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Effects of Dietary Betaine and Energy Levels on Liver Fats and Cholesterol in Laying Hens

J. H. Park, S. Y. Park and K. S. Ryu'
Department of Animal Resources and Biotechnology, Chonbuk National University, Chonju 561-756 Korea

ABSTRACT Two experiments were conducted to examine the effects of betaine intake on blood and yolk cholesterol,
abdominal fat, liver fat, tissue triglyceride(TG) and liver HMG-CoA reductase in laying hens. In Expt. 1, a total of 72
ISA-brown laying hens were individually assigned into four treatments from 18 to 21 weeks old. Corn-soybean meal based
diet were fed with the addition of 0, 300, 600 and 1,200ppm. In Expt. 2, 72 ISA-brown laying hens were housed into individual
cage to evaluate the effect of dietary betaine(0, 600ppm) and energy(ME, 2,800, 2,900kcal/kg) from 70 to 74 weeks. Serum
total cholesterol, LDL and HDL-cholesterol and TG concentration in blood of hens fed betaine tended to increase compared
to those of the control, but were not significantly different. However, betaine supplementation showed a statistically significant
decrease in yolk cholesterol(P<0.05). There was no significant difference in abdominal fat among the treatments. Liver fats
and TG of birds fed betaine was decreased compared with control. Serum total cholesterol, LDL-cholesterol and triglyceride
concentration were significantly increased by feeding a diet containing 600ppm betaine in Expt. 2(P<0.05), but were not
influenced by the dietary energy levels. Yolk cholesterol, abdominal fat and HMG-CoA reductase activity were affected neither
by dietary energy nor betaine level.

(Key words: betaine, energy, fat, cholesterol, laying hens)
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Table 1. Formula and chemical composition of basal diet(Expt. 1)

Ingredients (%)
Corn 64.46
Soybean meal 18.65
Corn gluten meal 4.13
Wheat bran 1.90
Limestone 9.41
Dicalcium phosphate 0.85
Salt 0.34
DL-methionine 0.06
Vitamin premix1 0.10
Mineral premix2 0.10
Total 100.00

Calculated chemical composition

ME(kcal/kg) 2,800
CP(%) 16.00
Methionine(%) 0.32
Lysine(%) 0.75
Ca(%) 3.70
Available P(%) 0.40
Choline(mg/kg) 1,177.7

! Provided per kilogram of diet: vit. A, 5,500IU; vit. D5, 1,100IU;
vit. E, 11IU; vit. By, 0.0066mg; riboflavin, 4.4mg; niacin, 44mg;
pantothenic acid, 11mg (Ca-pantothenate, 11.96mg); choline,
190.96mg (choline chloride 220mg); menadione, 1.1mg (mena-
dione sodium bisulfite complex, 3.33mg); folic acid, 0.55mg;
pyridoxine, 2.2mg(pyridoxine hydrochloride, 2.67mg); biotin,
0.11mg; thiamin, 2.2mg(thiamine mononitrate, 2.40mg); ethoxy-
quin, 125mg. v

? Provided in mg per kilogram of diet; MnSOs, 120; ZnSOy, 100;
FeSOs, 60; CuSQs, 10; Ca(10s),, 0.46; CaCOs, min: 150 max:
180.
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Table 2. Formula and chemical composition of basal diet

(Expt. 2)
MEn
Ingredients
2,800kcal’kg 2,900kcal/kg
Corn 64.46 67.71
Soybean meal 18.65 13.95
Corn gluten meal 4.13 7.30
Wheat bran 1.90 -
Limestone 9.41 942
DCP 0.85 0.90
Salt 0.34 0.34
L-lysine - 0.11
DL-methionine 0.06 0.08
Vitamin premix1 0.10 0.10
Mineral premix2 0.10 0.10
Total 100.00 100.00
Calculated chemical composition
ME(kcal/kg) 2,800 2,900
CP(%) 16.00 16.00 -
Methionine(%) 0.32 032
Lysine(%) 0.75 0.75
Ca(%) 3.70 3.70
AP(%) 0.40 0.40
Choline(mg/kg) 1,177.7 1,053.6

! Provided per kilogram of diet: vit. A, 5,500IU; vit. Dj,
1,100IU; vit. E, 111U; vit. Bi» 0.0066mg; riboflavin, 4.4mg;
niacin, 44mg; pantothenic acid, 1img (Ca-pantothenate,
11.96 mg); choline, 190.96mg (choline chloride 220mg);
menadione, 1.lmg (menadione sodium bisulfite complex,
3.33mg); folic acid, 0.55mg; pyridoxine, 2.2mg(pyridoxine
hydrochloride,  2.67mg);  biotin,
2 2mg(thiamine mononitrate, 2.40mg); ethoxyquin, 125mg.

2 Provided in mg per kilogram of diet; MnSQOj, 120; ZnSOq,
100; FeSQy4, 60; CuSOs, 10; Ca(IOs),, 0.46; CaCOs, min: 150
max: 180.

0.1lmg;  thiamin,
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€ VB- 1(30m, 0.25mmx0.25m, Valco Instruments Co., Inc. USA)
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5) ZkEZEe| Microsomal 3-hydroxy-3-methyl-
glutaryl-CoA(HMG-CoA) Reductase &4

L4 2EZA A microsomeS #8]ehe Wb o2 11%3
1g2 0.1M triethanolamin, 0.02M EDTA, 2mM dithiothreitol 2
T4 ice-cold buffer(pH 7.0) 8mLE 7}3le] #A3} Azt
0] 10,000g%} 12,000g014 1027+ YA Ee] 3 & A2l
< #3}o] 100,000g04] 6087 Za1
Al HE2] g2 o2 microsomal pellet-S
71 98te] buffer ImLE &3} 31,
(Protein quantification kit; Fluka, Japan)Z ©]
some P14 & Tekgich

7Yoo 2 2E Ba]% microsome2] HMG-CoA reductase -
- Hulcher and Oleson(1973)¢] WY& o}z Wgsle] 42383}
A} 150 #M HMG-CoA 2} 2mM NADPHE- 500 £« g microso-
me protein®} 2+ &35}, 0.1M triethanolamin, 0.02M EDTA
(pH 7.4) buffer= ImLE 2} ths 37TollA] 302 &<t vk
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A 15 o] HEZAIZI T2 2M citrate(pH 3.5), 3% Na-
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7F ¥he A ek vhS-E2 25,000g00 4] 158 Eob YAl 223t
% 2ol mL2 315tk o3 7)ol 2M tris(pH 10.6) 200 #L
<} 2M tris(pH 8.0)2 E3+sle] pHE 8002 245}, 04M
Aeol MeAT F BRBEA L
cubetteo] &ZH ) TS0 2 3mM 5,5-dithiobis 2-nitrobenzoic
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1. &5 ZEoaHE U = EHAHE

Table 3= AHHA Algol BlEQ1E FH(0, 300, 600,
1,200ppm) 2 H7}8te] FoiA] b}t Hghe] Zef| ~EE g
F ¥ E ARG dEke] ZeE e E dare vE
6002} 1,200ppm Foi 77} thz7-2} BlElel 300ppm Fo T
o Hsle] frefatAl HASATHP<0.05). 3 2w
E, LDL-cholesterol ~18]1 A4t ke vgjele] A7}
Fzol webs Frlehs AEE Kok, Azl -9
2191 2o giUth Table 404 & o1 %] 435(2,800kcal/kg,
2,900kcal/kg)el] w2 HlEjRle] Hri7} 5 Fel»e B

g 2eE nAe S ARG EF S~

H S ddR] 50] 2,900kcalkg o] 77} 2,800keal/kg
o ol Blate] Frlete AEE BRAAT SAEA Aozt
gk 2y HEl 600ppm HoI = ol H]EHe]
FA&A 271815 tHP<0.05). HDL-cholesterol 3}eF2 o1
Al = vlEfRl Hotell &S W] ergith. LDL-cho-
lesterol 3HeF-E Alm] oUA] o] ofste] WislERA] sk
A|RE, HIEQ] 600ppm H7rell A v zto) vl st 24
28 F7ISIATHP<0.05). & 7 A FFE v
B}l 7ol A Tl Higte] fode g Frketith
(P<0.05). &3 F|2EE2 A8 olx] 9} vlElQl +F
o] dekZ WA gkt

Table 3. Blood cholesterol, triglyceride and yolk cholesterol as affected by different levels of dietary betaine in laying hen(Expt. 1)

. Total HDL- LDL- . .
Betaine Triglyceride Yolk cholesterol
(opm) cholesterol cholesterol cholesterol (mg/dL) (mge)
(mg/dL) (mg/dL) (mg/dL)

0 186.88 61.00 38.57 1,867 14.8°

300 201.63 60.63 42.13 1,983 14.6°

600 213.67 59.43 45.80 2,042 13.3°

1,200 252.44 59.67 71.00 2,340 13.0°

Pooled SE 17.56 2.14 7.09 110 0.25

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

Table 4. Blood cholesterol and yolk cholesterol as affected by different levels of dietary betaine and energy in laying hen(Expt. 2)

. Total HDL- LDL- . .
Energy Betaine Triglyceride Yolk cholesterol
cholesterol cholesterol cholesterol
(keal/kg) (ppm) (mg/dL) (mg/g)
2,800 0 85.6 34.1 28.7 760 10.87
2,800 600 121.9 30.0 38.0 1,331 11.61
2,900 0 89.6 23.8 27.8 1,012 11.34
2,900 600 124.7 33.0 383 1,294 11.59
Main effect means
Energy 2,800 103.8 32.5 334 1,046 11.24
2,900 107.2 28.4 33.1 1,153 11.47
Betaine 0 87.6° 29.0 28.3° 886° 1111
600 123.3° 31.5 38.2° 1,313* 11.60
P-value
Energy 0.7838 0.1935 0.9101 0.6066 0.4552
Betaine 0.0078 0.3651 0.0025 0.0480 0.1019
EnergyxBetaine 0.9609 0.0227 0.8352 0.4891 0.4041

** Means within a column with no common superscripts differ significantly (P<0.05).
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Mattews et al.(1998)7} Overland et al.(1999)-2 B|efgle] &
% Fl| 2~ 27} nonesterified fatty acid(NEFA) F%of <
< nlR|A] okt 319 o v, Mattews et al.(2001)& vlelQ)
o] g7t %4 EF Ful~H &3 NEFA 32 37}
AZActz sl T8 Sugiyama et al.(1986)2 FHolA T8
Al 28, Al 2~E)|Q] 18] 3 3-methylthiopropionate} -2 ol E]
o F3F dAEo] FHAHES A7 WY, L-me-
thionine, D-methionine, %, B]e)Ql7} & HEI|= 5
ZY2HEL st Busle] B AJde] Axtel &
ARt TE. whEha HlElQle 3 FelAHES T7HM7IE
AES sh= o= vt

2. =52 X, =20 34 X2 9 HMG-CoA Reduc-
tase Activities

HejQle] 717} AbstAle] B7F A, 1k A 2 24y
Z/8 AW ko)) viX]= J @& Table 500 VERAATE A3 A
Zeofl i3k B A ke v]-8(%)el] Ao)A1=BIEf2] 600ppm
77} 4.205%2 thET9] 3.369% Bl5le] Fr)ste A
2 B £-9789 Aol gliey a8y A
& BlEQlY] o ol F7HEEE sl Bl 1,200
ppm Fo] Tl thaT-oF Hlmste] #o) 2l ApelE e
WATHP<0.05). 3+ 1te] A A% oAz vlEl &
o pof| Al @A BA FFASFHATHP<0.05). 18vt 7hE53 o
2] 5o] FAAY TS FES A JERiR] &gtk
Saunderson and MacKinlay(1990)= H|E]Q)-& B =de]o] 7}
&40 A FFS AT 3, ARG o] GupF o)
T 3Tk e S =AM E el g FA &
= THaAZIH, AAEE AAE S7FAZIG AL Has] o]
THCadogan et al., 1993; Fernandez-Figares et al., 2002). th5-
2] in vivo AolAl BIE| 1Ll protective tole2 A A] %[ o]
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= = 2l
s 7k gstEion, B3 7t 22 24 2
HlgjQlel Fod 2 oA 5] Q) v Harper et al,, 1953). #HoljA| 2k
o A A F-2 olljhEel ofdbe] LAY R W, wlEfRle] A
2 A= gler, olz1glt 9212 S-adenosyl methionine®] &
7toll 71918t} 5153 cHBeckenhauer et al., 1993; Barak et al.,
1994). Ghoshal et al.(1983)-2 F 1} wg]l @ 2] Ago] 7+t
o 4 AWE 2172, I AE Fuldtha shh
228 X027 Axoe] el Bele] gom, WHgle
7Fd 2 o 2 S-adenosylmethionine S 7-{-3le] 712U E-8 3
o W21 Felsd, seuae Adel AaE 9
A A A v EZTeol& o FA7|= | Basitt
(Stryer, 1988). whebr] w77} B-E3ko 7 Qlsio] ofrlE
€ 7rEYEe] A& Aike] AkelE 47 th(Stryer,
1988). o] 2} o] HlgllL vlE| 2 de] A Q&2 72y
330l Qe PR AL, AWt 4bslA oEk Rk e-g Al
grozm A4 didtel AeetEz =4 Ae AaE 5 9l
= 7} S 7FAti(Schutte et al., 1997).

Table 6= NARA] o] w2 v]E|Q1S A Aol et
of B gefrt dF A % 3te] HMG-CoA
reductase 25 W walFTh. A Fol thek J7 Ao vl
(%)-& o LA F2520] 2,900kcal/kg Ho] 7} 2,800kcal’kg H<
Tofl BlEiA Sotehs AEgE R, ¥EQ) 600ppm M7}
b A 2 #1E geplon $A5 Jol e
gigith 28] 3 7ke] HMG-CoA 3 EAhe) BAjdl glolA
T AT 59290 2po) = g1t HMG-CoA reductase 2}
cholesterol acyltransferase(ACAT)= 8| <€ & diAle] 24
o oA F23 &L It AL on] T AA Ut
w2k HMG-CoA reductase Eal| 2H S A EA A A
743 288 &5(XA) 8 40]7] wio HMG-CoA reductase

T
e 2

Table 5. Abdominal fat, liver fat and triglyceride as affected by different levels of dietary betaine in laying hen(Expt. 1)

Betaine Abdominal Liver Triglyceride
fat fat Liver Breast meat Thigh meat
(ppm) (%) (mg/g)

0 3.369 10.57° 76.98" 1.87 10.23
300 3.487 7.42% 44.64° 122 15.29
600 4205 736® 40.42° 1.55 1034

1,200 3.348 6.05° 36.63° 1.52 1343
Pooled SE 0.174 0.60 532 0.27 1.71

*® Means within a column with no common superscripts differ significantly(P<0.05).
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Table 6. Abdominal fat, triglyceride and HMG-CoA reductase as affected by dietary betaine and energy level in laying hen(Expt. 2)

Energy Betaine Abdominal fat HMG-CoA reductase activities
(kcal/kg) (ppm) (%) (mnloles/min/mglmicrosomal protein)
2,800 0 352 157.7
2,800 600 3.64 168.2
2,900 0 426 1572
2,900 600 3.90 178.8
Main effects means
Energy 2,800 3.58 163.0
2,900 4.08 168.0
Betaine 0 3.89 157.5
600 3.77 173.5
---------------- P-value e
Energy 0.2504 0.4552
Betaine 0.7764 0.1019
EnergyxBetaine 0.5746 0.4041

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

inhibitore] Fof &= e A F & S(hypercholesterolemia) 2}
Sl 7 8} Z(atherosclerosis)oll &2} o] thBocan et al., 1998;
Hay et al., 1999). 18] Modola et al.(1992)c] o}3hH L-
carnitine-2 2] 7FAH] Eollx] HMG-CoA reductase &4 9
£ 53 U2 E diitel F32 Fvhan Rasiitk e
22 vgjlo] L-camitine 3/dol #oq¥ 22 HMG-CoA re-
ductase F40] A% FeFE v & Joke AL 7T
o otk v B Alge] A vEcle] Fole 4leA e
HMG-CoA reductase Z4Jofl J & XA e 2oz Yg
et olel gt Ul AellA T4 HE S ol FE = AeA

717l A Aog Atudr

N O
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Hlejele] Foi7t AbdA o] A4 thatel WX &
Betr| st oo A, B A 7 A 8, 9
of Ze2elE T, AW FA A T a3 3 24
9] HMG-CoA reductase activityE A3l 9]51ed 2314 9]
ALEA B S AABIGATE ATE 1elM = 1855 ISA-Brown 4t
FAE ol &3l Af7d 185 F 245 FAI8k 453F
AHFAE S AT M7t CP 16%, ME 2,800kcal/kg
9] 71z 20l HIE]QI 0, 300, 600, 1,200ppm 502 H7}-

FA55T} AR 204 70528 ISA-Brown AHEHA1 S FA]
sto] X2l 1854 F 1245 FAISE 457 AFGAIE
< AAstt A Fe AFEU oAlUA] 24755(2,800, 2,900
keal /kg)T} BIEIQ] 2430, 600ppm) 2.2 2x2 QQIH-A AT
< AXSAT & Ao A, dike] 2 4EHE el
A dlefel 600, 1,200ppm H7FE7F 29 HlEf<l 300
ppm FH7bell ®3fe] fol3tAl LA THP<0.05). EF
total cholesterol, LDL-cholesterol ~12] 7. ZA A4}k 3o H)
gRle] A7 el w1 R ke AEe B
o oAl Aeole YUATHAIE D). oA 552,800
kcalkg, 2,900kcalkg)ol] w}& vlefcle] M7} &35 ZAMSE
A3}, 2 total cholesterol, LDL 2 =4 X"} Shke oA
Tl A= zZbol 7t gl ot ¥lEl<l 600ppm H7t= -3
Zholl Hlgte] @AStA FrFtRTHP<0.05). 12jvt W&
ZH e E ol M= AbRY U] o HEl el
e A FUATHAIR 2). F 23]9] A oA AAFol hHEH
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