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Abstract The anti-obesity effect of soybean curd residues (biji) fermented by seven Aspergillus spp. was
investigated with obese ICR mice fed a high-fat diet. After inducing obesity by feeding high-fat diet for 5
weeks, animals were fed with a high fat diet supplemented with 2% fermented soybean curd residues for 6
weeks. Total cholesterol, triglyceride, Alanine transaminase, high-density lipoprotein cholesterol, hepatic content
of glutathione and lipid peroxide were determined. In the case of body weight, AE4 group showed most
prominent decrease (31.33%, P<0.05) and increase of hepatic GSH and ALT demonstrated hyperlipidemia
inhibition. From the results, it is concluded that soybean curd residues fermented by Aspergillus spp. has
anti-obesity effect and it is thought that fermented soybean curd resides can reduce obesity in human
significantly.
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Tl AW 2d=e g9 8 9 Sk lipase?)
gAY A&AA, energy 4:HIFZ, APAEZ] £3t
AR, AFhAL 28T o] ZEIAE-S ke AlRE0]
ol €EA slem, olF SollA AAIRLR QoA &
531 9l AL pancereatic lipase2] ZAS A lcte] %
o] AEE 7AA7]= orlistat (xenical) 5 42F0]|
Ei}she, 4189 oAA|Z L% sibutramine (reductil)
= ARt BAgo = ARgo] ARIEIL glo] Qb 3
WHA|9] Aol atE| 1 QlTH2]. TR AR Al sk
HAREQ] H]A] = Ao A4S H]25lo] daidzein, genistein
2 L-carnitineX} -2 isoflavone F+= p -conglycinin 2!
glycining  F-F351A
peroxisome-proliferator activated receptor®] agonistZ X|
WA £218 St op e} Apite] A oAlsh=
ZAlo|| B -oxidationS £2151H E3] genistein A|HPA|Z
o] 235 Aoz Fuvt et Qe Ao Hu
=32 Qiek2,3]. eyt HX]e] 3k ol AEEE Al
w227} bl 2gElo] glol 714 2AT AN
2 E07] SR welse] dApEm otk =
Flammulina velutipes 2 W A|7] H]X|olli= HEA o] =
S o FA7} TeEle] Qlow, B|RE Lentinus edodesZ.
Aoz Ay 221 et 2=l e
daidzein 2 genistein®] F=Zo] Lol Hlw gtk
[4]. RVH, Aspergillus oryzaei= P]=2] AF0]F= ¢HYH
¥} WHO (World Health Organization)o]]4X] GRAS
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2 4 gt 42 AFUEAES] Azl e ARG
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(Glycine max)o] & 715o] AESA RS2 7+ &

100 oA 1A17FERE Folar Mo o strfjof gof ofn}
sto] FRAIERY] FHE diL E2 AAVIE 22 AH

= Polste] WEg AR A8

22 MERF

Addol| ARgSE H|A|H|SE WEE dspergillus &590] ¢
£ Table 17} o 5EATH SRR
(RDA-Genebank Information Center, Suwon, Korea) %!
Korea Food Research Institute (KFRI, Sungnam, Korea)]|
A FR131T) 0]S F#3= Bacto™ Malt Extract (Becton,
Dickinson and Company, Sparks, MD 21152 USA)9]| z+
Z} o]Al&}o] 25°C 9] shaking incubatorof| 4] 747t wjeks}
of ufjofol mLg 10° cfuolio] H|9S u) Ft o= AME3}
Ak

[Table 1] Genus Aspergillus for fermentation of soybean
curd residue

No Genus Aspergillus

1 Aspergillus aculeatus KACC41842 AA
2 Aspergillus oryzae var effuses KACC44969 AE
3 Aspergillus oryzae var effuses KACC44990 AE4
4 Aspergillus oryzae KACC40247 AO4
5 Aspergillus oryzae KFRI995" AO9
6 Aspergillus oryzae var brunneus  AOB

KACC44823
7 Aspergillus terreus ATCC20542 AT

YKorea Food Research Institute, Sungnam, Korea. The
microorganism is using as a Korean fermented soybean food
starter.

2.3 YSH|X|e| HMZ=HH

Aspergillusss D|ARYES 0]-83F HFH|X|9] AZE Fig.
13} o] sojick %, 2o AR F9IE HIXIE W]
2 IpAA 2Fo RIS 50~60%5 2783 - Fig.
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th. o9} Zo] AxAZ HR| 9] HEE A%H]A] 100 gof
thste] FruloFel (10°cf ul/mLo] Fat Wil A
AZ WEFAL] 1%EE PSS EFeto] 2o
100~150 mLZ Z2A5}0] & 2B312RS 50~60%7) 313
om, o2 A7|o|Xe} e WO 2 PP-bage] W
ZS HEsto] waAHh WAt gad wakA|
CA] PP bagol] Yol 121 CoflA] 6087t At & H%
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[ Wet soybean curd tesidue (SCR) |

‘ Aufoclaving at 121°C for 60~90min ‘

\ Cooling to toom temperature \

Water Starters”

‘ Fermentation for 10 days at 25307 ‘

\ Fermented SCRs ‘

Autoclaving at 121°C Fermented SCRs

[Fig. 1] Preparation procedures of fermented soybean curd
residues (SCRs). 1)Starters were used 7 kinds of
the genus Aspergillus as described in Table 1.

4 =2
NAsw2 4739 HdtAlF 21~24 g2 ICR (Crljori:
CD-1), SPF/VAF outbred mice (Orient Ltd., Sungnamsi,
7lEAk=el  5L79  diets (PMI  Nutrition,
Brentwood, LA)E 15397t g7¢] A1 thg 7124
B golohe A tixwt 712AKR ] lard 35%E &
gl IAFAol o R JrEste] 537F ARSShe] HITRE
st vigte] frs AdEES Table 20042k 2
o] A& 7| RAETRS: Fofdks FAd4lelTt (NC), 7]=Ak
7o lardE 35%<%} v] HHEHAE 2%EA S3eE XY
Alo] TRt (HC), 7]|EARO| lard 35%%} Aspergillus
aculeatus KACC418422 WA A]7] HIEH|R|E 2%EA &
33k Aol (AA), 7)1EAlEO] lard 35%%} Aspergillus
oryzae var effuses KACC44969% HFFA|Z] Wad|x|&

Korea)S

2%EA ZR13E Aol (AE), 7]EAk=el lard 35%%}
Aspergillus oryzae var effuses KACC449902 2aA|7] g
FBHXE 2%5A 33t Ao]dt (AE4), 7]EAMR] lard
35%%} Aspergillus oryzae KACC40247 &2 2raA|7] ¥ka
HIXE 2%EA E3d7t Ao|F (AO4), 7]EAL=O] lard
35%%} Aspergillus oryzae KFRI9952 2FaA|7] WEH] %]
5 2%EA] ZTE Aol (A09), 7]EARRO] lard 35%2
Aspergillus oryzae var. brunneus KACC44823 % WFa A|7]
NS 2% BT AolF (AOB) U 71EAfRo
lard 35%%} Aspergillus terreus ATCC205422 WaA)7]
UEHRE 2%EA] S8t Aol (AT)S] 97 (smtel/
Bow FRsl] 657 ARt Aol Ao A
FA|Z3)AIQ] Feeds Lab (Guri-si, Gyeonggi-do, Korea)o]|
oJzfste] Aza T AToIA] HTSHAA Th) ALK Aol
= T3 ARSAS stainless steel cageS AT
A, & W ST 23427, 60£5%2 s on, Hek
21 12410 B0 AAEkon] Sa<et Aol A

& AT

[Table 2] Experimental groups and ingredients of diets
for high fat supplemented mice

Experimental groups (%, w/w)

Ingredients
HC AA AE AF4 AO4 AO9 AOB AT

5L79 diets” 100 63 63 63 63 63 63 63 63
Lard 35 35 35 35 35 35 35 35
SCR 2

SCR-AA 2

SCR-AE 2

SCR-AF4 2

SCR-AO4 2

SCR-AO9 2
SCR-AOB 2
SCR-AT 2

Total 100 100 100 100 100 100 100 100 100

UThe 5L79 diets for animal experiments manufactured in PMI
Nutrition, LLC, Brentwood, MO, USA.
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2.8 7t XXl GSH % LPOQ| & =H

7+ ZZ] GSH (glutathione)2] 3lake dA ko] 7t
uldf w2oHo]| 5,5'-dithibis (2-nitrobenzoic acid)E 7}0]—02]
A3/3E]= thiophenol®] TFEE Z7sI3lem 1t 24 ¢
J 398 GSH y mole® UER|QTHI]. LPO (lipid
peroxide) Q] RS 7k 27| nlaf] #AMo] thiobarbituric
acid (TBA) 84L& 7}5lo] ¥FSA|Z] & n-butanolS 7}3}
o] 0|3 %)= TBA-reactive substanceE S-4% 532 nmo]|
A S ok BAEEAS (6 =1.5%10° M 'em )E ]
gl wEe aEsiglen] 1 2 g o
malondialdehyde nmole= YERJSITH10].

29 87 =z

dlofel= dadse sukelo] ot Butx|et E=uEAtE
Yetfiiek 594 %58 SPSS ver. 14.0 (SPSS Inc.,
Chicago, IL) software package program< ©]-83}o]
Duncan's multiple range testZS 3§3}ich
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oA} Zro] LES 87T} 7| EALE }% Zofat RAM
220) 3 VlpoR el 651 ALgSIA Al
s, AlolHFT, AFZ71 U Aol Eg ARt 2t
+ Fig. 2 Y Table 3_1—]- 2t} Alg Ao ALl ZF 9]

HRAFLS NCT-E 23.44 g, Ao 2L 42.74gS Le}
ok 28y 65759 FAAIES NCo] 33.55g0.2
Z27] Aol vlste] 43.13%7} 716t om, HdA SCR
9 2% B LAA0] RSl HOFS 2845%7) 2

Fsteict. aelm g Aol ol 271AF) et vl
(%)3} HOZol) M3k AF 71AR(%)S AHESE 27} AOB
2L 712 21.19% 2 5.65%, AAT-L 15.11% L 10.39%,
AO9TE 12.26% X 12.65%, AET-2 2.01% 2 20.59%,
AT 0.39% 2 21.84%, AO4T-E -3.26% L 24.69%,
AE4-E -11.8% 9 31.33%= E3] AE, AT, AO4 2! AF4
ol Atz HOel Hlste] 20%0l k0] e AF7hadiat
2 Uehole. olef@ Ak o)5 PolA Aoldw
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[Fig. 2] Effects of SCRs fermented by genus Aspergillus
on the changes in net body weight gain in
high-fat induced obese mouse. Abbreviations: See
Table 1. Values of the first and the final week
are means (n=5). Different superscripts on the
same column are significant differences (p<0.05).
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[Table 3] Effects of SCRs fermented by genus Aspergilus on the body weight gain and feed efficiency ratio of

high-fat induced obese mouse

Feed intake

Water intake

1 Final bod; BW gain 2) Calory intake
Grows’  cight BWg) (glday) (¢/day) FER (kealfday) (mL/day)
NC 33.5+1.9"% 0.29+0.04"% 4.9+0.5%" 0.1£0.00" 18.4+1.9" 2.9+0.2%
HC 54.9+2.9* 0.35+0.02* 43+0.4"¢ 0.08+0.01* 23.9+2.95P 1.8+0.1°
AA 492+2.7° 0.18+0.01¢ 4.8+0.3%" 0.04+0.00° 26.6+1.8"% 2.1+0.2%¢
AE 43.6+2.3° 0.02£0.00" 3.6£0.3° 0.01+0.00 19.9+1.8%F 2.2+0.2%
AE4 37.7+2.4% -0.14+0.01° 3.60.3° -0.04+0.00' 19.6+1.8%F 2.1£0.1%¢
AO4 41.4+3.7°F -0.04+0.00" 3.70.4° -0.01+0.00" 20.3+1.8%F 2.0+0.2°
AO9 48.0+2.45¢ 0.15+0.01° 4.5+0.3%¢ 0.03+0.00% 25.0+1.4%C 2.28+0.1%¢
AOB 51.8+1.9*F 0.26+0.01° 5.4+0.4" 0.05+0.00¢ 29.5+2.3% 2.4+0.1°
AT 42.9+2.3° 0.01+0.00" 4.140.4° 0.00+0.00° 22.6+1.9° 2.8+0.2%
USee Table 1.

PFeed efficiency ratio.

»Values are mean * standard deviations (n=5), different superscripts in the same column indicate significant differences

(p<0.05).

3.3 GSH & LPO &tk

IAHMA o2 G %51 H|TF moused]| Aspergillus<s 5
olg IAaAX] HIAE 2% FHoh= UAA o= 6571t
ARSEE mouse 7+ 222 GSH 9 LPOY 3k &A4gh
A3l= Fig. 49} 2ok GSH 3=k HCo| 1.84 1 mole/
g-tissue= NC2] 3.05 4 mole/g-tissueo] H|3}o] 39.68%
7F Ggkont Nt anE =7 UEhd AE, AE4,A04 Yl
AT A= HC—_rLoﬂ H|3}o] 45.10~60.32%7} =9ttt T
3t LPOSIRS GSHO| defy} Higjo] Axfs Hith

webA] E A0 Aat= Aspergillus <5 vAYEE Wa
A7 B2 ROSO] OJF 7F 4AkS ol shAL A5k
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el e Hehi &
7 s} E8 veic

3] AE, AE4, AO4 I ATo|A|

3.4 HERY B

AlErlol2 657 ARSSE mouseo] & Htriglyceride
(TG), total (TC), HDL-cholesterol %!
LDL-cholesterol 32 =43t A1}l Fig. 59} Zth

TG T2 B AFAolto] HCHo Hlste] W2 4=
A5 vehfglen O FoMe ut 2t A Ut
W AE, AE4, AO4 9 ATHoA= HCHe| B3}
7.20~10.40%7} ZaE| e} WhHo|| ol 9] TCHFE

cholesterol

D
2.39 2,000 2.3°

Fat around epididymal (g/mouse)

NC HC AA AE

AE4 AO4 AO9 AOB AT

3] Effects of SCRs fermented by genus Aspergillus on the liver weight and fat around epididymal in high-fat induce

obese mouse. Abbreviations: See Table 1. Values are mean * standard deviations (n=5), different superscripts in

the figures indicates significant differences (p<0.05).
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[Fig. 4] Effects of SCRs fermented by genus Aspergillus on the contents of GSH and LPO in high-fat induced obese
mouse. Abbreviations: See Table 1. Values are meantstandard deviation (n=5), different superscripts on the bars
indicate significant difference (p<0.05).

200 200
160 | 160 |
= —_
— A
2 125" B BC B B =z 129" 126" 124" e 1244 127 12178
o 193¢ 118% 116 o qqqe0 117° 119°% 4 ec S s 11
£ 120 112 e 120 o8¢ "3
£ £
5 2
[0}
@ 80 | 2 s f
1= <}
(O]
= 2
40 40 |
0 0
NC HC AA AE AE4 AO4 A09 AOB AT NC HC AA AE AE4 AD4 AO9 AOB AT
100 100
= 3
3 80 2 8o
o] 69"
E £
~ = 638
E £ 59°
2 60 2 60 |- . 56°¢
o @ 52
» @ D
E E 43¢ ped
° <3
3 40 5 4o ”
(%] [2]
Kl <
[=] [=]
= =
? 20 20 g8
T, I 16
a a
I -
0 0

NC HC AA AE AE4 AO4 AO9 AOB AT NC HC AA AE AE4 AO04 AOQ09 AOB AT

[Fig. 5] Effects of SCRs fermented by genus Aspergillus on the serum lipid profiles in high-fat induced obese mouse.
Abbreviations: See Table 1. LDL-cholesterol = total cholesterol —(triglyceride/5 + HDL-cholesterol). Values are
mean + standard deviations (n=>5), different superscripts in the figures indicates significant differences (p<0.05).
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3.88~12.41%7} 745}k $FH HDL-cholesterol 3RS
RE AFAolFo] HCFO| HIgto] =2 ks Helon
1 Fo| A= AE, AE4, AO4 I AT<Lof| A= HC<Lof| H|s}
o] 44.11~67.64%7} Z7}8F3 21 LDL-cholesterol 32
24.64~50.73%7} 7348} Aspergillus <5 50|22 A
21 BIRA7} A o] Wl o] 2HE {3t v|TolA] EF
Ae) AR} B FuiAsie} 2L ATEVEE )
HAZ| B3} ol Ao ghekE,

dutd o s F3 chylomicron®] T2 AMo] A=
of Hlshy AYA%E chylomicron2 VLDL (very low
density lipoprotein)?] %5 3=0]|31 VLDLQ] LDL (low
density lipoprotein)22] AL &2t I8 E&E 11X]
W Aol Bulshy PN Handse) Wy
£2 olsl, Bus W 1 Pazel fue Ewt
[11]. 221} HDL (high density lipoprotein)> LDL2] AY
A& AABIAY S2% cholesterol& A OZA &
7aske] S ARt 12].

3.5 €3 ALT &AM
A

5
131 24]0]2 657:7F ARSRE mouse 7t £2]9] ALT 2+

& 278 AIks Fig. 63 2ok 7k 24 Sye] X o
HA )= &4 ALT 4 (Karmen unit)-& HCHo] NCH#

of Blglo] 62.5%7} kot FHtaNTL 2 Aow
Byt AE, AE4, AO4 I ATHo|A= HCFEe| Hs}e]
25.65~35.90%7} Wich

60

ALT activity (Karmen units)

NC HC AA AE AE4 AO4 AO9 AOB AT

[Fig. 6] Effects of SCRs fermented by genus Aspergillus
on the serum ALT activity in high-fat induced
obese mouse. Abbreviations: See Table 1. Values
are mean * standard deviations (n=5), different
superscripts in the figures indicates significant
differences (p<0.05).

QAo I W 7 7)557] 44 & Bl
A A2 uxPAo]2 [FESE HTF mouseE
AR U ool ol U BEAY RIS X
ASiicE A Aol HEHOR AL dspergillus
so] mYRE WEAZ] HAE 2% AR TRl
6770 ARRILE. AFL vE A 2% Hrke 14
HAlo] & (HCO)o| H|5lo] AOBTE 5.65%, AAT-S
10.39%, AO9T-S 12.65%, AET-S 20.59%, AT
21.84%, AO47-224.69%, AE4TL 31.33%7} 714515
o] E3] AE, AT, AO4 W AE4Lo] HCZo] H|5ko] 20%
oMo w2 ASHAadts Ueigich oledt avte
Alo]dFfee] tha W2dE o] Ye ALE Koy
Aol Feko] HCwt F33gt 2lo|E BAX] ¢e5 11
o of HaE Soto] HXof IFE FEv avks vehy
= AEEY & Ao= AZbET: 1 SR NCHHo] 1.36g
olg] H|3le] HC, AA, AE, AQ9, AOBIESoA =
1.75~1.96g2 UERHQIOLE AT, AO4 2 AE4Loj A=
1.49~1.60 g2 NCaL9] 136 gol= u]x|%] ekoi} 1%
Aol 27k 2ke] Fo| A Pasie TS et
Weick. gk A g 7he] Ft SR 7
o mE Agsolgto] HCe| vIgte] W2 43k 1
Efiglon] 53] AE, AE4, AO4 3 AT+ofl4= HCHOll
Hlalo] 30.33 ~41.99%7}F 7459ty 7F %20 GSH=
AAE] ROS (reactive oxygen spices)S F=3HA|7|H
LPOO| W& Apdfhosr GSHO Jlefo] Zashd
LPO 3lgo] S7IRItH13].

£3], GSH:= superoxide radicalo] SODo]| 2]5}o] £
o] AE H0E H0R HABA]7]= MBHEER A
3HY AEg o) tigh FAlstA WojA|e] 71dR o] gt
[14]. WHHol LPO= A|EO] A18}a] AEFAR Qlsto]
Ajazato] EAEQE ) S7IRITE 2 AE Ao St
o BHHE ROSE tREESAMEE 345t LPOE
Agshe AdE LPO= 7] Hafi=lo] M2e ROSE A
A5} L aldehyde, ketone, alcoholF 52 AYAISEe] Q1A
9] ZkE ME2AE EAPIAY =35 FXCE LPO
9] e ALY EEEE Ushlle XE2 dEA
ItH10,13,14].

H A4 x= GSH HCHo] 1.84 4
mole/g-tissue2 NC-2] 3.05 4 mole/g-tissue®] H|3}o]
39.68%7} Woro} shaut §3= 374 velhd AE, AE4,
AO4 "l ATHof|A= HCHo H]3}o] 45.10~60.32%7} &=
itk E3F LPORFE- GSHO| gFsgat witfo] AnE H el
o} % TG o2 i A o|Fo] HCof Hlste] W

T
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Aspergillusd; V4] O3k wEw|x o] gulut wa}

< PAE Yo 11 FolAe gt 2yt =4
UEeRd AE, AE4, AO4 9 ATHolAl= HCHo| Hste]
7.20~10.40%7}F ZrAE|SIT). 9hAe| o]F 9] TCRF
3.88~12.41%7} 44-35Fic) A HDL-cholesterol $1eF
RE AFAlo|Fto] HCZo| H[sto] =2 s HAlS
71 Zo)| X% AE, AE4, AO4 4l ATl A= HCHEe H]s}
o] 44.11~67.64%7} Z7}5+5 21 LDL-cholesterol Feke-
24.64~50.73%7} Z45to] Aspergillusss H53o|2 WgA|
71 B]A7} 2AAo] Wl o] 25 E {gt H|ylolA dF
Ae] Aol 5 Busiel e e HEhES
AAIE B2 o Ao T, 7 27 e
AEZ dHA J= 84 ALT &4 (Karmen unit)S HC
o] NCof] H[}o] 62.5%7} wqkout vt aaprt &
Ao& Ueht AE, AE4, AO4 9 ATZOAl= HCZO H]
3t0] 25.65~35.90%7} LTk

o rlo

g5

O
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