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Effects of Dietary Betaine and Protein Levels on Performance, Blood Composition,
Abdominal Fat and Liver Amino Acid Concentration in Laying Hens

J. H. Park, S. Y. Park and K. S. Ryu

Department of Animal Resources and Biotechnology, Chonbuk National University

ABSTRACT An experiment was conducted to investigate the effects of dietary betaine and protein levels on performance,
internal egg quality, blood composition, abdominal fat and liver amino acid concentration in laying hens. A total of 432
ISA-Brown laying hens were randomly allotted to four treatments with six replications for twenty four weeks. Treatments were
factorially designed with two levels of crude protein(14.5 and 16.5%) and two levels of betaine(0 and 600ppm). The egg
production was increased by feeding 16.5% protein-fed group compared to that of 14.5% protein-fed groups(P<0.05), but was
different from betaine supplementation. Increasing protein and betaine supplementation to diets improved egg weight, egg mass
and feed conversion(P<0.05). Eggshell breaking strength, thickness and Haugh unit were not influenced by either dietary
betaine or protein levels. Dietary betaine did not affect serum total protein, albumin and uric acid concentration, whereas uric
acid concentration was increased in 16.5% protein-fed groups(P<0.05). The deposition of abdominal fat was lower in 600ppm
betaine groups compared to those fed on Oppm betaine groups(P<0.05). Concentration of the most hepatic amino acids were
affected by dietary protein levels and betaine supplementation. There were synergistic effect between dietary protein and
betaine. These results suggested that dietary betaine can improve the egg weight, mass, feed conversion and decrease the

abdominal fat, but increase the hepatic amino acid contents.

(Key words: laying hens, betaine, performance, abdominal fat, liver amino acid)
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Table 1. Formula and chemical composition of basal diet

Cp
Ingredients
14.5% 16.5%

Corn 67.80 64.29
Soybean meal 14.03 17.59
Corn gluten meal 3.31 4.86
Wheat bran 3.73 2.14
Limestone 8.88 8.87
Dicalcium phosphate 1.64 1.61
Sait 0.38 0.38
DL-methionine(98%) 0.04 0.06
Vitamin premix’ 0.10 0.10
Mineral premix’ 0.10 0.10

Total 100.00 100.00
Calculated chemical composition
ME(kcal’kg) 2,800 2,800
CP(%) 14.50 16.50
Methionine(%6) 0.28 0.32
Met+Cys(%o) 0.55 0.61 -
Lysine(%) 0.65 0.74
Cystine(%) 0.27 0.29
Ca(%) 3.70 3.70
P(%0) 0.40 0.40
Choline(mg/kg) 1,052 1,118

! Provided per kilogram of diet: vit. A, 5,5001U; vit. Ds, 1,100IU;
vit. E, 111U; vit. Bz 0.0066mg; riboflavin, 4.4mg; niacin, 44mg;
pantothenic acid, 11mg (Ca-pantothenate, 11.96mg); choline, 190.96
mg (choline chloride 220mg); menadione, 1.lmg (menadione
sodium bisulfite complex, 3.33mg); folic acid, 0.55mg; pyrido-
xine, 2.2mg(pyridoxine hydrochloride, 2.67mg); biotin, 0.11mg; thia-
min, 2.2mg(thiamine mononitrate, 2.40mg); ethoxyquin, 125mg.

? Provided in mg per kilogram of diet; Mn, 120; Zn, 100; Fe, 60;
Cu, 10; I, 0.46; Ca, min: 150 max: 180.
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Table 2. Comparison of productivity in laying hens fed diets containing different levels of betaine and protein

CP Betaine Egg production Egg weight Egg mass Feed intake .
o o Feed conversion
(%) (ppm) (%) (2) (g/day/hen) (8)
14.5 0 81.95 60.75 49.90 138.01 2.835
14.5 600 85.06 61.17 52.25 137.65 2.706
16.5 0 88.10 61.84 54.57 137.07 2.533
16.5 600 87.79 63.58 55.88 136.71 2.468
Main effect means
CP 14.5 83.50° 60.96° 51.08° 137.83 2.770°
16.5 87.94" 62.71° 55.23% 136.89 2.501°
Betaine 0 85.02 61.30° 52.24° 137.54 2.684°
600 86.43 62.38* 54.07° 137.18 2.589°
P-value
CpP 0.0001 0.0001 0.0001 0.7558 0.0001
Betaine 0.1005 0.0001 0.0001 0.9041 0.0265
CPxBetaine 0.0457 0.0003 0.1099 0.9995 0.4569

** Means within a column with no common superscripts differ significantly (P<0.05).
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Table 3. Comparison of egg qualities in laying hens fed diets containing different levels of betaine and protein

CpP Betaine "Eggshell breaking strength Eggshell thickness ) )
) Haugh unit Yolk color index

(%) (ppm) (kg/em’) (pm)

14.5 0 4.65 371 87.77 8.0

14.5 600 423 365 87.91 7.8

16.5 0 4.24 369 87.42 7.3

16.5 600 4.24 370 88.14 7.4

Main effect means

CP 14.5 4.44 368 87.84 79

16.5 4.24 369 87.78 7.4°

Betaine 0 4.44 370 87.59 7.7

600 4.24 367 88.02 7.6
P-value

Ccp 0.1804 0.5517 0.9579 0.0001

Betaine 0.1659 0.3533 0.6986 0.4967

CPxBetaine 0.1678 0.1665 0.7938 0.1276

*® Means within a column with no common superscripts differ significantly (P<0.05).
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Table 4. Comparison of blood composition in laying hens fed diets containing different levels betaine and protein

CP Betaine Total protein Albumin Uric acid Abdominal fat
() (ppm) (zdL) (g/dL) (mg/dL) (%)
14.5 0 7.03 1.70 9.09 4.865
14.5 600 7.14 1.78 8.29 4.324
16.5 0 7.11 1.82 11.84 5.268
16.5 600 7.79 1.84 10.56 3.866
Main effect means

CP 14.5 7.09 1.74 8.66° 4.59
16.5 7.43 1.83 11.23° 457
Betaine 0 7.07 1.77 10.62 507
600 7.47 1.81 9.42 4.09°

P-value
CP 0.4039 0.2115 0.0042 0.9485
Betaine 0.3615 0.4901 0.2100 0.0302
CPxBetaine 0.5212 0.7180 0.7673 0.3138

** Means within a column with no common superscripts differ significantly (P<0.05).
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Table 5. Comparison of amino acid concentrations in liver of laying hens fed diets containing different levels of betaine and protein

Main effect
Amino  CP(%) 14.5 165 P-value
acid Cp Betaine

I A T 0 600 145 165 0 600 P Betsine

(ppm) Betaine

%

Aspartate 1.42 1.68 1.67 1.56 1.55 1.62 1.55 1.62 0.2053 0.1346 0.0012
Threonine 0.71  0.86 0.85 0.79 0.79 0.82 078 083 0.1432 0.0925 0.0007
Serine 073  0.87 0.85 0.80 0.80 0.83 079 084 0.2259 0.0621 0.0005
Glutamate 212 251 249 238 232 2.44 231 245 0.1169 0.0638 0.0030
Proline 065 0.62 0.72 0.64 0.63 0.68 069 0.63 0.5638 0.4881 0.7318
Glycine 073 0.87 0.86 0.83 0.80 0.85 080 0385 0.0901 0.0589 0.0042
Alanine 090 1.07 1.05 0.98 0.99 1.02 0.98 1.03 0.2598 0.0599 0.0003
Valine 085 1.03 1.00 0.94 0.94 0.97 093 098 0.2164 0.0454 0.0005
Isoleucine 066 0.79 0.80 0.76 0.72 0.78 073 078 0.0214 0.0684 0.0018
Leucine 1.35 1.62 1.60 1.50 1.49 1.55 1.47 1.56 0.1780 0.0765 0.0008
Tyrosine 063 072 0.72 0.69 0.68 0.71 068 071 0.2006 0.1728 0.0126
Phenylalanine 076  0.87 0.88 0.83 0.82 0.85 082 085 0.2060 0.2834 0.0180
Histidine 049 056 0.58 0.53 0.52 0.55 0.53 0.54 0.1364 0.5320 0.0027
Lysine 1.18 1.41 1.42 1.33 1.30 1.38 1.30 1.37 0.0967 0.1328 0.0021
Arginine 1.01 1.20 118 1.14 111 1.16 1.09 1.17 0.1346 0.0442 0.0058
Cystine 026 027 0.29 029 027 029 028 028 0.0095 06304 03412
Met 031 031 0.35 0.37 0.31 0.36 0.33 0.34 0.0057 0.5697 0.4786

*» Means within a column with no common superscripts differ significantly (P<0.05).
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