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Cholesterol Improvement Effects of Fermented Defatted Soybean Grits
Added to Corchorus olitorius
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Abstract This study was performed to investigate cholesterol improvement effects of adding fermented defatted soybean
grit (FD) and FD added to 5 or 10% Corchorus olitorius (FDC). Cholesterol adsorption in the FD and FDC group was
more than 70%. Apolipoprotein Al and CIII improved in HepG2 cells, and a greater improvement effect was shown in
FDC than that in FD. We also investigated the effect of FDC on body lipid metabolism and a high-fat diet for 4 weeks.
Rats were divided into control (Con), high-fat (HF), HF treated with 20% FD (HF-FD), and HF treated with 20% FDC
(HF-FDC) groups. Plasma total cholesterol and low density lipoprotein-cholesterol concentrations, hepatic total cholesterol,
and triglyceride contents were significantly lower in the HF-FDC group than those in the HF group. Additionally, fecal
total cholesterol and triglyceride contents increased in rats treated with FDC. Hepatic 3-hydroxy-3-methylglutaryl-coenzyme
A reductase activities were significantly lower in the HF-FDC group than those in the HF group.
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EZ27|oKCorchorus olitorius L)= 73715 S50 $3s}e]
50°ColA 12417 AZAIZL F grind millM12s, Hankook Fujee
Plant Co., Busan, Korea)Z &3t & 7l= (¢ 1 mm)=E 2
A B AFS LIS, AT grit(defatted soybean
grit, DSG)E ADMAKDecatur, IL, USA)oIA F&tion, B.
subtilis NUCl &5+ (FNUCHA} vlo| @ AFA2RE
oF ARE-3ISITE DSG U5 F7T T THT E27]0F
TS 5, 10% SE2 Hrlsle] 48iA7 o o)& 247 Y8
v 250 FEHHIE UM $ 12100004 1587 SAske] W
slo] AMESITE SR8 DSG 2 E27]0} 7t DSG 2zl i
&3t B subtilis NUCIHS 2%7}F A HE3 &, 40°CollA] 24
A7 HEAIA DSG HEE(FD) 2 E27]0F A7 DSG TEE
(FDC)& Alxg vy 54713t A3t

& BU2HE BAS 5F
3 Fo2EE A% 39 Aol oI% kiAsanPham,
sl sttt BANEE BAZS 107

Seoul, Korea)s AR5}
o] FRd 747t =9 F HEE 1 mLol| 30pgd] SHZHES
A7¥ste] 25°CollA 208 B & 4ojF F, 0.1 M hexadecyl
trimethylamminium broimde(Sigma-Aldrich Co., St. Louis, Mo,
USA)E S0uLE 718t AolAl & F 15,000 pmo2 4°Col| A
1027 FAEe st Bede Foto] aala 37°ColA s8R
BEEA1A 500 nmell A Z7g 3FATH21).

M=ZFE 0|88t apolipoprotein 2Hls £X

(KCLB, Korean Cell Line Bank, Seoul, Korea)2 25 H-oFqko}
A3}, HepG2 M E+= 10% FBS(fetal bovine serum, Gibco-
BRL, Grand Island, NY, USA)2} 1% antibiotics(Gibco-BRL)7}
71E DMEM(Dulbecco’s modified Eagle medium, Gibco-BRL)
HiZE o] &3l 37°Ce] 5% CO, HlY7|olA 2-3de] & HA
Althull 3+ T Apolipoprotein®] £H]52 enzyme-linked immu-
nosorbent ¥ (22)2.2 A3} WA, HepG2 AlEE high glu-
cose DMEM iAo 5x10° cells/mLZ E53l A|l5E A2
F 24X Fo v FH S 96-well plate(Corning, Lowell, MA,
USA) 50 pL/well2 B33} 4°Col] A EATE 1247 & 5%
skim milkel] 37°ColA 1A1ZFEE wiFst o5 12h A9F 24F &
AE whs AZY nprjge g ghalaefel 1 2-pheylenediamine
(100 pL/wellyell 3027+ WHSAIZL 3 492 nmollXd §H=E 574

S

ABSE ¥ ASEVE
AEFES BoRke 5573 (100-150 g)2] Sprague-Dawley”] male

rat(Central Lab animal, Seoul, Korea) 32 "l2]E F+4std 15U
7F FeA7l T AREEIATE Rate 2% 23+2°C, FE 60+£5%, 12
AZE 72 o] fAEE AR ARSE FEAY
T2 7]E2]01H(C), AA 2]o]FE(HF), AA ol 20% EE
7lo} A7} DSG HEES 718 F(HF-FDC)Z 20% DSG &
=S H7MSE FHF-FD)E Uro] 457 ARSIt ojn a2

AAelo] M7 A BT o] A8E F9 20% HrhEeR
ARskit 2t 7 8 mHE 9] rats: ARESEAL, A ol=
10% lard, 1% cholesterol ZZ]3L 0.25% sodium cholate(Sigma-
Aldrich Co)E 718 2lold] Hrlete] Fw3aIAeH, 3 Al5e
FRE P FHAAL

AE N8N F 1FYD Hgog AFE sl AF AF
oNx AE WA AsE A F AN A AFLE ol
ASE7HERE EABRL, g AoldH3E 3Y 4w =4
B oH, Aol &L AST/HES AolHFTOR o] At

st

gul [S)

A ratg PR F UiEsle] s|uk AEE FAIR BRdE
How Agdapglon, Hd F AL 308 s AT H
600xgell X 1087 AalEelste] 1 Fede st AL %
& MRSkt 7k A 5 ZeElste] AA s e A
& F AE SAEAen, J70°ce] BashiA ARgEIa, B
HE AREZIZE v 37 Rste] AxAR] s Etet
A ARSIt

A

7 T AL AL 4L kit(AsanPharm), T
e & ZE2HE 44 kit(AsanPharm), HDL-Z
gtk HDL-ZHZHIE S48 kit(AsanPharm)E 717}
AREsle] 24319t LDL-Zd2EHE 832 (& Fe2H E-
HDL-ZY|2H E-(FAXA/s)e 8 AXtetgdnt. z8la 7 23
o] XA F& % B4 Folch 52 WHE23)S 4, B3t
o] 23tk & 7F 23 05 g2 A A2 F 10mLe Folch
solution(chloroform:methanol, 2:1, v/v)& Z715l] R 2AS &, o
3t o 0.5% H,80, 3mLE H7iste] Ed2u)7]oA Ea)st
Attt 2¥ 82L& Fol Folch solutions H7}ste] E o)
10mLe] =5 %E F, o] F&Y 10uLE H3l F9AY &
Ao o]l g&stt. L 7+ FHLHE BN 10mL FEEF
500 pLe A E2 tubedl] Hol a7 W FF A-2olA A=A
& 50 uL Triton X-100/chloroform solution(1:1, v/v)S 3 7}8led
vortex3}3Z THA] chloroform 450 pL& €o] % 500 uL7t E1A 3l
Agte] ARSSIATE o5 FEA 10 uLE ZH ALoA AZRA
71 % enzymatic reagent 1.5mLE Y3 37°C water bathollA 10
B 7F AIA AR & FH2EH B2 500 nmellA, F8A
Z-2 550 nmol| A ZHzb S skt g B o] AW ¢
ZHEE 7F 239 A 5 Wy FUs URe3)e=
S

ZHH HMG-CoA reductase &M 24

&gt 7h24 1g9 MEFe] 0.1 M potassium phosphate(pH
74y 7HE F vifsle] 4°C olgollA 600xg= 1087 Yl
oy ASAE Fsl, ©15 10,000xg, 4°CollA 2087+ AAE
3IAth AEAS T 105,000xg, 4°C 1A17F B9 2U4E
sl HAEQA microsomal &S Ho] ARESIARTE HMG-CoA
reductase &4 =72 Hulcher®?} Oleson®] W (24)S W33l
AF&3FI T 150 pM  HMG-CoA(Sigma-Aldrich  Co)2t 2 mM
NADPH(Sigma-Aldrich Co.)E 500 ug microsome &3} 2 41
¥ 0.1 M triethanolamine(Sigma-Aldrich Co.), 0.02 M EDTA(pH
74, Sigma-Aldrich Co.) $58dMo2 1mLE AL 37°ColIA
3087 W-AIZTE 2 T2 0.01 M sodium arsenite(Sigma-Aldrich
Co.) 20 pLE B3 A2ollA 18 o) ¥kSAIZ 3 100 ule] 2 M
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Fig. 1. In vitro cholesterol adsorption capacity of FD and FDC.
Values represent means+SD. Values with different superscripts are
significantly different (p<0.05). FD: Fermented DSG. FDC:
Fermented DSG+ 5-10% of C. olitorius powder

citrate(pH 3.5, Sigma-Aldrich Co.), 3% Na-tungstate(Sigma-Ald-
rich Co.) €5-&& ¥ 37°CollA 1027 RHEAIZTE b=
£ 13,000 pmell Al 10:27F 4°Collx] Aalweldt & 45 1mL
o 200uL®] 2M Tris(pH 10.6, Sigma-Aldrich Co.)<} 100 uL

2M Tris (pH 8.0)5 4lo] A-2oA 387F w3 Azl & 20 uLe]
3mM 5,5-dithiobis 2-nitrobenzoic acid(DTNB, Sigma-Aldrich

Co.), 0.1M triethanolamine(Sigma—Aldrich Co.), 02M EDTA
(pH 74) $58&8S ¥ 2 4L & 412mmollA 487ke] 53
T HstsE SASET o g4AHEE 1E7F 1mgd
microsome T A o] A= CoA-SHE %S nmoleZ UERHA
th 28 @ AL Lowry 59 WHEE5) 28] bovine
serum albumin(Sigma-Aldrich Co.yS ZFTd fNo 2 o] g3t
EF S ol 2 S A=k

SHEY
ARAI= A Aste] HEX9 BEFUAE ALsle
), 7t A¥r 7] 949 HAL SAS version 6.12(SAS Insti-

tute, Cary, NC, USA)E ©|&3} 5% 4|4 Duncan’s multi-
ple range tests ©]-8-3t>] SAEA] ST
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71k FDC-2] Ed| 2|
2ol 718k FDCT-

BE ZUsHE S 7% olAew Bl Uetor), B2
Aok 7K F7ke) WE FUzEE FASO Aot vold
Stk 8 £2710k Wk e FDRolE 4% Ars)
Fe208 FA5E 1ol FDCS} Holg Holx] usie). A

F nit(DSGyeE A xm o] glou} DSG| LEECME 20% ©)%
o] FHES FH3H(26) 3-5% A=) FHES FHdhe tiF
DEE7)ET o B %o X*Z%A o= 2ls] FD, FDC
o e FEsHE FHA5S B oz Az T3
E27)ol= #7138k DSG %3%94 FY2HE TS 555
A7kt DSG LEEANA B3l F25(15) FAFSIAT

HFE FEA7A A giFel FhEe] e AR =3
ol9lol], EFAA F polyglutamate, H¥F T A= AL

Ae AT B 2728)% 2 o], GsAl A, Zel~
HE N, AZUA AL, g Aet 2 dastg EOI 71t
3 Ak o]X¥ DSGE HEAAH S AXWA FHE 59 M=
< AP EAEC] A FHzHE NAESHE Yepd
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Fig. 2. Effect of FD and FDC on the secretion of apo-A I (A) and
apo-CIII (B) from HepG2 cells. Cells were treated with sample at
concentration of 1 mg/mL. Values represent means+SD. Values with
different superscripts are significantly different (»p<0.05).

Aoz Azbe] 3, wEk =2 AHUFSE DSG LaEE(15)0 ) B2
71012 3713 DSG LEECIM DSG HEERT ¢ 2 FY~
HE 358 1ol 212 A/ &A7E 7R R0 = Qs =
YEHE T2l F o UM Aoz Azhdr

E27|0t #J7t DSG w&E2| apolipoprotein Al & Clll2|
25 2

Apolipoprotein® A|%o] 2xkal Akl 32 fx|of s,
Ac Al Hoddhs GAEC FA/AAL HH, 2w )
Ado] 7h, a8, Az giatel= Zask Adiolth29).
1 % apolipoprotein Al(apo-Al)}< chylomicron} HDL | 2=H|
E£& e 593 AP O =R lecithin:cholesterol acyltrans-
ferase(LCAT)S S43M171e 284 28-S 8132(30), 53] apo-
Al®] F7hs e AstEe] 93-S ske HDL29| 71} vl
ste AoR A Urk31). ¥ apolipoprotein ClI(apo-CII=
VLDL, IDL, HDL®| 4 wjosx ok gjupd|e] 248
Aret] BF FHAEE TV, EF9 apo-Cll FE°
7t TUAskEe WA RS STMIIIE AR dEA
AUTH32).

E27|0LE 5, 10%5 =R H71sE FDC-°] apo-Al#} apo-ClII
o] RH|ge] mA= dFS A Aohs Fig 29 2o WA,
apo-Al9] 73-%- izl vls] FD# E27]018 7K FDCE
RF FH|go] Ssldch =3 FDF HlsiME E27)0kE
7kt FDClM fojd oz Fu|go] Frlslsloy, &=7]o}
A7VEke] F7tell 23k apo-Al EH|FO] 7R Wolx| eksht)
HHH apo-ClIIL] #H| S tjZtol Y3l FDw3 FDC H7k2ol
Al Grollom 53] 5% ERE7|oME 7K FDC-2 FDwHTh
o fodoz v g Bt ol HFE e gy
D FEME apo-Al2] #H|= F7F512, apo-ClIIS] HH|E 74
ANATRE Ba(15)9 frAke S 2tk

wehr] EZ27)0ls 7K FDCES 578 Az 28
3= HDLS F2 A apo-AlS %7171 VLDL, IDL,
HDLS d3ted s97dsisol 9184S S7HI71E apo-CllIC]
= Aghe @RI & AT mEA BR27)0kE FHrteled
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Fig. 3. Effects of supplementation of FDC on body weight gain
(A) and food efficiency ratio (FER, B) in rats fed with high fat
diet for 4 weeks. Con: Control, HF: High fat, HF-FD: High fat +
20% fermented defatted soybean grit (FDSG), HF-FDC: High fat +
20% FDSG added with 2.5% C. olitorius groups. High fat diet was
comprised of standard rat chow supplemented with 10% of lard, 1%
of cholesterol and 0.25% of sodium cholate. FER: Body weight gain/
food intakex100. Values are expressed as mean+SD. Different
superscripts in the same column indicate significant differences
between groups at p<0.05 by Duncan's multiple comparison test.

a7l FDCE in vino 7dolA] SE2HE $& 2 2d5S
7 Aoz AztE )
FDC F0i2 olst HNE&/IEg ¥ ¢l0I§%9-I 35t
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Fig. 35} zro], tiZel Hls| A% *401301]* fogel AF
712 Blow, HFZol| B8] HF-FDZo
AR, HF-FDC H7EREoA e AFo]l #astd oy /o4
Q1 Z]'OIL‘ Holx| L] ¢ = it A Xolgge EH}—T':"OH H]SH HF
oA F7FEI Y AlEE H7eE oA As

v 7F 2 o9l Aol HolxA] 29kt

FDC F0iZ olst 8% X&E =z Hs}
IA Aol E HHAIZ FFH ] FDCE A7lste] AR v
3 XA Fro] HalE Adugth W I Fo FAXA
= Hgo] mom, B3| TR 9
2 E9 S EANA F FYZHES TSR3 A

o7 dA k. 8 T AL 2 Aol
HF-FDollA = )29l Aol& Holx] ¢8kot, HF-FDCo]
A %41401 AaE BGItH(Table 1). =3 84 5 F2e|2H

Eo] TR dlztol] viE] a2 olEoA FZHEZEHES]
E‘ro] 09]%4_5 57].—3].03\_7_ _T!_X]H]—}_\_]o]%oﬂ ]—sﬂ _,_;qmﬂo]g].
FD, FDC H7ktolA FFH2HE o] 94 de #AE
Bioh 28 €4 F LDL-%EﬂéEﬂ% SHFE A A o] o
A izl HlE] fejdes FUtEIIT L, axlelet FD
FDC H7lzollA axukalo]o)| H]8] LDL-Z#2H2¢] ko)
foHog 7A4EAh. E3) HF-FDC-S HF-FD#9| H|8] &

- m [
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Fig. 4. Effect of supplementation of FDC on HMG-CoA
reductase activity of rats fed experimental diet for 4 weeks. Con:
Control, HF: High fat, HF-FD: High fat+20% fermented defatted
soybean grit (FDSG), HF-FDC: High fat+20% FDSG added with
2.5% C. olitorius groups. Values represent means+SD. Values with
different superscripts are significantly different (p<0.05).

ZH 220 ¥ 3 LDL-ZHZHE S s F9
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ZHES FUZHE JZHER 7t g
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== T i =20
”%E TIG7F Jdom, 47] Wistar Foll 10% thF
< FoJsld ZY B Eo] At Bal35)9t
AFsHAl, B o)M= FD, FDC H7krolA o Fg 282
Fo| Zaske E3E BAh ol XU Tgite] F oA
soy peptides, globulins, isoflavones, saponin 5°| 2|2 A3} @37}
AtkE BA(36,37)9 #HHo] g AoE Aztdr. Eg E27]
o} 7ol 23] FDEY ¥ & FY2HE /X a3s B A
& E=7)o} LHoﬂ D} Izl @%tol 36% A= =A(16)3t>] FDRT}
FDCOM O 973 85 S928E 74 §345 Hl Zez A
7}t kA FDC’\:_‘ FDHE]' Aol o FvHE ¥
SAA, FZY2HE, LDL-ZH2HE 32 o g 7e
2R AAX AFHZEET ool AAT ZoZ ZgiEr)

w&*mw

FDC F0i2 2Ist ZHH X[& s % HMG-CoA reductase
&y s

IR B FEZHEY AF s 2 2F A AL
olfo] ze=lo] XA ol o3 ko] FAL Frtsta 7F
olre] XA FZHE TFo] Sk ‘31r_T’—(33) A A
F 22 o] #4844 9 Fe2HE T A gzl v
g IA Aol A F7tsl o™, FD, FDC 747}% AslA a2
(2ol vla] ol AA srt Ao fo4 2
= Ho)A] eUTHTable 2).

SHA HMG-CoA reductase= | ZEHIE AT JAolA F8
sk 2 §AEA, o] aA9 Asle AE YA ZH2HE
S JAIBTt L%, HMG-CoA reductase AaiAlE d5 =
Y 2HE 53] LDL FZHES 7MY a3z vE 4 3l
£ hypocholesterolemic °FA| 2 7] ARE-E L UTH38). LukH o
2 HMG-CoA reductase A&|A7} 4 & F¢Y2EE 2 LDL-
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Table 1. Effects of supplementation of FDC on plasma lipid levels in rats fed high fat diet for 4 weeks

Group” Triglyceride (mg/dL) Total cholesterol (mg/dL) LDL-cholesterol (mg/dL) HDL-cholesterol (mg/dL)
Con 114.91£15.569° 94.17+5.09¢ 18.21+2.434 70.21+£5.91™
HF 161.39+£23.49° 526.97+£18.47° 355.01+£20.67° 86.68+10.72
HF-FD 128.35+16.49° 269.85+19.34° 158.35+16.21° 88.82+10.89
HF-FDC 89.21+11.17° 191.43+£13.21°¢ 123.78+15.99¢ 86.42+12.13

UCon: Control group, HF: High fat, HF-FD: High fat+20% fermented defatted sobean grit (FDSG), HF-FDC: High fat+20% FDSG added with

2.5% C. olitorius groups.

Values are expressed as mean+SD. Different superscripts in the same column indicate significant differences between groups at p<0.05 by Duncan’s

multiple comparison tests.

Table 2. Effects of supplementation of FDC on hepatic and fecal lipid levels in rats fed high fat diet for 4 weeks

Groun” Liver Feces
Tou|

P Total cholesterol (mg/g tissue)  Triglyceride (mg/g tissue)  Total cholesterol (mg/g tissue)  Triglyceride (mg/g tissue)
Con 39.00+£9.91° 161.90+15.60° 185.24+17.02° 230.53£12.39°
HF 170.50+18.99* 353.30+28.55° 231.23+17.67° 322.71+15.69*
HF-FD 166.10+17.44* 320.40+17.27° 348.84+15.95° 298.56+14.05°
HF-FDC 158.70+13.35° 331.00+15.69* 493.51+£7.21* 249.34+13.88°

UCon: Control group, HF: High fat, HF-FD: High fat+20% fermented defatted sobean grit (FDSG), HF-FDC: High fat+20% FDSG added with

2.5% C. olitorius groups.

Values are expressed as mean=SD. Different superscripts in the same column indicate significant differences between groups at p<0.05 by Duncan’s

multiple comparison tests.

Y IHES S 71AL 7HiA HMG-CoA reductase®] 243
< AEl FHZEHE ARES dATeEN 719 LDL T8
Aol IEg ZXINA dFe] AAFEEE %

ZF Wl HMG-CoA reductase 432tz v]al]l AW o]
A ZA FTHE AT, A2 0)¢F FD 9 FDC 72
A F9d Al FAEJTHFig. 4). A2 0]9] HMG-CoA
reductase B2 S7h= TFY AEHE Aold o3 Az Azt
=3, FDY FDC 71l o3 5 Fel2HEe] o] 1ast
= 722 DSG A&l Ul SEzEHE $EY T8 4%
HMG-CoA reductase®] S Aslste] yepd Axtz Aztd
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