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1Tropical Crops Genetic Resources Institute, Chinese Academy of Tropical Agricultural Sciences,
Haikou, China, 2Department of Poultry Production, Faculty of Agriculture, Assiut University,
Assiut, Egypt
Dietary nutrient composition is an important factor influencing the ultimate

properties of poultry carcass and meat quality. This study investigated the effects

of varying dietary apparent metabolizable energy (ME) and crude protein (CP)

levels on the slaughter performance, meat quality, and amino acid profiles in

native Danzhou chickens aged from 120 to 150 days. A total of 720 120-day-old

female Danzhou chickens were randomly assigned to six experimental diets with

twoME levels (11.70 and 12.50 MJ/kg ME) and three CP levels (13, 14 and 15% CP).

The results showed that dietary ME and its interaction with CP had a significant

impact on the semi-eviscerated carcass percentage and eviscerated carcass

percentage of the chickens (P < 0.05). Irrespective of ME level, the dietary 14% CP

reduced (P < 0.05) the drip loss and shear force of thigh muscle than those in the

15% CP group, increased (P < 0.05) the intramuscular fat (IMF) content in both

breast and thigh muscles compared to 13% CP, and enhanced (P < 0.05) L-

arginine and L-ornithine levels in breast muscle relative to both 13% and 15% CP

groups. A significant interaction between dietary ME and CP levels were observed

for L-threonine and L-proline content in the breast muscle, as well as for L-

glutamic acid in the thigh muscle (P < 0.05). In summary, a dietary metabolizable

energy level of 12.50MJ/kg paired with a 14% crude protein content can enhance

the slaughter performance andmeat quality in native growing Danzhou chickens.

Appropriate dietary energy and protein levels will provide a scientific support for

the precise formulation of diets for Danzhou chickens in the future.
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Introduction

Poultry diets should be balanced for around 38 nutrients to

maintain the birds’ health and achieve the targeted performance

and profit records (National Research Council, 1994). Furthermore,

due to the increased consumer awareness of high-quality meat and

its nutritive value, these nutrients should be optimized with regard

to carcass characteristics and meat attributes (Hocquette et al.,

2010). The relationship between dietary metabolizable energy (ME)

and crude protein (CP) requirements has been a topic of extensive

discussion for many years (Heijmans et al., 2021; Ahmadi-Sefat

et al., 2022). In poultry production, appropriate levels of dietary ME

and CP are essential for promoting the optimal growth and meat

quality of poultry and ensuring production efficiency (Moraes et al.,

2014; Mir et al., 2017; Xia et al., 2019; Musigwa et al., 2021; Chang

et al., 2023). Previous studies have shown that the interaction effects

of dietary ME and CP can vary depending on factors such as breed,

production system, and environmental conditions (González et al.,

2022; Song et al., 2022).

With the improvement of people’s living standards, there has

been an increase in the consumption of high-quality meat. This

has led to a growing trend of replacing fast- growing broilers with

slow-growing varieties (Gou et al., 2016; Jiang et al., 2018).

Danzhou chicken is a slow-growing yellow-feathered local

breed, is originated in China’s Hainan province and known for

its delicious meat, distinct taste, high nutritional value, and strong

disease resistance (Yuan et al., 2024; Xie et al., 2024). The growth

phases of Danzhou chicken as a small-sized slow-growing yellow-

feathered chicken breed are broadly divided into starter (1–35 d),

grower (36–120 d), and finisher (120–150 d) phase. Currently,

feeding standards for Danzhou chickens are not established. In

practice, their diet’s nutritional levels are usually referred to other

small-sized slow-growing local yellow-feathered chickens, such as

the industry - standard for nutrient requirements of yellow -

feathered broilers (NY/T 3645, 2020). Generally, the dietary ME

and CP requirements of chickens vary according to their growth

rate and breed. In addition, the proper dietary energy and protein

levels are essential for optimal growth and meat quality in

livestock or poultry, as imbalances can adversely affect their

production (Gous et al., 2018; Fang et al., 2019; Chang et al.,

2023; Usturoi et al., 2023). Therefore, the present study aimed to

determine the optimal dietary ME and CP levels for improving the

carcass quality, meat quality, and composition of muscular free

amino acids in growing Danzhou chickens. The findings of this

study will be further refined in subsequent production and will

serve as a foundation for developing future feeding standards for

Danzhou chickens.
Materials and methods

Ethical statement

The Institutional Animal Care and Use Committee of the

Chinese Academy of Tropical Agricultural Sciences approved all
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animal procedures in this study (approval number: CATAS-

20221015-1).
Experimental design and chickens

A total of 720 female Danzhou chickens, all with the same

average body weight at 120 days old, were randomly allocated to six

treatments using a 2×3 factorial design, focusing on ME and CP as

the main effects, with each treatment comprising six replicates. We

designed two ME levels and three CP levels near the recommended

dietary values for slow-growing yellow-feathered female broiler

above 91 days old (NY/T 3645, 2020). Six diets were designed

with ME levels of 11.70 or 12.50 MJ ME/kg, each paired with CP

levels of 13%, 14%, or 15%, respectively. Table 1 presents the
TABLE 1 Composition and nutrient levels of experimental diets (%, as
fed basis).

Groups T1 T2 T3 T4 T5 T6

ME, MJ/kg 11.70 11.70 11.70 12.50 12.50 12.50

CP, % 13 14 15 13 14 15

Ingredients

Corn 66.30 64.20 63.20 71.45 67.70 71.20

Soybean meal 10.85 13.80 17.10 12.80 15.40 19.30

Wheat 8.00 9.20 8.20 6.00 9.40 2.00

Wheat bran 9.35 7.30 6.00 2.25 / /

Soybean oil / / / 2.00 2.00 2.00

Shell powder 1.50 1.50 1.50 1.50 1.50 1.50

Premix 1 4.00 4.00 4.00 4.00 4.00 4.00

Total 100.00 100.00 100.00 100.00 100.00 100.00

Analysis results of nutrient level 2

DM, % 88.62 88.35 88.46 88.38 88.55 88.65

Gross energy,
MJ/kg

15.13 15.18 15.22 15.45 15.48 15.54

CP, % 13.17 13.98 15.19 13.07 13.95 15.05

Calculated results of nutrient level 3

ME, MJ/kg 11.72 11.75 11.72 12.58 12.60 12.54

CP, % 13.01 14.01 15.05 13.02 14.00 15.00

Ca, % 0.95 0.96 0.97 0.95 0.96 0.96

Available P, % 0.14 0.14 0.14 0.15 0.13 0.13

Total Lys, % 0.53 0.59 0.66 0.54 0.60 0.69

Total Met, % 0.21 0.25 0.24 0.23 0.24 0.25

Total Cys, % 0.24 0.26 0.27 0.25 0.26 0.27
frontie
1The premix provided the following per kg of diets: vitamin A, 11,000 IU; vitamin E, 20 IU;
vitamin K, 3 mg; vitamin D, 3000 IU; vitamin B1, 2 mg; vitamin B2, 8 mg; vitamin B12, 0.04
mg; Fe, 65 mg; Cu, 10 mg; Mn, 77 mg; Zn, 70 mg; pantothenic acid, 19 mg; folic acid, 1.1 mg.
2Analyzed in triplicates.
3According to the data provided by Feed Database in China (2013).
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composition and nutrient levels of the diets. Some nutritional levels

in the table are calculated values according to the data provided by

Feed Database in China (2013). From 120 to 150 days of age,

chickens were fed experimental diets in mash and housed in three-

tiered wire cages (40 cm×45 cm×45 cm; two birds/cage) with ad

libitum access to feed and water for 30 days. Each bird was provided

by 0.1 m2 of cage floor space (10 birds/m2). The chickens were kept

under a controlled lighting schedule of 18 h of light and 6 h of

darkness daily. During the experimental period, the relative air

humidity was around 70%, and the average room temperature was

approximately 25 °C. The house was adequately ventilated using

natural ventilation which was supplemented by mechanical

ventilation using an exhaust fan (60 cm× 60 cm). During the

experiment, mortality and cull rate were recorded across

each treatment.
Sample collection

At 150 days of age, one bird per replicate was randomly selected

following 12 h period of feed deprivation. The birds were

immediately slaughtered via cervical dislocation. Breast muscle,

thigh muscle, and abdominal fat were isolated and weighed. The

relative weights of breast muscle, thigh muscle, and abdominal fat

were expressed as a percentage of the eviscerated carcass weight. For

each replicate, the left breast and thigh muscles from one chicken

were collected and stored at 4°C for meat quality trait analysis.

Additionally, approximately 2 g samples were taken from the right

breast and thigh muscles and stored at - 20°C for free amino acid

profile analysis.
Slaughter performance determination

Dressing percentage, semi-eviscerated, and eviscerated

proportions were calculated as a percentage of the live body

weight according to the Chinese standard (NY/T 823, 2020).
Meat quality determinations

The drip loss and shear force of each muscle sample were

assessed using previously described methods (Zhou et al., 2022).

And intramuscular fat (IMF) of muscle sample was determined by

ether extraction using a Soxhlet extractor.
Free amino acid profile determination

The samples were processed and determined following the

procedure described by Chen et al. (2023) with slight modifications.

The internal standard method was employed to quantify free

amino acids in samples, including L-lysine (Lys), L-methionine (Met),

L-tryptophan (Trp), L-threonine (Thr), L-phenylalanine (Phe), L-

valine (Val), L-tyrosine (Tyr), L-proline (Pro), L-alanine (Ala), glycine
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(Gly), L-glutamic acid (Glu), L-aspartic acid (Asp), L-serine (Ser), L-

arginine (Arg), L-histidine (His), L-citrulline (Cit), L-ornithine (Orn),

4-hydroxyproline (Hyp). Supplementary Tables S1, S2 present the

MRM ion transitions for all target amino acids and the details of

isotopically labelled internal standards (IS), respectively.
Statistical analysis

The experiment utilized six replicates as the experimental units.

The data for each variable were checked for normality by the

Shapiro-Wilk test, and those showing non-normal distribution

were transformed before analysis by arcsine. A two-way ANOVA

was conducted using SPSS 23.0 (IBM-SPSS Inc., Chicago, USA) to

analyze the main effects and interaction between ME and CP dietary

treatments. The data are expressed as means with SEM. Significant

main effects identified by ANOVA were further analyzed using

Tukey’s multiple comparisons test to compare the means. A P-value

less than 0.05 was deemed statistically significant, while a P-value

between 0.05 and 0.10 suggested a trend towards significance.
Results

Slaughter performance

During the 30-day experimental period, there were no deaths or

elimination cases. Table 2 presents the impact of dietary ME and CP

levels on chicken slaughter performance. It revealed a remarkably

higher percentage of semi-eviscerated carcass and eviscerated

carcass in the high-ME group (P < 0.05), and they were improved

with the increase of CP. The high-CP group (CP level of 15%)

exhibited a significantly higher dressing percentage compared to the

low-CP group (P < 0.05), but there was no significant difference

compared with the medium-CP group (CP level of 14%). An

increase in dietary CP level was associated with a noticeable

decrease in abdominal fat ratio (0.05 < P < 0.10). The combined

effect of ME and CP significantly influenced the percentage of semi-

eviscerated carcass, eviscerated carcass, and thigh muscle (P < 0.05).

An interaction between ME and CP on abdominal fat ratio showed

a trend (0.05 < P < 0.10). According to the percentage of dressing,

semi-eviscerated carcass and eviscerated carcass, the optimal ME

and CP levels were 12.5 MJ/kg and 15%, respectively.
Meat quality

Table 3 displays the impact of dietary ME and CP levels on the

meat quality of Danzhou chickens’ breast and thigh muscles. The CP

levels exhibited a significantly effect on the drip loss and IMF content in

the breast muscle (P < 0.05), and the medium-CP group exhibited

lower drip loss and higher IMF content (P < 0.05). Dietary ME levels

exerted no significant effects on shear force, drip loss, and IMF content

in breast muscles. A similar effect was observed in thigh muscles. The

medium-CP group exhibited lower shear force, reduced drip loss, and
frontiersin.org
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higher IMF content (P < 0.05). Additionally, the high-ME group

demonstrated lower shear force, higher drip loss and IMF content

(P < 0.05). According to the meat quality of breast and thigh muscles,

the optimal ME and CP levels were 12.5 MJ/kg and 14%, respectively.
Profile of free amino acid in muscle tissue

Table 4A reveals that the T5 group exhibited significantly

higher levels of Lys, Thr, and Pro in the breast muscle compared

to the T4 group (P < 0.05). The Ala content in the breast muscle was

significantly lower in the T4 group compared to the T1 group (P <

0.05). The T5 group exhibited a significantly higher Orn content in

the breast muscle compared to the other groups (P < 0.05). Table 4B

showed that the contents of Met, Phe, Tyr, and Ala in the breast

muscle increased with decreasing dietary ME level (P < 0.05). The

breast muscle in the low-CP group exhibited reduced Lys content

compared to the medium-CP group (P < 0.05). Additionally, Arg

and Orn levels in the breast muscle was lower in both the low-CP

and high-CP groups compared to the medium-CP group (P < 0.05).
Frontiers in Animal Science 04
The interaction between dietary ME and CP significantly affected

Thr and Pro (P < 0.05), and showed trend effects on Val, Ala, Glu,

and Ser in breast muscle (0.05 < P < 0.10).

As shown in Table 5A, the Hyp content of the thigh muscle was

significantly higher in T5 group than in T6 group (P < 0.05).

Table 5B indicated a significant increase in Ala content in the thigh

muscle of the low-CP group and Gly content in the medium-CP

group compared to the high-CP group (P < 0.05). The Glu content

in the thigh muscle were significantly subjected to dietary ME and

CP interactions (P < 0.05). A notable interaction trend between

dietary ME and CP on the thigh muscle Hyp content was observed

(0.05 < P < 0.10).
Discussion

The interaction between ME and CP significantly affected

carcass characteristics, specifically the semi-eviscerated carcass

and eviscerated carcass percentage. At 14% and 15% CP levels,

higher ME levels enhanced both semi-eviscerated carcass and
TABLE 2 Effect of dietary ME and CP levels on slaughter performance of Danzhou chickens aged 150 days.

Groups1
ME/

(MJ/kg)
CP/%

Items 2

Dressing
percentage/

%

Semi-
eviscerated
carcass

percentage/
%

Eviscerated
carcass

percentage/
%

Abdominal
fat ratio/%

Breast
muscle

percentage/
%

Thigh
muscle

percentage/
%

T1 11.70 13 92.29 78.27ab 64.06ab 6.27a 15.16 16.88

T2 11.70 14 92.11 74.92b 61.72b 4.63b 16.25 16.98

T3 11.70 15 93.16 78.15ab 62.18ab 4.66ab 15.18 19.13

T4 12.50 13 92.04 76.63ab 62.60ab 5.66ab 13.87 17.45

T5 12.50 14 92.91 80.67ab 65.67ab 5.68ab 15.53 18.06

T6 12.50 15 93.97 81.50a 67.77a 5.72ab 15.85 16.61

SEM / / 0.65 1.42 1.40 0.38 0.75 0.68

P-value / / 0.287 0.027 0.035 0.027 0.347 0.124

Main effect

ME
11.70 / 92.52 77.11b 62.65b 5.19 15.53 17.66

12.50 / 92.97 79.60a 65.34a 5.68 15.08 17.37

SEM / / 0.29 0.89 0.86 0.24 0.44 0.42

CP

/ 13 92.16b 77.45 63.32 6.01 14.51 17.16

/ 14 92.51ab 77.79 63.70 4.84 15.89 17.52

/ 15 93.56a 79.83 64.97 4.74 15.51 17.87

SEM / / 0.45 1.13 1.12 0.44 0.53 0.52

P-value

ME 0.133 0.040 0.026 0.122 0.472 0.605

CP 0.019 0.211 0.479 0.068 0.187 0.590

ME×CP 0.251 0.042 0.045 0.054 0.422 0.027
1The experimental birds fed diet containing the tested CP and ME levels from 120 to 150 days of age.
2Within a column, means not sharing a common superscript letter are significantly different at P < 0.05.
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eviscerated carcass percentage, whereas at 13% CP level, increased

ME levels resulted in a decrease in those percentages. A preliminary

study of Waldroup et al. (1990) also indicated that a higher energy

level increased dressing percentage in female chickens. Similarly,

the results of Marcu et al. (2012) indicated that the carcass yield

increased significantly in broiler’s females, but not males, fed high

energy and protein concentrations. In addition to the obtained

results, the interaction effect of ME and CP affected the thigh muscle

percentage significantly. Notably, at 13% and 14% CP levels, the

thigh muscle percentage increased with higher level of ME (12.5

MJ/kg), while at 15% CP level, the opposite effects were observed.

Based on these findings, a dietary intake of 12.50 MJ/kg ME and

14% CP comes across as an optimal for enhancing muscle synthesis

in Danzhou chickens.

Meat quality is primarily determined by factors such as IMF,

drip loss, and shear force. Usually, a smaller shear force results in

softer and more flavorful meat (Wen et al., 2020). It has been

documented that moisture loss from drips decreases meat’s

juiciness, leading to soluble flavor substances being lost from

meat (Dang et al., 2022). Furthermore, the IMF content affects

how juicy and tender the meat is, as well as how it tastes (Shen et al.,

2015). The study indicated that dietary ME and CP levels primary
Frontiers in Animal Science 05
affect the quality of chicken thigh muscle, while dietary CP level

predominantly influences chicken breast muscle quality. The

highest ME level (12.5 MJ/kg) notably reduced the shear force

and enhanced IMF content in the chicken thigh muscle. This result

aligns with the results of Abouelezz et al. (2019), as the tenderness of

breast muscle of yellow-feathered chickens was improved by the use

of high caloric diets. The reduced shear force values are often related

to reduced connective tissue and increased IMF content in meat

(Abouelezz et al., 2019; Abdullah and Matarneh, 2010; Koohmaraie

et al., 2002). Our results show high consistency with this

interpretation. The results here indicated that the medium CP

level (14%), more than the low CP level (13%), contributed to

increased IMF content in thigh and breast muscles. The medium CP

level was more effective than the high CP level in reducing drip loss

in thigh and breast muscles, decreasing shear force in thigh muscle,

and increasing IMF content in breast muscle. These results might

imply that high ME (12.50 MJ/kg ME) and the medium CP diets

(14% CP) are suggested to be more beneficial for improving meat

quality of Danzhou chickens.

Additionally, it is well recognized that the free amino acid

profile of a food influences the development of specific tastes and

aromas, such as sweet taste, umami taste, and bitterness (Yim et al.,
TABLE 3 Effect of dietary ME and CP levels on meat quality of Danzhou chickens aged 150 days.

Groups1
ME/

(MJ/kg)
CP/%

Breast muscle2 Thigh muscle2

Shear
force/N

Drip
loss/%

IMF/%
Shear
force/N

Drip
loss/%

IMF/%

T1 11.70 13.00 28.12 3.75ab 2.35ab 39.34ab 4.01c 3.64c

T2 11.70 14.00 28.00 2.80b 3.28a 38.97ab 3.73c 4.31bc

T3 11.70 15.00 29.06 3.61ab 1.76b 43.25a 5.63a 4.47bc

T4 12.50 13.00 28.50 3.00ab 2.37ab 35.91b 5.54ab 4.25bc

T5 12.50 14.00 32.33 3.55ab 2.98a 33.06b 4.50bc 5.19ab

T6 12.50 15.00 28.93 4.27a 2.95a 39.39ab 6.14a 5.71a

SEM / / 1.81 0.30 0.27 1.65 0.26 0.26

P-value / / 0.563 0.023 0.006 0.004 <0.001 <0.001

Main effects

ME
11.70 / 28.39 3.38 2.47 40.52a 4.46b 4.14b

12.50 / 29.92 3.61 2.77 36.12b 5.39a 5.05a

SEM / / 1.03 0.13 0.19 1.05 0.17 0.18

CP

/ 13.00 28.31 3.37ab 2.36b 37.62ab 4.77b 3.94b

/ 14.00 30.16 3.17b 3.13a 36.02b 4.11b 4.75a

/ 15.00 29.00 3.94a 2.36b 41.32a 5.89a 5.09a

SEM / / 1.28 0.23 0.23 1.30 0.24 0.25

P-value

ME 0.308 0.368 0.188 0.003 <0.001 <0.001

CP 0.591 0.043 0.011 0.010 <0.001 <0.001

ME×CP 0.412 0.031 0.027 0.725 0.130 0.481
1The experimental birds fed diet containing the tested CP and ME levels from 120 to 150 days of age.
2Within a column, means not sharing a common superscript letter are significantly different at P < 0.05.
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TABLE 4A Effect of dietary ME and CP levels on free amino acid content in the breast muscle of Danzhou chickens (nmol/g).

Items
Groups1

SEM P-value
T1 T2 T3 T4 T5 T6

Lys 257.21ab 300.15ab 235.69ab 168.68b 361.37a 283.67ab 38.82 0.035

Met 153.21 135.21 120.28 93.64 113.95 94.77 17.88 0.169

Trp 44.28 41.69 42.32 29.51 47.95 44.56 5.21 0.221

Thr 349.99ab 270.51ab 248.31ab 171.27b 411.06a 295.06ab 47.71 0.025

Phe 163.57 172.22 159.35 118.51 148.23 145.11 15.57 0.230

Val 329.68 284.60 278.17 188.31 301.28 316.16 42.64 0.257

Tyr 332.81 303.70 280.40 212.96 250.02 252.69 34.23 0.203

Pro 303.79ab 269.53ab 278.90ab 207.90b 441.25a 293.52ab 40.98 0.012

Ala 1344.91a 1212.20ab 1234.76ab 816.76b 1084.86ab 1103.97ab 101.41 0.022

Gly 403.58 359.90 379.80 282.43 380.61 319.32 45.62 0.446

Glu 619.08 456.43 448.75 338.64 587.67 273.61 90.97 0.079

Asp 240.12 292.07 213.75 173.07 332.05 197.98 62.42 0.473

Ser 726.21 637.18 672.07 499.15 768.28 558.39 69.00 0.102

Arg 193.07 226.43 178.68 147.49 233.98 160.05 23.03 0.070

His 194.4 145.81 156.12 108.97 195.88 155.03 35.81 0.540

Cit 29.79 31.57 30.78 18.87 44.19 38.55 8.27 0.390

Orn 16.98b 28.50b 16.59b 17.89b 61.10a 27.50b 7.34 0.001

Hyp 43.99 40.07 36.18 24.57 60.04 42.49 10.44 0.322
F
rontiers in Animal
 Science 06
1Within a row, means not sharing a common superscript letter are significantly different at P < 0.05.
Lys, L-lysine; Met, L-methionine; Trp, L-tryptophan; Thr, L-threonine; Phe, L-phenylalanine; Val, L-valine; Tyr, L-tyrosine; Pro, L-proline; Ala, L-alanine; Gly, glycine; Glu, L-glutamic acid; Asp,
L-aspartic acid; Ser, L-serine; Arg, L-arginine; His, L-histidine; Cit, L-citrulline; Orn, L-ornithine; Hyp, 4-hydroxyproline.
TABLE 4B Effect of dietary ME and CP levels on free amino acid content in the breast muscle of Danzhou chickens (nmol/g).

Items
ME (MJ/kg) CP (%) ME×CP

P-value11.70 12.50 SEM P-value 13 14 15 SEM P-value

Lys 264.35 271.24 25.47 0.829 212.95b 330.76a 259.68ab 28.11 0.017 0.120

Met 136.23a 100.79b 10.10 0.021 123.43 124.58 107.53 13.44 0.573 0.509

Trp 42.77 40.68 3.15 0.627 36.90 44.82 43.44 3.78 0.282 0.118

Thr 289.61 292.47 31.74 0.942 260.63 340.79 271.69 37.98 0.207 0.007

Phe 165.05a 137.28b 8.80 0.037 141.04 160.22 152.23 11.47 0.474 0.605

Val 297.48 268.58 25.42 0.413 258.99 292.94 297.17 31.48 0.623 0.088

Tyr 305.64a 238.56b 19.18 0.023 272.89 276.81 266.55 25.87 0.955 0.393

Pro 284.07 314.23 27.81 0.375 255.84 355.39 286.21 32.53 0.060 0.010

Ala 1263.96a 996.98b 60.86 0.004 1080.83 1154.31 1169.36 83.96 0.669 0.100

Gly 381.10 327.45 25.88 0.160 343.00 370.25 349.56 32.99 0.824 0.310

Glu 508.08 399.97 70.19 0.155 478.86 522.05 361.18 68.54 0.202 0.078

Asp 248.64 234.52 36.35 0.784 206.60 312.28 205.86 42.65 0.164 0.693

Ser 678.49 599.22 42.70 0.233 612.68 696.77 615.23 52.48 0.369 0.051

(Continued)
frontiersin.org

https://doi.org/10.3389/fanim.2025.1646519
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org


Wang et al. 10.3389/fanim.2025.1646519
2019). Prior research indicates that Ala and Gly are predominantly

sweet, while Met, Phe, Tyr, and Arg are chiefly bitter (Xu et al.,

2019; Islam et al., 2022). In this study, it is apparent that the amino

acid profile of breast muscle was more susceptible to dietary ME

level than that of thigh muscle. From the results, as compared with

the high ME level, the low ME level obviously increased the

contents of Met, Phe, Tyr, and Ala in breast muscle. Therefore,

with the exception of Ala, three other amino acids (Met, Phe, and

Tyr) accumulation within the breast muscle may allow for more

bitter taste production. Besides, it has also been reported that Orn
Frontiers in Animal Science 07
stimulates muscle tissue production and delays the effects of aging

by increasing GH levels (Si et al., 2020). As essential amino acids,

Lys and Arg were shown to enhance protein synthesis in the skeletal

muscle and accelerate muscle growth and development (Walk and

Rama Rao, 2019; Dou et al., 2023). The current study revealed that,

the high ME diets or the medium CP diets increased the content of

Orn in breast muscle. Meanwhile, the medium CP diets contributed

to the increased accumulation of Lys and Arg in breast muscle, as

well as Gly in thigh muscle. The findings indicated that a dietary ME

level of 12.50 MJ/kg or a CP level of 14% can positively influence the
TABLE 4B Continued

Items
ME (MJ/kg) CP (%) ME×CP

P-value11.70 12.50 SEM P-value 13 14 15 SEM P-value

Arg 199.39 180.51 14.51 0.323 170.28b 230.20a 169.37b 16.12 0.018 0.522

His 165.45 153.29 20.67 0.681 151.69 170.84 155.57 25.63 0.853 0.179

Cit 30.71 33.87 4.86 0.643 24.33 37.87 34.66 5.80 0.247 0.336

Orn 20.69b 35.50a 5.18 0.019 17.43b 44.80a 22.05b 5.78 0.002 0.105

Hyp 40.08 42.37 6.21 0.791 34.28 50.05 39.34 7.46 0.318 0.177
Lys, L-lysine; Met, L-methionine; Trp, L-tryptophan; Thr, L-threonine; Phe, L-phenylalanine; Val, L-valine; Tyr, L-tyrosine; Pro, L-proline; Ala, L-alanine; Gly, glycine; Glu, L-glutamic acid; Asp,
L-aspartic acid; Ser, L-serine; Arg, L-arginine; His, L-histidine; Cit, L-citrulline; Orn, L-ornithine; Hyp, 4-hydroxyproline. Within a row, means not sharing a common superscript letter are
significantly different at P < 0.05.
TABLE 5A Effect of dietary ME and CP levels on free amino acid content in the thigh muscle of Danzhou chickens (nmol/g).

Items
Groups 1

SEM P-value
T1 T2 T3 T4 T5 T6

Lys 424.49 562.34 561.86 482.46 555.34 673.77 154.57 0.910

Met 111.01 89.95 88.58 128.86 88.94 96.82 13.94 0.275

Trp 39.10 36.45 37.96 42.45 40.64 44.92 5.25 0.806

Thr 518.52 401.05 374.32 439.00 455.13 510.99 98.39 0.882

Phe 139.65 143.25 128.20 165.55 128.23 144.16 14.05 0.459

Val 300.32 259.12 234.26 270.60 246.71 323.65 35.11 0.479

Tyr 242.90 207.75 210.96 282.75 230.97 253.10 29.82 0.514

Pro 515.04 605.15 580.64 874.64 540.88 701.08 165.58 0.665

Ala 2568.60 2492.13 2185.17 2886.69 2316.71 1650.66 347.13 0.098

Gly 1099.60 1765.10 1234.17 1581.59 1461.08 723.76 327.03 0.289

Glu 394.59 487.14 953.85 640.75 815.25 467.63 109.41 0.065

Asp 1257.02 2622.06 377.72 1023.97 810.34 1609.66 684.10 0.240

Ser 1786.21 1861.72 2101.25 2580.37 1453.70 2080.43 359.73 0.235

Arg 274.67 438.99 341.27 381.66 336.55 391.38 87.25 0.833

His 305.96 366.13 177.67 288.03 239.33 359.12 70.10 0.402

Cit 99.32 98.99 62.68 84.28 75.40 88.55 19.89 0.768

Orn 42.19 81.66 63.48 75.92 87.40 80.66 25.36 0.845

Hyp 107.12ab 113.57 ab 119.56 ab 122.01 ab 162.21a 64.29b 19.54 0.039
1Within a row, means not sharing a common superscript letter are significantly different at P < 0.05.
Lys, L-lysine; Met, L-methionine; Trp, L-tryptophan; Thr, L-threonine; Phe, L-phenylalanine; Val, L-valine; Tyr, L-tyrosine; Pro, L-proline; Ala, L-alanine; Gly, glycine; Glu, L-glutamic acid; Asp,
L-aspartic acid; Ser, L-serine; Arg, L-arginine; His, L-histidine; Cit, L-citrulline; Orn, L-ornithine; Hyp, 4-hydroxyproline.
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growth, development, and taste quality of chicken muscles,

particularly in the breast.

Thr and Pro are known to enhance sweetness, whereas Glu

contributes to umami flavor in food (Dong et al., 2022; Wang et al.,

2022). In the current study, the interaction between ME and CP

level was found to be significant for both Thr and Pro in breast

muscle, as well as for Glu in thigh muscle. An increase in dietary ME

levels is accompanied by higher Thr and Pro contents in chicken

breast muscle at dietary CP levels of 14% and 15%. Similarly, at

dietary CP levels of 13% and 14%, the Glu content in chicken thigh

muscle increase with rising dietary ME levels.

In conclusion, optimal dietary conditions of 12.50 MJ/kg ME

and 14% CP synergistically enhanced slaughter performance, meat

quality, and improved free amino acid profile in female Danzhou

chickens aged 120–150 days, demonstrating their potential for

application in precision feeding systems. These recommendations

are for female Danzhou chicken aged 120–150 days, the

requirements for other growth phases and for males are

recommended for future research.
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