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Abstract 
 
An experiment was carried out to investigate the effect of dietary energy levels on 
feed intake of modern broiler chickens during the growth period. A total of 160 Ross 
broiler chicks (mixed sex) in a completely randomized design with 4 treatments and 4 
replicates (10 birds) were used. The chicks were fed from 11 to 24 days of age with 
dietary treatments, including 4 grower diets with 2800, 2900, 3000, and 3100 kcal/kg 
ME and constant nutrient to ME ratios. All chicks were fed the recommended Ross diet 
during starter (1- 10 days) and finisher (25-42 days) periods. At the end of experiment 
period (42 days), growth performance and carcass characteristics were measured. The 
results showed that the energy level had no significant effect on the average daily feed 
intake for the grower period, but the grower's dietary energy level had a significant 
effect on daily body weight gain and feed conversion ratio. Also, there was no 
significant difference in final live weight and relative carcass yield at the end of the 
experimental period. In conclusion, during the growing period, modern broiler chicks 
consume feed regardless of the energy level of the diet and continue up to physical 
satiety. 

 

Introduction 
 

The relationship adjustment of feed intake, 
according to the dietary energy content of broiler chicks 
is an old-time theory, while modern broiler chicks due to 
intense genetic selection for growth rate and increased 
appetite (Polyphagia) and/or limited gut capacity need 
to be reviewed at different age. In fact, the main factor 
in increasing the growth rate of broilers is feed 
consumption (Abdollahi et al., 2018) and appetite 
(Applegate, 2012). Also, it has been clear that growth in 
both broilers and laying hens in response to intensive 
genetic selection, will change according to specifications 
of market demands, and will continue (Classen, 2017). 
Accordingly, over time, intense selection has led to the 
production of modern broilers, which have faced 
significant growth rates and significant changes in body 
compositions (Paxton et al., 2010), a surprising capacity 
to eat (Mahagna and Nir, 1996), a relatively short 

retention time for feeding, high digestibility and 
absorption capacity (Mitchel and Smith, 1991) 
compared to laying hens. Today, broilers reach 
approximately 70 times their primary body weight at 42 
days. Modern broilers will not reach their growth 
potential unless they consume their own nutrients daily. 
In addition, besides adjusting a suitable diet, 
maintaining maximum feed intake is the most important 
factor that affects the growth rate and efficiency of 
nutrient utilization (Ferket and Gernat, 2006). The 
theory of the ability of broilers to regulate feed intake to 
receive the required energy is an almost common 
theory; But it has been found that modern broilers, due 
to strong genetic choices for growth and increased 
appetite, can not precisely regulate their energy 
consumption by changing the level of feed intake and 
will receive more energy if consumed diets high in 
energy. The result is energy stores in the form of fat. 
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Even newer evidence suggests that modern strains 
of laying hens are unable to exactly or reliably change 
feed intake in response to dietary energy levels (Classen, 
2017). 

As broilers are growing, their ability to adjust diets 
with low nutrient densities increases (Leeson and 
Summers, 2009). Maiorka et al. (2008) showed that the 
regulation of feed intake with dietary energy levels was 
correlated with the age of the birds. Adult birds are 
more able to digest and absorb fat and therefore may 
have a better feed intake adjustment according to these 
factors, while young chickens are not yet able to adjust 
their feed intake according to dietary energy levels. 
However, a large number of new reports indicate that 
chickens, regardless of dietary energy levels, consumed 
feed to the extent of physical satiety and were not able 
to adjust feed intake to receive a certain amount of 
energy (Pym, 2005; Heger et al., 2014). Also, with the 
annual increasing rate of genetic ability, the existing 
standards for growth rate are rapidly becoming obsolete 
(Leeson and Summers, 2009); and since very little work 
has been done over the years to determine nutritional 
requirements of poultry, the requirements expressed in 
the NRC (1994) are often limited to information from 
older publications (Leeson, 2006) that need to be 
revised; or, as birds age, metabolizable energy (ME) of 
feeds increases, but for poultry diets, the same amounts 
of energy from the feed are used for all birds in the age 
group (Plavnik et al., 2000). Therefore, to maximize this 
potential for nutritionists it is necessary to revise and 
methods in which these fast-growing breeds are fed. 
Unless there will change in the feed composition of 
broilers in the future (McKay, 2009). Because the 
amount of food consumed in broilers is very closely 
correlated with the intensity of growth rate and they 
consume the feed, regardless of dietary energy levels. At 
this stage, the chicks are dynamically growing; 
therefore, this experiment was conducted to investigate 
the effect of different levels of ME (2800, 2900, 3000, 
and 3100 kcal/kg ME) on feed intake and performance 
of modern broilers during the growing period (11 to 24 d). 

 

Materials and Methods 
 
In this study, 160 one-day-old Ross 308 broiler 

chicks (mixed-sex) have been used in a completely 
randomized design with 4 treatments and 4 replicates 
with 10 chickens per replication at 16 pens (1 m2) on the 
litter floor. Experimental diets were prepared in the 
form of mash, and birds were on ad libitum feeding 
throughout the experimental period. Experimental diets 
were formulated according to the Ross 308 guideline 
(Aviagen 2014) using UFFDA (Pesti et al., 1992) software 
to be equal in terms of energy to nutrient ratio at the 
same periods (nutrients were considered based on their 
digestibility). Chicks were fed from 11 to 24 days of age 
with dietary treatments including 4 grower diets with 
2800, 2900, 3000, and 3100 kcal/kg ME and with 
constant energy to nutrient ratios (Table 1). All chicks 

were fed the recommended Ross diet during starter (1- 
10 d) and finisher (25- 42 d) periods. At the end of each 
period and the whole period, growth performance and 
carcass characteristics were measured. 

Birds were weighed weekly and for each bird, the 
amount of feed consumption was calculated as bird day 
and the feed conversion ratio for each experimental pen 
was calculated by dividing the amount of feed intake by 
body weight gain in every period. At the end of the 
period (42 d), after 6 hours of fasting, 3 chickens were 
randomly selected from each replicate and slaughtered 
to determine the carcass characteristics. Carcass weight 
was measured after separation of the viscera and 
carcass efficiency was obtained by dividing the weight of 
empty carcass to live body weight, also collect the liver, 
heart, gizzard, spleen, pancreases, abdominal fat and 
total edible carcass and relative weight of each organ 
were calculated as follows:  

Relative weight= (organ weight/carcass weight) ×100 
(El-katcha et al., 2016). 

All data were analyzed using the General Linear 
Model procedure (GLM) of the Statistical Analysis 
System (SAS 2002) in a completely randomized design 
with a significance level of 5% to compare the means 
based on Duncan's multiple range tests. 

 

Results 
 

Feed Intake 
 
The results of this experiment showed that different 

levels of ME (with constant energy to nutrient ratios) had 
no significant effect (P>0.05) on average of the daily feed 
intake at 11 to 24 days of age; chickens consumed the 
same amount of feed from the diets with the lowest 
energy level (2800 kcal/kg ME  ( and the highest energy 
level or control group (3100 kcal/kg) (Table 2). In addition, 
feed intake in the finisher period (25 to 42 d) when all 
treatments used a standard diet with an energy level of 
3200 kcal/kg ME was not affected by different dietary 
energy levels during the growing period. Although the 
feed intake of chickens fed lower energy diets was 
numerically lower, this difference was not significant 
(P>0.05) (Table 2), Also in the whole period (1 to 42 d), 
feed intake was not affected by different dietary energy 
levels during the growing period (P>0.05). 

 
Body Weight Gain  

 
The average daily weight gain of broiler chickens 

during the growth period (11-24 d) was significantly 
affected (P<0.05) by dietary energy levels (with 
constant energy to nutrient ratios) so that the average 
daily weight gain in the lowest dietary energy level had 
the lowest weight gain (Table 2). However, the average 
daily weight gain of the groups in the finisher periods 
(25-42 d) and whole periods (1-42 d) was not affected 
by different dietary energy levels in the growth period 
(P>0.05). 
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Table 1. Feed ingredients and composition of experimental diets in grower period (11-24 days) 

Treatment (kcal/kg) 
 

Feed ingredients (%) 

3100 3000 2900 2800  
41.08 41.12 43.94 40.25 Corn 
26.12 29.47 33.32 35.95 Soybean meal (44%) 
15.00 15.00 15.00 15.00 wheat 
12.21 9.31 2.39 1.00 Wheat bran 
1.00 2.00 2.02 4.22 Vegetable oil 
0.72 0.88 1.12 1.19 Limestone 
2.67 1.08 1.16 1.34 Dicalcium phosphate 
0.23 0.25 0.25 0.28 Common salt 
0.25 0.25 0.25 0.25 Vitamin premix1 

0.25 0.25 0.25 0.25 Mineral premix2 

0.27 0.26 0.25 0.26 DL-Methionine 
0.2 0.13 0.05 0.01 L-Lysine 

    Chemical composition 

2800 2900 3000 3100 ME(kcal/kg) 
20.70 21.46 22.23 22.80 Crude protein(%) 
16.94 17.62 18.40 18.99 Digestible crude protein (%) 
3.61 3.25 2.64 2.59 Crude fiber (%) 
0.80 0.83 0.86 0.89 Calciumn(%) 
0.40 0.42 0.43 0.44 Available phosphorus (%) 
0.14 0.15 0.15 0.16 Na (%) 
0.22 0.22 0.21 0.22 Cl (%) 
1.68 1.86 2.90 3.10 Linoleic acid (%) 
1.18 1.21 1.26 1.30 Digestible arginine (%) 
0.53 0.54 0.54 0.57 Digestible methionine (%) 
0.75 0.77 0.88 0.89 Digestible methionine+cysteine (%) 
0.98 1.01 1.05 1.08 Digestible lysine (%) 
0.74 0.77 0.79 0.82 Digestible threonine (%) 
0.21 0.22 0.22 0.24 Digestible tryptophan (%) 

    1-Supplied vitamins per kilogram of diet: A, 12000 IU; D3, 5000 IU; E, 80 IU; B1, 3 mg; B2, 8.6 mg; B6, 5.4 mg; B12, 0.017 mg; Cloride 

Choline, 1700 mg. 2- Supplied minerals per kilogram of diet: Mn, 120 mg; Fe, 20 mg; Zn, 100 mg; Cu, 16 mg; I, 1.25 mg; Se, 0.30 mg. 

 

Table 2. Effect of different levels of energy on average feed intake (g/bird/day), body weight gain (g/bird/day) and feed conversion 
ratio of broiler chickens from 11-24 days of age. 
 

Treatments 
ME (kcal/kg) 

        Feed intake (g/day) Weight gain (g/day) Feed conversion ratio 

1-10 11-24 25-42 1-42 11-10 11-24 21-42 1-42 1-10 11-24 25-42 1-42 

(11- 24 d)1  
2800 26.89 88.97 146.63 98.94 20.37 42.37c 76.83 51.97 1.32 2.10a 1.91b 1.90 
2900 26.06 88.75 150.17 100.59 20.20 45.05b 77.76 53.17 1.29 1.97b  1.93ab 1.89 
3000 26.65 88.19 152.00 101.80 20.50 47.93a 76.67 53.61 1.30 1.84c 1.98ab 1.90 
3100 26.77 85.41 152.97 101.92 20.44 49.37a 76.48 53.96 1.31 1.73a 2.00a 1.89 
SEM 0.60 1.60 2.10 1.21 0.50 0.73 1.12 0.61 0.01 0.03 0.02 0.02 
P-Value 0.78 0.93 0.20 0.31 0.94 . 0.84 0.17 0.77 . 0.07 0.94 

    Means within same column with different letters differ significantly (P<0.05) 1-All chicks during the starter period (1- 10 d) and the 
finisher period (25-42 d) were fed by standard diets (24% protein and 3000 kcal/kg ME) and (20% protein and 3200 kcal/kg, 
respectively). 

 

 

Feed Conversion Ratio 
 

The results in Table 2 show that the effect of 
different dietary energy levels on feed conversion ratio 
at the age of 11 to 24 days has a significant effect 
(P<0.05), so that the groups fed with the lowest dietary 
energy level had the highest feed conversion ratio. The 
conversion ratio during the finisher period (25 to 42 d) 

 
 
was also significantly affected (P<0.05) by the dietary 
energy level in the growing period and the groups that 
were fed the lowest of energy diets in the growing 
period showed a better conversion ratio, while during 
whole period (1 to 42 d) there was no significant 
(P>0.05). 
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Carcass Characteristics 
 
The results inTable 3 show that different dietary 

energy levels (2800, 2900, 3000, and 3100 kcal/kg ME) 
at 11 to 24 d of age had no significant effect on the 
performance of carcass yield at the end of the period (42 
d) (P>0.05). 

 

Discussion 
 

Feed Intake 
 
In agreement with the results of the current study 

on feed intake, it was reported that dietary energy levels 
had no significant effect (P>0.05) on feed intake of 
broilers at 11 to 24 days (Maiorka et al., 2008), 11 to 22 
days (Abudabos et al., 2014) and 14 to 35 days (Chrystal 
et al., 2020), however in these studies, the energy to 
protein ratios was not constant.Lou et al. (2003) and 
Leeson et al. (1996) reported that feed intake before 25 
days of age was not affected by dietary energy 
concentration. In contrast, Heger et al. (2014) showed 
that feed intake increased in all periods, including the 
growth period (11-24 d) by decreasing the density of ME 
in the diet. Also, opposite to the results of the present 
study, some authors reported that the dietary energy 
level affects the feed intake of broilers during the 
growing period (Mousavi et al., 2013; Kim et al., 2012). 
Kamran et al. (2008), in a similar finding with these 
authors, attributed the increase in feed intake to the 
ability of chickens to meet their caloric needs from low-
energy diets.  

In the present study, feed intake in the growth 
periods and the whole period was not affected (P>0.05) 
by the dietary energy level, which in line Mousavi et al. 
(2013) observed that the feed intake of Cobb broilers in 
terms of energy was significantly affected at 11 to 22 
days of age, but in the finisher period (23-40 d) and the 
whole period (1-40 d), feed intake was not affected by 
the dietary energy level. In another study, it was 
reported that feed intake of broilers at 21 to 42 days of 
age or the whole period (1 to 42 d) was not affected by 
dietary energy (Azizi et al., 2011). Also, Tooci et al. 
(2009) who used diluted diets during 11-28 days of age 
and standard diets in the starter and finisher period, 
observed that feed intake was not significantly different 
from the control treatment (P>0.05). 

 
Body Weight Gain 

 
The average daily weight gain during the grower 

period was affected by dietary energy level, that chicken 
fed on higher dietary ME level, average daily weight gain 
increased at the grower period (P<0.05). This is in 
agreement with several studies (Maiorka et al., 2008; 
Abudabos et al., 2014; Kamran et al., 2008). Zhang et al. 
(2010) also observed a significant effect of dietary 
energy factors on weight gain in local chickens at 1 to 4 
weeks of age. Chrystal et al. (2020) reported that a 

reduction of 100 kcal/kg of ME has no effect on the 
performance of Ross broilers in 14 to 35 days of age. 
Also, the current results study showed that the average 
daily weight gain of the groups during the finisher 
periods (25-42 d) and the whole period (1-42 d) was not 
affected (P>0.05) by dietary energy level at growth 
period treatments. It was reported in line that the rate 
of weight gain during the dietary restriction period (6-12 
d) with diluted energy diets decreased, but due to 
compensatory growth in the post-restriction period, 
there was no significant difference (P>0.05) in the final 
body weight gain among of groups in the whole period 
(42 d) (Yussefi Kelaricolaii et al., 2001). Abouelezz et al. 
(2019) also reported that at the end of the period (42 d) 
the weight gain of broilers was not affected by dietary 
energy levels. Lou et al. (2003) showed that the effect of 
dietary energy on body weight gain of broiler chickens 
from 1 to 26 and 1 to 42 days of age (whole period) is in 
a linear relationship. The reason for these differences 
may be due in part to the difference of ME in amino acid 
ratios in the experimental treatments (Mousavi et al., 
2013). 

 
Feed Conversion Ratio 

 
In the current experiment, the effect of different 

dietary energy levels on feed conversion ratio during 11-
24 days of age were significant (P<0.05). In agreement 
with the results of experimental data performed on 
Cobb broilers by Mousavi et al. (2013), it was shownthat 
dilution of dietary energy during the growth period (11-
22 d) by 10% there was a significantdifference in 
conversion ratio (P<0.05). Similar findings were also 
reported by Tooci et al. (2009) at 11 to 28 days of age 
and Maiorka et al. (2008) at 14 to 21 days of age in 
broilers. The results were also in accordance with those 
of Jackson et al. (1982) who reported that feed 
efficiency increased with increasing levels of dietary 
protein or energy. Probably one of the reasons for 
improving the feed efficiency is their higher 
digestibility due to higher carbohydrate content and 
fewer raw fibers than low dietary energy levels. In 
contrast, it was reported that the dietary energy level 
had no significant effect (P>0.05) on a feed conversion 
ratio of broiler chickens at 11-24 days (Heger et al., 
2014), 11 to 22 days (Abudabos et al., 2014) and 14 to 
35 days of ages (Chrystal et al., 2020). The findings of 
this study were in close agreement with those of Lou 
et al. (2003) who found that the use of three energies 
levels 2800, 3000, and 3200 kcal/kg ME with a constant 
ratio of energy to protein up to 26 days of age, has no 
significant effect (P>0.05) on the feed conversion ratio 
at the end of the period (49 d). In another study by 
Rezaei and Hajati (2010), it was stated that energy 
dilution up to 40% had a significant effect on feed 
conversion ratio at the 16 to 20 days of age and in 
restricted groups, with fed low energy density FCR was  
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Table 3. Effect of different levels of metabolic energy of grower diets on carcass characteristics of broiler chickens at the age of 42 
days. 

Treatments 
ME (kcal/kg) 

Carcass characteristics ( %) 

Live weight 
(g) 42 day 

Carcass 
efficiency 

Breast Leg Abdominal 
fat 

Liver Gizzard Pancreas 

(11- 24 d)1 

2800 2223 65.83 37.38 33.96 2.16 3.35 3.30 0.35 
2900 2273 67.20 39.56 32.94 2.97 3.17 3.18 0.33 
3000 2292 67.34 39.33 32.26 2.39 3.15 2.86 0.32 
3100 2306 67.83 39.35 31.26 2.43 2.87 2.79 0.34 
SEM 30.68 0.92 0.85 1.01 0.21 0.19 0.12 0.01 

P-Value 0.19 0.59 .56 0.42 0.66 0.80 0.32 0.84 

Means within same column with different letters differ significantly (P<0.05) 1-All chicks during the starter period (1- 10 d) and the finisher 
period (25- 42 d) were fed by standard diets (24% protein and 3000 kcal/kg ME) and (20%  protein and 3200 kcal/kg ME, respectively). 

 

  

higher, but in the whole experimental period (16 up to 44 
d) there was no significant effect (P> 0.05). While Mousavi 
et al. (2013) reported that the dietary energy level was the 
effect on FCR of Cobb broilers in the growth period (11-22 
d) and also the whole period (1-40 d). 
 
Carcass Characteristics 
 
  The observations of the present study showed that 
the energy level of the diet during the growth period did 
not significant difference (P>0.05) on the performance of 
different carcass components at the end of the period (42 
d). Others have reported similar responses in broiler 
chickens fed different dietary energy levels (Heger et al., 
2014; Hosseini-Vashan et al., 2010; Marcu et al., 2012; 
Abudabos et al., 2014; Mousavi et al., 2013; Abouelezz et 
al., 2019). Inline, Rezaei and Hajati (2016) and Kamran et al. 
(2008) showed that diluting dietary energy at 11 to 26 days 
of age in broilers was not an influence on carcass yield, 
carcass meat production, thighs, abdominal fat, liver, 
heart, and gizzard. In another study, Kamran et al. 
(2008) while obtaining similar results of this experiment 
reported that results may be due to the constant ratio 
of energy to protein in all dietary treatments (Kim et al., 
2012). Opposite of these statements, some authors 
have concluded that changes in the energy content of 
the diet can affect the performance of broilers and 
carcass quality (Marcu et al., 2013). These inconsistency 
reports can be due to differences in diet type and feed 
form (Abdollahi et al., 2013), genotype/strain, 
environmental impact, broilers density and number of 
birds used (Mbajiorgu et al., 2011). However, there are 
differences in the effect of dietary energy level on 
carcass characteristics and quality. Generally, as long as 
the standard ratio of energy to dietary protein is 
maintained, there is no change in carcass fat 
percentage, that is, carcass fat increases when only 
dietary energy content increases (Bartov et al., 1974; 
Skinner et al., 1992). 
 

Conclusion 
 

During the growing period, modern broiler chicks 
consume feed regardless of the energy level of the diet and 
continue up to physical satiety. Grower dietary energy 
continue 

 
levels do not affect the average daily feed intake but affect 
the body weight gain and feed conversion ratio at 11 to 24 
days of age. However, at the whole periods (1-42 d) feed 
intake, weight gain, feed conversion ratio, final live weight, 
and relative carcass yield do not affect by different dietary 
energy levels during the growing period. 
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