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Abstract

The goal of this study was to evaluate the effects of variable dietary metabolizable energy and
crude protein concentrations on the performance, behaviour, expression of growth related genes
and economic impact of broiler chickens. A total of 250 Cobb broiler chicks were divided
randomly into five groups of ten replicates (10 chicks/replicate). Five diets with five different
combinations of calories and protein were formulated as the following; normal energy
and normal protein (NENP), low energy and high protein (LEHP), high energy and low protein
(HELP), normal energy and low protein (NELP), low energy and normal protein (LENP) during
starter and finisher period. The results revealed that the highest body weight and body weight
gain were observed in the HELP and NELP groups which were similar in improvement of feed
utilization and protein efficiency ratio. The total feed intake was increased with decreased
dietary energy as in NENP group. Nutrient digestibility was improved with increasing diet
energy density as in HELP and NELP groups. The expression of IGF-1 and growth hormone
genes were markedly higher in HELP and NELP groups, while the myogenin expression
significantly increased in HELP, NELP and LEHP groups. Moreover, the final weight greatly
correlated with the gene expression related to growth. Eating and drinking frequencies were
highest in LENP and LEHP groups. Birds reared in HELP diet were more active, as expressed by
greater walking, wing shaking, leg stretch, preening and flying. Briefly, our results suggested
that the energy of diets greatly affected the broiler performance, behaviour and digestibility.
Additionally, inclusion of low protein diet with addition of critical amino acids had a positive
effect on economic efficiency of broilers. Thus, NELP and HELP diets are recommending for
growth of Cobb broiler and could have a significant economic impact.

Received in revised form: 30/10/2017  Accepted: 5/11/2017

Keywords: Low protein diet, Performance, Digestibility, Gene expression, Broiler chicken.

Introduction

broiler production. High energy during the
starter period resulted in high fat accumulation
[5], consequently dietary energy wastage [6].
Saleh et al. [7] revealed that using fat to widen
the calorie:protein ratio will increase energy
intake, which increasing fat deposition. There
are two important aspects controlling
production; firstly, increasing the
energy:protein ratio thus ensuring that all the
protein will be utilized for fast growth,

In a commercial poultry production,
nutrient density is the most critical nutritional
aspect, because it has a significant impact on
performance and health of poultry, which in
turn influence the cost-effectiveness [1,2].
Dietary crude protein (CP) requirements are
high in modern broiler strains due to the fast
growth rates which consequently increasing
the overall cost of finished product [3]. The
carcass characteristics can be altered through

manipulation of dietary protein and/or energy
in broilers [4].

Synergy between protein and energy
specified the importance of a well-adjusted
calorie: protein (C:P) ratio to attain optimum
performance and carcass characters of broilers.
The energy requirements have a great role in

secondly, decrease energy amount to produce
leaner carcasses. On the other hand, protein
quality of different feed ingredients directly
depends upon the availability of critical amino
acids. Therefore, a correct level of protein with
high biological value in the ration is
importance for optimum economic
performance [8]. Broilers fed on a CP level
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and supplemented with methionine and lysine
performed well [9]. Deficiency of -either
individual or mixture of limiting amino acids
lysine,  methionine,  threonine,  valine,
isoleucine and tryptophan may lead to broiler
growth retardation [10,11]. Among the amino
acids, methionine is the primarily essential for
initiating  protein  synthesis and  affect
myogenin expression of broilers muscle [12].
Furthermore, lysine, methionine, valine, and
threonine isoleucine are essential components
of muscle protein and their deficiency can
reduce the body weight gain.

Insulin-like  growth  factor-1  (IGF-1)
positively associated with growth rate in meat-
type poultry. The chicken IGF-1 hormone is
important for cell proliferation and enhancing
the rate of metabolism [13]. Nutrition quality
and quantity can modify growth hormone
(GH) and hepatic IGF-1 expression [14]. High
dietary protein supplementation with arginine,
methionine and cysteine improved the level of
plasma IGF-I and weight gain in chicks [15].
Armstrong and Britt [16] showed that the
changes in dietary energy and protein content
associated with growth hormone concentration
in serum. Thus, optimal broiler production
requires an appropriate combination of dietary
energy and protein with optimum content and
availability of critical amino acids. Therefore,
the present study was planned to investigate
the impact of altering dietary energy and
protein with supplemental amino acids on

broiler performance, digestibility, behaviour
and economic. Moreover, evaluating the
appropriate dietary protein and energy level
through the expression of IGF-1, growth
hormone, myogenin and myostatin levels of
Cobb broiler chicken.

Materials and Methods
Birds, management, and experimental design

All the experimental procedures were
carried out in accordance with the regulations
of local experimental animal care committee
and approved by the institutional ethics
committee.

A total number of 250 day old chicks of a
commercial meat type (Cobb) obtained from a
local hatchery were used in this study. On
arrival, they were weighed and randomly
allocated to equal five treatment groups. Each
containing five replicates (10 birds/replicate).
Birds were reared in a naturally ventilated
open house with saw dust as litter, and at a
density of 10 birds/m?. Continuous lighting
was provided throughout the experiment. The
temperature was 33°C at the beginning and
then decreased gradually 2°C each week until
reached 21°C at the 6™ week. Birds vaccinated
with Hitchner B1 (1% day/eye drop), Coccivac-
B (2" day/eye drops), Avian influenza (7
days/S/C injection), Gumboro (11 days/eye
drop), LaSota (17 days/drinking water) and
Gumboro (22 days /drinking water).
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Table 1: Ingredients and nutrient composition of the basal diet of cobb broiler chickens

Ingredients Starter diet (day 1-21) Grower-finisher diet (day 22-42)

NENP?! HELP? LEHP? NELP* LENP?® NENP LEHP HELP NELP LENP
Corn, ground 53.8 61 52.65 59.35 51.65 59.2 57 64 64.4 60
Soybean meal (48%) 29.8 24.3 35.2 29.8 37.45 24.8 33.15 20.65 22.8 31.85
Corn gluten, 60% 3.4 3.8 1.6 1.8 1.2 5.75 2 4.55 3 1.3
Fish meal, 68% 4.6 2.25 4.7 1 1.8 1.7 1.8 15 15 1
Soybean Oil 4.25 4.5 1.7 3.9 3.75 4.5 2 5.25 4.25 1.8
Calcium carbonate 1.3 1.2 1.45 1.25 1.3 1.2 1.4 1.2 1.2 1.25
Calcium dibasic 15 1.25 15 1.2 15 1.45 1.4 1.3 1.30 15
phosphate
Common salt 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
L-Lysine (78%) 0.15 0.45 0.0 0.4 0.1 0.25 0.1 0.4 0.35 0.1
DL-Methionine (98%) 0.2 0.25 0.2 0.3 0.25 0.15 0.15 0.15 0.2 0.2
Vitamin and mineral 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
premix
Calculated
composition™
ME (Kcal/Kg)® 3100 3210 2886 3118 3000 3207 2951 3298 3213 2964
Protein (%) 22.53 19.40 23.79 19.68 22.56 20.37 21.39 18.27 18.28 20.27
EE (%)’ 6.78 7.10 4.27 6.41 6.11 7.1 4.55 7.88 6.91 4.39
Calcium (%) 1.40 1.28 1.43 1.22 1.28 1.25 1.27 1.23 1.24 1.23
Awail. Phos (%) 0.60 0.51 0.62 0.52 0.57 0.51 0.55 0.48 0.50 0.53
Lysine (%) 1.40 1.40 1.42 1.41 1.41 1.21 1.20 1.20 1.21 1.22
Methionine (%) 0.62 0.66 0.62 0.63 0.62 0.53 0.52 0.50 0.53 0.54
Calorie/Protein ratio 137.6 162.27 122.22 155.65 133 157.39 137.95 180.56 175.74 146.26

Muvco premix: Each3 kg contains vit.A (10.000000 IU). vit. D3 (2,000000 IU) , vit.E (10g), vit k3 (1000 mg), vit.B1 (100mg), vit.B2(5g), vit.B6(1.5g), pantothenic acid
(10g), vit.B12(10 mg), niacin (30 g), folic acid (1000 mg), biotin (50g), fe (30 g) , Mn (60 g) , Cu (4g), | (300 mg ), Co (100mg) , Se (100 mg) and Zn (50 g ).

INENP = normal energy normal protein diet, 2HELP = high energy and low protein diet, 3LEHP = low energy and high protein diet, “NELP = normal energy and low protein diet, >LENP =low
energy and normal protein diet. ®ME= Metabolizable energy. ‘EE= Ether extract
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Experimental diets and design

The experimental diet was formulated to
meet the nutrient requirements set by NRC
[17] (Table 1). The experiment was extended
for 6 weeks and the feeding period was
divided to starter and grower-finisher period
(Table 2). The proximate analysis of the used
feed ingredients was carried out according to
the standard procedures of AOAC [18]. All
chemical analyses of diets were done in
triplicates. Five types of broiler chicken starter
and grower-finisher diets were formulated as
the following: normal energy and normal
protein (NENP), low energy and high protein
(LEHP), high energy and low protein (HELP),
normal energy and low protein (NELP) and
low energy and normal protein (LENP).
Levels of essential amino acid were
maintained in all the diets by supplementing
low CP diets with free amino acids (lysine and
methionine).

Growth performance indices and carcass
characteristics

Broiler performance was assessed in terms
of body weight, body weight gain (BWG) feed
intake (FI), feed conversion ratio (FCR) at the
end of starter and grower-finisher period. At

the end of rearing period the allover
performance was recorded including protein
efficiency ratio (PER). Five chicks from each
experimental unit were selected randomly and
slaughtered to estimate the dressing
percentage, abdominal fat weight and meat
analysis [18].

Digestibility trails

At the end of the growth trial five chickens
from each group were randomly selected to
carry out the digestibility trail (five trials).
Each group was supplied by its original feed
with addition of chromic oxide (0.3%,
analytical marker) [19] for 7 days (as a
preliminary period) and then the excreta were
collected daily on a plastic sheet for another 7
days (as a collecting period).

Determination of uric acid and chromium
oxide (Cr203)

Uric acid concentration in excreta was
carried out according to Maquardt [20], while
the concentration of Cr203 in both feed and
excreta was determined by spectrophotometer.

The digestibility of dry matter of each diet was
calculated by the following equation:

% indicator in faeces - % indicator in feed

Digestibility % =

Digestibility % = 100 -

X100
% indicator in faeces
The digestibility of nutrients of each diet was calculated from the following equation: -
% indicator in feed % nutrient in faeces
X X 100

% indicator in faeces

% nutrient in feed
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Behavioural observations

Direct observations of chicken's behaviors
were done using scanning technique [21].
Each group was observed 3h/week for 6
consecutive weeks for recording the different
behavioral patterns (eating, drinking, idling,
walking, lying, sleeping, preening, wing
shaking, leg stretches and flying).

Real-time quantitative RT-PCR

At the end of experiments and immediately
after slaughter liver and breast muscle were
dissected and frozen in trizole to assay the
growth hormone, insulin- like growth factor-1,
myogenin and myostatin genes. Samples were
stored at -20°C in a plastic tube for RNA
isolation. Total RNA was extracted from tissue
samples using Qiagen RNA extraction Kits,
(Cat, No. 74104). Total RNA purity was
measured using NanoDrop_ND-1000
Spectrophotometer (Nano-Drop Technologies,
Wilmington, DE, USA). The total RNA was
reverse transcribed into cDNA by using
QIAGEN Long Range 2 Step RT-PCR Kit,
following the manufacturer’s instructions. One
uL of total cDNA was mixed with 12.5 pL of
2x SYBR Green PCR mix with ROX from
Bio-Rad, 5.5 pl of D.D water and 0.5 pL of
each forward and reverse primers for the
measured genes. The -actin gene was used as
a control for normalization. The up-and
downstream primer sequences of growth
hormone, insulin- like growth factor-1,
myogenin and myostatin genes are: GH
primers F: GCC CTG GCA GCC CTG TTA
ACC, R: CAC CCC ACC ATC GTA TCC
CATC; IGF-1 primers (F: CAG AGC AGA
TAG AGC CTG CG and R: TCT GCA GAT
GGC ACA TTC AT), Myostatin primers (F:
ATG CAA AAG CTA GCA GTC TATG and
R: ACT CCG TAG GCA TTG TGA TAAT),
Myogenin primers ( F: AGC AGC CTC AAC
CAG CAG GA and R: TCT GCC TGG TCA
TCG CTC AG) and B-actin primers (F: AAT
GAG AGG TTC AGG TGC CC and R: ATC
ACA GGG GTG TGG GTG TT).

Economic efficiency calculation

Economic efficiency was calculated
according to the following equation: Y= [(A-

B)/B X 100] [22] where, A is the selling cost
and B is the feeding cost.

Statistical analyses

Data were analyzed by using the General
Linear Model procedure (SPSS). Difference
among means was compared using Duncan’s
multiple range test. Data were presented as
mean + SE and significance was declared at (P
< 0.05).

Results

Broilers performance and

characteristics

The highest body weight (BW) in the starter
period was detected in groups fed on LEHP,
HELP and NELP, while the feed intake didn’t
affect by dietary treatment. The final body
weight and body weight gain were
significantly increased (p < 0.05) in the group
fed HELP, NELP, LENP and LEHP,
respectively, while, the lowest values were
recorded in NENP fed group. The all-over feed
intake (TFI) was increased in groups fed on
dietary low energy content and the similar for
the group fed low protein content when
compared with other groups. The allover feed
conversion ratio and PER were significantly
improved in the group fed HELP and NELP,
respectively (Table 1). In spite of the dry
matter digestibility values were similar among
the groups, but the highest value was reported
in the group fed HELP, NELP and LENP,
while it tended to be lower for those fed NENP
and LEHP (Table 2). The crude protein (CP)
digestibility tended to be increased in the
group fed HELP and NELP, while the lowest
was recorded in LEHP and LENP groups. The
values of starch digestibility significantly
increased (p< 0.05) in groups fed NENP,
HELP and NELP than other groups. Fat
digestibility tended to be increased in groups
fed NENP, NELP and HELP, while the lowest
values were recorded in groups fed LEHP and
LENP. Dressing %, abdominal fat and meat
chemical composition didn’t reveal any
significant difference among different dietary
treatment (Table 3).

carcass
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Table 2: Performance characteristics of broilers chicken fed on varying dietary calorie and protein content (starter, grower- finisher and allover periods), nutrients
digestibility and carcass characteristics of broilers (at 6 weeks of age)

Parameters NENP?! HELP? LEHP? NELP* LENP®
Starter period (day 1 to 21)

BW (g/bird)® 746+3.85° 821+2.42 837+1.66° 813+1.28% 742+3.83°
BWG (g/bird)’ 700+4.02° 775+2.63? 79142.742 766+1.42 695+4.00°
FI (g/bird)® 1335.6+36.83 1367.4+35.64 1297+30.73 1323+30.86 1290+32.62
FCR® 1.90+0.062 1.77+0.052¢ 1.64°+0.07° 1.73+0.04% 1.85+0.08%
Grower-finisher period (day 22 to 42)

BW (g/bird) 2111+1.40¢ 2432+3.14° 2292°42.92° 2371+2.08° 2284+1.83°
BWG (g/bird) 1365+13.56¢ 1611+2.86° 1454°+1.98¢ 1558+0.87° 1542+5.18°
FI (g/bird) 2911+21.97° 2875+21.09° 3073%+22.682 3105+18.76° 3151+23.572
FCR 2.14+0.02° 1.79+0.02° 2.116+0.012 1.99+0.012° 2.04£0.02°
Allover period

FBW (g/bird)*® 2111+2.40¢ 243242.142 2292+1.92¢ 2371+1.55 2284+2.83°
BWG (g/bird) 2065+1.51¢ 2386+2.70° 2246+2.6° 2325+2.19° 2237+2.90°
TFI (g/bird)! 4247 £25.43¢ 4243420.72¢ 4370+20.55P 4428+15.502 4441+25.732
FCR 2.05+0.042 1.78+0.02¢ 1.95+0.06%° 1.90+0.01¢ 1.98+0.01%
PER*? 2.32+0.04¢ 2.68+0.022 2.46+0.01%¢ 2.51+0.01° 2.411+0.01°¢
Nutrients digestibility (%0)

Dry matter 70.66+0.90° 71.48+0.86° 69.84+0.60° 71.56 £0.532 71.16+0.512
Crude protein 63.50+0.40° 64.46+0.442 62.68+0.47° 64.42+0.262 62.56+0.43%
Starch 85.92+0.272 86.84+0.55° 85.60+0.13° 86.76+0.412 85.60+0.27°
Fat 85.72+0.532 86.50+0.18% 85.28+0.38° 86.58+0.522 85.30+0.24°
Carcass characteristics

Dressing (%) 72.36+1 73.5+1.2 72.6+1.2 73.61+0.9 73.1+0.8
Abdominal fat (g) 2.20+0.09 2.3+0.05 1.99+1 2.10+0.06 2.3+0.07
Meat analysis (%)

Moisture 75.32+0.70 76.56+0.12 75.90+0.30 76.72+0.69 75.80+0.9
Protein 22.90+0.7 23.38+1.2 22.62+1.1 22.9+0.9 22.46%0.9

abed Means on the same row with different superscripts differ significantly (p < 0.05).NENP = normal energy normal protein diet, 2HELP = high energy and low protein diet, 3LEHP =
low energy and high protein diet, “NELP = normal energy and low protein diet, SLENP =low energy and normal protein diet. SBW= body weight, ’BWG= body weight gain, 8Fl= feed intake,
9FCR= feed conversion ratio, 1°FBW= final body weight, 'TFI= total feed intake, **PER= protein efficiency ratio
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Table 3: Behaviors of cobb broiler chickens under varying dietary calorie and protein

NENP! HELP? LEHP? NELP* LENPS
Eating 23.6 +0.67°¢ 20.00+1.15¢ 44.05+0.91° 41.50 +0.34° 46.6 +0.87%
Drinking 13.60+0.70° 10.93 +0.06¢ 16.60 £1.22° 18.53 +0.77% 20.53 +0.51°
Idling 47.10 +£.23° 42.56 +0.45P 48.90 +0.68° 26.00 +0.20¢ 66.16 +0.51°
Walking 25.53 £1.30% 41.50+0.53% 21.46%0.9° 31.90 £0.47P 21.00°+0.46°
Lying 62.53+0.45 60.70+0.14 70.13+0.71 61.03+0.25 65.23+0.92
Sleep 61.33+0.97% 62.13 £1.09" 65.56 +0.62% 58.63+£1.08° 68.46+1.122
Preening 9.26 +0.43° 11.6 +0.082 6.56 +0.54°¢ 9.30+0.60P 6.70+0.60°
Wing shaking 8.46 +0.58%° 10.86 +0.68? 7.00 £1.32¢ 8.96 £0.37% 6.33+0.16°
Leg stretching 5.97 £0.94° 8.46 +0.522 4.10 £0.49° 9.06 +1.232 4.53 £0.29°
Flying 6.03+0.23% 6.36 £0.18° 5.43 +0.23° 6.20 +£0.15% 4.23 +040°

ab Means on the same row with different superscripts differ significantly (p <.05).
INENP = normal energy normal protein diet, 2HELP = high energy and low protein diet, 3LEHP = low energy and high protein diet, “NELP = normal energy and low protein diet, SLENP =low

energy and normal protein diet.
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Behaviour observations

Eating behaviour was differed among the
experimental groups. The, highest frequency
was recorded in LENP group, while the lowest
was in HELP group. Birds fed on HELP were
more active that expressed by a significant
increase in walking, flying, preening, wing
shaking and leg stretching activities. In
contrast, the lowest results for these activities
were observed in LENP group with an
increase in frequencies of idling and sleeping.
There were no significant differences in lying
frequencies among different dietary groups.

Gene expression

The highest mMRNA expression levels of
IGF-1 and GH (P<0.05) were in HELP and
NELP groups when compared with other
groups. Normal or high dietary energy level

with low protein significantly increased
(P<0.05) the expression of IGF-1 than normal
or high dietary protein with low energy or
normal protein with normal energy level. The
myognin mMRNA expression in muscle was
increased (P<0.05) in HELP than LELP.
Additionally, expression of myognin was also
higher in LEHP group, although its weight
didn’t correspond to the increase in muscle
myognin expression. Inversely, HELP group
decreased mMRNA expression for the muscle
myostatin gene (Fig. 1).

Economic efficiency

The most economically efficient ratio from
dietary energy and protein was observed in
HELP (232.53%) and NELP (224.43%)
groups (Table 4).

Table 4: Effect of varying dietary calorie and protein content on economic efficiency of cobb broiler chickens

Parameters NENP! HELP? LEHP® NELP* LENP®
Diet cost (L.E*/kg diet) 4.15 3.61 4.13 3.56 3.95
Feeding cost of obtained gain (L.E) 17.62 15.79 1751 15.76 17.55
Bll’:d selling cost of obtained gain (L.E/kg live 29 29 29 29 29
weight)

Selling cost of obtained gain (L.E) 45.43 52.49 49.39 51.13 49.21
Economic efficiency (%) 93.81 232.53 182.10  224.43 180.48

L.E * Egyptian Pound.

INENP = normal energy normal protein diet, ?ZHELP = high energy and low protein diet, 3LEHP = low energy and high protein
diet, “NELP = normal energy and low protein diet, SLENP =low energy and normal protein diet.

Discussion
Growth performance
characteristics

The effect of dietary energy on the
performance of growing birds depends on the
capacity of the bird to alter feed intake for
meeting their demands with respect to their
calories [23]. The dietary calorie: protein ratio
plays an important role in broiler performance
[17]. Diet composition can modify gene
physiology and expression, causing alteration
of feed conversion ratio. Our study showed
that high metabolizable energy (ME) and low
crude protein (CP) significantly improved the
live weight gain of broiler and feed conversion
rate with reduction in feed intake. This
indicated that birds can adjust the feed intake
with changing energy level. These results were
comparable with the results of others [3]. The
dietary levels of energy and protein influenced
the total feed intake. It was lowered for birds

and carcass

fed diets with HELP and higher in LENP,
NELP and LEHP. Leeson et al. [24] stated that
the feed intake of commercial broilers strain
adequately increased as the dietary energy
decreased. As well, diets of low CP and
supplemented with amino acids improved the
growth rate and feed efficiency [25]. Feeding
broiler on 20% dietary CP and supplemented
with amino acids, significantly increased feed
intake than 23% CP with un-supplemented
amino acids [26].
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Figure 1: Effect of varying dietary calorie and protein content on the relative mRNA expression of A) GH, B) IGF-1, C) mygenin and myostatin genes of broilers
chicken. INENP = normal energy normal protein diet, 2HELP = high energy and low protein diet, 3LEHP = low energy and high protein diet, “NELP = normal energy and low protein
diet, SLENP =low energy and normal protein diet.
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Similarly, Jiang et al. [27] described that
broiler feed intake declined as essential amino
acid concentration is increased since the bird’s
requirements were met much earlier. It was
observed that inclusion of low protein diet
with maintaining optimal levels of essential
amino acids, improved broiler performance
and feed efficiency. These results agreed with
[25,28]. Also, the calorie: protein ratio plays
an important role as normal ratio of 132-155:1
could be lowered to 155 and 195 of the
recommended levels when broilers are fed
dietary low protein [29]. Thus, using of HELP
and NELP combinations tended to meet the
recommended values when compared with the
control (NENP) as these groups exhibited
lower calorie: protein values (162.27 and
155.65) and (180.56 and 175.74) in starter and
grower-finisher period, respectively.

From the economic point, excess protein
content in broiler diet is of no value where the
energy is low. This may be attributed to the
wastage of CP as heat increment after
consumption usually in the order of protein >
carbohydrate > fat [30]. Additionally,
reduction in dietary CP content significantly
increased PER [31]. Broiler protein utilization
was improved with higher dietary energy
levels and lower levels of dietary CP [32]. Dry
matter, CP, starch and fat digestibility were
highest in the HELP and NELP groups, while
it was lowest in LEHP and LENP. Adequate
nutrient utilization by birds greatly depends on
the dietary energy content and availability
[28]. Zhou et al. [33] showed that the apparent
digestibility of DM and CP retention decreased
linearly with reducing ME levels in broiler
diets from 12.55 to 11.55 MJ/kg. In contrast,
Ghazalah and Alsaady [34] observed no
significant effects of dietary energy level on
organic matter or CP digestibility of broiler
chicks.

The level of body fat and abdominal fat in
the HELP diet was non-significant when
compared with the other groups. This may be
explained by reduction of the feed intake and
high feed conversion ratio rate that related to
physiological resistance systems of broiler
chickens like down-regulation of lipoprotein
lipase and become more resistant against high
fat intake [35]. Current results in accordance
with NRC [19] recommended that, by keeping

the ratio between CP and energy narrow, CP
and energy levels can be lowered down up to a
certain limit as long as the balance among
amino acids (AAs) is maintained. Several
authors described that there are many factors
impacting bird’s requirements, the most
important is the dietary energy and CP ratio
and AAs fortification. Our results indicated
that high energy diet accompanied by decrease
in eating and drinking frequencies when
compared with lower energy diet and these
results were directly correlated to the amount
of feed intake during the rearing period.
Richards [36] reported similar findings. These
results support the interaction between
frequencies of feed intake and energy density
of diet as the bird changes its feeding
behaviour as a response to dietary energy
content.

The main reason for the increase in
productivity is thought to relate to bird
behaviour, more precisely, decreased energy
use due to less feeding time and more resting
time [37]. Frequency of walking behavior was
significantly higher in HELP group than other
groups. Similary, the interaction between
feeding behavior and energy density of food
explained that reduced performance in low
energy diets because energy maximize the
protein utilization for growth [38]. Frequency
of wing shaking, leg stretch, flying and
preening behaviour was significantly higher in
HELP groups. The energy intake is considered
a fundamental factor in broiler production and
activity [24].

Anther remarkable observation in this study
was the higher mRNA expression of growth
hormone, IGF-1, myognin in muscle was in
HELP and NELP groups. In addition, the
expression of myognin  was markedly
increased in LEHP group. Growth hormone
(GH) is necessary for differentiation of
muscle, adipocytes, and other cells modulate
development and growth [39], synthesis and
release of IGF-I through GHR pathway [40].
GH secretion is regulated by somatotropic
action..From our data, it is appearing that
dietary proteins and energy content can affect
growth hormone, IGF-1, myogenin and
myostatin expression levels. The IGF-1 levels
have a direct positive correlation with absolute
weight gain and carcass cuts in broilers [41].
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Dietary proteins and energy content influence
the IGF-1 mRNA abundance in rat liver [42].
The nitrogen source and amino acid trigger

GH-IGF-1 system activation via
neurotransmitters and circulating GH in the
liver induces IGF-1 expression [43].

Supplementation approach with free AAs to
low-protein diet was reported to be effective in
augmenting synthesis of tissue protein via the
mechanistic target of rapamycin pathway [44].
Thus, dietary protein content or free AAs, is
very important as a modulator for synthesis
and deposition of storage proteins needed for
muscle growth [45]. Han et al. [46] reported
that IGF-1 can promote propagation and
protein synthesis in myogenic satellite cells by
in vitro AKt/mTOR signaling pathway
stimulation. Broiler groups fed CP 22% and
3100 kcal/ kg of ME or 20% CP and 3300
kcal/kg of ME or 21% CP and 2800 kcal/ kg
ME groups showed higher the IGF-1
expression level [47]. Feeding of pigs on
moderate protein diet induced higher mRNA
expression of Myogenin and MyoD1 in biceps
femoris muscle [44]. Thus, lowering crude
protein content with supplemental AAs in the
diet did not reduce bird performance and those
related to higher availability of dietary
essential AAs than in intact protein.

Economic efficiency

Our results described that using of HELP
and NELP diet had a clear impact on
productivity and economic efficiency of
broiler when compared with other groups. It
cleared from these results that the economic
efficiency greatly influenced by feed cost and
feed conversion rate. Similarly, Reduction of
dietary protein level and use of synthetic
amino acid is suggested to reduce the feed cost
and the environmental pollution of nitrogen
[10].

Conclusion

From the present study, it could be
concluded that supplementation of low protein
diet with supplemental amino acids and
adequate balance of calorie: protein ratio as in
HELP (19 % CP and 3200 ME) and NELP
(19% CP and 3100 ME) broiler chicken’s
groups, exhibited a good economic
performance and enhanced expression of
growth and muscle growth related genes.
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