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Abstract

Introduction: Methionine is an essential amino acid that plays a vital role in many physiological processes in
birds. In birds fed corn-soybean diets, it is the first limiting amino acid. The amount of methionine in a bird's diet
should be appropriate for its age, production requirements, and physiological needs. An imbalanced amino acid
composition in a bird's diet can lead to increased feed costs, reduced protein intake, and a greater environmental
impact, all of which affect the sustainability of poultry production. A methionine deficiency can result in
reductions in body weight, egg production, egg weight, and egg mass in laying hens. However, certain reactions
can be partially compensated for by methyl donor compounds such as choline and betaine, which can act as partial
substitutes for methionine. Choline is a precursor of betaine and a beta-hydroxy trimethylammonium hydroxide
compound. Its metabolic functions are well-defined and include cell structure formation, liver fat regulation,
inhibition of lipolysis, production of acetylcholine, and provision of methyl groups. Betaine, also known as
trimethylglycine, is an organic compound obtained from sugar beet molasses. It is also synthesized in the body
from choline and plays a role in providing methyl groups and regulating osmotic pressure in all vertebrates. In
poultry, it is estimated that betaine can provide up to 25% of the required choline. To date, few studies have
examined the combined impact of choline and betaine supplementation on reducing the methionine requirements
of poultry, particularly laying quails. Given the economic viability of using betaine and choline in poultry feed
and the limited information available on laying hens, a study was conducted to determine the effect of betaine and
choline supplementation at reduced levels of methionine on egg production and quality traits, blood indices, and
blood and egg antioxidant properties in Bovans strain laying hens.

Materials and methods: In this experiment, 315 laying hens of the Bovans strain were arranged in a completely
randomized design using a 3x3 factorial arrangement, including three levels of methionine (80%, 90%, and 100%)
and three supplements (no supplement, 0.15% betaine, and 0.15% choline), with nine treatments, seven
replications, and five hens for each replication. Following a 10-day adaptation period, the birds were randomly
assigned to experimental units. The birds were fed the dietary treatments over two 28-day periods. On the last two
days of each period, four eggs from each replication were collected to evaluate egg quality traits including the egg
shape index, specific weight, Haugh unit, yolk height, yolk color index, the relative weight of the yolk, the
albumen and the eggshell, and the eggshell thickness. Blood samples were taken from two birds in each replicate
at the end of the experimental period to determine biochemical indices. The data were analyzed using the GLM
procedure of SAS software.

Results and discussion: The results revealed a significant interaction between the treatments. Birds fed diets
containing 100% methionine had the lowest feed conversion ratio (P<0.05) and the highest egg mass at 32-35
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weeks of age (P<0.01) compared to those fed diets containing 80% methionine. At 36-39 weeks of age, birds fed
a diet containing 100% methionine exhibited the highest egg weight (<0.01). The yolk color index increased in
birds fed 100% methionine with a 0.15% betaine level and 90% methionine with a 0.15% choline level at the end
of the first and second periods, respectively (P<0.01). Blood cholesterol and triglyceride concentrations decreased
in birds fed the 90% diet without supplementation (P<0.05). Diets containing 100% methionine and a 15% betaine
treatment decreased yolk cholesterol concentration (P<0.01). These results suggest that the recommended level
of methionine is necessary to maintain egg production and mass.

Conclusions: It can be concluded that 100% of the methionine required by laying hens was needed to maximize
egg production. However, adding betaine to a low-methionine diet improved egg quality, while choline
supplementation improved antioxidant status in the blood and eggs.
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Table 1. Food ingredients of experimental diets

Item % g/kg
Corn 54.96 549.6
Soybean meal (42% CP) 29.05 290.5
Soybean oil 1.1 11
wheat bran 1.2 12
DCP 1.76 17.6
CaCoO; 9.45 94.5
K2COs 0.02 0.2
NaHCO3 0.3 3
NacCl 0.23 2.3
Vit permix! 0.28 2.8
Min permix? 0.26 2.6
Red pigment 0.05 0.5
Yellow pigment 0.1 1
Enzymite/bentonite 0.265 2.65
DL-Methionine® 0.28 2.8
L-Lysine hydrochloride 0.05 0.5
Biolysis 0.02 0.2
Toxin binder 0.15 1.5
Feed disinfectant 0.1 1
Lipidol 0.1 1
Formalin 37% 0.1 1
Enzyme premix - Fitmax Plus 0.25 2.5
Antioxidant 0.02 0.2

! Each kilogram of the vitamin supplement contained 8,500,000 IU of vitamin A, 2,500,000 IU of vitamin D3, 14,400 IU of
vitamin E, 2200 mg of Vitamin K3, 1477 mg of vitamin Bi, 4,000 mg of vitamin Bz, 7,840 mg of vitamin B3, 3,465 mg of
vitamin Bs, 2,464 mg of vitamin Be, 110 mg of vitamin Bo, 11 mg of vitamin B2, 40 mg of biotin, and 400 mg of BHT.

2 Each kilogram of the mineral supplement contained 74,400 mg of manganese, 75,000 mg of iron, 64,700 mg of zinc, 6,000
mg of copper, 880 mg of iodine, and 200 mg of selenium.

3 The basal diet was prepared based on 100% of the methionine requirement, and methionine supplementation was reduced to
prepare diets containing 90 and 80% of the methionine requirement.

byl sloo o liord oS 5 Y Joux
Table 2. Chemical composition of experimental diets

Item % g/kg
Crude Protein (%) 16.01 160.14
Lysine (%) 0.66 6.6
Methionine (%) 0.388 3.88
Methionine+cysteine (%) 0.57 5.7
Threonine (%) 0.49 4.9
Tryptophan (%) 0.153 1.53
Arginine (%) 0.805 8.05
Iso-Leucine (%) 0.525 5.25
Leucine (%) 0.99 9.9
Valine (%) 0.593 593
Calcium (%) 4.094 40.94
Sodium (%) 0.156 1.56
Potassium (%) 0.637 6.37
Chloride (%) 0.209 2.09
Sulphur (%) 0.181 1.81
Choline (%) 1.543 15.43
Magnesium (%) 0.122 1.22
Phytate P (%) 0.181 1.81
Available phosphorus (%) 0.386 3.86

Linoleic acid (%) 1.659 16.59
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Table 3. Effect of betaine and choline at reduced levels of methionine on production performance traits in laying
hens (32-35 weeks of age)

Treatment/ Hen-day egg  Eggweight  Eggmass Feed intake FCR
Interaction effects production (%) (g/egg) (g/bird/day)  (g/bird/day)
Methionine (%) Supplement
100 Zero 96.13 64.70 62.13% 111.94 1.80°
90 Zero 96.14 61.51 59.12% 109.74 1.91%®
80 Zero 91.81 59.99 55.04° 112.18 2.05*
100 Betaine 97.86 61.40 60.07% 111.27 1.85%®
90 Betaine 97.13 61.86 60.09% 107.44 1.85%
80 Betaine 93.24 60.28 56.282® 110.67 1.98
100 Choline 93.56 61.18 57.26% 111.26 1.88®
90 Choline 92.76 59.72 55.48% 110.67 2.022
80 Choline 93.90 61.73 57.91% 110.26 1.97%®
SEM 1.89 1.34 1.51 1.45 0.63
P-value 0.173 0.243 0.007 0.731 0.011
Main effects
Methionine (%) 100 94.40 59.58 56.24 111.57 1.93
90 95.34 61.03 58.19 109.28 1.93
80 94.42 62.23 58.75 110.96 1.92
P-value 0.782 0.213 0.564 0.142 0.971
Supplement Zero 94.69 59.89 56.76 111.28 1.92%®
Betaine 96.07 61.17 58.81 109.79 1.9
Choline 93.4 60.88 56.87 110.73 1.95%
SEM 1.09 0.59 0.87 0.83 0.036
P-value 0.232 0.354 0.211 0.458 0.524

b Different letters within each column indicate significant differences among means (P<0.05). FCR: Feed conversion ratio; SEM:
Standard error of the means
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Table 4. Effect of betaine and choline at reduced levels of methionine on production performance traits in laying
hens (36-39 weeks of age)

Treatment/Interaction Hen-day egg Egg weight Eggmass  Feed intake

effects production (%) (efege)  (e/bird/day) (e/bird/day) TR
Methionine (%) Supplement
100 Zero 95.10 61.68% 58.65 111.10 1.92
90 Zero 96.23 61.10% 58.81 109.64 1.90
80 Zero 94.08 58.69° 55.24 111.54 2.04
100 Betaine 95.30 60.59% 57.77 111.33 1.91
90 Betaine 96.02 60.34% 57.91 110.58 1.90
80 Betaine 93.88 58.29° 54.74 110.44 1.95
100 Choline 96.13 59.894 57.61 107.03 1.91
90 Choline 92.76 60.93% 56.49 109.47 1.95
80 Choline 92.77 62.49* 57.90 110.40 1.92
SEM 1.94 0.75 1.39 1.39 0.053
P-value 0.644 0.006 0.134 0.432 0.401
Main effects
Methionine (%) 100 95.17 59.32 56.87 109.97 1.95
90 95.00 60.19 57.74 109.91 1.92
80 93.91 60.82 57.09 110.65 1.93
P-value 0.692 0.136 0.233 0.761 0.693
Supplement Zero 95.13 59.09 56.57 110.76 1.95
Betaine 95.07 60.74 56.8 110.79 1.92
Choline 93.88 61.1 57.33 108.97 1.93
SEM 1.12 0.09 0.79 0.19 0.68
P-value 0.671 0.434 0.812 0.815 0.072

b Different letters within each column indicate significant differences among means (P<0.05). FCR: Feed conversion ratio; SEM: Standard
error of the means
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Table 5. Effect of betaine and choline at reduced levels of methionine on egg quality traits in laying hens (35
weeks of age)

Treatment/ Egg Specific Yolk  Yolkcolor Hough  Shel thickness
Interaction effects shape gravity(g/cm®)  index index unit (mm)
Methionine (%) Supplement
100 Zero 78.76 1.083 41.51 10.57° 88.35 0.52
90 Zero 78.44 1.085 41.43 10.50 81.86 0.51
80 Zero 78.46 1.085 42.32 10.57* 83.83 0.50
100 Betaine 73.52 1.085 38.57 10.92* 82.39 0.51
90 Betaine 78.79 1.084 41.26 10.35% 81.86 0.51
80 Betaine 77.58 1.084 41.55 9.35% 82.11 0.49
100 Choline 78.33 1.085 41.57 9.14° 84.21 0.49
90 Choline 79.47 1.084 40.26 8.71° 85.64 0.49
80 Choline 78.40 1.085 39.82 9.712 83.40 0.50
SEM 1.79 0.001 1.098 0.26 2.11 0.0009
P-value 0.556 0.712 0.234 0.0006 0.35 0.721
Main effects
Methionine (%) 100 76.87 1.084 40.55 10.11 84.98 0.506
90 78.9 1.086 40.98 9.85 83.6 0.505
80 78.15 1.085 41.23 9.81 83.11 0.502
P-value 0.37 0.423 0.741 0.194 0.536 0.883
Supplement Zero 78.55 1.084 41.75 10.54* 84.68 0.513¢2
Betaine 76.63 1.085 40.46 10.212 82.6 0.506%
Choline 78.73 1.086 40.55 9.19° 84.42 0.494°
SEM 1.03 0.0006 0.63 0.155 1.21 0.005
P-value 0.284 0.184 0.283 0.0001 0.421 0.047

@b Different letters within each column indicate significant differences among means (P<0.05). SEM: Standard error of the

means
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Table 6. Effect of Betaine and choline at reduced levels of methionine on egg quality traits in laying hens (40
weeks of age)

Treatment/ Egg Specific Yolk Yolk color Hough Shell thickness
Interaction effects shape gravity (g/lcm®)  index index unit (mm)
Methionine (%) supplement
100 Zero 76.51 1.076 37.73 11.07* 83.45 0.46
90 Zero 75.18 1.077 39.17 10.14% 82.52 0.44
80 Zero 77.04 1.076 39.22 11.28* 82.14 0.45
100 Betaine 76.79 1.078 39.44 10.78* 85.68 0.49
90 Betaine 75.06 1.078 37.54 9.5% 84.3 0.48
80 Betaine 75.53 1.071 40.03 10.5% 83.18 0.47
100 Choline 75.85 1.077 40.66 10.35% 84.21 0.46
90 Choline 76.18 1.075 40.54 10.28% 83.63 0.45
80 Choline 76.51 1.077 40.1 9.14b 85.14 0.45
SEM 0.64 0.0019 1.41 0.42 1.47 0.01
P-value 0.306 0.14 0.71 0.0008 0.8 0.96
Main effects
Methionine (%) 100 76.39 1.077 39.28 10.73 84.11 0.47
90 75.47 1.076 39.08 10.3 83.48 0.46
80 76.36 1.075 39.78 10.3 83.49 0.46
P-value 0.14 0.29 0.82 0.35 0.83 0.45
Supplement Zero 76.25 1.076 38.7 10.83 82.37 0.45%
Betaine 75.79 1.076 39 10.26 84.39 0.48
Choline 76.18 1.076 40.43 10.26 84.33 0.46*
SEM 0.37 0.001 0.81 0.24 0.85 0.85
P-value 0.64 0.95 0.28 0.16 0.16 0.018

b Different letters within each column indicate significant differences among means (P<0.05). SEM: Standard error of the means
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Table 7. Effect of betaine and choline at reduced levels of methionine on relative weight of egg segments in

laying hens (g/100 g egg)
Treatment/ 28 days 56 days
Interaction effects Yolk Albumen Egg shell Yolk  Albumen  Egg shell
Methionine (%) supplement
100 Zero 25.87 59.6 14.44 26.88 59.88 12.81
90 Zero 27.25 58.37 14.37 28.17 59.51 13.01
80 Zero 27.13 57.92 14.26 26.12 60.95 12.83
100 Betaine 27.96 57.71 14.45 26.3 58.93 12.87
90 Betaine 28.02 58.1 13.85 28.62 59.98 12.94
80 Betaine 27.61 58.65 13.59 28.53 58.67 12.78
100 Choline 26.6 59.5 13.89 26.43 59.17 12.64
90 Choline 26.63 59.09 14.16 27.31 61.27 12.6
80 Choline 26.58 59.18 14.22 27.48 59.72 12.43
SEM 0.53 0.64 0.27 0.8 0.81 0.26
P-value 0.30 0.37 0.28 0.36 0.31 0.99
Main effects
Methionine (%) 100 26.81 58.95 14.26 26.54 59.33 12.78
90 27.3 58.52 14.12 28.03 60.25 12.85
80 27.11 58.59 14.03 27.37 59.78 12.8
P-value 0.53 0.61 0.58 0.08 0.38 0.72
Supplement Zero 26.75° 58.64 14.36 27.06 60.11 12.88
Betaine 27.86% 58.15 13.96 27.81 59.19 12.86
Choline 26.6° 59.26 14.09 27.07 60.06 12.56
SEM 0.32 0.37 0.15 0.46 0.47 0.15
P-value 0.008 0.11 0.2 0.42 0.3 0.23

&b Different letters within each column indicate significant differences among means (P<0.05). SEM: Standard error of the

means
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Table 8. Effect of betaine and choline in decreased levels of methionine on blood biochemical indices in laying
hens (mg/dL)
Treatme?nt/ Glucose Protein  Albumen  Cholesterol — Triglyceride @ LDL  HDL
Interaction effects
Methionine (%) Supplement
100 Zero 207.68 5.59 3.52 189.39* 131.28° 535 23.02
90 Zero 205.77 5.87 3.7 155.63° 102.35° 47.03 31.22
80 Zero 201.41 543 3.61 161.16% 105.79° 49.56  29.04
100 Betaine 202.14 6 3.79 174.85% 116.61%® 5292  26.58
90 Betaine 192.38 5.46 3.97 165.72% 106.06° 53.79 2931
80 Betaine 201.02 5.41 3.68 162.28% 112.97% 44.5 26.8
100 Choline 203.85 5.62 3.64 146.05° 107.48% 335 2531
90 Choline 201.02 6.05 3.95 164.47% 111.48% 46.93  30.27
80 Choline 196.58 5.59 3.71 162.32% 115.27% 41.1 29.75
SEM 6.31 0.27 0.16 6.94 5.41 4.5 1.46
P-value 0.61 0.46 0.94 0.003 0.015 0.15 0.24
Main effects
Methionine (%) 100 204.5 5.7 3.6 170.1 118.4* 46.6 24.9
90 202 5.8 3.8 161.9 106.6° 49.2 30.2
80 199.6 5.5 3.7 162.1 111.3% 45.05 285
P-value 0.63 0.33 0.17 0.26 0.029 0.51  0.0001
Supplement Zero 204.9 5.6 3.6 168.7 113.1 50.03*  27.7
Betaine 198.5 5.6 3.8 167.8 111.8 50.4 27.5
Choline 202.7 5.7 3.7 157.6 111.4 40.5° 28.4
SEM 3.64 0.15 0.09 4.007 3.12 2.6 0.84
P-value 0.44 0.79 0.27 0.09 0.92 0.01 0.74

b Different letters within each column indicate significant differences among means (P<0.05). SEM: Standard error of the means
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Table 9. Effect of betaine and choline at reduced levels of methionine on blood MDA and egg cholesterol and
MDA concentration in laying hens

Treatment Blood Egg
Interaction effects MDA (ng/mL) MDA (ng/g) Cholesterol (mg/g)
Methionine (%) Supplement
100 Zero 0.89* 1.56 13.32°
90 Zero 0.94* 1.4 12.28%
80 Zero 0.832® 1.43 11.87%
100 Betaine 0.76° 1.07 11.42°
90 Betaine 0.79% 1.2 12.74%
80 Betaine 0.892 1.14 12.17%
100 Choline 0.69° 1.32 11.982»
90 Choline 0.78%® 1.25 11.51°
80 Choline 0.82 1.23 11.55°
SEM 0.045 0.095 0.33
P-value 0.0254 0.67 0.004
Main effects
Methionine (%) 100 0.78 1.32 12.24
90 0.87 1.28 12.18
80 0.85 1.27 11.86
P-value 0.3456 0.2546 0.3301
Supplement Zero 0.89* 1.47* 12.492
Betaine 0.82° 1.14° 12.11%
Choline 0.76° 1.27° 11.68°
SEM 0.055 0.055 0.19
P-value 0.0004 0.0004 0.0125

@b Different letters within each column indicate significant differences among means (P<0.05). SEM: Standard error of the
means
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