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ABSTRACT

Background: Selecting the appropriate amino acid levels according to age of modern broiler chicken is critical since proteins are
costly. This study, therefore, evaluated the performance of the broiler chicken by modulating growth curve through varying balanced
protein (BP) regimen under conventional all step-down phase feeding.

Methods: In total, 1750 one-day-old straight run broiler chicks (Hubbard) were randomly allocated to 10 treatments, replicated 7 times
with 25 broilers. The 3 diets; a high BP (HBP) with 1.2% standardized lleal digestible lysine (SIDLys), a medium BP (MBP) with 1.1%
SIDLys and a low BP (LBP) with 1.0% SIDLys, were offered in starter, grower and finisher phases as HHH, MMM, LLL, HHM, HHL,
MML, HHM, MML, HLL and HML.

Result: Higher (P<0.05) average BW and BW G were observed in HMM group in starter period. The greater (P<0.05) Fl, however, was
observed in HHH and in MLL groups in grower and finisher phases. The HMM group had better (P<0.05) FCR in all phases. The HHH
group had greater (P<0.05) dressed carcass weight, breast yield, drum stick and thigh weights. The HHH group, moreover, had
heavier (P<0.05) abdominal fat, thigh, spleen, thymus and bursa of Fabricius. The HHH group, similarly, had higher (P<0.05) serum
glucose, cholesterol, urea concentrations and antibody titers against NDV and IBDV. In conclusion, 1.2% SIDLys in the HBP diets

improved growth performance, carcass characteristics, blood metabolites and immunity in the broiler chicken.
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INTRODUCTION

In comparison with a random bred broiler chicken strain from
1957, the growth rate has been increased 4 folds and
FCR has been reduced to half at 42 day of age in modern
broiler chicken (Zuidhof et al., 2014). The breeding
companies develop new strains, approximately every 5
years with the updated nutritional requirements (Brown
et al., 2022). The nutrient requirements of broiler chicken
change with age; hence rebalancing the diets, in demand
to meet the changing nutrient requirements of broiler
chickens according to their age are inevitable (Taheri
et al., 2020).

Feed costs about 70% of commercial broiler chicken
production. Selecting the appropriate level of dietary amino
acids, therefore, may be of critical economic decision since
protein (amino acids) are costly nutrients per unit feed
(Maharjan et al., 2021). Globally, digestible amino acids and
ratios to lysine (Lys) are used extensively in formulating
poultry diets. The digestible Lys level in diet for each stage
of production is critical in setting the minimums for the other
essential digestible amino acids in the ideal protein concept
as a balanced protein (Kidd and Tillman, 2016). Utilizing
the correct amount of balanced dietary AA for poultry is,
therefore, a high priority issue due to its significant impact
on broiler chicken growth and meat yield.

In phase-feeding (PF) strategy levels of dietary amino
acids (AA) are reduced gradually over time in order to
decrease feed cost linked with excess dietary AA supply
(Emmert and Baker, 1997). Reduced protein contents,
however, during starter phase had negative effects on
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production performance. It is critical to optimize the
requirements of AA at different time periods in broiler chicken
for efficient protein utilization as ever increasing protein
ingredient prices urge the needs of optimum balanced
protein (BP) concept to fulfill bird’s requirements avoiding
under formulation or over formulation. Since over formulation
is costly and under-formulation may result in suboptimal
growth and meat production leading to less economic
returns. Knowledge of the period in a broiler chicken’s life
when amino acid needs are greatest is critical so that amino
acid requirements patterns may be adjusted in an efficient
manner. The present study was, therefore, designed to
evaluate the performance of the broiler chicken by
modulating growth curve through varying BP regimen under
conventional all step-down phase feeding.
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METERIALS AND METHODS

This trial was carried out according to the guidelines of
Animal Care and Use Committee, University of Veterinary
and Animal Sciences, Lahore, Pakistan. In total, 1750 one-
day-old straight run broiler chicks (Hubbard) were allocated
to 10 experimental treatments, replicated 7 times with 25
birds each, in a completely randomized design. Three
isocaloric experimental diets (Table 1); a high BP (HBP) with
1.2% standardized lleal digestible lysine (SID Lys), a medium
BP (MBP) with 1.1% SID Lys and a low BP (LBP) 1.0% SID
Lys, were offered in starter (1-10 days), grower (11-25 days)
and finisher (26-35 days) phases, as HHH (HBP for 1-35d),
MMM (MBP for 1-35d), LLL (LBP for 1-35d), HHM (HBP for
1-25d and MBP for 26-35d), HHL (HBP for 1-25d and LBP
for 26-35d), MML, (MBP for 1-25d and LBP for 26-35d),
HMM (HBP for 1-10d and MBP for 26-35d), MLL (MBP for
1-10d and LBP for 26-35d), HLL (HBP for 1-10d and LBP
for 26-35d) and HML (HBP for 1-10d, MBP for 11-25d and
LBP for 25-35d under conventional all step-down phase
feeding. The birds were reared in environmentally
controlled house using rice husk as a bedding material
and offered ad-libitum feed and water throughout the ftrial.
The birds were immunized against Newcastle disease virus
(NDV) (Ceva-Phylaxia, Budapest, Hungry) in drinking water
at day 2™, 14" and 28™" day of age. The chicks were
vaccinated on day 2™ and 14" against infectious bursal
disease virus (IBDV) (Lohman Animal Health GmbH,
Cuxhaven, Germany). The recommended management
conditions were followed as per guidelines of Hubbard
broiler chicken management guide.

The data of growth performance including body weight
(BW), body weight gain (BWG), feed intake (FI) and FCR
were collected at the end of each phase. The nutrient
compositions of the experimental diets were analyzed with
the procedure described by Hussain et al. (2020). At the
35" day of experiment, three birds from each pen were
selected randomly and 5 ml blood was collected by
puncturing wing vein, serum harvested that was used to
determine the concentration of glucose, cholesterol (mg/dl)
and antibody titers against NDV and IBDV by procedures
described by Waqas et al. (2019). The total protein (g/dl)
(Biuret Method cat # 157004) and urea (mg/dl) were also
measured (Berthelot Method cat # 10505). The selected
birds were slaughtered by Halal method and carcasses were
processed to determine weights of dressed carcass, breast
meat, abdominal fat, thigh and drumstick and immune
organs including thymus, spleen and bursa of Fabricius
(Rajkumar et al., 2021). The values were expressed as
percentage of live BW. The breast samples were used to
determine proximate composition including DM, CP, ether
extract and crude ash with the procedure described by
Gnanaraj et al. (2020).

Data were analyzed using analysis of variance (ANOVA)
technique in a completely randomized design (Steel et al.,
1997) using PROC GLM in SAS software (version 9.1; SAS
Inst. Inc., Cary, NC). Means were declared statistically

significant at P<0.05 and compared using Duncan Multiple
Range (DMR) test (Duncan, 1955).

RESULTS AND DISCUSSION
Growth performance

The impacts of the dietary treatments on growth performance
are presented in Table 2. During starter phase, higher
(P<0.05) average BW and BWG were observed in the HMM
group. The average BW and BWG, however, were not
influenced (P>0.05) by the dietary treatments in the grower
and finisher phases. The Fl was not affected (P>0.05) by
the dietary treatments in the starter phase. The greater

Table 1: Dietary ingredients and nutrient composition of the
experimental diets (% as fed basis).

Treatments

Ingredients % HBP MBP LBP
Maize 56.2 59.8 63.4
Rice Broken 5.0 5.0 5.0
Soybean Meal (45%) 31.3 24 1 20.0
Canola Meal (35%) 1.0 4.6 6.3
Corn gluten meal (55%) 2.0 2.0 1.0
Poultry byproduct meal 2.0 2.0 2.0
Bone ash 1.1 1.1 1.1
Marble chips 0.3 0.2 0.2
Lysine sulphate 70% 0.4 0.4 0.4
DL-Methionine 0.2 0.1 0.1
L -Threonine 0.07 0.06 0.05
Premix' 0.2 0.2 0.8
Salt 0.3 0.3 0.3
Phyzyme (10000 FTU) gm/ton ~ 50.0 50.0 50.0
Analyzed nutrient composition (%)

CP 23.0 21.0 19.0
Ether Extract 3.1 3.1 3.2
Crude Fibre 3.3 3.8 3.5
Calcium 0.8 0.8 0.8
Av. Phosphorous 0.42 0.42 0.42
Calculated nutrients (% until and otherwise mentioned)

ME (Kcal/kg) 2800 2800 2800
D. Lys 1.20 1.10 1.0
D. M+C 0.86 0.79 0.72
D. Thr 0.80 0.74 0.67
D. Tryp 0.21 0.19 0.17
D. Val 0.92 0.85 0.79
D. Isoleu 0.86 0.77 0.70
D. Arg 1.30 1.16 1.06

"Premix composition (per kg of diet): 12,000 IE retinol, 2,400 IE
cholecalciferol, 50 mg dl-a-tocopherol, 1.5 mg menadione, 2.0 mg
thiamine, 7.5 mg riboflavin, 3.5 mg pyridoxine, 20 mcg
cyanocobalamins, 35 mg niacin, 12 mg D-pantothenic acid, 460
mg choline chloride, 1.0 mg folic acid, 0.2 mg biotin, 80 mg iron,
12 mg copper,85 mg manganese, 60 mg zinc, 0.8 mg iodine, 0.1
mg selenium, 125 mg anti-oxidant mixture.
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(P<0.05) FI, however, was observed in HHH and MLL groups
in the grower and finisher phases, respectively. The HMM
group had better (P<0.05) FCR in the starter, grower and
finisher phases. These results are validated by the previous
work in broiler chicken (Zarghi et al., 2020). The improved
BWG in the broiler chicken fed HBP diets may partially be
due to a higher FI resulting in more nutrients and fulfilling
the energy needs (Nasr and Kheiri, 2011). Amino acids are
major regulators of growth and protein metabolism. The
broiler chicken fed diets deficient in Lys had reduced growth
performance, protein accretion and breast muscle
development (Tesseraud et al., 2009). It has been reported
that increasing Lys (0.95 to 1.36%) improves FCR in broiler
chicken (Tran et al., 2021).

Carcass characteristics and composition

The impacts of the dietary treatments on the carcass
characteristics and composition are presented in Table 3.
The higher (P<0.05) dressed weight was observed in HHM
and HMM groups. The HHH group had heavier (P<0.05)
breast and abdominal fat pad. The HHH group, likewise,
had a higher (P<0.05) drumstick weight at par with HLL,
HMM, MML and MMM groups. The HHH group had a greater
(P<0.05) thigh weight at par with HHL and HMM groups.
The HHH group had heavier (P<0.05) spleens, thymus and
bursa of Fabricius. Meat production is the interaction of
growth and feed efficiency. An adequate dietary level of
limiting AAis needed to support optimum growth and carcass
yield of fast growing broiler chicken (Handique et al., 2019).
The diets with high Lys may affect carcass characteristics

since Lys is an essential AA in protein synthesis. The results
regarding carcass characteristics are in line with previous
findings by Zarghi et al. (2020). These later authors reported
that the increasing dig Lys levels (0.88, 0.94, 1.00, 1.06
and 1.12% dig Lys) in broiler chicken diets enhanced carcass
and breast meat yield, whereas the abdominal fat was
reduced.

The chemical composition of carcass including
moisture, CP, crude and ether extract contents in the meat
samples was not influenced (P>0.05) by the dietary
treatments (Table 3).

Serum metabolites and antibody titers

The effects of the dietary treatments on the serum
metabolites and antibody titers are presented in Table 4.
The HHH group had higher (P<0.05) serum glucose, total
cholesterol and urea concentrations. In agreement to current
findings, it was reported that blood glucose was influenced
by the supplementation of Lys above the recommended
levels since it acts as a precursor of L-carnitine that has a
glucogenic effect (Arslan, 2006). In contrast to the present
findings, it was reported that cholesterol concentration was
not influenced by Lys levels (Zhang et al., 2021). The greater
total cholesterol concentration in the HBP fed group may be
due to the availability of cholesterol in feed or synthesized in
the body. The increase in cholesterol concentration in circulating
blood could be due to endogenous synthesis of cholesterol in
birds. The current blood urea findings are in contrast to those
reported by Gong et al. (2005). The blood urea may be
increased due to increasing CP levels in the diets.

Table 2: Effects of the varying balanced protein regimen (conventional all steps down) on growth performance in the broilers chicken'

at different phases of the experiment.

Treatments?
Parameters HHL HHM HLL HML HMM LLL MLL MML  MmM  SEM Pvalue
BW, (9)
Starter 279.9%c  280.1%c 288.1%  287.7% 290.41 29410  269.0° 287.9% 269.3° 2761 4.7 <0.001
Grower 1168.2  1171.9 1156.26 11212 1143.46  1149.50 11259 11207 1136.9 1143.8 248 NS
Finisher =~ 1794.5 18125 1786.8 1781.9 1811.30 1807.18 1798.0 1755.8 1757.4 17944 40.3 NS
BW Gain, (g)
Starter 238.9%c 2391  247.1% 2467 2494 25312  228.0° 246.9® 2283° 2351 47 <0.001
Grower 888.3  891.8 8682 8335  853.0 8554  857.0 832.8  867.5 867.6 241 NS
Finisher 626.3 6406 6305  660.6  667.8 657.7  672.0 6351 6205 650.7 32.8 NS
Fl, (9)
Starter 296.2 2856 2884  290.5  296.5 208.9 2875 2923 2922 2879 72 NS
Grower  1488.2°  1470.4% 1442.4%c 1341.0b 1331.3bc  1304.1° 1445.0® 1354.6%° 1465.0® 1445.4% 42.5 <0.001
Finisher ~ 1460.9b¢ 1349.2%% 1276.1% 1298.8% 1333.1%%  1142.1c 1282.9% 1758.4° 1613.4%c 1651.0® 88.5 <0.001
FCR, (g/g)
Starter 124 1200 1.16° 1.18° 1.19 1.18° 1.26°  1.18  1.28  1.23® 0.03 0.003
Grower 1.66°  1.65%®  1.66° 161 161 1.56° 1.68°  1.63® 169  1.67° 0.04 0.004
Finisher ~ 2.34%c  214bd 2024 1974 200 1.74 191 277°  265%® 255 (.16 <0.001

aeValues in a row without a common superscript differ significantly (P<0.05).

'Each value represents the mean of 7 replicates (25 birds per replicate).
2HHH: High, High, High; HHL: High-High, Low; HHM: High-High, Medium; HLL: High, Low-Low; HML: High, Medium, Low; HMM: High,
Medium-Medium; LLL: Low, Low, Low; MLL: Medium, Low-Low; MML: Medium-Medium, Low; MMM: Medium, Medium, Medium.



Modulating the Growth Curve in Broiler Chicken Through Varying Balanced Protein Regimen (Conventional All Step-down)

Table 3: Effects of varying balanced protein regimen (conventional all step down) on carcass characteristics and composition in the

broilers chicken'.

Treatments?

Parameters

HHH HHL HHM HLL HML HMM LLL MLL MML MMM SEM  P-Value
(% of BW)
Dressed carcass 72.12 64.1°¢ 64.3¢ 62.19  66.4° 68.2° 59.9¢ 60.5¢ 60.5¢ 63.0 0.28 <0.001
Breast meat 19.42 17.9° 17.4° 17.6° 17.5° 17.8° 16.1¢ 17.9° 17.9° 17.3° 0.10 <0.001
Abdominal fat 2.1 1.5¢d 1.7°¢ 1.34 1.60cd 1.5¢d 1.9% 1.7°¢ 1.5¢d 1.44 0.03 <0.001
Drumstick 9.52 8.92 8.7° 8.5b¢ 8.60¢ 9.22 8.1¢ 8.60¢ 9.32 9.22 0.05 <0.001
Thigh 11.32 11.22 10.92%° 11.02° 10.2¢ 11.32 9.2d 10.1¢ 10.6°¢  10.9% 0.07 <0.001
Spleen 0.122 0.11®  0.11° 0.08¢  0.07¢ 0.11° 0.08¢e 0.08¢e 0.06° 0.1° 0.01 <0.001
Thymus 0.152 0.10°6  0.09°¢  0.05%¢ 0.05%¢ 0.10° 0.06° 0.142° 0.152  0.13° 0.02 <0.001
Bursa 0.132 0.11° 0.122 0.10°¢  0.06¢ 0.11° 0.06¢ 0.10°¢  0.08*¢  0.09°  0.01 <0.001
Carcass composition (%)
Moisture 59.4 60.3 61.1 60.1 60.3 61.8 61.4 63.7 60.1 59.9 0.46 NS
Crude protein 15.6 15.5 15.7 15.7 15.1 15.7 16.3 15.5 16.0 15.5 0.15 NS
Crude ash 2.8 2.6 2.8 2.6 25 24 2.7 2.4 2.5 2.7 0.4 NS
Ether extract 15.1 16.4 14.1 14.6 14.3 13.4 13.4 12.3 14.1 14.9 0.39 NS

aeValues in a row without a common superscript differ significantly (P<0.05).

1Each value represents the mean of 7 replicates (3 birds per replicate).
2HHH: High, High, High; HHL: High-High, Low; HHM: High-High, Medium; HLL: High, Low-Low; HML: High, Medium, Low; HMM: High,
Medium-Medium; LLL: Low, Low, Low; MLL: Medium, Low-Low; MML: Medium-Medium, Low; MMM: Medium, Medium, Medium.

Table 4: Effects of varying balanced protein regimen (conventional all step down) on the selected blood metabolites and antibody titers

in the broilers chicken’.

Parameters

Treatments? Glucose (mg/dl) Total cholesterol (mg/dl) Urea (mg/dl) Total protein (g/dl) NDV titer IBDV titer
HHH 219.82 180.72 28.5° 101.0 2.3° 4849.12
HML 184.6° 162.4°¢ 24.8b¢ 104.4 2.1 4693.1°
HHM 177.4¢ 148.1¢ 23.9p¢ 108.7 2.1 4087.6¢
HLL 181.2°¢ 148.1¢ 22.5b¢ 101.9 1.44 3464.6"
HML 178.7°¢ 153.2¢ 22.1¢ 110.5 1.44 3780.6°
HMM 190.5b 154.7¢ 23.7° 102.6 2.1 4622.6°
LLL 198.9° 156.90¢ 24.6°¢ 103.9 0.6f 3526.4f
MLL 154.14 153.1¢ 25.5 113.1 2.0° 412219
MML 192.8%¢ 172.280 21.8° 101.7 1.0¢ 4165.6¢
MMM 191.5b¢ 155.5¢ 23.2b¢ 103.5 1.7¢ 4522 .4°
SEM 2.4 1.83 0.33 1.03 0.04 9.8
P-Value <0.001 <0.001 <0.001 NS <0.001 <0.001

ahValues in a column without a common superscript differ significantly (P<0.05).

'Each value represents the mean of 7 replicates (3 birds per replicate).
2HHH: High, High, High; HHL: High-High, Low; HHM: High-High, Medium; HLL: High, Low-Low; HML: High, Medium, Low; HMM: High,
Medium-Medium; LLL: Low, Low, Low; MLL: Medium, Low-Low; MML: Medium-Medium, Low; MMM: Medium, Medium, Medium.

The greater (P<0.05) antibody titers against NDV and
IBDV were observed in HHH group. It has been reported
that feeding of high density diets leads to greater
development of immune organs (Attia et al., 2017). The
greater weights of bursa of Fabricius in HHH groups in the
current study might be the possible explanation of greater
antibody titers since the bursa of Fabricius is the primary
lymphoid organ responsible for the formation and
conservation of the B cells in birds (Jankowski et al., 2014).

CONCLUSION

In conclusion, 1.2% SID Lys in the HBP diets improved the
growth performance, carcass characteristics, selected blood
metabolites and immunity in the broiler chickens. However,
the nutrient density and phase feeding had no effects on
carcass chemical composition.

Conflict of interest: None.
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