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Introduction: Lysine is considered the second limiting amino acid for broiler chickens, and the
requirement for other amino acids relative to lysine is expressed. This experiment aimed to evaluate
the levels and desirable ratios of essential amino acids to digestible lysine in broiler chickens of the
Avrian strain during the starter period. This study investigates the effects of different levels of lysine
and various patterns of amino acids on the growth performance, carcass characteristics, feed intake,
and immune parameters in broiler chickens

Material and methods: In this experiment, 540-day-old male Arian broiler chicks were allocated to
9 treatments with 5 replicates of 12 birds each. The experiment followed a completely randomized
design with a factorial arrangement of 3x3 (three amino acid patterns, Arian,( Ajinomoto and
Brazilian table) x three levels of digestible lysine 1.18, 1.25 and 1.32%). Observations were
conducted over three periods: 0-7 days, 7-14 days, and the overall 0-14 day period.

Results and discussion: Daily weight gain during all three periods (0-7 days, 7-14 days, and total
0-14 days) was significantly affected by the level of lysine, amino acid pattern, and their interaction
(p<0.05). Diets containing 1.32% lysine exhibited the highest daily weight gain. Birds receiving the
Arian pattern had the highest weight gain, while those receiving the Ajinomoto pattern had the lowest
(p<0.05). Daily feed intake over the entire trial period was influenced by the level of lysine and
amino acid pattern (p<0.05). Birds fed diets with 1.25% and 1.32% lysine had the highest feed intake.
The feed conversion ratio (FCR) during the trial period was affected by lysine level, amino acid
pattern, and their interaction. Birds receiving the Arian pattern had the lowest FCR. The effects of
amino acid pattern and its interaction with lysine on carcass yield were significant (p<0.05). Birds
receiving the Arian pattern had a higher carcass yield compared to the Brazilian pattern. An increase
in lysine level significantly increased breast weight and percentage (p<0.05). Breast weight and
percentage were also influenced by the amino acid pattern, with the Arian pattern being the best. The
interaction effect of lysine and amino acid pattern on breast weight and thymus weight was
significant (p<0.05). Increasing lysine level increased lymphoid organ weight and percentage
significantly (p<0.05). Total immunoglobulins and antibody titers against sheep red blood cells and
Newcastle disease were influenced by lysine level (p<0.05), with birds receiving 1.32% lysine
showing the highest response. The effect of amino acid pattern was significant only on total
immunoglobulin and Newcastle disease antibody titer (p<0.05), with the Arian pattern being better
than the Brazilian pattern. Based on the comprehensive results, the study investigated the impact of
various experimental treatments on performance indicators in broiler chickens. Results indicated
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significant effects of lysine levels and amino acid patterns on live weight, feed intake, and carcass
characteristics. Birds receiving diets with higher lysine content, particularly 1.49% lysine, exhibited
significantly greater live weights compared to those fed with 1.18% lysine. Additionally, live weight
was influenced by amino acid patterns, with birds receiving the Ariane pattern showing the highest
weight gain. The interaction effects between lysine levels and amino acid patterns on live weight
were also significant, emphasizing the importance of balanced amino acid profiles in diets. Daily
weight gain and feed intake were significantly affected by lysine levels and amino acid patterns, with
higher lysine diets and the Ariane pattern resulting in superior performance. Moreover, carcass
weight and quality parameters such as breast percentage and thigh weight were influenced by lysine
levels and amino acid patterns, indicating the importance of optimizing these factors for improved
carcass traits. Overall, the findings underscore the significance of dietary lysine levels and amino
acid patterns in optimizing broiler performance and carcass characteristics. Based on the previous
sections' results, | conducted a comparative analysis. With the gradual increase in lysine levels, the
rate of weight gain remained constant, while feed consumption decreased. This phenomenon
suggests that the feed conversion ratio responds to higher lysine levels (Baker et al., 2002). Rostagno
et al., (2007) reported the need for lysine levels above 0.95% to enhance growth rate and improve
feed conversion efficiency. Abdollah et al., (2010) observed a significant improvement in feed
conversion ratio with an increase in lysine levels from 0.85% to 0.90% at 25-38 days of age.
Yamamoto et al. (2000) suggested that chicks prefer diets with a balanced amino acid profile,
indicating that the ideal digestible lysine level in practical diets for broilers can greatly reduce the
feed conversion ratio. Feed intake in poultry is influenced by factors such as energy, amino acid
balance in the diet, age, environmental temperature, lighting program, physical activities, appearance
and taste of feed, and water consumption. Ghahri et al., (2010) reported that feed intake can be
influenced by protein and amino acid content in the diet. Nitrogen deficiency for non-essential amino
acid synthesis, unbalanced ratio of essential to non-essential amino acids, deficiency of certain
essential amino acids, and differences in the utilization efficiency of synthetic amino acids compared
to those present in feed for protein synthesis can affect poultry performance (Panda et al., 2011). The
absorption of nutrients is influenced by the biological activity of amino acids as metabolic fuels in
the body, which can affect hunger and satiety centers in the hypothalamus and feed intake (Wang et
al., 2012). Abdollah et al., (2010) reported that increasing lysine levels in the diet from 1.1% to 2.1%
during days 0-14 significantly improved feed intake and weight gain in Ross 308 and Hubbard
broilers. Sakomura et al. (2010) reported that increasing lysine levels in broilers are beneficial as
they lead to increased growth rate and reduce the days required to reach market weight. Feed intake
has a direct relationship with increasing lysine levels (Ghahri et al., 2010). Imbalance in dietary
amino acids can reduce feed intake (Bourre et al., 2006). Gradual increase in dietary lysine negatively
affects feed intake (Ghabhri et al., 2010). Using birds of the same age and from multiple strains,
Valerio et al., (2003) did not report any effect of lysine levels on feed consumption.

Conclusion: These findings indicate that feeding Arian broiler chickens during the starter period
with 1.32% digestible lysine and patterns of amino acids cataloged in the Arian strain can improve
their growth performance and carcass characteristics.
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Table 1- Ingredient and Chemical composition of experimental diet with different patterns of amino
acids

Amino acids ratio Avrian Ajinomoto Brazilian
Digestible lysine 1.18 1.25 1.32 1.18 1.25 1.32 1.18 1.25 1.32
corn 54 54 54 53.5 53.5 52.8 52.8 53.5 53
Soybean meal (44%) 41 40.3 40 41 40.5 40.5 415 40.5 40.6
Soybean Oil 1.5 15 1.5 1.6 1.6 1.8 1.7 1.7 1.7
DCP(18%) 199 198 196 198 195 2 195 197 2
CaCos3 1.1 11 1.12 0 1.12 1.12 1.2 1.12 1.1
DL-Methionine 0.25 0.3 0.35 0.24 30.3 0.35 0.2 0.25 0.3
Lysine HCL 0 0.1 0.25 025 01 0.2 0 0.1 0.2
Threonine 0 0.1 0.13 0.1 0.1 0.1 0 0.1 0.1
Choline 0.1 0.1 0.1 0 0.1 0.1 0.1 0.1 0.1
Vit & min Permix! 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Common salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
NaHCO;3; 0.13 0.13 0.13 0.12 0.13 0.15 0.14 0.13 0.15
Chemical composition(%) |
AMERN (Mcal/Kg) 2.89 2.89 2.89 2.89 2.88 2.89 2.88 2.89 2.88
CP 2224 2211 22.16 2219 2216 22.30 2234 2214 22.26
CF 3.90 3.85 3.83 3.89 3.85 3.84 3.91 3.85 3.85
Ca 0.97 0.97 0.96 0.97 0.96 0.97 0.99 0.97 0.97
Av. Phos 0.49 0.49 0.48 0.49 0.48 0.49 0.48 0.49 0.49
D- Lysine 1.18 1.25 1.32 1.18 1.25 1.32 1.18 1.25 1.32
D -Methionine 0.57 0.61 0.66 0.56 0.61 0.66 0.52 0.56 0.61
D -Threonine 0.82 0.90 0.93 0.81 0.90 0.90 0.82 0.90 0.90
D- Tryptophan 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.27
D-Arginine 1.48 1.46 1.45 1.48 1.56 1.46 1.49 1.46 1.46
D- Valine 1.03 1.02 1.01 1.03 1.02 1.12 1.04 1.02 1.02
D- Isoleucine 0.93 0.92 0.91 0.93 0.92 0.92 0.94 0.92 0.92
D- Leucine 1.78 1.76 1.75 1.78 1.76 1.76 1.79 1.76 1.76
D -Histidine 0.56 0.56 0.55 0.56 0.56 0.56 0.57 0.56 0.49
Na 0.16 0.16 0.16 0.16 0.16 0.17 0.16 0.16 0.16
Chlorine 0.18 0.18 0.18 0.18 0.16 0.18 0.18 0.18 0.17
Choline 2.55 253 2525 2.54 2.53 2.52 2.55 2.53 2.52
DCAB(meg/kg) 2829 2791 2771 281.0 2790 2821 2848 2793 2817

1Supplied per kg diet: Vitamin A, 10000 1U; vitamin D3, 2500 IU; vitamin E, 10 IU; vitamin B1 (thiamine), 2.2 mg; vitamin B2
(riboflavin), 4 mg; vitamin B3, 8 mg;; vitamin B6, 2 mg; vitamin B9, 0.56 mg; vitamin B12, 0.015 mg; H2, 0.15 mg; Choline
chloride, 200 mg. 2Per kg mineral supplement containing : 80 mg manganese, 60 mg zinc, 50 mg iron,5 mg Cu,1 mg; I, and was
0.1 mg selenium.

of digestible lysine levels and different patterns of amino Table 2- The main and Interaction effects
acids on weight gain (grams), feed intake (grams) and FCR

Weight Gain FCR Feed intake Live Weight
Lysine level 0-7 7- 14 0-14 0-7 7-14 0-14 0-7 7- 14 0- 14 7 14
1.18 15.94> 18.31b 17.12¢ 1.06 1.402 1.242 16.93 25.73> 21.33b 150.3° 278.5¢
1.25 16.728 23,552 20.14°  1.03 1.20° 1.13° 17.25 28.208 22.73 155.62  320.5°
1.32 16.892  24.422 20.66% 1.03 1.16° 1.10° 1751 28.23% 22.87% 156.92  327.92
SEM 0.142 0.387 0.173 0.005 0.022 0.013 0.32 0.47 0.13 1.01 1.98
P value <0.01 <0.01 <0.01 0.31 <0.01 <0.01 0.28 0.05 0.30 <0.01 <0.01
Amino acids ratio
Brazilian 16.662  21.66° 19.16°  1.06 1.26% 1,172 17.62 26.95 22.29% 15532  307.0°
Ajinomoto 16.09°  20.60° 18.34¢  1.05 1.318 1.192 16.91 26.76 21.840 151.3°  295.6¢
Arian 16.79%  24.032 20412 1.02 1.20° 1.12° 17.15 28.44 22.802 156.12  324.42
SEM 0.142 0.387 0.173 0.005 0.022 0.013 0.32 0.47 0.30 1.01 1.98
P value <0.01 <0.01 <0.01 0.45 <0.01 0.05 0.45 <0.01 <0.01 <0.01 <0.01

Interaction effects
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Brazilianx1.18 15.75 17.594 16.67 1.11
Brazilianx1.25 17.13  24.01® 2057 1.02
Brazilianx1.32 17.12 23.38b 20.25 1.04
Ajinomotox1.18 15.82 18.47¢ 17.14 1.05
Ajinomotox1.25 15.90 21.02° 18.46 1.06
C
Ajinomotox1.32 16,55  22.31° 1943  1.04
C
Arianx1.18 16.26 18.87°¢ 17.56 1.02
Arianx1.25 17.12 25.64° 21.38 1.01
Arianx1.32 16.99 27.592 22.29 1.02
SEM 0.24 0.67 0.30 0.009
P value 0.10 <0.01 0.56 0.66

1.43
1.17

1.18
1.42
1.16

1.22

1.37
1.14
1.08
0.038
0.56

128 1747 2509 2128 1490 27229
111 1755 2818 2287 1586  326.7"
c

112 1785 2757 2271 1583  3220°
124 1660 2622 2141 1488  278.1¢
118 1686 2700 2193 1501  297.3¢
114 1728 2708 2218 1551  3113¢
121 1671 2587 2129 1532  285.3°¢
109 1735 2942 2339 1580  337.4°
106 1739 3004 2372 1572 35042
0023 055 08 052 175 432
031 098 025 047 014 <001

a-f means with different letters in each column are statistically significantly different.

SEM: Standard Error of the Mean
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Table 3- The main and Interaction effects of digestible lysine levels and different patterns of amino

acids on carcass characterizations in 14 days

Live Carcass Carcass  Breast Breast Thigh Thigh Fat(g) Fat
Weight ~ Weight (%) 9) (%) 9) (%) (%)
(@)

Lysine level
1.18 299.7° 189.6° 63.2 56.5¢ 18.8¢ 67.4° 22.4 2.71 0.91
1.25 340.1*  218.78 64.3 69.9° 20.6° 73.92 21.7 2.94 0.86
1.32 339.92  221.12 65.0 75.12 22.02 74.8% 22.0 2.73 0.81
SEM 3.06 2.53 0.74 1.00 0.34 151 0.46 0.06 0.08
P value <0.01 <0.01 0.30 <0.01 <0.01 <0.01 0.55 0.77 0.67
Amino acids ratio
Brazilian 311.8° 196.6° 62.9° 61.2¢ 19.6° 68.3° 21.9 2.72 0.87
Ajinomoto 338.32  217.02 64.2% 68.5° 20.2° 72.6%® 215 2.68 0.80
Arian 329.78 215.92 65.4° 71.92 21.7% 75.32 22.9 2.99 0.90
SEM 3.06 2.53 0.74 1.00 0.34 151 0.46 0.06 0.08
P value <0.01 <0.01 0.05 <0.01 <0.01 <0.01 0.12 0.64 0.65
Interaction effects
Brazilianx1.18 294.1 177.2 60.34 55.3f 18.8¢ 62.8 21.4 2.40 0.81
Brazilianx1.25 320.1 210.6 65.8° 65.2¢ 20.4¢ 71.2 22.2 2.90 0.91
Brazilianx1.32 3215 202.1 62.9°¢ 63.29% 19.7¢ 71.0 22.1 2.87 0.89
Ajinomotox1.18 303.0 198.1 65.4° 56.4F 18.6¢ 69.9 23.1 3.06 1.02
Ajinomotox1.25 354.2 218.7 61.8cd 70.4°¢ 19.9¢ 72.4 20.5 2.84 0.80
Ajinomotox1.32 357.7 234.2 65.6° 78.8° 22.1° 75.5 21.1 2.15 0.60
Arianx1.18 302.3 193.6 64.05¢ 58.0f 19.2¢ 69.6 23.0 2.68 0.90
Arianx1.25 346.3 227.0 65.6° 74.3bc 21.5%¢ 78.4 22.6 3.10 0.89
Arianx1.32 340.7 227.3 66.72 83.42 2452 78.1 23.0 3.20 0.94
SEM 5.30 4.38 1.27 1.73 0.59 2.61 0.80 0.11 0.13
P value 0.08 0.1 0.01 0.01 0.01 0.76 0.27 0.48 0.41

a-d means with different letters in each column are statistically significantly different.

SEM: Standard Error of the Mean
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Table 4- The main and Interaction effects of digestible lysine levels and different patterns of amino
acids on weight (g) and percentage (%) of lymphoid organs in 14 days

Bursa(g) Bursa Thymus(g) Thymus Spleen(g) Spleen Pancreas(g)  Pancreas
(%) (%) (%) (%)
Lysine level
1.18 0.97° 0.32 2.22° 0.74° 0.30 0.10° 1.70# 0.57
1.25 1.122 0.33 2.56° 0.75° 0.34 0.10° 1.80° 0.53
1.32 1.222 0.36 2.892 0.85% 0.39 0.122 1.78° 0.52
0.051 0.015 0.077 0.025 0.010 0.004 0.039 0.010
P value <0.01 0.24 <0.01 <0.01 0.08 0.01 0.002 0.49
Amino acids
ratio
Brazilian 1.118 0.35% 2.56 0.82 0.331° 0.106 1.69 0.54
Ajinomoto 0.96" 0.28° 2.47 0.73 0.3622 0.107 1.83 0.540
Avrian 1.232 0.372 2.64 0.79 0.356% 0.109 1.77 0.54
SEM 0.051 0.015 0.077 0.025 0.010 0.004 0.039 0.010
P value <0.01 <0.01 0.33 0.06 <0.01 0.82 0.42 0.99
Interaction

effects
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Brazilianx1.18 0.97¢ 0.33 2.48°
Brazilianx1.25 1.21° 0.38 2.57°b
Brazilianx1.32 1.18° 0.37 2.63°P
Ajinomotox1.18 1.025¢ 0.34 2.15b¢
Ajinomotox1.25 0.92°¢ 0.26 2.37°P
Ajinomotox1.32 0.96°¢ 0.27 2.91%®
Arianx1.18 0.92°¢ 0.31 2.03°¢
Arianx1.25 1.26° 0.36 2.75%
Arianx1.32 1522 0.45 3.148
SEM 0.088 0.027 0.133
P value <0.01 0.67 0.01

0.84° 0.29 0.10 1.76 0.60
0.80°%¢ 0.33 0.10 1.69 0.53
0.82° 0.38 0.12 1.63 0.51
0.72¢ 0.30 0.10 1.78 0.59
0.68°¢ 0.38 0.11 1.93 0.55
0.81° 0.41 0.12 1.79 0.50
0.67°¢ 0.33 0.11 1.59 0.53
0.79%¢ 0.34 0.10 1.80 0.52
0.92° 0.40 0.12 1.94 0.57
0.043 0.017 0.006 0.068 0.017
0.036 0.47 0.62 0.59 0.63

a-c means with different letters in each column are statistically significantly different.

SEM: Standard Error of the Mean
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Table 5- The main and Interaction effects of
digestible lysine levels and different patterns of
amino acids on antibodies titers against sheep
red blood cells (SRBC) and Newcastle

Disease(ND) antibody titers
ImgT ImgG ImgM ND

log 2

Lysine level
1.18 4.60° 2.66° 2.00 4.06°
1.25 5.00° 3.06% 1.93 4.86°
1.32 5.80° 3.46° 2.33 5.33%
SEM 0.19 0.19 0.17 0.19
P value <0.01 0.01 0.21 <0.01

Amino acids ratio

Brazilian 4.86° 2.86 2.00 4.46
Ajinomoto 5.06% 3.00 2.06 4.80
Arian 553 3.33 2.20 5.00
SEM 0.19 0.19 0.17 0.19
P value 0.05 0.21 0.70 0.23

Interaction effects
Brazilianx1.18 4.60 2.60 2.00 4.40%
Brazilianx1.25 4.80 3.00 1.80 4.60°
Brazilianx1.32 5.20 3.00 2.20 4.40%
Ajinomotox1.18 4.40 2.40 2.00 3.80°¢
Ajinomotox1.25 5.00 3.00 2.00 5.20%®
Ajinomotox1.32 5.80 3.60 2.20 5.40%®

Arianx1.18 5.00 3.00 2.00 4.00¢
Arianx1.25 5.20 3.20 2.00 4.80°
Arianx1.32 6.40 3.80 2.60 6.20°
SEM 0.34 0.34 0.29 0.31

P value 0.65 0.73 0.93 <0.01

a-c means with different letters in each column are
statistically significantly different.
SEM: Standard Error of the Mean
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