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ABSTRACT
This study aimed to evaluate the effects of dietary metabolisable energy (ME) levels and stocking density (SD) on growth perfor-
mance, carcass traits, blood metabolites, and apparent total tract digestibility (ATTD) of nutrients over a 42-day feeding trial in 
broiler chicks. A total of 468 one-day-old male Ross 308 broiler chicks were used in a completely randomized design featuring 
a 3 × 3 factorial arrangement. The experiment included three SDs (10, 13, and 16 birds/m2; SD10, SD13 and SD16, respectively) 
and three dietary ME levels: 3% lower than the recommendation, recommended for the strain, and 3% higher than the recom-
mendation (recommended-energy, high-energy, and low-energy diets, respectively), with five replicates per treatment. During 
the starter phase, feed intake (FI) was significantly (p < 0.05) lower in broilers fed high-energy diets compared to those fed low-
energy and recommended diets. Additionally, SD16 exhibited higher FI than SD10 and SD13 (p < 0.05). Birds fed recommended 
and high-energy diets showed greater weight gain (WG) during the finisher and overall experimental periods compared to those 
fed low-energy diets. WG in SD16 was significantly higher than in SD10 during the starter phase (p < 0.05). The feed conversion 
ratio (FCR) was significantly increased in birds fed low-energy diets compared to the other two groups. Blood cholesterol, triglyc-
erides, and HDL-C concentrations were significantly higher in the recommended and high-energy diet groups compared with 
the low-energy group (p < 0.05). ATTD for lipids was notably lower in chicks fed low-energy diets than in those on the other two 
diets (p < 0.05). Overall, high and recommended energy levels in the diet increased WG and improved FCR, but elevated blood 
cholesterol concentration. Increasing the stocking density to 16 birds/m2 did not negatively impact broilers performance.

1   |   Introduction

The stocking density of broilers is a critical factor influencing 
the welfare and productivity of commercial poultry operations. 
Defined as the number of birds per unit area or the space al-
located per bird, SD significantly impacts various economic as-
pects of the poultry industry. The globally accepted standards 
suggest achieving a body weight between 30 and 38 kg/m2 or 
maintaining a density of 20 birds/m2 by 35 days of age (Weeks 

and Butterworth 2004). However, broiler breeders often choose 
higher SDs to enhance profitability per unit area (Tsiouris 
et al. 2015), despite the potential detrimental effects on bird per-
formance (Vanhonacker et al. 2009).

It has been demonstrated that elevated SD adversely affects 
growth and slaughter weight by 42 days of age (Simitzis 
et  al.  2012). Uzum and Toplu  (2013) reported that high SD 
(18 and 20 birds/m2) negatively impacted FI, growth rate, 

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.

© 2025 The Author(s). Food Science & Nutrition published by Wiley Periodicals LLC.

https://doi.org/10.1002/fsn3.70836
https://doi.org/10.1002/fsn3.70836
mailto:
https://orcid.org/0000-0002-8601-7983
mailto:hassanabadi@um.ac.ir
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Ffsn3.70836&domain=pdf&date_stamp=2025-09-01


2 of 12 Food Science & Nutrition, 2025

and FCR in broilers from 21 days of age onwards. Abudabos, 
Samara, Hussein, Al-Atiyat, et al.  (2013) showed that even a 
short period of high stocking density for only 5 days increases 
stress in broiler chickens and compromises their welfare. 
The consequences of high SD include increased ammonia 
levels in housing, litter humidity, prevalence of coccidiosis, 
higher incidence of foot pad lesions, thermal stress, and re-
duced mobility (Singh et  al.  2021). Furthermore, Nahashon 
et al. (2009) found that high SD negatively affects overall car-
cass performance, while Simitzis et al. (2012) noted a signifi-
cant reduction in muscle fat associated with high SD (27.2 kg/
m2). Consequently, exceeding optimal SD adversely impacts 
both the welfare and profitability of broilers, while subopti-
mal SD can lead to inefficient space utilization and reduced 
profitability.

High SD can also lead to diminished body weight (Davami 
et  al.  1987) and abnormal skeletal growth in modern broil-
ers, primarily characterized by increased tibial curvature and 
reduced fracture strength (Buijs et  al.  2012). Excessive bone 
curvature may result in lameness, thereby compromising bird 
welfare. Proper mineralization of bones relies on adequate di-
etary calcium and phosphorus, which are absorbed through 
the intestine and kidney (Bar et al. 1990). The relationship be-
tween SD and bone mineralization has been documented (Sun 
et  al.  2013), with high SD negatively impacting bone ash and 
phosphorus content. However, there is limited research on the 
effects of SD on nutrient absorption.

The efficiency of digestion and nutrient absorption in broilers di-
rectly influences growth performance and overall health. Both 
feed formulation and environmental conditions, including SD, 
significantly affect nutrient digestibility. Rahbari et  al.  (2025) 
reported that broilers subjected to high SD exhibited reduced 
digestibility of apparent Metabolizable energy and crude pro-
tein (CP).

High SD is recognized as a stressor, with limited space linked 
to endocrine and behavioral changes indicative of stress, ulti-
mately reducing welfare (Swanson 1995). Stress activates the 
hypothalamic–pituitary–adrenal axis, which plays a vital role 
in coordinating physiological and immunological responses 
(Dohms and Metz 1991). Blood biochemical profiles serve as 
indicators of the physiological and metabolic status of broilers 
(Zhang et  al.  2018). High SD has been associated with met-
abolic alterations in blood parameters, including decreased 
lymphocyte counts, increased heterophil levels, and ele-
vated heterophil-to-lymphocyte ratios (Astaneh et  al.  2018). 
Additional metabolic changes include increased blood stress 
hormones (Najafi et al. 2015), diminished immune response, 
heightened oxidative stress (Gursu et al. 2004), and increased 
plasma glucose, corticosterone, and cholesterol levels (Shakeri 
et al. 2014).

Moreover, dietary ME levels significantly influence the in-
take and utilization of other nutrients. Energy intake is well-
documented to affect body composition in broilers (Wiseman 
and Lewis 1998).

As broiler chickens' SD increases, their access to feed de-
creases. We hypothesized that by increasing the level of ME 

and dietary nutrients, they may obtain their energy and nutri-
ent requirements. Therefore, this study aimed to evaluate the 
effects of different SDs, combined with varying ME and nu-
trient levels in the diet, on the growth performance, nutrient 
digestibility, blood metabolites, and carcass traits in broiler 
chicks.

2   |   Materials and Methods

2.1   |   Experimental Design

All experimental procedures were conducted in strict accor-
dance with ethical guidelines for animal experimentation 
and care, as mandated by the local ethics committee and the 
Animal Care and Use Committee of the Ferdowsi University of 
Mashhad. A total of 468 one-day-old male commercial Ross 308 
broiler chicks, with a similar initial body weight of 40 ± 2 g, were 
used in a completely randomized design structured as a 3 × 3 fac-
torial arrangement, resulting in 9 treatments with 5 replicates 
per treatment. Each replicate housed either 10, 13, or 16 birds/
m2, for a 42-day feeding trial conducted in floor pens measuring 
1.0 m × 1.0 m within an environmentally controlled room. Inside 
each floor pen, there was a bell feeder with an area of 900 cm2 
and two nipple drinkers.

The SDs employed were categorized into three levels: SD10 
(10 birds/m2), SD13 (13 birds/m2), and SD16 (16 birds/m2). 
Additionally, three dietary levels of ME were applied: low-
energy (3% less than the recommended level), recommended-
energy (as per the guidelines for the Ross 308 strain, 2019), and 
high-energy (3% more than the recommended level). The diets 
were formulated to maintain consistent ratios of ME to CP and 
ME to all other nutrients across each breeding phase. The ex-
perimental diets and their chemical compositions are detailed 
in Table 1 (Aviagen 2019). All birds had free access to a mash 
diet and water throughout the experiment. The environmental 
conditions included a temperature-controlled room with a 23 L: 
1D lighting program. The room temperature was maintained 
at 32°C–34°C for the first 3 days, gradually decreasing by 0.5°C 
weekly to a final temperature of 21°C.

2.2   |   Growth Performance

Broilers were weighed on Days 10, 24, and 42 following a 3-h 
feed deprivation period to assess average body weight (BW) per 
pen, from which WG was calculated. FI was recorded from Day 
1 to 10 (starter phase), from Day 11 to 24 (grower phase), and 
from Day 25 to 42 (finisher phase). Average daily FI and FCR 
(expressed as g of feed per g of gain) were calculated.

2.3   |   Blood Metabolites

On Day 42, one bird was randomly selected from each pen, 
and 4 mL blood samples was collected from the brachial vein 
using a sterile syringe. The samples were transferred to tubes 
without anticoagulants and centrifuged at 2000 g for 10 min. 
Serum samples were collected and stored at −20°C until lab-
oratory analysis. Appropriate laboratory kits (Ziestchem kit, 
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Zist Shimi Company) were used to determine low-density li-
poproteins (LDL-C), high-density lipoproteins (HDL-C), tri-
glycerides (TG), and total cholesterol (Chol) concentrations 
following the manufacturer's instructions (Aziz-Aliabadi 
et al. 2024).

2.4   |   Digestibility Assay

Apparent total tract digestibility measurements were con-
ducted from Days 18 to 22 by adding 3 g/kg of chromium oxide 
(Cr2O3) to the diet as a non-digestible marker. Excreta were 
collected from each pen several times daily during the period 
from Days 20 to 22. To enhance sampling accuracy, one-third 
of the surface area of each pen was covered with a thin wooden 
board throughout the three-day collection period. Excreta de-
posited on the board were collected multiple times daily. After 

removing contaminants such as feathers and bedding, samples 
were temporarily stored in a refrigerator at 4°C. At the end of 
the collection period, all samples from each pen were thor-
oughly mixed. Following homogenization, a 200 g sample per 
replicate was collected and stored at −20°C for further analysis. 
Feed and excreta samples were dried at 55°C for 72 h, ground 
to pass through a 0.5-mm sieve, and stored at 22°C in airtight 
containers. All samples were analyzed for the marker using 
the method described by Fenton and Fenton  (1979) and for 
CP (method 2001.11), lipids (method 920.39), and ash (method 
942.05) according to standard methods of the Association of 
Official Analytical Chemists (AOAC 2005). The apparent total 
tract digestibility of CP, lipids, and ash was calculated using the 
following equation:

TTAD (%) = 100 − 100 ×

(

%chromium in feed

%chromium in excreta
×

%nutrient in excreta

%nutrient in feed

)

TABLE 1    |    Ingredients and nutrient composition of experimental diets, as-fed basis.

Starter phase (1–10 day)

Grower phase (11–24 day) Finisher phase 
(25–42 day)ME levela

Ingredients (%) Low Rec High Low Rec High Low Rec High

Corn 58.04 52.68 47.72 62.31 58.14 53.22 64.66 60.23 57.12

Soybean meal (44% CP) 34.59 37.53 40.01 27.3 28.99 31.48 28.89 30.86 31.82

Fish meal 2.0 2.0 2.0 5.0 5.0 5.0 — — 0.5

Soy Oil 1.47 3.83 6.18 2.25 4.57 6.89 3.12 5.32 6.76

Dicalcium phosphate 0.9 0.9 0.94 1.0 1.13 1.2 0.9 0.93 0.91

Calcium carbonate 1.53 1.6 1.65 0.95 0.97 0.99 1.39 1.43 1.46

Vitamin premixb 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25

Mineral premixc 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25

DL-Methionine 0.35 0.36 0.39 0.26 0.28 0.3 0.1 0.25 0.27

L-Lysine HCl 0.28 0.25 0.25 0.17 0.15 0.13 0.15 0.14 0.12

L-Threonine 0.1 0.1 0.1 — — — — 0.04 0.23

Common salt 0.24 0.25 0.26 0.26 0.27 0.29 0.29 0.30 0.31

Calculated analysis (%)

Metabolisable energy (kcal/kg) 2925 3025 3125 3050 3150 3250 3100 3200 3300

Crude protein 21.96 22.72 23.47 20.33 21.0 21.66 18.40 19.0 19.59

Calcium 0.96 0.99 1.03 0.85 0.89 0.92 0.82 0.84 0.87

Available P 0.38 0.39 0.40 0.47 0.49 0.50 0.33 0.34 0.35

Methionine 0.71 0.73 0.77 0.65 0.67 0.70 0.41 0.56 0.60

Met + Cys 1.02 1.05 1.01 0.93 0.96 1.0 0.67 0.83 0.90

Lysine 1.28 1.33 1.38 1.03 1.05 1.09 1.03 1.06 1.69

Threonine 0.99 1.02 1.04 0.87 0.88 0.90 0.76 0.82 1.02
aLow energy: ME, 3% less than the recommended level; recommended (rec) energy: ME, as per the guidelines for the Ross 308 strain, 2019; high energy: ME, 3% more 
than the recommended level.
bVitamin premix provided per kg of diet: vitamin A (retinyl acetate), 15,000 U; vitamin D35,00000 U; vitamin E (DL-α-tocopheryl acetate), 80 mg; vitamin K, 5 mg; 
thiamin, 3 mgriboflavin,1010 mg; pyridoxine, 5 mg; vitamin B12, 0.02 mg; niacin, 70 mg; choline chloride1,80000 mg; folic acid, 2 mg; biotin, 0.4 mg; pantothenic acid, 
20 mg.
cMineral premix provided per kg of diet: Mn (manganese sulfate), 100 mg; Zn (zinc sulfate), 65 mg; Cu (copper sulfate), 5 mg; Se (sodium selenite), 0.22 mg; I (calcium 
iodate), 0.5 mg; and cobalt, 0.5 mg.
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2.5   |   Carcass Traits

At 42 days of age, one bird per replicate, selected based on prox-
imity to the average weight of the replicate, was euthanized. 
Carcass weight was measured after the removal of blood, feath-
ers, head, feet, abdominal fat pad, and all viscera. Carcass yield, 
as well as the weights of thighs, wings, and breast, was calcu-
lated as percentages relative to live BW. Additionally, the rela-
tive weights of various internal organs, including liver, heart, 
spleen, gizzard, bursa of Fabricius, and abdominal fat, were ex-
pressed as a percentage of live BW.

2.6   |   Statistical Analysis

All data were assessed for normality using the univariate proce-
dure of SAS prior to statistical analysis. Subsequently, the data 
were analyzed using the General Linear Model (GLM) proce-
dure of SAS, version 9.4 (SAS Institute  2012), in a completely 
randomized design structured as a 3 × 3 factorial arrangement 
(three SDs of 10, 13, or 16 birds/m2 in floor pens and three di-
etary ME levels). Mean comparisons were performed using 
Duncan's multiple range test at a significance level of 5%.

3   |   Results

3.1   |   Growth Performance

The effects of varying dietary ME levels, SD, and their interac-
tion on FI in broiler chickens are summarized in Table 2. In the 
starter phase, FI was influenced by both dietary ME levels and 
SD, as well as their interaction. Notably, an increase in dietary 
ME resulted in a significant decrease in FI (p < 0.05). The lowest 
FI was observed in chickens fed with high-energy diets, which, 
while not significantly different from the recommended-energy 
treatment, was significantly lower than that of the low-energy 
group. Conversely, an increase in SD during the starter phase 
led to a significant increase in FI (p < 0.01). Birds raised at a den-
sity of 16 birds/m2 (34.5 kg final BW/m2) exhibited significantly 
higher FI compared to those at densities of 10 and 13 birds/m2 
(22.2 and 28.1 kg final BW/m2, respectively). There was also a 
significant interaction effect between SD and dietary ME on FI 
during the starter phase (p < 0.01). The highest FI was observed 
in chicks fed low-energy diets at a density of 16 birds/m2, while 
those fed high-energy diets at a density of 10 birds/m2 had the 
lowest FI. In the grower, finisher, and overall rearing periods, 
FI was not significantly affected by dietary ME, SD, or their in-
teraction (p > 0.05).

The effect of dietary ME levels, SD, and their interaction on daily 
WG in broilers is detailed in Table 2. No significant differences 
in average daily WG were observed in the starter and grower 
phases (p > 0.05); however, significant differences were noted 
during the finisher phase and the entire experimental period 
(p < 0.01). Chicks fed high-energy diets demonstrated signifi-
cantly greater WG compared to those fed low-energy diets, al-
though no significant difference was found between the high 
and recommended-energy groups (p < 0.01). The effect of SD on 
the average daily gain of broilers was also significant only in the 
starter phase (p < 0.05). Daily WG at a SD16 was higher than at 

a SD10 but was not different from that at a SD13. SD had no 
significant effect on daily WG during the growth, finishing, and 
entire rearing periods. The interaction effect of dietary ME and 
SD on the average daily WG of broilers during the growth period 
was not significant but was significant in the other three periods 
measured. The highest WG was observed in the starter phase at 
a SD16 and fed with the recommended-energy level of the diet, 
in the finishing period at a SD10 and fed with a high-energy 
level, and in the entire rearing period at a SD13 and fed with the 
recommended-energy level of the diet (Table 2).

The effects of dietary ME levels, SD, and their interaction on 
FCR are presented in Table 2. Dietary ME significantly influ-
enced FCR during the starter, grower, and finisher phases, as 
well as the entire rearing period (p < 0.01). In these periods, 
FCR did not differ significantly between chickens fed high and 
recommended-energy diets; however, both groups exhibited a 
significantly better FCR compared to those fed low-energy diets. 
SD did not significantly impact FCR across any rearing periods 
or the overall experimental period (p > 0.05). The interaction be-
tween SD and dietary ME on FCR was significant during other 
rearing periods and the entire experimental period, except in the 
grower phase (p < 0.05).

3.2   |   Blood Metabolites

The influence of dietary ME levels, SD, and their interaction 
on serum concentrations of total cholesterol, triglycerides, 
high-density lipoprotein (HDL), and low-density lipoprotein 
(LDL) in broiler chickens is shown in Table 3. Total cholesterol, 
triglycerides, and HDL concentrations were significantly af-
fected by dietary ME levels (p < 0.05). Specifically, increasing 
dietary ME to the recommended or high level significantly ele-
vated these metabolites compared to those fed low-energy diets 
(p < 0.05). LDL concentration was unaffected by dietary ME lev-
els. SD did not significantly affect any of the serum factors mea-
sured. Significant interaction effects between dietary ME and 
SD were observed for serum cholesterol and triglyceride con-
centrations (p < 0.05), while no significant effects were noted for 
HDL and LDL concentrations. The highest total cholesterol con-
centration was found in the blood of chickens fed a high-energy 
diet at SD16, while the lowest concentration was observed in the 
blood of those fed a low-energy diet at SD13. For triglycerides, 
the highest concentration was detected in chickens fed high-
energy diets at SD10, and the lowest in those fed a low-energy 
diet at SD13.

3.3   |   Digestibility Assay

The effects of dietary ME levels, SD, and their interaction on 
the ATTD of a number of nutrients are reported in Table  3. 
Dietary ME levels did not significantly affect the ATTD of CP 
and ash; however, lipid digestibility was significantly influenced 
(p < 0.05). Lipid digestibility increased with higher dietary ME 
levels, with significantly greater digestibility observed in chick-
ens fed a high-energy diet compared to those fed a low-energy 
diet. SD had no significant effect on the digestibility of CP, lipids, 
or ash (p > 0.05). The interaction of dietary ME and SD signifi-
cantly affected protein digestibility but did not impact lipid or 
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ash digestibility. The highest protein digestibility was obtained 
in the group fed a high-energy diet at a density of 16 birds/m2.

3.4   |   Carcass Traits

Results for carcass traits and relative internal organ weights 
of broilers fed diets with varying ME levels at different SDs 
at 42 days of age are presented in Table 4. Carcass and viscera 
weights are expressed as percentages of the live weight of the 
birds at slaughter. Neither dietary ME levels nor SD, nor their in-
teraction, had a significant effect on the percentage of peeled car-
cass, carcass components, or relative viscera weight (p > 0.05).

4   |   Discussion

4.1   |   Growth Performance

The present study investigated the effects of varying SDs and di-
etary ME levels on growth performance, blood metabolites, nu-
trient digestibility, and carcass traits in Ross 308 broiler chicks. 
Our findings indicated that both stocking density and dietary 
ME levels significantly influence growth performance indices, 
nutrient digestibility, and serum metabolite concentrations, al-
though the effects on carcass traits appear less pronounced.

The observed increase in FI with higher stocking density during 
the starter phase aligns with previous findings, suggesting that 
competition for resources can stimulate increased FI among 
broilers (Stamp Dawkins et  al.  2004). The significant reduc-
tion in FI associated with high-energy diets, particularly in the 
starter phase, may be attributed to the increased caloric den-
sity of these diets, leading to satiety at lower volumes of feed 
(Classen  2017). Our results regarding FI both confirm and 
contrast with previous reports. For instance, Hosseini-Vashan 
et al. (2010) reported that different dietary ME levels with a con-
stant energy-to-protein ratio significantly affected FI during the 
starter phase; however, they found no effects during the grower 
and finisher phases, attributing this to the physical limitations 
of the digestive tract. Similarly, Azizi et al. (2011) observed that 
FI was not affected by dietary ME levels during specific peri-
ods. Zhou et al. (2024) reported no effect of increased stocking 
density on FI, attributing this to adequate feeder space and re-
duced distances to feeders. Conversely, Dozier 3rd et al. (2005) 
stated that SD has a significant effect on FI, so that it decreases 
with increasing SD. Also, Abudabos, Abdelrahman, et al. (2013) 
Abudabos, Samara, Hussein, Al-Ghadi, et al. (2013) concluded 
that increasing stocking density from 28 to 40 kg body weight 
per m2 had obvious adverse effects on broiler performance and 
could compromise their welfare.

In the current study, the higher FI in the starter phase at SD16 
compared to the other two SDs, which resulted in a significant 
increase in daily WG, may be due to greater competition among 
chicks and higher FI, while they did not suffer from space con-
straints at this age.

While growth rates did not significantly differ during the starter 
and grower phases, the enhanced WG observed in the finisher 
phase for birds on high-energy diets underscores the importance T
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of ME availability during critical growth periods. Although 
Azizi et al.  (2011) reported that dilution of energy and protein 
in the diet had no significant effect on WG, Kamran et al. (2008) 
noted a significant increase in weight for chicks fed high-energy 
and protein diets during the finisher phase and overall rearing 
period. Contrarily, Lee et al. (2024) indicated that the effect of 
dietary ME on body weight in early ages was significant, with 
increased body weight correlating with higher dietary ME 

levels. Li et al. (2019) found that stocking density significantly 
affected body WG, while Guinebretiere et al. (2024) reported re-
duced WG at higher densities, though the differences were not 
significant.

The FCR results indicated that dietary ME levels play a cru-
cial role in feed efficiency, as supported by literature demon-
strating improved FCR with optimized dietary ME. The lack 

TABLE 3    |    Effect of dietary ME level and stocking density on blood metabolites (42 day of age) and apparent total tract digestibility (20 to 22 day 
of age) in broiler chicks.

Treatments

Blood metabolites, mg/dL
Apparent total tract 

digestibility, %

Chol HDL-C LDL-C TG CP Lipid Ash

ME

Low 97.3b 53.3b 16.9 75.1b 84.6 89.7b 57.4

Rec 103.1a 61.7a 17.3 97.9a 83.4 92.4ab 56.5

High 106.7a 58.3ab 16.6 107.3a 83.9 93.5a 56.8

SEM 1.05 1.47 0.65 3.18 0.43 0.57 0.80

SD1 (kg final BW/m2)

10 (22.2) 104.5 60.0 18.4 94.8 83.32 91.3 56.8

13 (28.1) 100.2 59.4 16.2 93.4 83.6 92.4 57.9

16 (34.5) 102.5 53.6 16.2 92.2 84.9 91.8 55.9

SEM 1.05 1.47 0.65 3.18 0.43 0.57 0.80

ME × SD1 (kg final BW/m2)

Low

10 21.8 99.2ab 53.5 21.1 77.1ab 84.6ab 88.3 55.9

13 26.4 94.4b 53.1 13.7 71.6c 85.4ab 90.7 61.6

16 32.1 98.3ab 53.2 16.0 76.5bc 83.7ab 90.0 54.7

Rec

10 22.2 105.0ab 66.5 18.3 95.2abc 83.3ab 93.0 57.7

13 29.6 102.1ab 65.1 18.8 100.9abc 83.7ab 92.8 56.1

16 36.4 102.4ab 53.8 14.8 97.7abc 83.0b 91.3 55.6

High

10 22.8 109.2a 60.2 15.9 112.0a 82.0b 92.7 56.9

13 28.4 104.2ab 60.2 16.2 107.6a 81.7b 93.7 56.1

16 35.7 106.8a 53.9 17.7 102.4ab 88.0a 94.1 57.5

SEM 1.82 2.55 1.13 5.51 0.74 0.99 1.39

p value

ME < 0.01 0.05 0.88 < 0.01 0.29 0.03 0.91

Stocking density 0.11 0.19 0.23 0.86 0.12 0.74 0.64

ME × SD < 0.01 0.14 0.19 < 0.01 < 0.01 0.28 0.76

Note: a–c Means with different superscripts within a column are different at p < 0.05. Low energy: ME, 3% less than the recommended level; recommended energy: ME, 
as per the guidelines for the Ross 308 strain, 2019; high energy: ME, 3% more than the recommended level.
Abbreviations: Chol, total cholesterol; CP, crude protein; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; ME, metabolizable 
energy; Rec, recommended; SD, stocking density; SEM, standard error of means; TG, triglycerides.
1The numbers 10, 13, and 16 refer to stocking densities of 10, 13, and 16 birds/m2 floor pens.
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of significant impact from stocking density on FCR suggests 
that, within the tested density range, dietary ME had a more 
dominant influence on feed efficiency. This reflects the com-
plex interactions between environmental conditions and di-
etary formulations in broiler management. In the present 
study, as observed from the effects of dietary ME and SD on 
FCR, the role of SD on FCR was very weak and the best FCR 
was observed in treatments fed with high levels of dietary ME. 
In agreement with the current study, Lee et al.  (2024) found 
that high-energy diets significantly improve FCR of broilers. 
Similarly, Li et  al.  (2019) reported that stocking density had 
no significant effect on FCR. While the lack of significant 
effect of high SDs on FCR in this experiment is not clear to 
the authors, it has been stated that chronic stress, when not 
severe, can lead to adaptation without negatively impacting 
performance. Some researchers have reported conflicting re-
sults; Kamran et  al.  (2008) found that FCR was unaffected 
by dietary ME content in the starter phase, while Bilgili and 
Hess (1995) noted that FCR decreases with increasing stock-
ing density due to reduced movement space, which lowers en-
ergy requirements for maintenance.

4.2   |   Blood Metabolites

Analysis of blood metabolites revealed that total cholesterol, 
triglycerides, and HDL levels were significantly influenced by 
dietary ME levels, with the highest concentrations observed 
in birds fed high-energy diets. This aligns with the hypothesis 
that increased dietary ME can elevate lipid profiles (Viveros 
et  al.  2011). However, LDL concentrations remained unaf-
fected by dietary ME levels, indicating a potential ceiling effect 
or a compensatory mechanism in lipid metabolism that war-
rants further investigation. The lack of significant variation in 
serum factors with changing SDs suggests that environmental 
stressors related to space may not have been sufficient to elicit 
measurable changes in metabolic profiles under the conditions 
of this study. In the current study, the increased oil content of 
the diets with higher ME levels was expected to elevate blood 
cholesterol and triglyceride levels. The observed increase in 
HDL can be justified by the use of soybean oil, which contains 
unsaturated fatty acids. This finding is consistent with Stamp 
Dawkins et al. (2004), who also found no increase in cholesterol 
levels with increasing stocking density. It has been reported that 
increased dietary fat elevates blood HDL concentration, and 
higher levels of fat in broiler diets significantly increased blood 
cholesterol compared to lower fat levels (Ai et al. 2025).

4.3   |   Digestibility Assay

The digestibility assay results indicated that while lipid digest-
ibility improved with higher ME diets, protein and ash digest-
ibility remained unaffected. The significant interaction effect 
observed for CP digestibility may suggest that the combination 
of high-energy diets and higher SDs could enhance nutrient 
uptake efficiency. This reflects the need for further exploration 
into feed formulations that optimize nutrient utilization under 
varying density conditions. Dietary fat slows the rate of food 
passage through the digestive tract, resulting in improved diges-
tion and absorption (Svihus and Itani 2019).T
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4.4   |   Carcass Traits

Regarding carcass traits, the absence of significant differences 
in carcass yield and internal organ weights across dietary and 
density treatments suggests that, although growth performance 
parameters were influenced, overall carcass quality remained 
relatively stable. This finding indicates that broilers can be 
raised at varying SDs and ME levels without adversely affect-
ing carcass traits, which is crucial for commercial production 
considerations.

In conclusion, our study highlights the critical role of dietary 
ME levels in influencing growth performance and metabolic 
health in broiler chicks, while stocking density impacts certain 
parameters primarily during the early life stages. These findings 
provide valuable insights for poultry nutritionists and producers 
in optimizing broiler management strategies to enhance produc-
tivity while ensuring animal welfare. Future research aimed at 
elucidating the underlying mechanisms governing these inter-
actions could further refine dietary recommendations and hous-
ing strategies in commercial broiler production. In agreement 
with our findings, Kamran et al. (2008) found that dietary ME 
level had no significant effect on carcass characteristics of broil-
ers. Ko et al. (2023) reported that dietary ME level with a fixed 
nutrient-to-energy ratio had no significant effect on live weight 
and carcass components. There is ongoing debate regarding the 
effects of dietary ME levels on carcass composition and quality, 
particularly concerning abdominal fat. In general, as long as the 
energy-to-protein ratio is maintained, the percentage of carcass 
fat remains stable; carcass fat tends to increase only when di-
etary ME increases independently (Ko et al. 2023). Additionally, 
Rahbari et al. (2025) found no significant effects of stocking den-
sity on the weights of carcass and internal organs such as liver, 
abdominal fat, and heart. The lack of significant effects on the 
weight of the bursa of Fabricius, a suitable indicator of stress, 
suggests that the stocking density in this experiment did not 
significantly impact chick stress levels. Ravindran et al. (2006) 
concluded that bursa weight decreases with increasing stock-
ing density. The findings of Dozier 3rd et  al.  (2005) also indi-
cated that varying SDs do not significantly affect abdominal fat 
weight. Given that increasing the stocking density to 16 birds/
m2 did not negatively impact broiler performance, future studies 
may explore even higher densities.

5   |   Conclusions

Our findings indicated that high and recommended energy and 
nutrients of the diet improved growth performance and total 
tract lipid digestibility and increased cholesterol, HDL-C, and 
triglyceride concentrations in the blood of broiler chicks without 
affecting blood LDL-C. Stocking density had no remarkable ef-
fect on growth performance, blood factors, nutrient digestibility, 
and carcass traits. However, as stocking density increased from 
13 to 16, feed intake and weight gain of chicks increased in the 
starter phase, which may be due to learning from each other or 
competition for feed consumption at early ages. Therefore, con-
sidering other management conditions such as house ventilation 
and desired broiler slaughter weight, any of the three stocking 
densities of 10, 13, or 16 birds/m2 along with recommended or 
high-energy diets can be considered for breeding.
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