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The present experiment was executed to detect the extent to which different energy and protein
levels influence growth performance and some related blood metabolic parameters in Hubbard
efficiency plus chicks. A total 234 one-day-old chicks were divided into 6 groups, 39 chicks in
each. Group I, received a basal diet containing standard energy and protein. Group I, received
a diet containing standard protein and 10% low energy (LE). Group Ill, received a diet
containing standard protein and 20% low energy. Group 1V, received a diet containing standard
energy and 10% low protein (LP). Group V, received a diet containing standard energy and
20% low protein. Group VI, received a diet containing 20% low energy and 10% low protein.
During the experiment that lasted 6 weeks, body weight, weight gain, feed intake, and FCR
were recorded weekly. Serum glucose, insulin, and corticosterone levels were also measured.
The results demonstrated that the body weight of all groups showed a marked decrease
compared to control group except 10% LP group showed an unremarkable decrease in week 3
of age. In week 5 and 6, 20% LE-10% LP group and 20% LE group displayed the highest feed
intake compared to control. Also, FCR, during whole experimental period, 20% LE-10% LP
group and 20% LE group recorded a pronounced increase in FCR compared to control. Serum
level of glucose and insulin revealed significant (P <0.05) decrease in 20% LE and 20% LE-
10% LP group. Whereas serum level of corticosterone displayed a significant (P< 0.05)
increase in 20% LE and 20% LE-10% LP group compared to control group. In conclusion, low
energy had a marked effect on growth performance and related metabolic blood hormones than

low protein.

1. INTRODUCTION

Both genetic makeup and environmental issues, such as
nutrition, impact an animal's growth rate and body weight.
The neuroendocrine system is key to integrating genetic
information with external factors like nutrition to manage
the animal's growth (Zhao et al., 2004). Energy density in
broiler diet regulates feed intake. The concentration of
amino acids in the diet affects both the feed intake of broilers
and the level of dietary energy (Zuidhof, 2019).

When designing a broiler's diet, it is crucial to include the
appropriate amount of balanced dietary protein and amino
acids (AA), as these are major cost factors in poultry diets,
following energy, and have a significant effect on growth
performance (Srilatha et al., 2018). The synergy between
protein and energy underscores the relevance of maintaining
an optimal calorie to protein (C:P) ratio for fulfilling peak
performance and optimal carcass quality in broilers. Energy
needs are essential in broiler production (El Sayed et al.,
2017).

Indeed, feed consumption is a key aspect in improving the
broilers’ growth rate (Abdollahi et al., 2018). Moreover,
dietary nutritional levels have a direct impact on feed intake
(FI). Several studies have examined how feed intake (FI) is
regulated based on dietary energy levels (Plumstead et al.,
2007). Nevertheless, the outcomes are frequently
inconsistent due to the complex physiological mechanisms
that govern Fl. Maintaining energy homeostasis involves a
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multitude of external factors such as climate as well as
internal stimuli including hormones and their receptors, all
of which influence FI. Certainly, the concentration of dietary
energy interacts with other nutrients, significantly impacting
the intake of all nutrients in broilers (Classen, 2017).

For a considerable time, researchers and nutritionists held
the belief that dietary energy density predominantly
governed FI in broiler chickens (Ahiwe et al., 2018).
However, Lemme et al. (2005) showed that aside from
energy content of the diet, the concentration of amino acids
also influences FI in broilers. The hypothalamus serves as a
central hub for integrating signals from the brain,
bloodstream, and digestive system to regulate feeding and
maintain energy homeostasis (Lu et al., 2019). Within the
hypothalamus, especially in the ARC (arcuate nucleus), two
distinct groups of neurons are crucial for regulating feed
intake, energy and glucose homeostasis. notably,
AgRP/NPY-releasing neurons in the ARC are known to
stimulate feeding behavior, acting as orexigenic factors in
both avian species and mammals (Chen et al., 2018).

Chicken growth and development are predominantly
regulated by the somatotropic axis, as noted by Zhao et al.
(2004). This axis, also known as the hypothalamus-pituitary
growth axis, comprises essential components such as growth
hormone (GH), insulin-like growth factors (IGF-1 and IGF-
2), their associated carrier proteins and receptors, as well as
other hormones like glucocorticoids and insulin (Nie et al.,
2005). In poultry, corticosterone (CORT) serves as the
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principal glucocorticoid (GC) involved in regulating energy
metabolism, feed intake, along immunological responses
(Zulkifli and Azah, 2004). The goal of the present
investigation was to assess the impact of energy level and
protein concentration in the diet of broiler chickens on
growth, feed intake, glucose, and some hormones related to
growth such as insulin and corticosterone.

2. MATERIAL AND METHODS

This research was started on January 11, 2023, and lasted
until February 21, 2023, covering a period of 42 days with
an ethical approval number (BUFTMO05-04-24) at the Center
for Experimental Animal Research, Faculty of Veterinary
Medicine, Benha University, Egypt.

2.1. Animals, experimental diets and scheme

Two hundred thirty-four one-day-old Hubbard efficiency
plus chicks were split into 6 groups at random, each one
containing 39 chicks distributed into 3 replicates, with 13
chicks per replicate.

Group 1, chicks received a basal diet containing standard
energy and protein (control group) (energy at the level of
3000.07, 3102.8, and 3200.82 Kcal/kg and protein at the level of
23.11, 21.10, 20.00 % for starter, grower, and finisher, respectively).
Group 11, chicks received a diet containing standard protein
and 10% low energy (10% LE).

Group 111, chicks received a diet containing standard protein
and 20% low energy (20% LE).

Group 1V, chicks received a diet containing standard energy
and 10% low protein (10% LP).

Group V, chicks received a diet containing standard energy
and 20% low protein (20% LP).

Group VI, chicks received a diet containing 20% low energy
-10% low protein (20% LE-10% LP).

All six dietary treatments were designed using two levels of
energy and protein across starter, grower, and finisher diets
(Table 1).

All chicks were raised under equivalent environmental and
hygiene standards. fresh and clean litter of wood shavings
was used. Food and water were always available for the
experiment. Water and food were always available during
the experiment (42 days). During the experimental period,
the feeding plan was divided into three stages: starter (day
one: ten), grower (day eleven: twenty-two), and finisher (day
twenty-three: forty-two).

2.2. Measurements of growth performance:

2.2.1. Body weight and body weight gain:

At the start of the experiment, the live body weight of the
chicks was documented and subsequently measured on a
weekly interval. Birds were weighed in the early hours of the
day before feeding, using an electronic scale. The difference
in body weight gain between two consecutive weeks was
used to compute the live weight gain (g/broiler chick) at
weekly intervals. While relative growth rate was calculated

according to Crampton and Lloyd (1959) as following:

Average daily weight gain (ADG) = Total body weight gain
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100 (w2 —w1l)
2 (w2 —wl)
2.2.2. Feed intake and feed efficiency
Regular experimental morning feeds were provided to the
chicks. Daily feed consumption was determined by
weighing the given and leftover feed, and then dividing this
amount by the number of birds in each group each day
(Kamel et al., 2020). The feed conversion ratio (FCR) was
calculated by dividing the total feed consumed in grams by
the weekly weight gain (g)

(R = Feed intake (g) /bird/week

FCR = Body weight gain (g) /bird/week

2.3. Blood sampling for assessment of serum level of related-
metabolic parameters
A blood sample was collected from each replicate of
Hubbard chickens early in the morning (9 AM). The samples
were taken using red (plain) vacutainer tubes and then
centrifuged at 3000 rpm for 15-30 minutes. The serum was
meticulously separated and stored at -20 °C until analysis of
glucose, insulin and corticosterone levels.
2.4. Hormonal analysis
2.4.1. Measurement of glucose level
Glucose concentration was measured using the glucose
oxidase method (Brake et al., 1981).
2.4.2. Measurement of insulin level
Serum insulin level was measured with IRI assay is a 2- site
sandwich immunoassay using direct chemiluminescent
technology with Atellica® IM Analyzer (Mianaris Medical
Co., Ltd. For: Siemens Healthcare GmbH, HenkestraBe 127,
91052 Erlangen, Germany) as described by Argiles and
Lopez-Soriano, (2001).
2.4.3. Measurement of corticosterone level
Corticosterone level was measured with Cor assay is a
competitive immunoassay using direct chemiluminescent
technology with Atellica® IM Analyzer (Siemens
Healthcare GmbH, HenkestraBe 127, 91052 Erlangen,
Germany) as described by Hawley et al., (2016).
2.5. Statistical analysis
The data were processed using SPSS (IBM Corp. 2019).
IBM SPSS Statistics for Windows version 26.0, released by
IBM Corp. in Armonk, NY (SPSS, 2019), was utilized.
Mean differences were assessed using a one-way ANOVA,
with the Duncan test applied for detailed comparison. The
variance in the data was described using the mean and
standard error, with significance set at P< 0.05.

Relative growth rate (RGR) =

3. RESULTS

3.1. Growth performance parameters

The impact of dietary energy and protein on broiler growth
performance including body weight (BW), body weight gain
(BWG), and relative growth rate (RGR) are shown in Table
2).

Table 1 Ingredients in kg/ton of starter, grower, and finisher broiler diets (as fed basis).

Ingredients Starter

Grower Finisher

Gl G2 G3 G4 G5 G6 Gl

G2

G3 G4 G5 G6 Gl G3 G4 G6

510.65
350

471
350

302
257.6
287.6

551.7
350

618.7
3015

450.2
333.0
160.3

555.8
297

Yellow corn
Soya bean meal 46

Wheat bran 56.8

295 5 2 237 3

Vegetable oil 5.2 53

Corn gluten meal 60 29 58.4 14.3 _ 60
Mono calcium phosphate 17 16.4 141 17.7 18.1 16 16.5
Limestone 15.5 15.8 16.6 15.7 15.8 16.15 14.4
Sodium bicarbonate 2.28 22 2.7 25 31 24 28
DI-methionine 3 31 3 39 45 4 27
L lysine 3.4 3 4.7 3.8 53 3.8 3.4
Vitamin mineral premix1 3 3 3 3 3 3 3
Sodium chloride 26 24 21 23 18 23 2
L-threonine 1 1 15 17 25 19 01
Choline chloride 1 09 14 1 12 13 11
Sunflower meal 34% crude protein _ 40 399 _ _ _ _
L tryptophan _ _ _ _ 0.1 _ _
Anti-clostridial _ 0.1 0.1 0.1 0.1 0.1 0.1
Anti-toxin 0.1 0.5 0.5 0.5 0.5 0.5 0.5

517
271
99.4
53
60
15.4
14
2.9
2.7
3.8
3
2
12
12

01
0.5

464.8
242

364.3
207
2845

579.6
3255

6523
2613

406.8
216

568.2
287

416.2
223

636.8
226
285

2645 2455

5 465 34 5 535 5 5 419

62 _ _ 20 50 50 50 50 _ _
133 16.7 172 136 14.4 138 116 14.8 15 12
154 143 145 15.4 129 13 138 13 13 137

3 2.7 33 33 23 25 25 31 31 25
26 36 4 3.4 21 21 2.2 26 34 3
48 31 49 5 23 26 3.2 4 4 31

3 3 3 3 3 3 3 3 3 3
18 21 16 17 24 23 23 19 19 23
15 15 23 21 06 07 1 14 19 15
14 1 12 14 1 1 13 11 1 12

17.9

30

0.1 0.1
0.5 0.5

01
0.5

01
0.5

0.1

0.5 0.5
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The result revealed that BW, BWG, and RGR showed
substantial variations among different groups in different
weeks. Regarding BW, there was a non-significant
difference (P> 0.05) between different groups in WO (on day
1 of age). Body weight of all groups showed substantial
reduction compared to control group except 10% LP group
exhibited a non-substantial decrease in week 3 of age. The
lowest weight was observed in 20% LE group and 20% LE-
10% LP group followed by 10% LE group throughout the
experimental period.

Regarding body weight gain (BWG), all groups showed a
prominent decrease in BWG relative to control group.
However, 10% LP group showed a non-significant
difference (P> 0.05) in periods of W1-W2, W2-W3 and W5-
W6, whereas 20% LP group showed statistically
insignificant change (P> 0.05) in periods of W2-W3 and
W5-W6. 10% LE group showed a significant (P< 0.05)
decrease in BWG in all periods except at W5-W6 showed a
non-significant decrease (P> 0.05). The lowest weight gain
was observed in 20% LE group and 20% LE-10% LP group.
Total gain from WO0-W6 recorded a significant decrease in
all groups compared to control group. The lowest total
weight gain was observed in 20% LE-10% LP group
followed by 20% LE group.

For relative growth rate, all groups recorded a marked
reduction in RGR compared to control group in 1st week.
RGR did not differ appreciably from controls in the
experimental period from W2-W6 except 20% LP group that
showed a marked reduction in Week 5 of age. The lowest
RGR was displayed in 20% LE group and 20% LE-10% LP
group in 1%t and 2" week of age. No substantial difference

was noted between groups in weeks 4, 6, and total RGR
(WO0-W6).

The effect of dietary energy and protein on broiler feed
intake (FI) and feed conversion (FCR) is shown in Table (3).
F1 showed no discernible variations between treated groups
in the first 3 weeks of age. In week 5 and week 6 of age,
20%LE-10%LP group and 20%LE group displayed
significant (P< 0.05) increase in feed intake followed by
10%LE group compared to control. While 10% and 20% LP
groups showed nonsignificant (P> 0.05) difference changes
compared to control group. Also, total FI exhibited
significant (P< 0.05) enhancement in 20% LE-10% LP
group and 20% LE group compared to control.

Regarding FCR, during the whole experimental period, 20%
LE-10% LP group and 20% LE group recorded notable
increase in FCR compared to control except in week 3 of age
20% LE group showed a negligible rise in FCR.

3.2. Effect of different dietary levels of energy and protein
on glucose, insulin, and corticosterone serum level

3.2.1. Glucose level

Serum level of glucose revealed a prominent decline in 20%
LE and 20% LE-10% LP group compared to control group.
However, 20% and 10% LP, and 10% LE groups showed a
non-significant (P> 0.05) decrease. Numerically, 20% LE-
10% LP group showed the lowest glucose level (Table 4).
3.2.2. Insulin hormone level

Serum level of insulin exhibited a significant (P< 0.05)
decrease in 20% LE and 20% LE-10% LP groups compared
to control group. However, no appreciable variation in
serum insulin level was demonstrated between 20% and
10% LP, and 10% LE groups and control (Table 4).

Table 2 Effect of different dietary levels of energy and protein on body weight, body weight gain, Relative growth rate

Parameters Group 1 Group 2 Group 3 Group 4 Group5 Group 6
(control) (10%LE) (20%LE) (10%LP) (20%LP) (20%LE-10%LP)
Body weight (g)
wo 45.98 2+0.80 45.502+0.71 46.00 2 +0.65 46.11 2+0.70 45.87 2+0.59 45.68 2 +0.78
W1 165.232+3.11 138.18 © +3.06 125.00 9 +1.95 149,550 +3.27 147.22°+1.61 119.76 ¢ +2.77
w2 323.64 2+8.59 275.00 ¢ +8.37 233.86 9+3.93 301.142+8.13 285.43 % +6.67 223.33 944,98
w3 610.68 @ +18.64 492.59 ¢ +£19.23 448.86 0 +10.42 583.41 % +17.50 541.09° +14.44 412.149410.85
W4 1085.00 2 +28.32 860.00 © £29.94 804.77 © £18.39 1007.50 © +31.44 956.74 ° +23.07 727.62 ¢ £15.47
W5 1733.86 2 +33.52 1415.91 ©+37.41 1272.73 ¢ £31.52 1590.00 © +41.12 1466.96 © +43.22 1145.48 ¢ +23.36
W6 2260.45°2+24.74 1887.27 © +46.44 1641.59 ¢ +48.11 2104.09 ® +55.80 1977.39 ©+41.19 1522.38 © +28.39
Body weight gain (g)
WO0-W1 119.252+2.97 92.68 © +3.00 79.00 ¢ +1.66 103.43 % +3.35 101.35°+1.38 74.08 9 +2.50
WI-W2 158.412+7.43 136.82 2 +6.18 108.86 ¢ +3.72 151.59 # +6.70 138.22 1 +6.07 103.57 ¢ +4.11
W2-W3 287.052+14.88 21759 +18.38 215.00 ° +8.72 282.27 2 £13.00 255.65 2 £12.27 188.81°+7.47
W3-w4 474.32 2 +£15.64 367.41°+17.84 355.91 ¢4 +12.29 424,09 +19.90 415.65° +14.44 315.48 ¢ +9.89
W4-W5 648.86 @ £17.69 555.91 % +16.66 467.95 % +16.99 582.50 ® +16.36 510.22 % +24.34 417.86 ¢ £15.47
W5-W6 526.59 2 £17.74 471.36  £23.35 368.86 © +27.07 514.09 2 £22.70 510.43 2 +41.45 376.90 ® +21.37
W0-W6 2214.47 2 +24.76 1841.77 © +46.5 1595.60 ¢ +47.98 2057.98 ° +55.71 1931.53 € +41.20 1476.70 © +28.26
Relative growth rate (%)
Wi 112.69 2 +1.47 100.45 © +1.87 92.30 ¢ +1.07 105.26 ® +1.90 104.97 ® +0.85 89.219+1.69
w2 64.31 % +2.12 65.72 ® +1.63 60.53 > +1.67 66.85 2 +2.02 63.35  +1.80 60.26 ® +1.91
W3 61.04 % £2.37 55.79 ° +3.58 62.61 % +1.80 63.452+2.01 61.52% +2.15 59.14 ® +1.54
W4 56.10 2 £1.55 54.46 2 £1.95 56.69 2 £1.49 53.212+1.89 55.522+1.61 55.53 2 £1.65
W5 46.33% 1.41 49.272+1.43 44.9% +1.13 4514 % 1,16 41.72°¢+1.30 44,61 +1.46
w6 26.602+1.08 28.582+1.28 25.06 2 +1.54 27.792+0.95 29.99 #+2.59 28.27°2+1.51
W0-W6 87.612+0.92 88.912+0.93 85.302+1.10 87.452+0.84 87.912+1.73 86.69 2 £1.42
Values are expressed as mean + S.E.M. Values in the same row carrying different superscripts are significantly different at (P < 0.05).
Table 3 Effect of different dietary levels of energy and protein on Feed intake and feed conversion ratio
Parameters Group 1 Group 2 Group 3 Group 4 Group5 Group 6
(control) (10%LE) (20%LE) (10%LP) (20%LP) (20%LE-10%LP)

Feed intake (g)

Wi 157.18 2£12.13 152.69 2 +1.73 135.512+17.19 137.69 2 £5.09 155.90 2 +6.13 162.312+3.29
W2 303.46 2 £4.29 293.722+14.10 303.332£17.84 271.54 22477 310.64 2 £6.68 311.792+9.87
W3 447.92 2 £26.53 483.96 @ £24.54 458.10 # £25.75 407.86 @ +26.16 468.13 @ +£35.08 495.44 2 +51.61
W4 837.79 ® +33.12 833.26 % +10.89 832.31% +47.78 797.66 © +43.63 788.96 © £19.65 913.152+29.81
W5 1025.48 « £27.15 1136.03 " +35.53 1232.84° +13.09 979.64 ¢ +46.30 934.89 ¢ +22.01 1431.75 2 +65.23
Wé 1041.56 © +43.72 1119.33 " +89.83 1360.67 ® +35.75 961.45 © £124.03 1050.08 ¢ £93.73 1517.82 2 +54.15
WO0-W6 3813.39 © +114.59 4019.00 " +49.53 4322.76 © +102.07 3555.84 9+191. 19 3708.60 « +167.89 4832.26 2 +150.95
Daily FI 89.79 9+0.74 95.37 ¢ +0.44 103.40 * +0.78 86.71°¢+1.15 87.69 % +1.26 115.183+1.24
Feed conversion ratio

Wi 1.33°¢+0.05 1.64 b +0.05 1.732+0.25 1.34 ¢ +0.09 1.54 % +0.06 2.192+0.06
W2 1.92 °+0.06 2.19°+0.02 2.822+0.35 1.81°+0.13 2.27°+0.12 3.002+0.05
w3 1.56 ¢ +0.05 2.25®+0.24 2.13%+0.03 143°+0.11 1.83 % +0.15 2.652+0.40
w4 1.79°+0.10 2.34°+0.14 2.32°+0.15 1.97 °+0.08 1.90 ¢ +0.06 2.902+0.11
W5 1.58 ¢ +0.09 2.03°¢+0.01 2.65°+0.04 1.67 ¢+0.07 1.83°¢+0.11 3.482+0.32
Wé 2.00°+0.13 2.40°+0.11 3.682+0.16 1.93°+0.18 2.22°+0.44 4.022+0.15
WO0-W6 1.739+0.07 2.20 ©+0.07 2.71°+0.07 1.75 9 +0.06 1.93 % +0.13 3.282+0.15

Values are expressed as mean + S.E.M. Values in the same row carrying different superscripts are significantly different at (P < 0.05).
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3.2.3. Corticosterone hormone level

Serum level of corticosterone displayed a significant (P<
0.05) increase in 20% LE and 20% LE-10% LP groups
compared to control group. while 20% and 10% LP, and
10% LE did not differ appreciably from controls (Table 4).

Table 4 Effect of different dietary levels of energy and protein on glucose,
insulin, and corticosterone serum level

Corticosterone
(ng/ml)

Insulin
(HIU/mI)

Chicken groups Glucose
mg /dL

Control 190.33%+0.88 34.11°+2.98 10.00° 2,52
10% low energy (10%LE) 169.67 * +10.11 26.91°+0.42 10.00°+1.15
20% low energy (20%LE) 140.33" +6.64 18.83" +0.32 21.33%+0.88
10% low protein (10%LP) 179.67 % +4.10 29.80°+4.19 7.00° +0.58
20% low protein (10%LP) 174.00° +1.53 34.26 ° 2,44 8.00°£0.58
20% low energy & 10% low  127.00° + 16.17 16.55" +1.15 22.33"+2.19

protein (20%LE-10%LP)

Values are expressed as mean + S.E.M. Values in the same column carrying different
superscripts are significantly different at (P < 0.05).

4. DISCUSSION

It is widely acknowledged that the diet formulation and
macronutrient ratios significantly impact both the
performance and body composition of chickens. The levels
of dietary protein and energy are critical for optimizing chick
performance and economic returns (Abd El-Hady and Abd
El-Ghany, 2003). The obtained results revealed that body
weight of all groups showed a significant decrease except
10%LP group exhibited a non-substantial decrease in week
3 of age compared to control group. The lowest BW and
BWG were observed in birds supplied with low-energy diets
and low-protein diets. These results are supported by
previous investigations, which have reported lowering
dietary ME causing a linear reduction in growth
performance and weight gain (Kamran et al., 2008). El-
Faham et al. (2015) reported that chicks consuming a
moderate dietary energy level showed the greatest decline in
BW, with a decrease of 7.5%, compared to those fed diets
with higher energy levels. Furthermore, Latham et al. (2016)
found that a dietary energy level of around 3000 kcal/kg did
not impact body weight in broilers, whereas lower caloric
levels led to a reduction in BW. Research suggests that
broiler chicks receiving low-protein or low-energy diets
experienced considerably lower daily weight gain
(Hassanien, 2006). Moreover, Reduction of dietary energy
had a negative influence on BWG (Wang et al., 2020).
Contrary to our results, regarding live BW and DWG, it is
noteworthy that chicks fed a low-energy diet during the first
period (0-3 weeks) showed the most negligible outcomes
when compared to those fed diets with medium or high
energy levels (El-Faham et al., 2015). Broilers fed the LE-
LP diet exhibited considerably greater BWG and FI between
days 22 and 35, as well as a higher final BW on day 35,
compared to those on the NE diet (Miao et al., 2017).

The obtained findings displayed that the body weight of low
protein groups showed a notable decrease compared to
control group except 10%LP group showed a minor decrease
in week 3 of age. These observations were corroborated by
van Harn et al. (2019), who recorded that a notable drop in
dietary protein levels exceeding 2 percentage points results
in suboptimal growth performance in broilers. Similar
results were found in this study, where lower dietary protein
levels adversely affected BW and BWG of broilers
throughout the experimental period. Ghazanfari et al. (2010)
investigated rations with varying CP levels and found that
lower protein levels adversely affected the FCR and BW of
broilers at 0-32 days of age. However, Rabie et al. (1997)
found no discernible variations in the growth performance
of broilers provided with diets of varying protein content
between 18 and 53 days of age. Therefore, it was noted from
the results that the level of dietary crude protein might not
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be as crucial as AA profile of the diet. When amino acids,
especially the critical ones, were properly balanced, the
protein content of the diet could be reduced without
compromising growth performance. The outcomes of this
investigation match those reported by Woyengo et al.
(2023), who reported no discernible variations in WG
following the reduction of dietary protein from twenty-three
percent to twenty percent. The birds fed low levels of CP
showed significantly (P< 0.05) higher BWG and better FCR
as compared to the diets with high levels of CP (Srilatha et
al., 2018). In the same aspect, Abbasi et al. (2014) reported
that a 10% reduction in dietary CP level can be achieved
without compromising growth performance during the
finisher phase (25-42 days age). The observed decrease in
growth rate could be attributed to lower-energy diets, which
contain insufficient energy to support protein synthesis. This
insufficiency forces the catabolism of amino acids to
compensate, leading to reduced growth and poorer feed
efficiency (Ghahremani et al., 2016).

In the present investigation, FI showed a non-significant
difference between treated groups in the first 3 weeks. These
findings align with Wang et al. (2020), who observed that
the reduction of feed energy throughout the starter period did
not influence FI, BW, and FCR of broiler chicks. However,
in week 5 and week 6, chicks fed low-energy diets and low
energy with low protein diet displayed the highest feed
intake compared to control. These results are in line with
Maharjan et al. (2021), who noted that broilers on lower ME
diets consumed a greater amount of feed, likely to meet their
physiological energy needs, which resulted in lower feed
efficiency. A low-energy diet was also linked to enhanced
agouti-related peptide (AgRP) mRNA expression in the
hypothalamus, which stimulated FI (Xu, 2012). Therefore,
low-energy (LE) diets led to increased feed intake (FI).

In this study, low protein groups showed nonsignificant
difference changes in feed intake in comparison with the
control group. These results are consistent with Malheiros et
al. (2003), who found that broilers exhibited no differences
in feed intake when fed iso-energy diets with reduced protein
levels (15.8% CP). Similarly, according to Ferguson et al.
(1998), decreasing dietary crude protein (CP) from 20.4% to
18.8% during the starter phase did not affect feed intake. On
the other hand, Colnago et al. (1991) found that reducing
crude protein (CP) levels led to a decrease in feed intake,
even with essential amino acids provided. Feed intake was
decreased in broilers on a low-protein diet relative to those
on a control diet (Hada et al., 2013). Meanwhile, no changes
in feed intake were observed when birds were supplied with
80% or 90% of their amino acid needs (Aviagen, 2007).
Regarding FCR, in our results during the whole
experimental period, 20% LE-10% LP group and 20% LE
group recorded a marked decrease in FCR compared to
control. This result is supported by previous investigations,
which have reported that feed conversion ratio showed an
increase with lower energy content when diets were in mash
form (Jafarnejad et al., 2010). Similarly, Latham et al.
(2016) found that reducing dietary energy by 97 kcal/kg
increased FCR between 0 and 42 days of age.
Correspondingly, the feed conversion ratio (FCR)
demonstrated a similar pattern, since birds on low-energy
diets were less efficient in converting feed into body weight
gain than those on medium or high-energy diets. The most
favorable FCR has observed in chicks fed high-energy diets,
while the least favorable FCR occurred in chicks fed low-
energy diets. The conflicting findings regarding dietary
energy and growth performance could be attributed to
variations in nutrient levels, types of fat (vegan vs. animal),
rearing environments, and the age of the birds.
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It is explicit from the present results that serum levels of
glucose and insulin revealed a significant decrease in chicks
fed low energy diet and low energy with low protein diet
compared to control group. Serum glucose (GLU) is a
primary energy source essential for the growth of body
tissues, including nervous system, renal medulla, red blood
cells, and skeletal muscles (Hu et al., 2021). A failure to
regulate this nutrient can lead to hypoglycemia (Nirmalan
and Nirmalan, 2020). In the present study, low levels of
energy lead to decrease glucose. Since glucose levels
decreased, insulin also decreased as no stimulation of
pancreas to secret insulin. These results were aligned with
Frayn (2009), who found that in the state of starvation or
fasting, insulin secretion is reduced, and glucagon secretion
is increased, which triggers catabolic processes and
mobilizes glucose and free fatty acids (FFA). When glucose
levels fall, glucagon secreted by a cells stimulates
gluconeogenesis, increasing blood glucose by facilitating
glycogen breakdown and releasing glucose from the liver.
But it disagreed with those of other researchers like De Jong
etal. (2002), who demonstrated that in birds, plasma glucose
levels are usually well-maintained, even when fasting or
starving.

GLU can be oxidized to supply energy and diverted into
pathways for the synthesis of fatty acids (Uyeda and Repa,
2006). Therefore, glucose is crucial as an energy source and
a primary factor for maintaining life in birds. It promotes the
synthesis of new glucose from non-carbohydrate carbon
sources through gluconeogenesis, a critical process for
sustaining glucose levels needed for various metabolic
functions (Dashty, 2013). The regulation of glucose
homeostasis is achieved through the simultaneous, opposing
actions of various hormones. Insulin lowers plasma glucose
and aids in its conversion to glycogen, while glucagon
functions as the primary opposing hormone, raising plasma
glucose levels by promoting glycogen breakdown and
glucose release from the liver (Nirmalan and Nirmalan,
2023). Due to the opposing roles of insulin and glucagon, an
insulin deficiency results in elevated glucagon levels, which
are essential for gluconeogenesis. Glucagon boosts
gluconeogenesis in the liver by increasing both the quantity
and activity of the liver enzymes involved. It also helps the
liver absorb amino acids from the blood, converting them
into glucose (Qaid et al., 2016).

In the present study, the serum level of corticosterone
hormone displayed a marked increase in low energy and low
energy with low protein group compared to control group.
These results are supported by Ognik and Sembratowicz
(2012), who demonstrated an increase in corticosterone
levels, which is responsible for glucose production from
carbohydrate, lipid, and protein reserves, leading to
enhanced gluconeogenesis, causing decreases in skeletal
muscle mass. When insulin is absent, corticosterone
stimulates proteolysis and lipolysis, supplying substrates for
gluconeogenesis and energy production. Khondowe et al.
(2018) also observed that a low-energy diet significantly
raised corticosterone levels. Avian metabolism s
profoundly influenced by corticosterone, the primary
glucocorticoid in birds, or by dexamethasone, which serves
as a substitute. Glucocorticoid treatment in chickens results
in reduced growth, particularly in skeletal muscle, and is
associated with increased adiposity and liver weight (Yuan
et al., 2008).

The observed lower growth rate in chicks fed low-energy
diets in the current research is likely because of elevated
corticosterone concentrations. Increased corticosterone
stimulates proteolysis to provide amino acids for hepatic
gluconeogenesis, raising blood glucose levels. Additionally,

23

lower insulin levels, which are crucial for carbohydrate and
lipid metabolism regulation and for promoting growth
through augmented protein synthesis and modifying the
expression of growth-related genes contribute to the reduced
growth rate. Birds primarily eat more to meet their energy
needs, and they tend to consume greater quantities when
their diet is lower in energy density. Despite this, when birds
were given diets low in crude protein (CP) and
metabolizable energy (ME), their feed intake increased.
moreover, this increased intake couldn't offset the negative
impact on weight gain and feed conversion ratio (FCR) due
to the inherent limitations on how much birds can consume.
Moreover, it didn't lead to a full recovery of their final body
weight. The hypothesis aligns with the results documented
by Saxena et al. (2020).

5. CONCLUSIONS

In conclusion, concerning growth parameters energy
deficiency caused a marked decrease in growth, and protein
deficiency may probably be due to the upregulation of the
level of corticosterone hormone and downregulation of
glucose and insulin, so energy deficiency caused more
marked effects on these hormones than protein deficiency.

CONFLICT OF INTEREST
The authors announce that they have no conflict of interest.

6. REFERENCES

1. Abbasi, M. A., Mahdavi, A. H., Samie, A. H., Jahanian, R.,
2014. Effects of different levels of dietary crude protein and
threonine on performance, humoral immune responses and
intestinal morphology of broiler chicks. Brazilian Journal of
Poultry Science 16, 35-44.

2. Abd El-Hady, S.B. and Abd EI-Ghany, F.A., 2003. The effect
of genotype, dietary protein level and their interaction on
chicken performance of two strains. Egypt. Poult. Sci, 23, 153-
167.

3. Abdollahi, M. R., Zaefarian, F., Ravindran, V., 2018. Feed
intake response of broilers: Impact of feed processing. Animal
Feed Science and Technology 237, 154-165.

4. Ahiwe, E. U.,, Omede, A. A, Abdallh, M. B, lji, P. A., 2018.
Managing dietary energy intake by broiler chickens to reduce
production costs and improve product quality. In B. Yiicel & T.
Taskin ,Eds. , Animal Husbandry and Nutrition, 1st ed.. 115—
145.

5. Argiles JM and Lopez-Soriano FJ., 2001. Insulin and cancer
,Review . Int J Oncol.18,4 , 683 687.

6. Aviagen. 2007. Broiler Nutrition Specifications. Ross 308.
Hunstville, AL.

7. Brake, J., Garlich, J.D., Parkhurst, C.R., Thaxton, P. and
Morgan, G.W., 1981. Physiological profile of caged layers
during one production season, molt, and postmolt: organ
weights and blood constituents. Poultry Science, 60,9 , 2157-
2160.

8. Chen, C., Wang, H., Jiao, H., Wang, X., Zhao, J., Lin, H., 2018.
Feed habituation alleviates decreased feed intake after feed
replacement in broilers. Poultry science 97,3 , 733-742.

9. Classen, H.L., 2017. Diet energy and feed intake in chickens.

Animal Feed Science and Technology 233, 13-21.

Colnago, L., Penz, AM. Jr., Jensen, L.S.,1991. Effect of

response of starting broiler chicks to incremental reduction in

intact protein on performance during the grower phase. Poultry

Science 70,1, 211-214.

Crampton, E. W. and Lloyd, L. E. 1959, ' Fundamentals of

nutrition', W. H. Freeman and Co., San Francisco and London,

494 pp.

Dashty, M. 2013. A quick look at biochemistry: Carbohydrate

metabolism. Clinical Biochemistry 46, 1339-1352.

10.

11.

12.



Fishah et al. (2024)

BVMJ 47 (1) : 19-25

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

De jong, I. C., Voorst, S. V., Ehlhardt, D. A. Blokhuis, H. J.,
2002. Effects of restricted feeding on physiological stress
parameters in growing broiler breeders. British Poultry Science
43,2, 157-168.

El Sayed, R., lbrahim, D., Said, E.N., 2017. Effect of dietary
calorie and protein content on performance, behaviour,
expression of some growth-related genes and economic of
broiler chickens. Zagazig Veterinary Journal 45,4 , 326-339.
El-Faham, A.l., Ali, N.G., Ali, R.M., 2015. Effect of feeding
different dietary energy levels on productive and physiological
performance of broiler chicks under different housing systems.
Egyptian Journal of Nutrition and Feeds 18,2 Special , pp.163-
174.

Ferguson, N. S., Gates, R. S., Taraba, J. L., Cantor, A. H.,
Pescatore, A. J., Ford, M. J., Burnham, D. J., 1998. The effect
of dietary crude protein on growth, ammonia concentration, and
litter composition in broilers. Poultry Science 77,10 , 1481-
1487.

Frayn, K. N., 2009. Metabolic regulation: A human perspective
,3rd ed. . Oxford: University of Oxford.

Ghahremani, A., Sadeghi, A.A., Hesaraki, S., Chamani, M.
Shawrang, P., 2016. Energy Type and Amount in the Diets of
Broiler Chickens: Effects on Performance and Duodenal
Morphology. Iranian Journal of Applied Animal Science 6,909-
915.

Ghazanfari, S., Kermanshahi, H., Nassiry, M. R., Golian, A.,
Moussavi, A. R. H., Salehi, A., 2010. Effect of feed restriction
and different energy and protein levels of the diet on growth
performance and growth hormone in broiler chickens. Journal
of Biological Sciences 10,1 , 25-30.

Hada, F.H., Malheiros, R.D., Silva, J.D.T., Marques, R.H.,
Gravena, R.A,, Silva, V.K., Moraes, V.M.B., 2013. Effect of
protein, carbohydrate, lipid, and selenium levels on the
performance, carcass yield, and blood changes in broilers.
Brazilian Journal of Poultry Science 15, 385-394.

Hassanein, H.H., 2006. Effect of initial chick body weight and
diet on the growth performance of broiler chicks. Egypt. Poultry
Science 26,1305-1320.

Hawley, J.M., Owen, L.J., Lockhart, S.J., 2016. Serum cortisol.
an up-to-date assessment of routine assay performance. Clin
Chem. 62,9 ,1220-1229.

Hu, X., Li, X., Xiao, C., Kong, L., Zhu, Q., Song, Z., 2021.
Effects of dietary energy level on performance, plasma
parameters, and central AMPK levels in stressed broilers.
Frontiers in Veterinary Science 8, 681858.
https://doi.org/10.3389/fvets.2021.681858.

Jafarnejad, S., Farkhoy, M., Sadegh, M., Bahonar, A. R., 2010.
Effect of crumble-pellet and mash diets with different levels of
dietary protein and energy on the performance of broilers at the
end of the third week. Veterinary Medicine international,1,
328123.

Kamel, E.R., Mohammed, L.S., and Abdelfattah, F.A. 2020,
‘Effect of a diet containing data pits on growth performance,
diet digestibility and economic evaluation of Japanese quail
,coturnix coturnix japonica ’. Tropical Animal Health and
Production, 52, 339-346.

Kamran, Z., Sarwar, M., Nisa, M., Nadeem, M. A., Mahmood,
S., Babar, M. E., Ahmed, S. ,2008. Effect of low-protein diets
having constant energy-to-protein ratio on performance and
carcass characteristics of broiler chickens from one to thirty-
five days of age. Poultry Science 87,3 , 468-474.

Khondowe, P., Mutayoba, B., Muhairwa, A. and Phiri, E., 2018.
Comparative effects of low energy diets on blood parameters
and liver HSP70 and iNOS gene expressions among Tanzanian
local chicken ecotypes. Animal Research International, 15,3 :
3070 — 3081.

Latham, R. E., Williams, M., Smith, K., Stringfellow, K.,
Clemente, S., Brister, R., Lee, J. T., 2016. Effect of -
mannanase inclusion on growth performance, ileal digestible
energy, and intestinal viscosity of male broilers fed a reduced-
energy diet. Journal of Applied Poultry Research 25,1, 40-47.
Lemme, A., Kemp, C., Fisher, C., Kenny, M., Petri, A.,2005.
Responses of growing broilers to varying dietary energy and
balanced amino acid levels. Proceedings of the 15th European
Symposium on Poultry Nutrition, Balatonfiired, Hungary. Pp.
465-468.

24

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45,

46.

47.

Lu, Q., Yang, Y., Jia, S., Zhao, S., Gu, B., Lu, P., et al., 2019.
SRC1 deficiency in hypothalamic arcuate nucleus increases
appetite  and body weight. Journal of Molecular
Endocrinology62,1 , 37-46.

Maharjan, P., Hilton, K.M., Mullenix, G., Weil, J., Beitia, A.,
Suesuttajit, N., Umberson, C., Martinez, D.A., Caldas, J.V.,
Kalinowski, A. and Yacoubi, N., 2021. Effects of dietary
energy levels on performance and carcass yield of 2 meat-type
broiler lines housed in hot and cool ambient temperatures.
Poultry science 100,3 , p.100885.

Malheiros, R. D., Moraes, V. M., Collin, A., Janssens, G. P.,
Decuypere, E., Buyse, J., 2003. Dietary macronutrients,
endocrine functioning and intermediary metabolism in broiler
chickens: Pair wise substitutions between protein, fat and
carbohydrate. Nutrition research 23,4 , 567-578.

Miao, Z., Zhang, G., Zhang, J., Li, J., Yang, Y., 2017. Effect of
early dietary energy restriction and phosphorus level on
subsequent growth performance, intestinal phosphate transport,
and AMPK activity in young broilers. PloS one 12,12 ,
p.e0186828.

Nie, Q., Lei, M., Ouyang, J., Zeng, H., Yang, G. and Zhang, X.,
2005. Identification and characterization of single nucleotide
polymorphisms in 12 chicken growth-correlated genes by
denaturing high performance liquid chromatography. Genetics
Selection Evolution, 37,3 , 339-360.

Nirmalan, N. and Nirmalan, M., 2023. Hormonal control of
metabolism: regulation of plasma glucose. Anaesthesia &
Intensive Care Medicine.

Nirmalan, N., Nirmalan, M., 2020. Hormonal control of
metabolism: regulation of plasma glucose. Anaesthesia &
Intensive Care Medicine 21,11 , 578-583.

Ognik, K., Sembratowicz, 1., 2012. Stress as a factor modifying
the metabolism in poultry. A review. Annales Universitatis
Mariae Curie- Sktodowska. Sectio EE: Zootechnica 30,2 , 34 —
43.

Plumstead, P.W., Romero-Sanchez, H., Paton, N.D., Spears,
J.W., Brake, J., 2007. Effects of dietary metabolizable energy
and protein on early growth responses of broilers to dietary
lysine. Poultry Science 86, 2639-2648.

Qaid, M.M., Abdelrahman, M.M., Gonzalez-Redondo, P.,
2016. Role of insulin and other related hormones in energy
metabolism—A review. Cogent Food and Agriculture 2,1, 1—
18.

Rabie, M.H., M. Szilagyi, T. Gippert, 1997. Effects of dietary
L-carnitine supplementation and protein level on performance
and degree of meatness and fatness of broilers. Acta Biologica
Hungarica 48, 221-239

Saxena, R., Saxena, V.K., Tripathi, V., Mir, N.A., Dev, K,
Begum, J., Agarwal, R. and Goel, A., 2020. Dynamics of gene
expression of hormones involved in the growth of broiler
chickens in response to the dietary protein and energy
changes. General and comparative endocrinology, 288.

SPSS, I. 2019, ' Statistics for Macintosh ,Version 26.0
[Computer Software] ', IBM Corp, Armonk, NY.

Srilatha, T., Reddy, V. R., Preetam, V. C., Rao, S. V., Reddy,
Y. R., 2018. Effect of different levels of dietary crude protein
on the growth performance and carcass characteristics of
commercial broilers at different phases of growth. Indian
Journal of Animal Research 52,4 , 559-563.

Uyeda, K., Repa, J.J., 2006. Carbohydrate response element
binding protein, ChREBP, a transcription factor coupling
hepatic glucose utilization and lipid synthesis. Cell Metabolism
4,107-110.

Van Harn, J., Dijkslag, M. A., Van Krimpen, M. M., 2019.
Effect of low protein diets supplemented with free amino acids
on growth performance, slaughter yield, litter quality, and
footpad lesions of male broilers. Poultry Science 98,10 , 4868-
4877.

Wang, J., Choi, H., Kim, W.K., 2020. Effects of dietary energy
level and 1, 3-diacylglycerol on growth performance and
carcass yield in broilers. Journal of applied poultry research
29,3, 665-672.

Woyengo, T. A., Knudsen, K. B., Barsting, C. F., 2023. Low-
protein diets for broilers: current knowledge and potential
strategies to improve performance and health, and to reduce
environmental impact. Animal Feed Science and Technology
297.


https://doi.org/10.3389/fvets.2021.681858

Fishah et al. (2024)

BVMJ 47 (1) : 19-25

48.

49.

50.

Xu, S.H.,2012. Effects of energy level and glucocorticoids on
regulation of feed intake in broilers. Master’s Thesis. Shandong
Agricultural University Taian, China.

Yuan, L., Lin, H., Jiang, K.J., Jiao, H.C. Song, Z.G., 2008.
Corticosterone administration and high-energy feed results in
enhanced fat accumulation and insulin resistance in broiler
chickens. British Poultry Science 49,4, 487-495.

Zhao, R., Muehlbauer, E., Decuypere, E., Decuypere, E.,
Grossmann, R., 2004. Effect of genotype-nutrition on growth

25

51.

52.

and somatotropic gene expression in the chicken. Gen. Comp.
Endocrinol 136 ,1, 2-11.

Zulkifli, 1., Azah, A. S. N., 2004. Fear and stress reactions and
the performance of commercial broiler chickens subjected to
regular pleasant and unpleasant contacts with human being.
Appl Anim. Behav. Sci., 88, 77-87.

Zuidhof, M. ,2019. A review of dietary metabolizable and net
energy: Uncoupling heat production and retained
energy. Journal of Applied Poultry Research, 28,2 , 231-241.



