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Abstract
Background and Objective: As one of branch chain amino acids (BCCA), L-leucine may have potential as a regulator of feed intake in
broiler chickens. This study aimed to evaluate dietary supplementation of low-protein and low-energy diets with L-leucine to improve
the growth performance, body composition and carcass characteristics of broiler chickens. Materials and Methods: About 80 days old
broiler chicks (Cobb) were randomly  distributed  in  a  completely  randomized  design  consisting  of  4  treatments,  each  group  had
4 replicates, with 5 birds/replicate pen in a battery brooder. The birds were fed a starter diet until the 21st day of age and from day 21-42,
they were fed experimental diets that had restricted protein and calorie contents (18% and 3,000 kcal kgG1, respectively). Chickens were
fed diets supplemented with different levels of L-leucine (0, 0.42, 0.5 and 0.75% kgG1). Results: Supplementation with different doses of
L-leucine strongly and dose-dependently increased feed intake and body weight gain and decreased the feed conversion ratio. Dietary
L-leucine  supplementation  also  increased  live  weight,  carcass  percentage  and  breast  meat  as  well  as  the  loss  of  body  fat.
Conclusion: Supplementing protein and energy-restricted diets with L-leucine can be used to improve growth performance, body
composition and carcass characteristics in broiler chickens.

Key words:  L-leucine, caloric and protein restricted diets, growth performance, body composition, carcass characteristics

Received:  June 02, 2017 Accepted:  November 02, 2017 Published:  December 15, 2017

Citation: Edi Erwan, 2018. Supplementation of caloric- and protein-restricted diets with L-leucine stimulates food intake and improves carcass characteristics
in broiler chickens. Int. J. Poult. Sci., 17: 28-33.

Corresponding  Author:  E. Erwan, Department of Animal Science, Faculty of Agriculture and Animal Science, State Islamic University of Sultan Syarif Kasim,
Riau, Indonesia

Copyright:  © 2018 Edi Erwan. This is an open access article distributed under the terms of the creative commons attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited.

Competing Interest:  The author has declared that no competing interest exists.

Data Availability:  All relevant data are within the paper and its supporting information files.

http://crossmark.crossref.org/dialog/?doi=10.3923/ijps.2018.28.33&domain=pdf&date_stamp=2017-12-15


Int. J. Poult. Sci., 17 (1): 28-33, 2018

INTRODUCTION

The branched chain amino acid (BCAA), L-leucine (Leu)
plays multiple roles in body metabolism and is an essential
substrate for the synthesis of new proteins1, including being
the energy substrate2 precursor for the synthesis of alanine
and glutamine3,4 and a modulator of muscle protein synthesis.
Furthermore, these roles include being a key regulator of the
translation initiation of protein synthesis in  skeletal  muscle5

as well as enhancing muscle growth6,7, cell growth and
metabolism8-11.

Leu is also a potent activator of protein synthesis in white
adipose tissue12, which suggests that Leu supplementation
may therefore affect the mass of both muscle and fat.
Supporting this hypothesis, Leu supplementation has been
reported to result in more fat loss during caloric restriction13.
Recently, studies have explored the use of high-protein diets
or dietary supplementation with BCAAs or Leu to control body
weight14,15 and Leu has been found to improve body weight
control when coupled with exercise or energy restriction in
mice16. Additionally, Leu is known to improve body weight by
maintaining muscle mass due to the stimulation of muscle
protein synthesis1. Previous studies have revealed orexigenic
effects of oral Leu supplementation in mice17 as well as the
suppression of muscle protein degradation18,19.

Because few reports have addressed the need for Leu in
growing and finishing broiler chickens, as a practical diet for
measuring the responses to Leu while promoting good
growth has not been elucidated. Furthermore, Leu
supplementation of a low-energy diet increases the carcass
weight of grower-finisher chickens20, so it would seem
reasonable  to  expect  that  Leu  supplementation  of  both
low-dietary-energy and low-protein diets may support
growth.

Currently,  no  information  is  available  on  the  effects  of
Leu   supplementation   of   both   low-dietary-protein   and
low-energy diets on the growth and carcass characteristics of
grower-finisher broiler chickens. Therefore, this study was
conducted to evaluate dietary supplementation of low-protein
and low-energy diets with L-leucine to improve the growth
performance, body composition and carcass characteristics of
broiler chickens.

MATERIALS AND METHODS

Animals, housing and diets: The study was undertaken
following the guidelines of the Research Policy on Animal
Ethics  of  Universiti Putra Malaysia. About 81 days old broiler

Table 1: Percentage ingredient inclusion and calculated composition of the test
diets in the experiment

Ingredients Control LL LM LH
Corn 61.00 63.90 64.20 64.40
SBM (44%) 24.00 25.00 24.80 24.60
Fishmeal (57%) 6.99 1.90 1.80 1.80
Palm oil 5.42 3.11 3.11 3.11
Limestone 1.26 4.26 4.09 4.01
Salt 0.28 0.28 0.28 0.28
DCP 0.10 0.10 0.10 0.10
Mineral mix 0.25 0.25 0.25 0.25
Vitamin mix1 0.25 0.25 0.25 0.25
L-lysine 0.20 0.20 0.20 0.20
DL-methionine 0.15 0.15 0.15 0.15
L-leucine2 0.00 0.50 0.67 0.75
Choline cloride 0.10 0.10 0.10 0.10
Calculated analysis
ME (Kcal kgG1) 3.204 3.025 3.034 3.039
CP (%) 20.00 18.09 18.07 18.05
Ca (%) 0.92 1.82 1.75 1.72
Available P (%) 0.33 0.20 0.0 0.20
Fiber (%) 3.14 3.24 3.23 3.22
Mehionine+cystine (%) 0.84 0.76 0.75 0.75
Lysine (%) 1.281 1.08 1.07 1.06
Leucine (%) 1.71 2.06 2.22 2.29
1Premix provided the following per kg or diet: Vitamin A 50.000 MIU, Vitamin D3
10.000 MIU, Vitamin E 75.000, Vitamin K 20.000 g, Vitamin B1 10.000 g, Vitamin
B2 30.000 g, Vitamin B6 20.000 g, Vitamin B12 0.100 g, Calcium D-panthothenate
60.000 g, Nicotinic acid 200.000 g, Folic acid 5.000 g, Biotin 235.000 mg

chicks (Cobb) were randomly assigned to four treatment
groups and each group was replicated four times with 5 birds
per replicate pen in a battery brooder. All pens were equipped
with feeders and water and the floor of each pen measured
0.75 m×0.75 m×0.5 m in height. The birds were fed a starter
diet until the 21st day of age followed by experimental diets
from days 21-42. This experiment was conducted in
accordance with the ethics approval for research projects
involving animals and the protocol was approved by the
Institutional  Animal  Care  and  Use  Committee  (IACUC),
Number 101, Universiti Putra Malaysia. The birds were
euthanized by an intravenous injection of sodium and all
efforts were made to minimize suffering. Table 1 shows the
ingredients and chemical compositions of the four
experimental  diets,  which  were  formulated  to  provide
3,200 kcal kgG1 metabolizable energy (ME) as follows: 20% CP
without Leu supplementation as the control, which was based
on NRC (1994) and 3,000 kcal kgG1 ME, 18% CP supplemented
by 0.5% Leu (Diet LL) and 3,000 kcal kgG1 ME, 18% CP
supplemented by 0.67% Leu (diet LM) and 3,000 kcal kgG1 ME,
18% CP supplemented by 0.75% Leu (diet LH). Crude protein
was determined using the Kjedahl procedure. The
experimental    diets    and    fresh    water     were     provided
ad libitum.
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Growth performance: Body weight (BW) gain and feed
consumption were recorded weekly throughout the
experiment. Feed consumption was corrected for body weight
and mortality, if any, was taken into account. Feed
consumption was calculated as the difference between the
amount of feed supplied to the birds and the amount of feed
that remained at the end of each feeding period and BW gain
was calculated as the difference between the final and initial
weight of the birds during each of the weighing periods. Feed
intake and weight gain was recorded at days 21-42 and the
feed conversion ratio (FCR) was calculated as the ratio of feed
consumption to weight gain for each period. On the 42nd day
of the experiment, six birds from each treatment were
randomly selected, slaughtered and defeathered and their
viscera were removed to determine the responses of the
carcasses to the dietary treatments. The internal organs were
also removed and weighed.

Carcass characteristics: The carcass weight, abdominal fat
and organ weight, i.e., heart, liver and gizzard, were recorded
after slaughter. The carcass weight measurements were
performed after defeathering and the removal of the feet,
head and viscera. The abdominal fat included the leaf fat
surrounding the cloaca and the abdominal muscles, excluding
the fat surrounding the gizzard.

Carcass  composition:  To  evaluate  the  carcasses,  ten  birds
(1 bird/replicate) were randomly chosen from each treatment
group and slaughtered at the end of the experiment. Cold
carcass weights were calculated after keeping the carcasses at
-41EC  for 18 h and cold carcass yield was calculated as the
cold carcass weight divided by the body weight at slaughter.
The physical carcass composition was determined after
separation into the lean meat, fat and bones and the weights
of the pectoralis major and minor muscles, which were
dissected for sensory analysis, were also recorded and
included as lean in the analysis of carcass composition. Finally,
the carcass without the pectoralis major and minor muscle
was dissected to detach the lean, fat and bone.

Statistical analysis: One-way analysis of variance (ANOVA)
based on a completely randomized design was applied to
statistically analyze the food intake during the experiments.
Statistical significance was set at p<0.05 And values were
presented as the Mean±SEM. Regression analysis was also
performed to determine the correlations between the Leu
doses and feed intake, body weight gain and FCR. Correlation
equations were similarly obtained for carcass characteristics.

The data were analyzed using the statistical analysis system
(SAS)21. All data from each group were first subjected to a
Thompson rejection test to eliminate outliers (p<0.01) and the
remaining data were used for the comparisons among groups.

RESULTS

Food intake and growth: The effect of supplementation with
several doses of Leu on the growth performance of chickens
from 21-28 days of age is presented in Table 2. A significant
effect on food intake was observed among treatments from
21-28 days of age (F [3, 15] = 10.32, p<0.001) and it was
significantly positively correlated with the administered doses
(p<0.002, R2 = 0.668). Supplementation with Leu significantly
(F [3, 15] = 15.44, p<0.0001) increased BW gain, which was
also significantly positively correlated with the administered
doses (p<0.005, R2 = 0.617). Moreover, Leu supplementation
significantly (F [3, 16] = 11.36 p<0.0003) decreased FCR and a
significant negative correlation with the administered doses
was observed (p<0.0001, R2 = 0.736).

Table 3 shows the effects of supplementation with
different    doses    of    Leu    on    growth    performance    from
28-35 days of age.

A significant increase in food intake was detected among
the treatments from 28-35 days of age (F [3, 14]=4.19. p<0.05).
Supplementation with Leu significantly (F [3, 12] = 20.59,
p<0.0001) increased BW gain, which was significantly
positively   correlated   with   the   administered   doses
(p<0.05,  R2  =  0.531).  Moreover,  Leu  significantly  decreased
(F [3, 12] = 15.33, p<0.0002) FCR and a significant negative
correlation was observed between that parameter and the
administered doses (p<0.001, R2 = 0.756).

Table 2: Effects of supplementation of several doses of Leu on growth
performance of chickens during 21-28 days of chickens

Treatments (%) Feed intake BW gain FCR
0 720.00±5.22b 289.67±8.39b 2.63±0.15a

0.5 705.00±13.06b 331.93±12.70b 2.13±0.06bc

0.67 731.00±16.64b 334.60±25.07b 2.22±0.13ab

0.75 831.66±26.76a 478.07±27.05a 1.75±0.07c
Means with different superscripts within the same column were significantly
different at p<0.05, Values are Mean±SEM

Table 3: Effects of supplementation of different doses of Leu growth
performance during 28-35 days-old in chickens

Treatments (%) Feed intake BW gain FCR
0 801±4.94ab 273±9.76b 2.83±0.07a

0.5 740±58.78b 359±3.65b 2.29±0.0bc

0.67 810±7.38ab 328±20.63b 2.43±0.10ab

0.75 941±49.42a 523±38.16a 1.89±0.13c

Means with different superscripts within the same column were significantly
different at p<0.05, Values are Mean±SEM
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The impact of the Leu gradations on growth performance
of growing-finishing broilers is shown in Table 4. A significant
increase in food intake was detected among treatments from
35-42 days of age (F [3, 13] = 3.71, p<0.05) and Leu
supplementation with Leu significantly (F [3, 12] = 11.25,
p<0.0008) increased BW gain, which was significantly
positively  correlated  with  the  administered  doses
(p<0.0001, R2 = 0.797). Moreover, Leu significantly decreased
(F [3, 11] = 15.76, p<0.0003) FCR and a significant negative
correlation was observed between this parameter and the
administered doses (p<0.0001, R2 = 0.863).

Carcass  characteristics:  The  carcass  characteristics  are
listed   in   Table   5.   Increasing   doses   of   Leu   significantly
(F [3, 53] = 55.17, p<0.0001) increased live weight gain and
significant  (F  [3,  54]  =  24.03,  p<0.0001)  increases  in
dressing    percentages    were    also    observed.    Significant
(F [3, 53] = 6.51, p<0.005) decreases in the amount of
abdominal fat were observed for the Leu groups compared
with the control group and a significant increase was also
observed  in  breast  meat  yield  (F [3,  51]  =  75.11,  p<0.0001)

Table 4: Effects of supplementation of several doses of Leu growth performance
during 35-42 days-old in chickens

Leu (%) Feed intake BW gain FCR
0 784.20±32.21ab 260.60±16.96b 2.90±0.05a

0.5 776.75±42.73b 299.00±16.46 2.60±0.05b

0.67 781.00±47.82ab 325.25±18.55b 2.55±0.10b

0.75 1,000±100.54a 455.00±46.90a 2.20±0.06c

Means with different superscripts within the same column were significantly
different at p<0.05. Values are Mean±SEM

and  gizzard  weight  (F  [3,  54]  =  15.86,  p<0.0001).  No
significant  differences  in  heart  weight  were  observed
among groups.

Carcass composition: The chemical compositions of the
carcasses are listed in Table 6. Leu supplementation
significantly  (F  [3,  54]  =  68.53,  p<0.0001)  increased  lean
and   bone   (F   [3,   53]   =   11.58,   p<0.0001)   and   significant
(F [3, 54] = 9.59, p<0.0001) decrease in the amount of
abdominal fat was observed in the Leu groups compared with
the control group. No significant difference in the amount of
skin was observed among groups.

DISCUSSION

One of the major results of the present experiment was
the interaction between the level of Leu supplementation and
growth performance; a high level of Leu supplementation
strongly induced growth performance, improved carcass
characteristics and decreased the fat content in the muscles.
Chicks receiving the Leu-supplemented diet increased their
body weight from 21-42 days of age. Previous studies in
humans concluded that Leu and BCAA improved body weight
when  coupled  with  energy  restriction19.  Other  supporting
data include the stimulation of food intake by the
intracerebroventicular (i.c.v) administration of Leu at 30 min22

and 2 h post injection in neonatal chicks23. The current study
did not provide information as to how Leu modulates feed
intake by chickens, but some hypotheses  may  be  proposed.

Table 5: Effects of supplementation of several doses of Leu in low energy and protein diets (42 days of age) on carcass composition during 21-42 days old in chickens
Dose of leu (%)
----------------------------------------------------------------------------------------------------------------------------------------------------------------

Items 0 0.5 0.67 0.75
Live weight (g) 1.551±38.58c 1.793±24.72b 1.823±20.85b 2.170±36.43a

Carcass (%) 67.730±0.38a 69.080±0.40a 67.940±0.48a 73.410±0.80b

Breast 249.400±7.63c 344.710±8.81b 317.490±7.86b 438.110±11.40a

Abdominal fat 11.760±1.13a 8.560±0.74ab 6.980±0.61b 10.350±0.85a

Gizzard 38.310±2.08b 35.370±1.30b 38.810±1.70b 52.570±2.44a

Liver 35.980±1.34b 38.220±1.35b 42.450±1.89ab 47.180±2.30a

Heart 9.100±0.63 10.170±0.39 11.020±0.62 10.950±0.47
Means with different superscripts within the same row were significantly different at p<0.05, Values are Mean±SEM

Table 6: Effects of supplementation of several doses of Leu in low energy and protein diets (42 days of age) on body composition in chickens
Dose of leu (%)
------------------------------------------------------------------------------------------------------------------------------------------------------------------

Items 0 0.5 0.67 0.75
Lean (g) 459.01±12.41c 606.64±28.02b 616.19±16.85b 866.61±20.07a

Bone (g) 437.12±17.00b 429.80±13.45b 462.53±21.00b 559.96±19.28a

Fat (g) 43.90±2.97ab 25.11±3.39c 32.43±5.20bc 50.60±3.03a

Skin (g) 115.57±8.04 105.29±4.06 116.93±6.41 110.27±4.14
Means with different superscripts within the same row were significantly different at p<0.05. Values are Mean±SEM
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First, a Leu metabolite may increase feed intake. In the
metabolic pathway, Leu is transaminated to produce
glutamate and "-keto isocaproic acid, which is converted to
acetoacetyl-CoA in the brain24. Secondly, glutamate resulting
from Leu supplementation may stimulate feeding behavior.
Recently, Reddy et al.25 revealed that BCAAs, particularly Leu,
are important as external sources of nitrogen for the synthesis
of glutamate and glutamine. Additionally, numerous studies
involving pharmacological treatments have investigated the
role of glutamate in the regulation of appetitive behavior in
mammals and i.c.v. administration or local administration of
glutamate26,27 or the glutamate agonist, NMDA, has been
shown to induce hyperphagia. Hence, it is possible that the
orexigenic effect of Leu was due to an acceleration of
glutamate synthesis. The results of this study suggest that Leu
induces hyperphagia and thus may play an important role in
the feeding behavior of chickens. Third, Leu may also increase
feed intake by increasing gastric emptying or by competing
with tryptophan, a precursor of serotonin, to cross the
blood‒brain barrier. The information mentioned above and
the results of the present study suggest that central or oral
supplementation with Leu has similar effects on food intake in
neonatal and growing-finishing chickens. However, further
experiments will be required to determine the mechanism
underlying  how  Leu  affects  the  ingestive  behavior  of
broiler chickens.

Moreover, the current study showed that increasing
dietary Leu from 0.5-0.75% increased the lean component
compared to the control, but it also decreased abdominal fat.
One hypothesis is that Leu supplementation might have
contributed to an increase in the mass of adipose tissue. First,
chickens in the Leu group showed increased feed intake in the
first 3 weeks, which was concomitant to their weight gain.
Another hypothesis that might explain the smaller amount of
body fat in the supplemented group is related to the effect of
Leu on the increase in protein synthesis and/or turnover8,12,28.
A higher rate of protein synthesis might increase energy
expenditure and this additional energy demand can mainly be
satisfied by the oxidation of body fat.

Recently, breast muscle growth has become an
interesting parameter because of the high economic value of
this portion of the poultry carcass29,30. Breast muscle is 30% of
the total edible meat and 60% of the edible protein in the
carcass30. The data from the experiments in this study indicate
that increasing dietary Leu supplementation increased breast
muscle growth.

There is evidence that Leu supplementation has a
beneficial effect on breast meat and abdominal fat. In a
previous study, Erwan et al.31 demonstrated that Leu
supplementation of a low-energy diet  decreased  abdominal

fat and in the current study it is demonstrated that Leu
decreased the abdominal fat of chickens fed low-energy and
low-protein  diets.  These  findings  agree  with  those  of
Donato et al.13, who demonstrated that Leu supplementation
at 5.9 g kgG1 reduced body fat by 25% compared to the
control in rats. This phenomenon has also been demonstrated
in humans.

CONCLUSION

Overall, this study indicates that Leu supplementation of
protein and energy-restricted diets may increase the growth
performance and improve the carcass composition of broiler
chickens, which indicates that Leu can be used as an
alternative food supplement for broiler chickens. However,
further experiments will be required to determine the
mechanism underlying the effect of Leu on the ingestive
behavior of chickens.
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