.05) lower than the LELP, LEMP, LEHP,
HEMP, and HEHP groups, respectively.

At the ME level of 10.87 MJ /kg, the high-protein group exhibited the highest lay-
ing rate and ADFI, which were 3.32% (P>0.05) and 4.42% (P>0.05) higher than
the low-protein group, and 2.53% (P>0.05) and 0.82% (P>0.05) higher than
the medium-protein group, respectively. At the ME level of 11.08 MJ/kg, the
low-protein group achieved the highest laying rate, which was 7.48% (P<0.05)
and 11.00% (P<0.05) higher than the medium- and high-protein groups, respec-
tively.

When CP level was considered as the fixed factor, the low-protein group showed
a4.80% (P<0.05) and 3.94% (P>0.05) lower feed-to-egg ratio compared with the
medium- and high-protein groups, respectively. When ME level was considered
as the fixed factor, no significant effects on laying rate, average egg weight,
ADFI, or feed-to-egg ratio were observed (P>0.05), although the high-energy
group showed a 3.60% higher laying rate, 0.50% lower average egg weight, and
3.61% lower feed-to-egg ratio compared with the low-energy group.

2.2 Effects of Dietary ME and CP Levels on Egg Quality

As shown in Table 3 ;| dietary ME and CP levels significantly affected Haugh
unit, yolk color, and eggshell strength (P<0.05). The low-energy high-protein
group exhibited the highest Haugh unit, which was 7.25% higher than the low-
energy low-protein group (P<0.05). The high-energy high-protein group also
showed a 6.80% higher Haugh unit compared with the low-energy low-protein
group (P<0.05). The high-energy high-protein group had the highest yolk color,
which was 11.86% higher than the low-energy high-protein group (P<0.05). The
low-energy medium-protein group demonstrated the greatest eggshell strength,
which was 20.59% higher than the high-energy high-protein group (P<0.05).

At the ME level of 10.87 MJ/kg, Haugh unit increased with increasing dietary
CP level, with the high-protein group showing a 7.25% higher Haugh unit than
the low-protein group (P<0.05). At the ME level of 11.08 MJ/kg, the high-
protein group exhibited higher albumen height, Haugh unit, yolk color, and
eggshell thickness than the low- and medium-protein groups, though these dif-
ferences were not significant (P>0.05).

When CP level was considered as the fixed factor, increasing dietary CP sig-
nificantly improved Haugh unit (P<0.05), with the high-protein group showing
4.19% (P<0.05) and 4.72% (P<0.05) higher Haugh units than the medium-
and low-protein groups, respectively. When ME level was considered as the
fixed factor, increasing dietary ME significantly improved yolk color, with the
high-energy group showing 4.58% higher yolk color than the low-energy group
(P<0.05). The high-energy high-protein group had the lowest eggshell strength,
which was 17.07% lower than the low-energy medium-protein group (P<0.05).
No significant interaction between ME and CP was observed for egg quality
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parameters (P>0.05).

2.3 Effects of Dietary ME and CP Levels on Serum Biochemical In-
dices

As shown in Table 4 , dietary ME and CP levels significantly affected serum UN,
ALB, and T-CHO contents (P<0.05). A significant interaction between ME and
CP was observed for serum UN content (P<0.05). The HELP group exhibited
the lowest serum UN content, which was 22.02% (P<0.05) and 21.08% (P <0.05)
lower than the LEMP and HEHP groups, respectively. The HELP group also
showed a 31.11% lower serum T-CHO content compared with the LELP group
(P<0.05).

When CP level was considered as the fixed factor, the medium-protein group
exhibited 10.30% (P<0.05) and 8.35% (P<0.05) lower serum ALB contents than
the low- and high-protein groups, respectively. When ME level was considered
as the fixed factor, increasing dietary ME significantly reduced serum T-CHO
content, with the high-energy group showing a 20.12% lower serum T-CHO
content than the low-energy group (P<0.05).

Discussion

3.1 Effects of Dietary Crude Protein Level on Production Perfor-
mance

Laying rate and average egg weight are key indicators of production perfor-
mance, influenced by breed, age, dietary nutrition, and environmental factors.
Geng et al. [6] reported that during the early laying period at 20 weeks of age,
the 15.50% CP group showed significantly higher laying rates than the 16.00%
CP group. As the laying period progressed, the 16.00% CP group exhibited de-
creased laying rates and increased feed-to-egg ratios compared with the 15.00%
CP group during the late laying stage, which aligns with our findings. The
present study demonstrated that in green-shell laying hens after 45 weeks of
age, increasing dietary CP level tended to decrease laying rate, with the 15.00%
CP group achieving the highest laying rate. Silva et al. [7] investigated the ef-
fects of different dietary CP levels on performance of 48-week-old Hisex White
layers and found that average egg weight increased linearly with dietary CP
level, consistent with our results. Although increasing dietary CP level did not
significantly affect average egg weight in this study, an increasing trend was
observed, which may be attributed to differences in animal species and dietary
composition. Westerterp-Plantenga [8] suggested that increasing dietary CP
level increases heat increment, thereby enhancing satiety and reducing metabo-
lizable energy utilization efficiency. Our results indicate that dietary CP level
significantly affected feed-to-egg ratio during the late laying stage, with the ra-
tio decreasing as CP level increased, suggesting that 15.00% CP is beneficial for
optimizing feed efficiency in late-stage green-shell laying hens.
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3.2 Effects of Dietary Metabolizable Energy Level on Production Per-
formance

Poultry possess the innate ability to regulate feed intake according to their
energy requirements. The effect of ME on laying hen performance primarily
manifests through altered feed intake, which subsequently affects nutrient intake
[9]. This study found that dietary ME levels of 10.87 and 11.08 MJ/kg did
not significantly affect feed intake, laying rate, average egg weight, or feed-to-
egg ratio in late-stage green-shell laying hens. This may be attributed to the
relatively small difference in ME levels, as well as variations in animal species
and dietary composition.

3.3 Combined Effects of Dietary ME and CP on Production Perfor-
mance

The balance between dietary ME and CP levels plays a crucial role at all growth
stages. The nutritional relationship between ME and CP is not independent;
rather, an inherent connection exists between them [10]. Optimal performance
and feed conversion efficiency are achieved when dietary ME and CP main-
tain an appropriate ratio. Conversely, an imbalanced ME:CP ratio can impair
nutrient utilization efficiency and cause metabolic disorders due to overall nutri-
tional imbalance [11]. This study demonstrated a highly significant interaction
between dietary ME and CP levels for laying rate in late-stage green-shell lay-
ing hens, consistent with the findings of Sell et al. [12]. Under our experimental
conditions, the combination of 11.08 MJ/kg ME and 15.00% CP yielded the
highest laying rate.

3.4 Effects of Dietary ME and CP Levels on Egg Quality

Egg quality and composition change with hen age and production level as laying
rate declines and egg weight increases with advancing age [13]. Albumen height
and Haugh unit are important indicators of egg white quality. While albumen
height is primarily influenced by environmental conditions during egg formation
and storage, with minimal impact from nutrition [14], Haugh unit is commonly
used to evaluate egg physical quality. A higher Haugh unit indicates greater
albumen viscosity and superior protein quality. Chen et al. [15] reported that in
Luxi game fowl after 41 weeks of age, the higher CP level group (17.00%) showed
significantly higher Haugh units than the lower CP group (15.50%). Our results
demonstrate that increasing dietary CP level significantly improved Haugh units
in green-shell eggs, possibly because absorbed protein beyond maintenance re-
quirements is deposited primarily in the thick albumen. Yang [16] reported that
yolk color deepened significantly with increasing dietary ME level, which aligns
with our findings. The present study showed that dietary ME level significantly
affected yolk color, with the high-energy high-protein group (11.08 MJ/kg ME,
16.00% CP) producing the best yolk color. Bi [17] found that eggshell weight is
related to egg shape index and dietary calcium content, calcium source utiliza-
tion, and timing of calcium supplementation. The significantly reduced eggshell
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strength observed in the high-energy high-protein group may be attributed to
lower feed intake and insufficient calcium intake.

3.5 Effects of Dietary ME and CP Levels on Serum Biochemical In-
dices

Malmiof [18] suggested that serum UN accurately reflects protein metabolism
and dietary amino acid balance, with lower UN indicating well-balanced dietary
amino acids and efficient protein metabolism. Our results show that increasing
dietary ME level reduced serum UN content, consistent with the findings of Yuan
et al. [19] from our research group. The HELP group (11.08 MJ/kg ME, 15.00%
CP) significantly reduced serum UN content, likely because this ME-CP combi-
nation promoted protein metabolism more effectively. Serum T-CHO content
reflects fat deposition, while serum TG content indicates lipogenesis intensity.
Cao et al. [20] demonstrated a relationship between lipid metabolism and fat
deposition, with higher fat deposition corresponding to elevated serum TG and
T-CHO levels. This study indicates that 11.08 MJ/kg ME effectively reduced
serum TG and T-CHO contents, possibly because the ME-CP composition met
the nutritional requirements of late-stage green-shell laying hens, preventing ex-
cessive fat accumulation in subcutaneous tissue and liver. Protein deposition
depends on the balance between protein synthesis and catabolism. Serum TP
and ALB contents reflect protein synthesis capacity, and ALB also functions
as a nutrient carrier and maintains plasma osmotic pressure [21]. The HELP
group significantly increased serum ALB content, suggesting that this ME-CP
combination enhanced protein anabolism in late-stage green-shell laying hens.

Conclusions
Under the conditions of this experiment:

1. A dietary ME level of 11.08 MJ/kg combined with a CP level of 15.00%
optimized production performance in late-stage green-shell laying hens,
achieving the highest laying rate, lowest feed-to-egg ratio, lowest serum
UN and T-CHO contents, and highest serum ALB content.

2. A dietary ME level of 11.08 MJ /kg effectively improved yolk color in late-
stage green-shell laying hens.

3. A dietary CP level of 16.00% effectively improved Haugh unit in late-stage
green-shell laying hens.

References

[1] Shi TH, Zhang GZ, Huang BH, et al. Study on nutrition level and economic
benefit of layer chicks [J]. Feed Research, 1999(3): 7-9.

[2] Guo YM. Poultry Nutrition and Feed [M]. Beijing: China Agricultural Uni-
versity Press, 1997.

[3] Ding Y, He Q, Yuan C, et al. Lysine requirement of Xinyang green-shell

chinarxiv.org/items/chinaxiv-201711.00887 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00887

ChinaRxiv [$X]

laying hens aged 31-43 weeks [J]. Chinese Journal of Animal Nutrition, 2015,
27(7): 2215-2223.

[4] He Q, Ding Y, Yuan C, et al. Effects of dietary tryptophan level on perfor-
mance, egg quality and serum biochemical indices of Xinyang green-shell laying
hens [J]. Chinese Journal of Animal Nutrition, 2015, 27(8): 2388-2395.

[5] Yuan C, Xu ZG, Jiang YJ, et al. Energy and protein requirements of Xinyang
green-shell laying hens during rearing period [J]. Chinese Journal of Animal Nu-
trition, 2013, 25(4): 735-742.

[6] Geng AL, Shi XL, Wang HH, et al. Effects of dietary crude protein level
on performance and egg quality of free-range Beijing You chickens [J]. Chinese
Journal of Animal Nutrition, 2011, 23(2): 307-315.

[7] Silva MFR, de Faria DE, Rizzoli PW, et al. Desempenho, qualidade dos
ovos e balango de nitrogénio de poedeiras comerciais alimentadas com ragoes
contendo diferentes niveis de proteina bruta e lisina [J]. Revista Brasileira de
Zootecnia, 2010, 39(6): 1280-1285.

[8] Westerterp-Plantenga MS. Protein intake and energy balance [J]. Regulatory
Peptides, 2008, 149(1/2/3): 67-69.

[9] Zhu C, Jiang ZY, Jiang SQ, et al. Maternal energy and protein affect sub-
sequent growth performance, carcass yield, and meat color in Chinese Yellow
broilers [J]. Poultry Science, 2012, 91(8): 1869-1878.

[10] Min YN, Shi JS, Wei FX, et al. Effects of dietary energy and protein on
growth performance and carcass quality of broilers during finishing phase [J].
Journal of Animal and Veterinary Advances, 2012, 11(19): 3652-3657.

[11] Li WZ, Li HJ. Research progress on selection of optimal energy-to-protein
ratio in diets [J]. Feed Review, 2003(4): 20-22.

[12] Sell JL, Hasiak RJ, Owings WJ. Independent effects of dietary metaboliz-
able energy and protein concentrations on performance and carcass characteris-
tics of tom turkeys [J]. Poultry Science, 1985, 64(8): 1527-1535.

[13] Akbar MK, Gavora JS, Friars GW, et al. Composition of eggs by commer-
cial size categories: effects of genetic group, age, and diet [J]. Poultry Science,
1983, 62(6): 925-933.

[14] Benabdeljelil K, Jensen LS. Effectiveness of ascorbic acid and chromium in
counteracting the negative effects of dietary vanadium on interior egg quality
[J]. Poultry Science, 1990, 69(5): 781-786.

[15] Chen GJ, Yang WR, Yang ZB, et al. Effects of dietary crude protein level
on performance and egg quality of Luxi game fowl [J]. Chinese Journal of Ani-
mal Nutrition, 2012, 24(10): 2028-2035.

[16] Yang N. Modern Chicken Production [M]. Beijing: China Agricultural Uni-
versity Press, 1994: 616-617.

[17] Bi YZ. Factors affecting eggshell quality and improvement measures [J].
China Poultry, 2007, 29(4): 28-29.

[18] Malmiof K. Amino acid in farm animal nutrition metabolism, partition and
consequences of imbalance [J]. Journal of Agriculture Research, 1988, 18(4):
191-193.

[19] Yuan C, Song HH, Yan HX, et al. Effects of dietary energy and protein lev-
els on growth performance, carcass composition and serum biochemical indices

chinarxiv.org/items/chinaxiv-201711.00887 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00887

ChinaRxiv [$X]

of green-shell laying hens during brooding period [J]. Chinese Journal of Animal
Science, 2013, 49(23): 26-30.

[20] Cao Z, Gao ZH, Chen GX, et al. Effects of metabolizable energy and crude
protein levels on performance, slaughter performance and serum biochemical
indices of Cobb broilers [J]. Chinese Journal of Animal Nutrition, 2014, 26(9):
2553-2564.

[21] Stanley CC, Williams CC, Jenny BF, et al. Effects of feeding milk replacer
once versus twice daily on glucose metabolism in Holstein and Jersey calves [J].
Journal of Dairy Science, 2002, 85(9): 2335-2343.

*Corresponding author: Professor, Doctoral supervisor, E-mail: xtzou@zju.edu.cn
Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201711.00887 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.00887

	Effects of Different Dietary Metabolizable Energy and Crude Protein Levels on Production Performance, Egg Quality, and Serum Biochemical Indices of Xinyang Green-Shell Laying Hens during the Late Laying Period (Postprint)
	Abstract
	Full Text
	Effects of Different Dietary Metabolizable Energy and Crude Protein Levels on Production Performance, Egg Quality, and Serum Biochemical Indices of Xinyang Green-Shell Laying Hens during the Late Stage of Egg Production
	Introduction
	1.1 Experimental Materials
	1.2 Experimental Design
	1.3 Management Practices
	1.4 Measurement Indices
	1.5 Statistical Analysis

	Results
	2.1 Effects of Dietary ME and CP Levels on Production Performance
	2.2 Effects of Dietary ME and CP Levels on Egg Quality
	2.3 Effects of Dietary ME and CP Levels on Serum Biochemical Indices

	Discussion
	3.1 Effects of Dietary Crude Protein Level on Production Performance
	3.2 Effects of Dietary Metabolizable Energy Level on Production Performance
	3.3 Combined Effects of Dietary ME and CP on Production Performance
	3.4 Effects of Dietary ME and CP Levels on Egg Quality
	3.5 Effects of Dietary ME and CP Levels on Serum Biochemical Indices

	Conclusions
	References


