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Comparative Effects of Dietary Isolated Soy Protein and Casein on Plasma Cholesterol Levels
in Young Chicks

Kew Mahn Chee#, Young Mee Kim, Jee Young Juhn, In Sook Choi and Mi-Hyang Oh
Laboratory of Nutritional Biochemistry, College of Life Sciences and Biotechnology, Korea University, Seoul 136-700, Korea

ABSTRACT Hypocholesterolemic effect of soy protein was examined in comparison with casein and three other dietary protein
sources in chicks. In two feeding trials, 40 (Expt.1) or 50 (Expt. 2), three-day-old, male chicks were forced-fed each of five
semi-purified-type diets containing isolated soy protein (ISP, cp 82%), casein (cp 92%), rice protein (RP, cp 70%), corn gluten
meal (CGM, cp 65%) or fish meal (FM, cp 70%) for two weeks. The diets for Expt. 2 were supplemented with 0.3% cholesterol
by replacing glucose. Each protein source was the only source of protein of each diet. Essential amino acids were added to the
diets to satisfy their requirements according to NRC. The diets were forced-fed to equalize the intake of all nutrients except the
amino acids which were inherently variable in the diets. Chicks fed casein showed lower body weight gain than those fed the other
proteins in both experiments. Birds fed ISP and FM gained better body weight than the others. Chicks fed casein showed signi-
ficantly higher levels of plasma total cholesterol, non-HDL cholesterol and triacylglycerol (TG) than those fed ISP and the other
protein sources. Meanwhile, the chicks fed ISP, RP, CGM and FM showed comparable levels of plasma total cholesterol, non-HDL
cholesterol and TG. In Expt. 2, the birds fed casein and FM showed markedly elevated plasma total cholesterol and non-HDL
cholesterol levels. Liver weight and levels of total lipids and cholesterol of chicks fed casein appeared significantly higher than
those of the other protein diets, whereas those of the chicks fed ISP, RP, CGM and FM appeared comparable except cholesterol
in FM group. In conclusion, only the chicks fed casein diets in both experiments always showed significantly higher levels of plasma
cholesterol and TG compared to those fed ISP and the other protein sources. These results support the views that casein, which
has unique lysine-arginine ratio, is inherently hyper-cholesterolemic, and ISP is hypocholesterolemic only when compared to casein.
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Table 1. Composition of experimental diets (Experiments 1 & 2"

Dietary groups containing

frems Casein Isolated soy protein Rice protein Corn gluten meal Fish meal
Ingredients (%)

Casein (92% cp) 20.30 - - - -
ISP (82.4% cp) - 23.20 - - -
Rice protein (70% cp) - - 27.40 - -
Corn gluten meal(65% cp) - - - 26.80 -
Fish meal (71% cp) = - - - 27.10
@ -Cellulose 4.00 3.00 4.00 3.00 3.00
Tricalcium phosphate 1.20 1.70 1.70 1.82 -
CaCOs 0.85 0.63 0.35 0.54 0.75
DL-Methionine 0.03 0.33 - - -
L-Lysine HCI - - 0.16 0.60 -
L-Arginine HCl 0.31 - - 0.52 -
L-Threonine - - - 0.14 -
L-Tryptophan - - - 0.07 -
Miscellaneous’ 38.7
Glucose Up to 100

Total 100.0 100.0 100.0 100.0 100.0

Nutrient contents, calculated

AMEn’ (kcal/kg) 3,400 3,330 3,400 3,360 3,310
Crude protein (%) 19.3 19.3 194 19.4 19.2
Lysine (%) 1.48 1.28 0.84 0.85 1.48
Arginine (%) 0.99 1.55 1.61 0.98 1.14
Methionine+cystine (%) 0.63 0.63 1.10 0.69 0.78
Lys/Arg ratio 1.50 0.82 0.52 0.86 1.20

'For the diets of Experiment 2, 0.3% cholesterol was added by replacing glucose by weight.

*Miscellaneous include 32% starch, 3.0% soybean oil fortified with 0.0125% ethoxyquin. 0.3% NaCl, 0.2% vitamin mixture, 3.0%
trace mineral mixture and 0.2% choline-chloride. Vitamin mixture provided the following per kg of diet: vitamin A, 5,200 IU;
vitamin Ds, 600 IU; vitamin E, 50 IU; vitamin K, 2 mg; thiamin - HCI, 20 mg; niacin, 50 mg; riboflavin, 15 mg; D-Ca pantothenate,
30 mg; vitamin Bi», 0.04 mg; pyridoxine - HCl, 7.8 mg; D-biotin, 0.6 mg; folic acid, 6 mg; ascorbic acid, 250 mg; inositol, 100
mg; PABA, 2 mg; BHT, 100 mg. Trace mineral mixture provided the following per kg of diet: KHCO;, 5.1 g; K,COs, 3.5 g;
CuSO;4 * SHyO, 0.03 g; ZnSO4 * TH2O, 0.34 g; MgSOy4 - TH;O, 6.3 g; FeSOy4 - TH,O, 0.4 g; MnCO;, 024 g; H3;BOs, 9 mg;
Na,MoOy - 2H,0, 8.3 mg; KI, 0.5 mg; CoCl,, 0.46 mg; Na,SeOs, 0.36 mg.

3'Nitrogen—corrected apparent metabolizable energy.
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Table 2. Major essential amino acid compositions of the dietary protein sources and their requirements in young chicks
Amino . Isolated soy Rice Corn gluten Fish Amino acid
acids Casein protein3 plrotein4 meal’ meal’ requirement6
% air dry-matter % diet
Lysine 7.99 5.50 2.50 1.03 5.07 0.80
Arginine 3.61 6.70 5.89 1.82 3.81 0.94
Met+cyst 2.86 1.30 4.03 2.59 2.60 0.59
Threonine 4.29 3.30 2.64 2.00 2.82 0.64
Tryptophan 1.05 0.81 0.81 0.36 0.78 0.16
Lysine/arginine 221 0.82 0.42 0.57 1.33 0.85

'Amino acids composition of the protein sources from NRC (1994) except rice protein. The data for rice protein was from the manu-

facturer’s spec.
*LACTOPROT (sodium caseinate), Deutschland GMBH.
*PRO-FAM 974 (isolated soy protein). Decatur, IL.

*Rice protein (Eunjin International Co., Ltd., Pyeongtack, Kyeonggi-do).

>Local products.

NRC. 1994. Amino acid requirements for young chicks of brown-egg-laying strains.
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Table 3. Effects of various dietary proteins on body weight gain and feed/gain ratio in young chicks during 0~2 weeks of age
(Experiments 1 and 2)1

Dietary groups containing

frems Casein Isolated soy protein Rice protein Corn gluten meal Fish meal
Experiment 1
Body weight gain (g/bird) 91.1+6.7° 110.0+3.9° 98.043.5 97.9+5.8° 110.3+4.7°
Feed/gain ratio 2.66+0.20" 2.20+0.10¢ 2.47+0.10° 2.47+0.20° 2.19+0.10°
Experiment 2
Body weight gain (g/bird) 111.3+6.2° 123.8+4.5° 109.7+3.5° 114.643.6° 129.7+6.6"
Feed/gain ratio 2.17+0.12° 1.95£0.07° 2.20+0.07" 2.11+0.07" 1.87+0.10°

1 Initial average body weights were 39.2 and 44.8 g/b for Experiments 1 and 2, respectively.

Total amount of each diet forced-fed to individual bird during 14 days is the same (241.4 g/b) for Experiments 1 and 2.
Values are meantstandard deviation (n=8 or 10).

*"*Means within a row with common superscripts do not differ significantly (p<0.05).

=d oAl 71A] el At ol ti e A et ofEate] A% 29 HDL-ZH2EE 5+ A3 19 Hlg] ozt
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Table 4. Effects of various dietary proteins on levels (mg/100 mL) of plasma total-, HDL-, non-HDL cholesterol and triacylglycerol

in young chicks

Dietary groups containing

Plasma
Casein Isolated soy protein Rice protein Corn gluten meal Fish meal
Experiment 1
Total cholesterol 283.8+43.3" 195.8423.3° 210.7+53.8" 227.3+43.6° 196.2:+48.0°
HDL cholesterol' 152.3+£14.8" 108.5+17.3° 99.1+15.6° 132.0+17.9° 98.4+24.4°
Non-HDL cholesterol’ 131.5£39.2 87.3+31.0 111.6+55.0 95.3+28.1 97.8+£35.2
Triacylglycerol 92.2+15.2° 43.249.0° 49.7+10.4° 36.6+8.0° 52.1+10.3°
Experiment 2
Total cholesterol 421.2+37.5° 232.4428.4° 256.2426.3° 285.5465.1% 315.6+61.4°
HDL cholesterol 142.1415.2° 97.9431.1° 123.3+11.9° 130.8+22.4° 94.3+11.9°
Non-HDL cholesterol 279.123.1° 134.5+38.4° 132.9428.3 154.7+44.5° 221343 4°
Triacylglycerol 88.3+25.6" 35.3+10.5% 453+7.8% 36.5+7.1% 23.0+7.6°
Changes of cholesterol levels in Expt. 2 over Expt. 1
Total cholesterol 1374 36.6 455 582 1194
HDL cholesterol -10.2 -10.6 242 -1.2 —4.1
Non-HDL cholesterol 147.6 472 21.3 594 123.5

Values are meantstandard deviation (n=8 or 10).

'High density lipoprotein cholesterol.

*Non HDL-~cholesterol=LDL-cholesterol+VLDL-cholesterol=Total cholesterol-HDL-cholesterol.
*"°Means within a row with common superscripts do not differ significantly (p<0.05).

Table 5. Effects of various dietary proteins on liver weight, levels of liver total lipids and cholesterol in young chicks

Dietary groups containing

Items Casein Isolated soy protein Rice protein Corn gluten meal Fish meal

Experiment 1

Liver weight (/100 g BW) 4.8+0.7° 3.440.5° 3.4+02° 3.540.4° 3.440.5°
Total lipids (%) 13.642.8° 8.9+0.9" 9.8+1.1° 9.8+1.9° 9.7+0.6°
Cholesterol (mg/g tissue) 5.741.2° 3404 42407 4.8£2.4° 3.640.7°

Experiment 2

Liver weight (2100 g BW) 5.5+0.8" 3.140.2° 3.2+0.2° 3.8+0.7° 3.3+0.3°
Total lipids (%) 14.4+1.8" 6.30.1° 6.8+0.3° 9.6+0.7° 7.1£0.1°
Cholesterol (mg/g tissue) 5.7+0.6" 2.940.2° 3.240.2° 4.441.0 6.1£1.2°

Values are meantstandard deviation (n=8 or 10).
""“Means within a row with common superscripts do not differ significantly (p<0.05).
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Tl FY98 10~30% 202 FAO5IY Lo ® ol Frh
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Aee AR A3t e d7Ed tEA UskES A8t
HAE 2 o5 WA AwskA Rskar sl
el ogk o Fe e TE Ast 291oR
ANE A & olagehtolu AR o A(isolated

Z}o] 0.6~1.0 mg/g protein(Sacks
et al., 2006), A 0] 0.44%(Sugano et al., 1988) A= &
Atk 22 o5 Al otk o FH2HE Ast 7
el thsl B2 AFAFEo] oFS 3ESHAL AATHSacks et al.,
2006). HH, S e] FAHE F A4 JEHE EE 24
st AL BEES0] BE Agete 2ERolE &
AL o= A9 wiAdsty dF FEHES AT
(Nagata et al., 1982; Sugano et al., 1988)= T2 o X3 &
2 A7 o) IEEIL Utk o] AFelA FoE
WA E = 2EH Rl RS ZARSHA] &gtou) Ap%

o4 - B SEsEE B 4T SRl *Eﬂi(ﬂ

soy protein) A& ©]|AZ

[SIE=1
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g 2HE At A1 el #g Ao] o, tiFehAo] o2 H7VE glucagon EHIZF HlE| Ao R EolHTh
#A ExHo 7 EF FEAHE T2 AL 5 e Chango et al.(1998)2 oA Lys/Arg H1-&°] 04~0.5%] lu-
A o5l A Zlolth diFeH o] &2 o Fe2H) pin AFEE T3S w 7HAIQ] wtoll BIsl Y glucagon©]
£ FEE ARt Fo] AHEHH A4 T84 <7F8}aL, insulin/glucagon W& ZH4x8ba A o} ZH)
T FE7F AF AA wEY O YolAe AEolgts B £ e Attt AR ArgS H7FE 7HAIQIS
of 3t} B33 = e ATAIE(E A EFhHo] A 27| A2 o) glucagon E1] Z7}ol] 2ls] E Y insulin/glucagon
o]l = Y T E SHSIA &L o] AF 7k F =4 H|-&-o] A|3}=|t(Sanchez et al., 1988). Argoll 2|3} gluca-
ZHE9 F% ¥} getEA] efar ok 2 o] 5= A gon 1] =319 protein kinase C7} ¥ 3= X 37(Bjaaland

H(Aljawad et al., 1991; Carroll, 1978; Terpstra et al., 1983;
West 5, 1989)0ll4 23 2719t A9 713 5 AR &4
B 72 e wE olERn AT 49 2719 2ole)
N ZH2HE w7 Ao WakebA] ear ek oA
QR s Fo FRelN AY 27 93 Fwr} vz
F TR/ ASHAL YU HEFHAR) Y] do
P

HE see A% 7tk Atk o5 & A
;é]

KD
[

Nagata et al.(1981)2 43 ofu|:=qto 2 749

Wl 24w} 93] SUsH )

ol S4L 2tu ghed, 1 9918 A2 B 3
oz ol Lysel Argdl thsh 2% 282 oY)

o F-olghe BRuEo] Bo] lthAljawad et al., 1991; Khosla
et al, 1991). & AT A 7RAIRITe] H Fe|2HE F=7}
HA3] ol Ax GA] 22 o] wEolgta & 5 T

7HAIQD Ab= oA Lysell &g 23k 285 W=]st7] £13)
A= Lys? Arg?] 7% H1E 502 ArgS 718l 50
o} ghtHHarper et al., 1970). A5 5(1995)°] Arg(1.5%)<
7HA1Q1 AbE ol F Vst Lys/Arg HlIE-©] 0.857F = A 3 2
7, Wolglo] 9 F|2HE FFo| diFe AT ¢bd
8] A= As Bargk vb ok

Lys-Arg 43 Z-go] A Z e E S WA=
71Ae) 3l o]E oln]|:=Ako] glucagon¥} insulin #H] H]E
o WX G W&ol o] AUt Lyso] ohF A=
insulin ¥8] & 33}, Arge] 23 S7F= glucagon®] FH]
£ =713t} Sugano et al.(1982)°1] &J3HH 71AI11-S AdH %
FellA insulin EHI7F S7F8FAAL, 7HAIdell Args 2] 5

et al.,, 1988)% St} Insulin 7oA S 2~HE FAH9 F
8 8491 HMG-CoA reductase 842 5714171, glucagon
< HHE o] &4 28-S JAIE 4= UTHChampe et al.,
2005). Jaya and Kurup(1987)% glucagon 57} F 7+2] HMG-
CoA reductase &3-S A3}, 7t lipoprotein®] ]
< 2NN, FA A S ZHEY] BEA A8
= 9 FYzEE o] AstEs B

Ty A3 FHARIS AdFstE E S 2HE0]
Z7VekA] &= AE o7 o™ (Nagata et al., 1980; Mol et
al., 1981; Madani et al., 1998), ©|% A A=A}l we} th2 2
At yow 4oz oo 2 7hA 8918 A
= T Utk

AR & Fol Wt Lys? Arge] Q7+l ZFeo]7h Sd
t}. Van Der Meer and Beynen(1987)2 5 ol ute} 7HA
A7} Tl o] tigk o FY2EE vhgo] A e
S Busddh A S Frat)e] Lys, Arg L7 742}
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1995) Solth o|gA AF FEC| wet F opr|=ike] 8 F
F HlEo] gepAd A FHAIQ Absel Wi vl A=
k3] ztel7h yERd Featel] gith

EA 8212 A4 FE urea cycle®] EA] dH-o|t} Arg
o] 8772 urea cycle®] EA] of ol we} Dbtk X
FE2 urea cycleol| A Args AT F 7] wWEdl AlEE
FE O ZEE o= AE 313 = ATHGropper et al., 2005).
Holel= Fol Hlgl Arg®] Zge O o WIstA vEg-sh=t
(Nesheim, 1968) Zf+ TlA ] HF FaLH=2 uric acid
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oA B ofmiito 2 o] Utk & ATtellA] FRAIQ] AL
o Args #H7bel FA] ke Hotele] A4S o @A
Al AAE RS Zloln, Y FYZEE FEE ¢ A
F7VelAS 4 s Aolth

A WA 2= ) 9] Lyso] arginase &40l v]X& F3F
ZFol& & 4 Utk Lys= F 7 & 904 arginase 8-S

Aste] Arge] F8-8 =950 (Cittadini et al., 1964) ¥-3]
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Holg|o| M= 238 FBolA arginase 28-S 3151 Ar
o] FE st 28-S ¢ WA O AA7Ie 9E8E §
THJones et al., 1967; Nesheim, 1968)

o] o]fFEE FolAe 7MY Lys-Arg 23 2H&-
FaFol HlwA HA vehd 4 vk 2% Esfal 7}
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d2EE s =Ate Il T (Carroll, 1982)2
EF3t 2A 7 glokar Azbech

AAo g gFaude dF FE2HE =5 A3t
Al7le 5244 715E 2k A gon, T A3
Al el gubEQl 83 Fro] At AL AL o
o] vlne] og Al Ayl Expsiria dEch



78 AT 5 FRAL W A AAZ okl 39 FeA2HES) MAE 9T

EFE ) 53 A oles A7 i3 WA (semi-puri-
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