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Effects of Powders of Soybean and Doenjang on Cholesterol Level and
Antioxidant Activities in Rats Fed with a High Cholesterol Diet
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This study was carried out to investigate the effects of powders of autoclaved soy flour and doenjang
fermented using Bacillus subtilis DJI on lipid profiles and antioxidative activities of rats fed a high cho-
lesterol diet. Sprague-Dawley male rats weighing 200~210 g were divided into four groups: normal
diet group (N), high cholesterol diet group (HC), autoclaved soy flour and high cholesterol diet group
(SHC), and doenjang and high cholesterol diet group (DHC). The serum ALT, AST and ALP activities
of the SHC and DHC groups were lower than those of the HC group, but exerted no significant change
on serum LDH activity. Serum triglyceride, total cholesterol and LDL-cholesterol levels were markedly
decreased by autoclaved soy flour and doenjang administration, while the serum HDL-cholesterol level
was higher in groups given autoclaved soy flour and doenjang administration. The GSH-Px and cata-
lase activities in liver elevated by a high cholesterol diet were significantly decreased by autoclaved
soy flour and doenjang administration (p<0.05). Liver GSH levels of the SHC and DHC groups were
significantly decreased compared to the HC group (p<0.05). Liver TBARS level was significantly de-
creased in the DHC group fed with doenjang powder compared with those of the HC group (p<0.05).
These results suggest that soy flour and doenjang may reduce levels of serum cholesterol and prevent
oxidative stress by stimulating antioxidative systems in rats fed a high cholesterol diet.

Key words : Autoclaved soy flour, doenjang, high cholesterol diet, lipid profiles, antioxidative effect
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Soybean

l
Washing and draining

Soaking (20°C, 15 hr)

Steaming (12il°C, 40 min)
Cooling (l38~42°C)
Inoculation (5. subi'lzs DI 1% (w/w))
Fermentation (39%50°C, 12~14 hr)

Drying (20°C, humidity 30%, 24 hr,
moisture content 15~18%)

l

Bacterial koji

l
Mixing with solar salt (cooked soybean,
water, salt conc. 12% (w/w))

Doenjang
Aging (20°C, 60 days)

Fig. 1. Manufacturing process of bacterial-koji and Doenjang.

40°CZ WYAA7)1a vl FH3l & B subtilis DIIE 7}-’;*8}7]
AR T 1%w/w) HIEE HFA e, HF & 39~
50°C 2= A 12~14A17F w8t Att. o] & 235 A
A L& 20°C, F= 30%E fFAHIA 2443 FAAA FE
Freko] 15~18% H =5 Azt Add ZAZ AHE-stGTh
B Aze Awd ZA 42 F(EE TS VELE A

219} 22 4)E 718kar A Y 4 (Shinan-docho, Korea) 2.2 4
TES WEol AoH, 259 vEE HF Ax 949 &

T A
2 =7} 12%(w/w)7h HES ko 20°C A 2 AL 44

A7 RS AHSEIA T 7HY SAe i B8 5 A=
st Bgleton, 88 77} 46.8%9F 495%°]1 %

J

5

5
o 52 EH ARE AT T4 The 20C] BT
o1F APl ASHET 1T FAT 4T L gRYe
ZeUd, 238 Y BrsEY QU Ba
A B(E1F)NA ARG, 4ol %
& BAe (FTH R @R Qs 1 2

&

HeSE H "ol
ARTEL 1 AF 200~210 g A=< Sprague Dawley

=
A FAR FHAE 1FY o gt vjFAIEZ J5A1 &, @
3} (randomized block design)oll @&} 2+ A + T 6vle] 4
477 0.2 7o) stainless steel wire cageol 3 vhg] A £-2]3}
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Table 1. Proximate analysis of freeze dried samples
(% dry basis)

Ingredients Casein Asl(l);o?lle;\]z;d DJI Doenjang
Moisture 523 496 5.69
Crude protein 89.70 33.55 36.28
Crude lipid 0.52 15.80 17.40
Ash - 477 8.56
Dietary fiber - 15.29 16.34
Carbohydrate” 455 20.67 15.74

YCarbohydrate=100— (moisture+crude protein+crude lipid+ash+
dietary fiber)

o AT 2 AP AHSE 4 o]= Table 291419} 2]
AIN-93 A 4j0] 2A[41] HF st AH8stRor, AP
o= A4T(N), L ~EEFHO), LFH2HEL UF
F2o]F(SHC) 2 nZd2HEY DI BFETHo|F
(DHO 2.2 o} 453 A3kt 2+ A3 4ol Table
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Table 2. Composition of the experimental diet (g/kg diet)

Diet composition Groupsl)

N HC SHC DHC
Corn starch 530.0 520.0 435.7 456.2
Sucrose 100.0  100.0  100.0 100.0
Casein 200.0  200.0  100.0 100.0
Autoclaved soy flour - - 267.4 -
DJI Doenjang - - - 247.2
DL-cystine 3.0 3.0 3.0 3.0
Soybean oil 70.0 70.0 27.8 27.0
Cellulose powder 50.0 50.0 91 9.6
Vitamin mixture” 100 100 100 100
Mineral mixture” 35.0 35.0 35.0 35.0
Cholesterol - 10.0 10.0 10.0
Choline bitartrate 2.0 2.0 2.0 2.0

UThe Experimental diet groups are as follow; N: normal diet,
HC: high cholesterol diet, SHC: Autoclaved soy flour and high
cholesterol diet, DHC: doenjang and high cholesterol diet.

“Based on AIN-93 vitamin mixture.

¥Based on AIN-93G mineral mixture.

A = 54 AT} XA 2 =X

¥%4 % aspartate transaminase (AST), alanine trans-
aminase (ALT), alkaline phosphatase (ALP) % lactate de-
hydrogenase (LDH) €43 F4A%(TG), % Zd 28 E(TC)
3 HDL-Z 2HE F32 dA4stsha At 2247
(Fuji Dri-Chem 3500, Fujifilm, Japan)E AM&-3t9 5738}
t}. LDL-ZY2HE &3%E Friedwaldd [EZd2HZ
-(HDL-Z ¥ 2Bl E-F A A /5))[14]9l 3te] ALtshdt.

N

P Z gie gadof #d £

F 22 1 g7} 49 3] 0.25 M sucrose buffer (pH 7.5)&
7}8tal 4°Cell A ultra turax homogenizer (Janke & Kunkel,
Staufen, Germany)Z 10,000x goll Al 2871 v} 3t S}, w4
AL 600x goll A 1027 A EEste] AT vy FES
AAZ vy A S oA g o 15000% goll Al 2027 €
AEg At FA A S #31o] catalase 3 glutathione per-
oxidase (GSH-Px) 84 S4& ¢t E4AY0 2 A&3Th
Catalase &4& Aebid] WH[1], GSH-Px &4 Flohe 59
HR2]e2 SAskolth @ d el 4 &2 bovine serum al-
xF “d“—‘“@ %9‘1‘—% AF8-3}od Lowry 59 W32

N

buming

2t =& & GSH &gk =3
7+ 27 F GSH 32 Tietze] WH[43]S HEsto =73

A=t 7 24 01 g 108 (w/v)S] 5%(w/ V) sulfosalicylic
acid 2 mlE H7Feto] mpaf| g ohs 10,000% ol A 1027t A4
g & NS GSH 3 33 S fste] AHEsHsith Al
3ol working buffer 700 pl, 5,5-dithiobis-2-nitrobenzoic
acid 100 pl, 20 pl Al5<} B 180 pl FFFE 7hshed 30°Cell A

7+ W8k 3 GSSG reductase &4 5 ulE A7}eka 412
anM 1% F< Hstss FFEE S48 0.04 mM
GSHE A|Z3}9] standard curveE 18 & Tz o] th3t

TSR e £

248} 2] A thiobarbituric acid reactive substances, TBARS)
< Buegedt Aust®] WH[5]S W@ st AU 1t
T st a2 4 A4S Ast] Az FAA



HE F3lo] 9 S protein assay Kit (Sigma, USA)
% o]ﬁo}o;] u]/nu 7<4 }cq Zx4 O}Odq. D}Huzl zﬂ-a}:oi 1
mg st FAN 1.0 ml°ﬂ 0.2 N HCI &< j 0.357% thio-
barbituric acidE &3¢ Al%F 1.0 mlol] butylated hydrox-
ytolueneﬂ HE FFo 001%7F HEF A7t & 2 £
= 98°CZ 1587 7FEstath. A WZ4AIA 1,500x g2
151‘ 7+ AR & 535 nmoll A 4N FHEE =43
H=dl, J»P‘]'E}Zl A 3 TBAY S AHE-3H4 malondialde-
hyde (MDA) 3tegko & Aekalgict.

SAXzZ

£ AgelA 92 ZAF= SPSS 12.0 (Statistical package for
the social science) P/C packages ©]-8-3t] A3+ Ho 3
EFAE ALs A, dAu R E2HE A (one-way ANOVA)
< AAskaeH, "]‘37475)% Tukey’s testol] o] ato] A 8313
o 2 A7l o] &8 FAA Fo4 HSL a<0.05 FEAA

T

o] o] Htt.
Zn 3 nFE

SHZ Ao|MFZ Y Alojgg

VEYHEY T F2 @AY HolE 477 F9T
A9 AFS7HE, AoldAF & Aolagd vAe A=
Table 33} 24},

Table 30| X &} 2o A5 7t Ao]dH &S B2 0l
g 7% N 129 2EHE4 & 38 HCH 1ol
ARl ael7k gt 18y 1 EFY2HER T S 2
AELS T F98 SHCT# DHCTS CHol Hlste] A
T/t AoldHF] EF oA AstEHAoH

p<0.05), Nl HIa| % §2J3lAl 4315 ATh(p<0.05). 12
U Yang S[45]9] Aol AE 7HAQ1S A2tz vls)
o AFET FTATNA 2ol Fo] dkLd T BTE
T AFZ7VEe) Aok BolA @k, o] tEANE WE

—

Table 3. Body weight gain, food intake and food efficiency ratio
in rats fed experimental diets

Food intake

1) Body weight gain 2)
Groups (g/day) g/day) X
N 4430317 21.89+2.42°  0.20+0.04™Y
HC 459+0.73° 2246184 0.20+0.07
SHC 4.09+0.24° 18.05+1.52°  0.23+0.04
DHC 4.02+0.21° 17.52+3.98°  0.23+0.05

USee the legend of Table 2

JFER: Food efficiency ratio (body weight gain/food intake).
IMeantS.E. (n=6), values with different superscripts in the
same column are significantly different (p<0.05) among groups
by Tukey’s test.

NS: not significantly different among groups.
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Table 4. Activities of AST, ALT, ALP and LDH in serum of rats fed experimental diets (unit: U/1)
Groups" AST ALP LDH
N 42.34+1.32% 31.03+5.01° 95.31+10.24° 43.76+3.12™
HC 50.29+4.29% 45334435 101.29+12.84° 46.2342.65
SHC 39.23+3.14° 35.33+2.23° 92.31+9.65™ 44.36+4.11
DHC 36.17+2.17° 39.17+3.05 81.82+8.21° 45234208

USee the legend of Table

IMean+S.E. (n=6), values with different superscripts in the same row are significantly different (£<0.05) among groups by Tukey’s test.

INS: not significantly different among groups.

et e oH1519]. & A7 E 1
10] T;Loqi A}g].x% }\Egﬂ % 1-;\]7] HC#
AST, ALT ‘;1 ALP &4o] 7} %711 vehgo, o

rsﬂ A

[42]& Atgaterael st 7 &4
oA £2]g pinitolE Fof Al &
A3 A 7+ Rz a7 5
flavone JEE°] AST ¥ ALT 4%

Table 59| A&} Zo] R Zg AHEA 0|2 Z7}5 o]

= A543

A FEFe gF T2 GZELE A FA49E A f
4 o}ﬂl A8} 2 2 LHp<0.05) Noll Hlaj e ta & 4
Ak 84 T Y 2HE FFE 1Y 2HES F

&h& HCT ol Hlste 1287 T S 38 TS
FAlo] FoIg SHCT 3 DHC9 4% #9J3HA Ash= 3L
™ (p<0.05), 53] DHC& N} H5:8h A8 Yehf ik

Eokom,

84 = [DL-Z¢ 282 e HCEo] 713 =
52 GARES WA Fo8AS B st AstEH A
(p<0.05). 8% % HDL-Z2¢ 22 3 2
vigpon, giF S gL I %Oﬂli G314 27}

=
=T

HAHp<0.05). € T FHAE, FH2HE LDL—E—HV\
HE 2 HDL- *aﬂ*ﬂl% greFo] SHC ¥ DHC 7ol
gz7F ATk i Fe A 9] isoflavone 3HE 5 gemstem
& EWAg o Gxe 7t JE BARA 8 29
2928 E7 LDL-F42HE 55 A3HA7]1, HDL-
Fe2HE 25 S/ ERaEHATH7]. £33 Choist
Lee[10]= tiFddo] Ao A 7h=E3] Hold o A5
T peptides7} T5F4H] Hj S E715}e] o] 2 st ¥
FTEY2HE FFol AstHe AR Busgh Tl
o]& A& ol¢lo% phytosterol, H, 21, Ao]idfra
EX A G g E BH FH2HE FFS A

All6]e7 ALgF o} ATk

r1r

Y

]

~
kA
Jﬁ

& catalase 3! GSH-Px &
2HEY OF 52 JAFEE HolE 45 59 &
F8)7] 2Ad BoJslE 8492 catalase @ GSH-Px
3t A¥e Table 63 2t}

M8} 2ol 7+ 24 T catalase B4 1ZE 2 H|
HC0] 596+0.15 unitZ N2 4.73+0.35 unite]
02 Z7}1AtH(p<0.05). LY 2H S Fol&
5‘]—] Z catalase EAS 1Y 22 IF
2 frostA AstE oM (p<0.05), A4
7359k vs=gt &8 el Atk SHC %

%7 % catalase F4 < o]z} Kol ok

H
:‘d

o o
o r;'ﬂ

T\
H
QO
=2
o N d
o,

e

Agrsﬂé

s
o 8

Mo . 8
2
>
r_}L |

e 2 Lok g

g
T
O
Mol
=
2
rr
=

O Me oN = mf
£ oo

ET

R

rulO_&

otk 7+ 23 = GSH-Px 4L catalase 43 FAVSHA tl 5
3o gAEuwe Fo3 SHCF Y DHC o] 12 28 Snt
S F93 HCF vlsld foFoz A3 = U th(p<0.05).

Table 5. Contents of triglyceride, total cholesterol, LDL-cholesterol and HDL-cholesterol in serum of rats fed experimental diets

(unit: mg/dl)

Groupsl) Triglyceride Total cholesterol LDL-cholesterol HDL-cholesterol
N 101.39+5.29"% 71.23+6.31° 46.28+2.36° 4523+1.60°
HC 141.09+9.53° 91.23+5.46° 85.19+6.59" 34.26+3.26
SHC 119.67+7.09° 67.27+4.29° 46.44+812° 41.29+3,02°
DHC 117.2546.75° 69.08+6.75° 46.10+3,07° 46.43+3.98°

USee the legend of Table 2

“MeantS.E. (n=6), values with different superscripts in the same column are significantly different (£<0.05) between groups by

Tukey’s test.



Table 6. Activities of catalase and GSH-Px in liver of rats fed
experimental diets

Groups” Catalase” GSH-Px)
N 4.73+0.35™ 122.28+10.32°
HC 5.96+0.15° 145.23+13.20°
SHC 5.13+0.21° 124.23+14.15
DHC 4.69+0.16 119.84+17.11°

USee the legend of Table 2.

'Decreased H,O, umoles/min/mg protein.

¥Decreased NADPH pimoles/min/mg protein.

“MeantS.E. (n=6), values with different superscripts in the
same column are significantly different (p<0.05) between
groups by Tukey’s test.
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Fig. 2. Levels of GSH in liver of rats fed experimental diets.
Abbreviations: See the legend of Table 2. Values are
meanzS.E. of 6 rats per each group and different super-
script letters indicate significant differences at p<0.05 by
Tukey’s test.
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script letters indicate significant differences at p<0.05 by
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1140 AW #sts]A] 2010, Vol. 20. No. 7
% JisAA g 1Y 2HEH diF 3}% %
A wolE S7HE 1o u DHCE W &
<0.05). Egﬂz&ﬂ]i/} J,].o] }SH‘— 7r le/] ;q;dd,].‘_}
v A2 2 ¢¥F =, Chung S[11]9 A+ A
ojto] Hlste] LFH 2HEAE FA% o]
JeHAl FASEA A HFe ST iR
&8} SHCol| Blsle] FAE DS F93 DHCT o]
2 A58 o] I3 A3 A THp<0.05)
ol Hlste] dAstEAS FETHE FEFol ok
[36,37]= A=, ol& Bgc] LaASFHY Fol HE=A
3l isoflavone®] %A 7} B-glucosidasedl] €13l aglycone
2 38} genistein?} daidzing] o] Frbsta, &
B4 Fo 42 dFode HEHA EUH caffeic ac1d9]r
ferulic acid 52| 2] phenolic acid #°] F7}817]
22 SFATH26]. In vitro AFAME E i%%"] 7
Eof v} 8}45}3;} =l c,}zu}oi 2A
|

tlo X

Ntle S f:igl'%‘
EN )
il
o&oﬁ%v
F o —
:[OJZ‘,
4
>

TLRNEN)

o
oo Roro X

folr oft md

2 jo 4
T S

fl
r1
rEL
ploy =
Y
2
oL
=2
-1n
n:
Lo -E
o
HI
o
4
=
o
)
BN
N
ofy

Z?Wr% A B e B
i skglon, 7HAl

2 ol

woigh EHZ:E:‘E‘OH H]Sﬁi\ﬂv‘:_ Lo 5—]_74] Ak 9Tk STk
13‘]‘4’ % 03?'0“}\1“5‘ =13 Zl'oﬂ Zl' EZ} %_

7HA 2}% 2 3
ge A7t Jé»o}ﬂh AtgET,
A 2
2 d7e AYAAR ATl AEAus:
B0009747)ell J g A7Hl & FhE A0 o]o ZAL=HY T

References

1. Aebi, H. 1984. Catalase in vitra Method Enzymal. 105, 121-126.

2. Al, A. A, M. T. Belasquez, C. T. Hansen, A. I. Mohamed,
and S. J. Bhathena. 2004. Effects of soybean isoflavone, pro-
biotics, and their interactions on lipid metabolism and endo-
crines system in an animal diabetes. /. Nutr. Biochem 15,
583-590.

3. Banz, W. J,, J. Davis, R. Peterson, and M. J. Igbal. 2004. Gene
expression and adiposity are modified by soy protein in
male Zucker diabetic fatty rats. Obesity Res. 12, 1907-1913.

4. Britton, C., S. Helmut, and B. Alberto. 1979. Hydroperoxide
metabolism in mammalian organ. Physicd. Rev. 59, 527-605.

5. Buege, J. A. and S. D. Aust. 1978. Microsomal lipid
peroxidation, pp. 302-310, In Dacker, L. (ed.), Methods in
enzymology;, Vol. 52, Academic Press, New York.

6. Camandola, S., M. Aragno, J. C. Cutrin, E. Tamagno, O.
Danni, E. Chiarpotto, M. Parola, G. Leonarduzzi, F. Biasi,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

and G. Poli. 1999. Liver AP-1 activation due to carbon tetra-
chloride is potentiated by 1,2-dibromoethane but is inhibited
by a-tocopherol or gadolinium chloride. Free Radic. Biol.
Med 26, 1108-1116.

. Cassidy, A. 1996. Physiological effects of phytoestrogens in

relation cancer and other human health risks. Prac. Nutr.
Soc. 55, 399-417.

. Chang, M. and H. C. Chang. 2007. Characteristics of bacte-

rial-koji and doenjang (soybean paste) made by using
PBacillus subtilis DJ1. Kor. J. Microbiol. Biotechnol. 35, 325-333.

. Choe, G. S., S. Y. Lim, and ]J. S. Choi. 1998. Antioxidant

and nitrite scavenging effect of soybean, meju and doenjang.
J. Life 5ci. 8, 473-478.

Choi, Y. S. and S. Y. Lee. 1993. Cholesterol lowering effects
of soybean products (curd and curd residue) in rats. /.
Korean Soc. Food Sci. Nutr. 22, 673-677.

Chung, E. ], Y. S. Um, H. W. Nam, and T. Park. 2003.
Changes in lipid peroxidation level and antioxidant enzyme
activities of rats supplemented with dietary cholesterol
and/or taurine. /. Korean Soc. Food Sci. Nutr. 32, 1310-1317.
Flohe, L., A. Wolfgang, and W. A. Gunzler. 1984. Assay of
glutathione peroxidase. Methods Enzymol. 105, 114-130.
Fogelman, A. M., I. Schechter, ]. Sager, M. Hokom, S. Child,
and P. A. Edward. 1980. Malonyldialdehyde alteration of
low density lipoproteins lead to cholesterol ester accumu-
lation in human monocyte macrophages. Proc. Natl. Acad
Sci. USA 77, 2214-2224.

Friedwald, W. T., R. L. Levy, and D. S. Fredrickson. 1972.
Estimation of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative
ultracentrifuge. (lin. Chem 18, 499-502.

Kahn, B. H.,, H. Y. Son, H. S. Lee, and S. W. Song. 1995.
Reference values of hematology and serum chemolory in
kite Sprague-Dawley rats. Karean /. Lab Ani. Sci 11, 141-145.
Kim, B. N,, J. D. Kim, S. S. Ham, and S. Y. Lee. 1995. Effects
of spice added natto supplementation on the lipid metabo-
lism in rats. /. Korean Soc. Food Sci. Nuir. 24, 121-126.
Kim, B. S., C. H. Rhee, Y. A. Hong, C. J. Woo, C. M. Jang,
Y. B. Kim, and H. D. Park. 2007. Changes of enzyme activity
and physiological functionality of traditional doenjang dur-
ing fermentation using Bacillus sp SP-KSW3. Korean J. Food
Preserv. 14, 545-551.

Kim, H. J., K. H. Shon, S. H. Chae, T. K. Kwak, and S. K.
Yim. 2002. Brown color characteristics and antioxidizing ac-
tivity of Doenjang extracts. Korean J. Soc. Food Cookery Sci
18, 644-654.

Kim, K. H. 1980. A translation: The clinical application of
the results of the test. Ko Moon Sa. Seoul. pp. 164-167.
Kwon, C. S, T. W. Kwon, and J. S. Kim. 2000. Effects of
soy isoflavone-supplemented diets on benzo(a)pyrene-in-
duced lung and forestomach tumorigenesis in mice. Food
Sci. Biotechnal. 9, 249-252.

Kwon, S. H, K. B. Lee, K. S. Im, S. O. Kim, and K. Y. Park.
2006. Weight reduction and lipid lowering effects of Korean
traditional soybean fermented products. /. Korean Soc. Food
Sci. Nutr. 35, 1194-1199.



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kwon, S. H. and M. Y. Shon. 2004. Antioxidant and anti-
carcinogenic effects of traditional Doenjang during matura-
tion periods. Korea J. Food Preserv. 11, 461-467.

Lee, E. H. and J. H. Chyun. 2007. Effects of chongkukjang
intake on lipid metabolism and liver function in ethanol
consumed rats. Korean J. Nutr. 40, 684-692.

Lee, J. J., Y. M. Lee, H. C. Chang, and M. Y. Lee. 2009.
Antioxidative effects of Dearjang fermented using Bacillus
subtilis DJI. Korean J. Food Preserve 16, 554-561.

Lee, J. M., S. W. Choi, S. H. Cho, and S. J. Rhee. 2003. Effect
of seeds extract of Paeonia lactiflora on antioxidative system
and lipid peroxidation of liver in rats fed high-cholesterol
diet. Korean J. Nutr. 36, 793-800.

Lee, K. H, S. H. Ryul, Y. S. Lee, Y. M. Kim, and G. S. Moon.
2005. Changes of antioxidative activity and related com-
pounds on the (Tungkiukjang preparation by adding drained
boiling water. Korean J. Food Cookery Sci. 21, 163-170.
Lee, M. D. and I. C. Kim. 2000. Soy protein and obesity.
Nutr. 16, 459-460.

Lee, S. L. and J. G. Kim. 2005. Inhibitory effects of Doenjang
(Korean fermented soybean paste) and soybean extracts on
the growth of KB cells. Kor. /. Env. Hith 31, 444-450.
Lee, S. M. and H. C. Chang. 2009. Growth-inhibitory effect
of the solar salt-Deorjjang on cancer cells, AGS and HT-29.
J. Korean Soc. Sci. Nutr. 38, 1664-1671.

Levy, R. 1. 1991. Cholesterol, lipoprotein, apoproteins and
heart disease; present status and future prospects. Clin.
Chem 27, 653-657.

Lim, A. K, H. K. Jung, ]J. H. Hong, J. S. Oh, ]. H. Kwak,
Y. H. Kim, and D. L. Kim. 2008. Effects of the soybean pow-
der with rich aglycone isoflavone on lipid metabolism and
antioxidative activities in hyperlipidemic rats. /. Korean Scc.
Food Sci. Nutr. 37, 302-308.

Lowry, O. H,, N. J. Rosebrough, A. L. Farr, and R. J. Randall.
1951. Protein measurement with the folin phenol reagent.
J. Biol. Chem 193, 265-275.

Mitchell, G. V., M. Y. Jenskins, and E. Grudel. 1989. Protein
efficiency ratios and net protein ratios of selected protein
foods. Plant Foods Hum Nutr. 39, 53-58.

Niho, Y., T. Yamazaki, Y. Nakajima, H. Itoh, T. Takeshita,

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

Journal of Life Science 2010, Vol. 20. No. 7 1141

J. Kinjo, and T. Nohara. 1990. Pharmacological studies on
puerariae flos. The effects of puerariae flos on alcohol in-
duced unusual metabolism and experimental liver injury in
mice. Yakugaku Zasshi. 110, 604-611.

Oh, D,, S. S. Ham, S. Y. Lee, B. K. Park, S. H. Kim, C. K.
Chung, and I. J. Kang. 1998. Effect of irradiation and blanch-
ing on the quality of juices of Spurigpinella brachycarpa dur-
ing storage. Korean J. Food Sci. Technol. 30, 333-340.

Oh, H. J. and C. S. Kim. 2007. Antioxidant and nitrite scav-
enging ability of fermented soybean foods (Chungkukiang
Doeryang). J. Korean Scc. Food Sci. Nutr. 36, 1503-1510.
Park, J. W.,, Y. ]. Lee, and Y. S. Lee. 2007. Total flavonoids
and phenolics in fermented soy products and their effects
on antioxidant activities by different assays. Korean /. Food
Culture 22, 353-358.

Prasad, K. and ]. Kalra. 1993. Oxygen free radicals and hy-
percholesterolemic atherosclerosis; effect of vitamin E. Am
Heart J. 125, 958-973.

Pratt, D. E. 1982. Water soluble antioxidant activity in
soybeans. /. Food Sci. 37, 322-332.

Pratt, D. E. and P. M. Birac. 1979. Source of antioxidant activ-
ity in soybeans and product. /. Food Sci. 44, 1720-1728.
Reeves, P. G, F. H. Nielson, and G. C. Fahey Jr. 1993. AIN-93
purified diets for laboratory rodents: final report of the
American Institute of Nutrition ad hoc writing committee
on the reformulation of the AIN-76A rodent diet. /. Nutr.
123, 1939-1951.

Shin, Y. H. and J. Y. Jeon. 2004. The physiological activities
of pinitol isolated from soybean. Food Industry Nutr. 9, 28-35.
Tietze, F. 1969. Enzymatic methods for quantitative determi-
nation of nanogram amounts of total and oxidized
glutathione. Anal Biochem 27, 502-522.

Yokozawa, T., T. Nakagawa, and K. Kitani. Antioxidative
activity of green tea polyphenol in cholesterol-fed rats. /.
Agric. Food Chem 50, 3549-3552.

Yang, J. L, S. H. Lee, and Y. S. Song. 2003. Improving effect
of powders of cooked soybean and chongkukjang on blood
pressure and lipid metabolism in spontaneously hyper-
tensive rats. /. Korean Soc. Food Sci. Nutr. 32, 899-905.



1142

A3 38k %] 2010, Vol. 20. No. 7

Bt
Jh
|0

POt EITER0| DS AHIEA0IE 503

%t

| SHAHE sz R gitst #dof 0|x|=

rot
4

OfRfz - Zlotet - olgt - 4B - ok - ol
EXEEERETDEE

fd
|
o)
[~
I,
i
1>
o
|
il
s

o
N
=2,

BN
frl
otk
2
e
ol
o

— m o
N
o
2
)
BN
e
i,
ol
M
=3

[o
oo
X
ol
f
oh
2

B g o
=
I
toll
k)
K
o

L

3
il ofy mi

QL
454
_E
2
olN ¥
olN
S
ol
34
1>
b e

>
i)
judl M

2 A

e

oX
o
£ o»
o
=
32,
T

ST, ALT ¥ ALPEA L v 8 2
S Fo8 HC ol vldte] AstE
2HE % LDL-ZY 2H 2 ke
), HDL-Z 8 2H & &F& F7}st
o2 F7te 1 24 F 7
& %7%] Ao 2A AR )
% 7t x}ow 714 %104

AL U%(p<o 05) N‘ELJJr% v 55 &

jay
@
4,.1
-y
o
ol ¢
2 <
95}
ay
O
_L
g
T
0
=
=2
2
o
1o
4
(o

h‘,
o
fifo
s
3R
_ﬂ
=
_{
_l
r
i,
o3
He
=
o
pid
N
oot o

2
QL
3R
[o
o,
o
=
iy
=
[>
=
ru}m
4

=‘.’=
iﬂ
F
S
g
QO
%
O
97
T
3
¢
oL
12
>
ot
22
toby
N
opp M
o
°
o
=
rir
4
T
oo

é".:
rot
o
2
L)
L
olN
_\|L
i)
32
ul
i
= o
[~
=,
)
ol
=
o
2
toke
bo{f
_V\_l‘
rr
~ 2
-
Ehid
i)
_V\_l‘
i o&
o
r—{u:
ﬂlf

¥o, My i

3@ L

K

-



