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Abstract

This experiment aimed to investigate the effects of dietary nutrient levels on
growth performance, carcass quality, meat quality, flavor, and plasma biochem-
ical indices in medium-speed yellow-feathered broilers. A total of 1,920, 1,920,
and 1,440 medium-speed Lingnan yellow-feathered broilers (half male and half
female) at 1, 29, and 57 days of age were selected, respectively. The experiment
was divided into three phases, with each phase establishing a low nutrient level
group, a medium nutrient level group, and a high nutrient level group based
on the feeding standard for yellow-feathered broilers proposed by our research
group, along with a standard nutrient level group based on China’ s “Feeding
Standard of Chicken” (NY/T 33—2004). Each group had 6 replicates for males
and 6 replicates for females, with 30-40 birds per replicate. The experimental
period lasted 84 days. The results showed that: 1) At 1-28 days of age, for
males, the high nutrient level group had significantly higher average daily gain
(ADG) than the low and medium nutrient level groups (P < 0.05), and both
the high nutrient level group and standard nutrient level group had significantly
higher average daily feed intake (ADFT) than the low and medium nutrient level
groups (P < 0.05), while the low nutrient level group had significantly higher
feed conversion ratio (FCR) than the other nutrient level groups (P < 0.05);
for females, the low nutrient level group had significantly lower ADG than the
other nutrient level groups (P < 0.05), the standard nutrient level group had
significantly higher ADFI than the low nutrient level group (P < 0.05), and the
medium nutrient level group had significantly lower FCR than the low nutrient
level group (P < 0.05). At 29-56 days of age, for males, the low nutrient level
group had significantly higher FCR than the other nutrient level groups (P <
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0.05); for females, the low nutrient level group had significantly lower ADG than
the other nutrient level groups (P < 0.05), the medium and standard nutrient
level groups had significantly higher ADFI than the high nutrient level group
(P < 0.05), and the low nutrient level group had significantly higher FCR than
the high and standard nutrient level groups (P < 0.05). At 57-84 days of age,
the high nutrient level group had significantly higher ADG for both males and
females than the standard nutrient level group (P < 0.05), and the high nutrient
level group had significantly lower FCR for females than the other nutrient level
groups (P < 0.05). 2) The standard nutrient level group had significantly lower
abdominal fat percentage in females than the high nutrient level group (P <
0.05). Dietary nutrient levels had no significant effect on dressing percentage,
semi-eviscerated yield, eviscerated yield, leg muscle percentage, breast muscle
percentage, or tibia breaking strength in either males or females (P > 0.05).
3) The high nutrient level group had significantly higher 45-min meat color b*
value in males than the low and standard nutrient level groups (P < 0.05). Di-
etary nutrient levels had no significant effect on muscle tenderness, drip loss,
or pH in males (P > 0.05). Dietary nutrient levels had no significant effect on
any meat quality indices in females (P > 0.05). 4) Dietary nutrient levels had
no significant effect on flavor indices in breast muscle of either males or females
(P > 0.05). 5) Dietary nutrient levels had no significant effect on calcium, uric
acid, or urea nitrogen contents in plasma of either males or females (P > 0.05).
Based on the comprehensive results of growth performance, cost per unit gain,
carcass quality, meat quality, and plasma biochemical indices in this experiment,
it is recommended that medium nutrient level diets be used for both males and
females at 1-28 days of age; medium nutrient level diets be used for both males
and females at 29-56 days of age; and high nutrient level diets be used for both
males and females at 57-84 days of age.
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Abstract

This experiment was conducted to investigate the effects of dietary nutrient
level on growth performance, carcass quality, meat quality, flavor and plasma
biochemical parameters of medium-growing yellow-feathered broilers. A total of
1,920, 1,920 and 1,440 medium-growing Lingnan yellow-feathered broilers at 1,
29 and 57 days of age were selected, respectively. The experiment was divided
into three stages, with four dietary treatments at each stage: low, medium, and
high nutrient level groups (based on our research group’ s proposed standards
for yellow-feathered broilers, adjusted by decreasing or increasing energy by 5%
and other nutrients by 10%) and a standard nutrient level group based on China’
s Standard of Chicken Feeding (NY/T 33—2004). Each group consisted of six
replicates for males and six for females, with 30-40 birds per replicate. The
experimental period lasted 84 days.

The results showed: 1) During days 1-28, male broilers in the high nutrient
level group exhibited significantly higher average daily gain (ADG) than those
in the low and medium groups (P<0.05), while both the high and standard
groups showed significantly higher average daily feed intake (ADFI) than the
low and medium groups (P<0.05). The feed-to-gain ratio (F/G) of the low
nutrient group was significantly higher than all other groups (P<0.05). For
females, the low nutrient group had significantly lower ADG than other groups
(P<0.05), the standard group showed significantly higher ADFI than the low
group (P<0.05), and the medium group had significantly lower F/G than the
low group (P<0.05).

During days 29-56, male broilers in the low nutrient group had significantly
higher F/G than other groups (P<0.05). For females, the low nutrient group
showed significantly lower ADG than other groups (P<0.05), while the medium
and standard groups had significantly higher ADFI than the high group
(P<0.05). The F/G of the low nutrient group was significantly higher than
that of the high and standard groups (P<0.05).

During days 57-84, both male and female broilers in the high nutrient group
demonstrated significantly higher ADG than the standard group (P<0.05), and
females in the high nutrient group had significantly lower F/G than all other
groups (P<0.05).

2) The abdominal fat rate of female broilers in the standard nutrient group
was significantly lower than that of the high nutrient group (P<0.05).
Dietary nutrient level had no significant effects on carcass rate, half-
eviscerated rate, eviscerated rate, leg muscle rate, breast muscle rate, or
tibia breaking force in either sex (P>0.05).

3) The 45-min meat color b* value of male broilers in the high nutrient group
was significantly higher than that of the low and standard groups (P<0.05).
Dietary nutrient level showed no significant effects on tenderness, drip loss,
or pH of male broilers (P>0.05), and no significant effects on any meat
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quality parameters of female broilers (P>0.05).

4) Dietary nutrient level had no significant effects on flavor indices of breast
muscle in either male or female broilers (P>0.05).

5) Dietary nutrient level showed no significant effects on plasma calcium, uric
acid, or urea nitrogen contents in either sex (P>0.05).

Based on comprehensive evaluation of growth performance, weight gain cost,
carcass quality, meat quality and plasma biochemical indices, we recommend
medium nutrient level diets for both sexes during days 1-28 and 29-56, and high
nutrient level diets during days 57-84.

Keywords: yellow-feathered broilers; meat quality; flavor; nutrient level

Yellow-feathered broilers represent a distinctive sector of China’ s poultry indus-
try, with annual slaughter volumes now comparable to those of white-feathered
broilers. In 2017, commercial yellow-feathered broiler slaughter reached 4.33
billion birds, with Guangdong Province accounting for 70% of the national
production. Therefore, rational feed formulation to improve feed conversion
efficiency is crucial for reducing production costs of Lingnan yellow-feathered
broilers. Li et al. [1] reported that increased nutrient levels effectively improved
the apparent digestibility of energy, crude protein, crude fat, and crude fiber
in Guixiang chicks. Miah et al. [2] found that higher dietary nutrient levels
increased profit margins for indigenous chicken breeds in Bangladesh. Sun [3]
demonstrated that high nutrient levels improved carcass quality, while other
studies reported that low nutrient levels decreased slaughter performance [4].
Previous research on dietary nutrient levels in local breeds has focused primar-
ily on males and energy-protein aspects, with limited investigation of complete
nutrient requirements and female responses.

Our research team has long studied the nutritional requirements of yellow-
feathered broilers, investigating needs for protein and energy [5], calcium [6],
phosphorus [7], zinc [8], sodium and chloride [9], lysine [10], methionine [11],
threonine [12], tryptophan [13], isoleucine [14], and vitamins A, D3, E, and B2
[15-18]. Based on accumulated data, we established nutrient requirement pa-
rameters for both male and female yellow-feathered broilers. This experiment
validates these parameters by evaluating growth performance, carcass quality,
meat quality, flavor, and plasma biochemical indices in medium-growing yellow-
feathered broilers to determine optimal dietary nutrient levels, providing sci-
entific guidance for production and economic benefits for feed companies and
farmers.

1.1 Experimental Animals and Design

The experiment was conducted in three independent phases. For days 1-28,
1,920 one-day-old yellow-feathered broilers were selected (six male replicates
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and six female replicates, 40 birds per replicate). For days 29-56, 1,920 29-
day-old broilers were selected (six male and six female replicates, 40 birds per
replicate). For days 57-84, 1,440 57-day-old broilers were selected (six male and
six female replicates, 30 birds per replicate).

Each phase included four dietary treatment groups: low, medium, and high nu-
trient level groups (based on our research group’ s proposed standards, adjusted
by +£5% energy and +£10% other nutrients) and a standard nutrient level group
based on China’s Standard of Chicken Feeding (NY /T 33-2004). A corn-soybean
meal basal diet was formulated according to the Chinese Feed Composition and
Nutritional Value Tables (15th edition). Dietary composition and nutrient levels
for males and females are presented in and , respectively.

1.2 Management

Birds were raised on floor with ad libitum access to pelleted feed and water.
During days 1-28, room temperature was maintained at 32°C with 24-hour
continuous lighting (natural daylight supplemented by artificial light at night).
During days 29-56 and 57-84, birds were housed in open-sided sheds with natu-
ral lighting only. Conventional management and immunization protocols were
followed.

1.3.1 Growth Performance

At the beginning and end of each phase, feed was withdrawn at 22:00 while
water remained available. At 09:00 the following day, body weight and residual
feed were measured by replicate to calculate average daily gain (ADG), average
daily feed intake (ADFI), and feed-to-gain ratio (F/G). Weight gain cost was
estimated based on current market prices of feed ingredients.

1.3.2 Plasma Biochemical Indices

At the end of each phase (days 28, 56, and 84), two birds per replicate (one male
and one female) with body weight close to the replicate average were selected for
blood collection. Plasma was prepared and stored at -20°C for analysis. Plasma
calcium, uric acid, and urea nitrogen contents were determined using a Beckman
automatic biochemical analyzer (CX5 model, Beckman Instruments, USA) with
corresponding reagent kits (Nanjing Jiancheng Bioengineering Institute, China)
following the manufacturer’ s instructions.

1.3.3 Carcass Quality and Tibia Breaking Force

At the end of phase 3 (day 84), two birds per replicate (one male and one female)
with body weight close to the replicate average were selected, weighed, and pro-
cessed. Carcass rate was determined after feather, foot skin, toe nail, and beak
removal. Half-eviscerated rate was calculated after removal of trachea, esoph-
agus, crop, intestines, spleen, pancreas, gallbladder, and reproductive organs.
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Eviscerated rate was determined after additional removal of heart, liver, glan-
dular stomach, gizzard, fat, head, and feet, while retaining heart, liver, kidneys,
glandular stomach, gizzard (with cuticle and contents removed), abdominal fat,
gizzard fat, lungs, and kidneys. Breast muscle, leg muscle, and abdominal fat
(including gizzard fat) were separated and weighed to calculate muscle and fat
percentages based on carcass weight.

Tibia breaking force was measured at day 84 using two birds per replicate (one
male and one female) with body weight close to the replicate average. The left
tibia was extracted intact, surface membranes removed, and breaking strength
immediately measured using a testing machine (INSTRON 4411, Instron, USA).

1.3.4 Meat Quality

At day 84, two birds per replicate (one male and one female) with body weight
close to the replicate average were selected. Skinless, boneless breast muscles
were excised and surrounding fat removed for determination of pH, meat color,
tenderness, and drip loss.

Meat color: Lightness (L), redness (a), and yellowness (b*) values were mea-
sured at three locations per sample using a colorimeter (CR-410, Minolta, Japan)
at 45 min and 24 h post-mortem (stored at 4°C).

pH: Measured at three locations per sample using a pH meter (HI8424, Hanna
Instruments, Beijing) at 45 min, 24 h, and 72 h post-mortem (stored at 4°C).

Drip loss: A approximately 2.0 g muscle sample was weighed, suspended in an
inflated bag, stored at 4°C for 24 h, and reweighed. Drip loss (%) = [(pre-drip
weight - post-drip weight) / post-drip weight] x 100.

Tenderness: Determined using the method of Jiang et al. [19] with a tenderness
tester (Instron 4411, Instron, USA).

1.3.5 Flavor Evaluation

Breast muscle from each treatment bird (day 84) was cut into pieces, placed
in small bowls covered with aluminum foil, and steamed for 20 minutes. All
samples were coded numerically to conceal treatment identity. Twelve poultry
experts evaluated color/shape, aroma, flavor, tenderness, juiciness, and breast
muscle size using a 5-point scale, with water rinsing between samples. Mean
scores were calculated for each attribute.

1.4 Statistical Analysis

All performance parameters for males and females were analyzed separately
using SPSS 17.0 software. When significant differences were detected, Duncan’
s multiple comparison test was applied. Significance was declared at P<0.05.
Results are presented as means.
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2.1 Effects of Dietary Nutrient Level on Growth Performance

As shown in , during days 1-28, male broilers in the high nutrient group exhib-
ited significantly higher ADG than the low and medium groups (P<0.05), while
the high and standard groups showed significantly higher ADFI than the low
and medium groups (P<0.05). The F/G of the low nutrient group was signifi-
cantly higher than all other groups (P<0.05), and weight gain cost of the low
and medium groups was significantly lower than the high and standard groups
(P<0.05). For females, the low nutrient group had significantly lower ADG than
other groups (P<0.05), the standard group showed significantly higher ADFI
than the low group (P<0.05), the medium group had significantly lower F/G
than the low group (P<0.05), and weight gain cost of the low and medium
groups was significantly lower than the high and standard groups (P<0.05).

During days 29-56, male broilers in the low nutrient group had significantly
higher F/G than other groups (P<0.05), while weight gain cost of the high
group was significantly higher than the low and standard groups (P<0.05). For
females, the low nutrient group showed significantly lower ADG than other
groups (P<0.05), the medium and standard groups had significantly higher
ADFT than the high group (P<0.05), and the low group exhibited significantly
higher F/G than the high and standard groups (P<0.05).

During days 57-84, both male and female broilers in the high nutrient group
demonstrated significantly higher ADG than the standard group (P<0.05), and
females in the high nutrient group had significantly lower F/G than all other
groups (P<0.05).

2.2 Effects of Dietary Nutrient Level on Carcass Quality

As shown in , the abdominal fat rate of female broilers in the standard nutrient
group was significantly lower than that of the high nutrient group (P<0.05),
while no significant differences were observed among male groups (P>0.05). Di-
etary nutrient level showed no significant effects on carcass rate, half-eviscerated
rate, eviscerated rate, leg muscle rate, breast muscle rate, or tibia breaking force
in either sex (P>0.05).

2.3 Effects of Dietary Nutrient Level on Meat Quality

As shown in , the 45-min meat color b* value of male broilers in the high
nutrient group was significantly higher than that of the low and standard groups
(P<0.05). Dietary nutrient level showed no significant effects on tenderness, drip
loss, or pH of male broilers (P>0.05), and no significant effects on any meat
quality parameters of female broilers (P>0.05).

2.4 Effects of Dietary Nutrient Level on Flavor

As shown in , dietary nutrient level had no significant effects on color/shape,
aroma, flavor, tenderness, juiciness, or breast muscle size of either male or female
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broilers (P>0.05).

2.5 Effects of Dietary Nutrient Level on Plasma Biochemical Indices

As shown in , dietary nutrient level showed no significant effects on plasma
calcium, uric acid, or urea nitrogen contents in either male or female broilers

(P>0.05).

3.1 Effects of Dietary Nutrient Level on Growth Performance

Broiler growth and development are closely related to dietary nutrient levels. In
this study, during days 1-28 and 29-56, the low nutrient group exhibited lower
ADG and ADFI with higher F/G. Liu [20] reported no significant effects of
different nutrient levels on growth performance of Jilin Luhua chickens. Li [21]
found that low nutrient diets significantly reduced growth performance of Arbor
Acres broilers, consistent with Fanatico et al. [22]. Our results demonstrate that
high nutrient diets improved ADG and ADFI while reducing F/G in medium-
growing Lingnan yellow-feathered broilers, similar to findings by Wang et al. [23]
in fast-growing Lingnan birds. Xie et al. [24] reported that high nutrient diets
significantly reduced F/G and increased ADG. However, Ma et al. [25] found no
significant effects of high nutrient diets on ADG, ADFI, or F/G in Beijing You
chickens, and Zhang et al. [26] observed no significant effects of different energy
and protein levels on ADG in Silkie chickens. These discrepancies indicate that
different breeds respond differently to nutrient levels.

For feed enterprises and farmers, although ADG is an important indicator, feed
cost must also be considered to maximize economic returns. Based on compre-
hensive evaluation of growth performance and weight gain cost, the medium
nutrient level is optimal for both sexes during days 1-56.

3.2 Effects of Dietary Nutrient Level on Carcass Quality

Carcass and eviscerated rates are primary indicators of meat production perfor-
mance, with rates above 80% and 60%, respectively, considered excellent [27].
Our results indicate good meat production performance across all groups. Lin
et al. [28] reported that high nutrient diets increased half-eviscerated and breast
muscle weights. Yang et al. [29] found that increased energy levels improved
slaughter performance in Shiqiza chickens. However, Shen et al. [30] and Zhao
et al. [31] reported no significant effects of different energy and protein levels on
carcass or eviscerated rates in yellow-feathered broilers, possibly because modest
nutrient level variations (within 10%) do not significantly affect carcass quality.

Zhou et al. [32] identified abdominal fat as an important factor affecting carcass
quality, with abdominal fat rate increasing linearly with metabolizable energy
level within a certain range. High-energy diets can cause excessive fat deposi-
tion, and combined high protein and energy levels significantly increase both
protein and fat content [32-33]. Due to hormonal differences, females deposit
significantly more fat than males [34]. Our results show that high nutrient levels
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significantly increased abdominal fat rate in females but not males, consistent
with previous findings [34]. While abdominal fat accumulation causes losses for
producers, consumers, and processors, yellow-feathered broilers require some fat
deposition for optimal taste and meat quality [35-36]. From a fat deposition per-
spective, medium and low nutrient level groups better meet consumer demand
for low-fat, high-quality chicken.

3.3 Effects of Dietary Nutrient Level on Meat Quality and Flavor

Appropriate dietary nutrient levels can improve meat quality. Tang et al. [37] re-
ported that high nutrient levels significantly reduced drip loss and increased pH.
Increased dietary nutrient levels decreased moisture content in leg and breast
muscles [37-38]. Fang et al. [39] found that increased dietary metabolizable
energy significantly increased breast muscle pH. Meat color is a primary indica-
tor of appearance and water-holding capacity, with lower L* values indicating
darker color, higher a* values indicating greater redness, and higher b* values in-
dicating greater yellowness. L* values exceeding 60 indicate pale, soft, exudative
meat with poor water-holding capacity [40]. Our results show good meat quality
across all groups, with nutrient level significantly affecting only the 45-min b*
value in males, where high nutrient levels increased yellowness. No significant
effects were observed on female meat quality, indicating that modest nutrient
level variations ( 10%) have limited impact on meat quality of medium-growing
Lingnan yellow-feathered broilers.

Sensory meat quality attributes include aroma, flavor, juiciness, and tender-
ness. Higher scores indicate better flavor. Our results showed no significant
differences in flavor among groups. Li et al. [41] reported significant differences
in intramuscular fat content among breeds, which correlated significantly with
muscle flavor. Arkfield et al. [42] found that feeding pigs different energy levels
affected loin sensory characteristics, with low-level feeding reducing juiciness
compared to high-level feeding. These findings suggest that meat flavor in broil-
ers is more closely related to breed, feed additives, and feeding methods than
to nutrient level.

3.5 Effects of Dietary Nutrient Level on Plasma Biochemical Indices

Wei et al. [43] suggested that plasma biochemical indices reflect nutrient
metabolism. Plasma calcium and phosphorus levels can indicate nutritional
status, though homeostatic mechanisms maintain relatively stable plasma
calcium across a wide range of dietary calcium levels. Our results are consistent
with this, showing no effect of dietary nutrient level on plasma calcium. Plasma
uric acid and urea nitrogen are important indicators of protein metabolism
and nutritional status; excessively high or low protein levels are detrimental to
nitrogen deposition and protein utilization [44]. Liu [45] found no significant
effects of different protein levels on plasma urea in Guangxi yellow chickens.
Feng et al. [46] also reported no significant effects of different energy and
protein levels on plasma uric acid, total protein, or albumin. Our results align
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with these findings, indicating that modest adjustments in dietary nutrient
level do not significantly affect protein metabolism or calcium deposition.

4 Conclusion

Based on comprehensive evaluation of growth performance, weight gain cost,
carcass quality, meat quality, and plasma biochemical indices, we recommend
medium nutrient level diets for both male and female medium-growing yellow-
feathered broilers during days 1-28 and 29-56, and high nutrient level diets
during days 57-84 under the conditions of this experiment.
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