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Effect of Monascus-Fermentation on the Content of Bioactive
Compounds in White and Black Soybeans

Yoo-Jeong Jin and Young-Hee Pyo*

Department of Food and Nutrition, Sungshin Women's University

Abstract Changes in the contents of mevinolins (natural statins, 0-568.18 pg), coenzyme Q10 (CoQ10, 26.41-65.59 png), and
tocopherols (232.80-312.87 pg/g dry weight) in Monascus-fermented soybean were determined using HPLC. Significant increases
(»<0.05) in mevinolins and CoQ10 were obtained in Monascus-fermented soybean after 20 days of fermentation compared with
unfermented soybean (0 days), whereas no significant change (p>0.05), or a slight decrease, in tocopherols was observed. The
results indicate that Monascus-fermentation has great potential for enriching mevinolin and CoQ10 in soybeans.
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Monascus%:2] 218780l 7Y WAl (Hemiascomyc-
etaceae) 5 3=r-2r(Monascaceae)Xll 451 oF 7059 FF7 &
glEo] 5= k(). Monascuss:2] FFolE SWu)o HE
3k 28 S=H(red yeast rice, red koji)ol2t 3, T HAFH o
2 FoprotellA ekl zY &7, A T aFd AANARE
AMEEe] gtom, A3lER Y /A 5o g4 AEE
Zg50] SIthQ2). FARL w2 vjdEE Fo Fd2HE
4 AsEZQ] mevinolin (lovastatin, monacolin K, C,,H,04)<
AislE ZoE we IS Wol YTH(34). Mevinolin |
ZHE A3 H=Zo|A 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) I EAE A5t Fe|HE YPAZR] Sa3
F7HAI’)] mevalonate®] 43S AT EZHN AUl ZHZHE
FEE ASAIIYE). 234 mevinoling FY2HE3 5L
A ARE FH38k= 7719 =(ubiquinone, coenzyme QI10,
CoQ10)e] A T Aslate] frlFw=e] AHoR I3t o
AALe] F2E-S of7]ete ZoR UEA UTKS). AE E

*Corresponding author: Young-Hee Pyo, Department of Food and
Nutrition, Sungshin Women’s University, Seoul 142-732, Korea

Tel: 82-2-920-7588

Fax: 82-2-920-2076

E-mail: rosapyo@sungshin.ac.kr

Received March 21, 2015; revised April 24, 2015;

accepted May 1, 2015

409

AAZ] FFH2EHE ARJI ZEH AL FES A8
AU AEEZ B85 AlEEe] 7PY HIie Fakge] Al
ZAngt 285 AP FEZHEA o2 gkt 25
HHo| BEo] SITHS,6). 2B AR B o] e 25
HHe] 7)de o} edd] HEAA] FgelE 7P FEEE
o], ZEE B8O 2% CoQl02] AP MuHy Jirt
(7). CoQ10 FHM|3ze] kA dAH o7 Fxsle 84315
B2, 525 BE FAXE vF EAETHR). rIEZ=Eoh
o] ARG A ] B QU2 ux At Fa3 gt
S 3k CoQl0e EFHE 37 tiEaQd e &4 &

A5 EAR ERHEL 53] o-EIZHES AXY A9 peroxy
radicals?} 2% #8319 a-tocopheroxyl radicals®] EIX]TF CoQ10
o 23] thA a-EZHEE AYETHI). = Pyos} Seo (10)=
THHE FRY 3R 5o 2 71Ed HEet dd 2EE
] mevinolin® CoQ100] FAlol ¥ AL FHE/7A 9 7]
4 A gAste] wadt v vk 23y SeEaet A
S O] e S=rEdg Aol FE RIAFJYOH(11,12),
=g Fol| #3 ATRIE FEA ol 53] Heeh Az
glo] 22 7FoA F=ae] 2E 5ot ne] A 22
Q HHEY, 99, EINHE 5o T ¥l tE d7e

vlgehh wWeb B dae @Eelel 37 sk welsh A

JoE 34 192 BEY W THIAI /149 4DBHE

o olmt YL A 1 AHE DA wwsa ek,
VR

MEME o Al

B A5 AR-3F el (white soybean)2} A12]El (black soybean)
=l A 20136l AY4HE F(Kangwon, Korea)o =, A2l
g mlEA FY3tATt = v EREAHAA &
S=tet(Monascus pilosus KCCM 60084)2 PDA (potato

“

<] &k
o
2

|
s

(¢



410 =2 F 388 X] A 47 WA 3 & (2015)

dextrose agar, Difco, MI, USA) HiX]ol| HEsle] A3t & &
= Sul S (rice powder 34 g/L, peptone 11 g/L, glycine 26 g/
L, glucose 129 g/L) A|Zo| AFE3IATE EFE Aoz ARE3E
mevinolin, CoQ10, tocopherols°
St. Louis, MO, USA)AI&

E5F sigma (Sigma-Aldrich Co.,
dste] ARE-EFATE

EFUE 3 M=
TL 1227 o] HAE v, EWZIE §F AR 100g (TR
FF 55-60%)S 500 mLe] AztZelaze] Wi xHoz Wi
H 121°CellA] 20%7F Htste] /drge] 7142 A3k
Tt S dAS AR 10% (viw, 10° cfmL)ysT2
%f‘a T2 30°Ce] wig7IolA 30¢7F LEEEA ANFHeE
Age AFsted 4 7AxsH o] o SH4E HEA
o WS }‘]m-\_ EHZ:"‘OE }‘]"Q‘O]'ME]‘

i} ro(, n°1'

& e EZi

Mevinolins &2

T9ta F9o] mevinolins FHS Al®
ethanol 718l], Z2-5}71(5510R-DHT, Bransonic Ultrasonics Clearance,
USA) ARE-3le] 1A17E B2t @AlE Zfista 9 #aEste] 4
ZAE ABE ARG B4 AR3E HPLCx= HP 1100
series (Agilent Technologies, Palo Alto, CA, USA)S ©|-&-3}% 1,
ZORBAX Eclipase plus C,; (2.1x50 mm, 3.5-micron particle
size; Agilent)dHE AFE-3}] mevinolins TS 33T} 5
uLe] AIZE FU3kd 1% acetic acidE 73t acetonitrile/H,0
o] olF A &1E 03mL/min® FE5OE EEAIA 238 nmollA]
A& EF=EZ 2] mevinolinic acide Friedrich 5(13)2] &
7 JrEspEo R AZEe] AlE9] mevinolin mevinolic
acide] Aol &3ttt AlFAA AR 7} peak®] retention
time3} spectrumS E% ‘J/} Hluste] A3 oS ¥F HY

g Agste] Fan.

0.1gell 1mLY 70%

CoQ10 &zt

g AlEe] fHIF=(CoQl0) T skt {7180 5
E39& AE3ITh(14). AlE 1 g0l Pyrogallol, NaOH, methanol,
Z7FFE TS hot plate AollA 2087 73}3 & p-hexane
60 mLE 7Fete] 33] wHE. FE3th 718 58 Hol A
353 7](N-100, Eyela Co., Tokyo, Japan)Z &1jS £Hd3] A
7%+ % 2-propanolZ A-8-313ke] J7}+(0.20 um membrane syringe
filter)et Ths #Aol] ARE-sliTh. HPLC 4= HP 1100 series
Rom, LC-MSE Agilent 6130 seriesS Ab&sldth ZHe
ZORBAX Eclipase plus C;; (2.1x50 mm, 3.5-micron particle
size; Agilent)S ARSI oH, AR &= 30°CE FAISIATH
Mg FYFL 1L, F45E 03 mLminS 2 27 0}211 )%
2} £1]E= ammonium formate (Smmol/LYE 73+ methanols
2-propanol (50:50, v/v)e] EFHE ARS-SIATE. LC-MS/MSHEA]
Z7& Fol =X (ESI needle voltage 4000V, gas tempera-
ture 350°C, gas flow 10 L/min, nebulizer pressure 45 psi) Al &9
CoQ10 (M' 863.7, 880.7, 881.7 m/z)9] peakS “FEH3} I9ls}
o] sttt

Tocopherol &2
Z=g AR tocopherol THE-2(15) AlE 0.5 n-hexane
< 71l 150 pmollA] 3417F B9 wHkstith, &8 A58 9
A Beste] gyt Hs) s Al ‘] t}2 2-propanolZ A
b Mol ARg-3sEAAT

HPLC ZH]:= HP 1100 seriesd 3, AH 2 Supelcosil™ ABZ
plus HPLC column (25 cmx4.6 mm, 5pum; Supelco Inc., Belle-
fonate, PA, USAYE AME3IH o HHL &= 40°CE FAI8H
gtk Mg B35S $F BAe 20uLe) AEE TS 1
mL/min®] F4S 2 acetonitrile/H,02] ©]574 402 £&3)
298 nmell A HESIAE. o5 E3} acetonitrileS 77| -
Hl| (gradient)2 25% F<F 15%00A] 100%4 H|& ﬂﬁ o] 5A|
Ak FE ol HHE EIE FEA) RS o B 1
SEIIE HEEES AFTAE o8l 24 BRI

EHEN

B 3o Axbs NS 33 2zt AFske] v
PaeRFAAE ek Zh Adddel dig 5
SAS (Ver. 9.1, SAS Institute Inc., Cary, NC, USA)E A}-&-3}]
EAHEAS g% & Duncan’s multiple range testZ E 59U Al
B7H] foF AolE 5% TN (p<0.05)AR AT wWEf}
AEE] A8 §994 HF2 Microsoft excel program®] Stu-
dent’s t-testsS AFE3l] p<0.05 oA ARSI T

2t nE
Mevinolins &Hat

Fagle] FYZHE FHE S5 FEAE 2Bl (statin)
3 5T Bz WHlEde kA EsHE A4S
A ste] dF FHHEXE WF7) wE o WA 2EEolz)
I= B>,

Monascus pilosus KCCM 600845 e <} A2]efol] HFAA
3097 A7) SEE2] mevinolin BAFEFS Fig. 1(A)$}F 7T}
dgAe F A FME BAHA GE mevinolin® TFLE 20
ol Al wigjel AMlele A, ARANE gD(ug/g DW) 2zt
568.18+6.135} 411.59+4.69 pgs AL wHEH Aok
ojm] &l npe} o] 71Ae] TRl FHle EE A #F 5
o wjdR 2 o wEl IA dEle 2o Had H Q)
th(16,17). gRtd oz 7]de] HHH o] Wil YAk Sg7ks
olgo] golI4E #Fvt AtslE oAU TR T
7Yete Ao® BIEATK17). & AFe we) HEES HHs
Y] FE& Fig. 1(A)9F o] HA] Egd § ashk= 4
8o 2 UERGTHp<0.05). ©] 7+ A= Monascus w57t 712
o] YLLE UFE A=l O o] o|AUARES A

o] ] AAFE mevinolin® #3¥]7] wjEoz AT
A57He] WHlEd T Aole wa 10Y
7HA A2 E L] %‘%ko} wejol] wla) oF 5% HL= Ekot whE
o] AATFE 03] W9 Fwrt Tk Ao® Uy,
E 209004 WEfe] HR|7E AMElEle] ¥ls] 13% B =2 A
o7 BuEATHp<0.05). 2 Fig. 1(A)XIAL}E 7o) th=] o)
Fto] wele} Ml AlE7ke] foF ol PR gkl W)

HEd A tigt F F59] Hole F3HI IFS 1A l
2E Zoz Yepdth mEA 23 712e] weel AzlEe ¢
ol EAleA ke AA 28, vuEde o a4 7114011
15 %%H‘EOH 4 3 folAQl (p<0 05) ikl #AF=AT. o

—t— o8 7 A
B HATH(R).

=21
=37
=2

CoQ10 gzt
oA Wold AAEE thiEdd F2kskAel CoQl02 =49
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Fig. 1. Changes of mevinolins (A) and CoQ10 (B) in white and
black soybeans during Monascus-fermentation at 30°C. Each
value is mean+SD (n=3). Different letters on bars indicate significant
difference at the p<0.05 among the same soybean. *p<0.05:
significantly difference between white and black soybean. ND, not
detected

BE¥3ThE one] fHlHAEcg2E BHATK). BE AlE9 o
Uz Ao #Fojdhe F4 HEAAZA ofjux] Egie} gt
1T E(19) 2592 7154 AUREAFOZE dE &85
3 Atk 53] 2ElE AEe oER Qg I8 2859 5
o] Z5AF9 F2go] CoQlo A TFAE 4 ke BT
(5,7) wEF 4 oJsAlY] A2 ZefEIA SHES} CoQl0S F
A AAY AL A s ATKe).

Monascus pilosus KCCM 60084 Z=ritg Fo] 304 &g &
9] CoQl0 AAFe] W3h= Fig 1 (B)2F 2tk Wele}l Mejee

2

Fadgol o8] CoQl0 o] wka Aol w8 zH

vl 718 Aoz YeRtth(p<0.05). Wels 2a 2080 65.59+
9.53 ng/ge] HXE Yepd whH AMPldls g 2599 64.13+
243 pg? HUHE Yepo 308 o|Fdlle Atk
T OAAA). S g Ft Mejel AElele] F AIEZE] CoQl0
Shge] BE s, gifEe] AlFA §93E< HjolE Holx| o}
(>0.05) TLEe ot T/ FFo ©E COQ10 &9 v=
k= fr] g Zlo=m Ueiyth dutdom TE 2%
= HEFIAE v CoQl00] FHrE] ot FEA 2Fol
218l vl 1 w=rt 2ou, 53] Aoy 7+ 5o Ui
el ®o] e Aoz gEixith0). L wel FE 59 4
B4 ARz o A vis] 1 gkl 22 Zo
B = Jeh2l). £ @A, Wejel AMejefe] wE 9] CoQlo
ke AXAE gd ZH2b 302542437 26.4144.78 pgel Aok
S Eol e CoQl09] e g 20Y o]Fe F AR B
T o o] TUtst E=dEst F 7129 CoQll T& T

FiEske AR Yt

F2.2dle} 2.4
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Tocopherol &H2f

AR Alzete] Sikiol 93t &4 wolgre] gRakshlE}
7 Z2 FPHENle® & 4EA4 e vitamin B F5A|
(Homologs)& a-, B-, v-, S-EZHZ3} Ex3} F=A¢] a-
S-tocotrienol®] ATH22). EZHZ2] F=A e A& 4
ste A& FEH, 2 F 7P ST S0l =2
a-EFHER XITH23). 2 Pacanowski 5-(24)y, ZEf
71882 ) CoQl109] = ¥ oz} Vitamin E9}
AgA e e Frw A 7E AR wEEIY

S
X

r&‘l o
flo 1o rlo mo

i

- .

olE F 3= mlEZ=o WA fE] HEE 27T
© oA W itst BEF=EA, 53] CoQlo2 a-EXHE
o] Aokatg & A AYZHE-(sparing/regeneration)o] FoIFh= o

g 7o W] e F ERdE FFe ARANE g7
312.87 pgo® M| 256.76 g BTt oF 22% ©l E}oH, 7}
4 Bel 3 EFE FRe -EZLVERE UETH(Table 1).
FEIAES AFAM BAHE dEd] EIAER, =4 T
Frstagol 7P wom IOl $E F8 ESVE FRE B
Ao FTH?25). Table 1949} Zo] T=tg Foll T/E +-E
A2 FFe AA F 55%F AAGE Aoer vEiEon,
THLE T Ml BEIFE FEA0 AAA wee ws)
T Ea Ao Fmeh iR ARNAM felHRl Aeol7t gl
SR ERTHp>0.05). Hefot X2jeje] LR 304 o] F =

Table 1. Effect of Monascus-fermentation on the concentrations (Lig/g DW) of tocopherols in white and black soybeans

Fermentation a-Toc B-Toc y-Toc 8-Toc Total-Toc

(day) White Black White Black White Black White Black White Black

0 30.72 13.09 3.08 2.05 172.03 148.53 107.04 93.09 312.87 256.76
+0.81° +1.95° +0.21° +0.21° +1.90® +3.13° +1.02° +5.58° +3.28° +8.11*

10 26.62 16.14 2.66 2.28 168.95 134.01 105.72 99.70 303.95 268.64
+0.90° +0.18° +0.40° +0.15° +7.25° +1.96° +4.74% +1.20° +11.41¢ +3.42°

20 25.57 16.35 2.65 2.31 168.02 142.67 101.42 99.24 297.66 260.58
+0.35° +0.66° +0.41° +0.04° +2.44° +3.20% +1.54° +2.28° +3.62° +6.24°

30 25.76 16.10 2.43 225 174.36 148.04 105.74 107.70 308.29 274.09
+0.87° +0.34° +0.31° +0.19° +7.08% +9.76° +3.95% +5.39° +10.91¢ +3.99°

Each value is mean£SD (n=3).

UDifferent letters in the same column indicate significant difference at the p<0.05.
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}F 30829 pgt 274.09 pg = 1t
e}, WEl= 2613% kg ol lsﬂ 15% A= sl ont HFA
g 6.7% <7t Ehygth, 2 2E A% &

g el %EE ez} Aelejel] Hla] A 172% E=2
o R o] FEF7k] Fol Al Ao|rt HAEAThH(p<0.05).
Ak o AFL0] ERAES A FHE FF, SR,
AG7Y, ZE7H 59 274 ule} Gk pH, 7FE, 4E
Bol oa) HalEle Aoz Husy rk26). TEE Tl ¢
8 EFHE FEAY BEXE y>5>0>pe o8 YEES
o, -8 SEZIAZS FErt AR 902-933%F 1=t
(Table 1). ©] 72 A= s7HA] EF9] Tl THE EZHE
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= %“ﬂe“ ol B398 o] BE B9 Ul v
5(28)°] Ao} FAISIATE wEp
= wejs) Al S R A e Fee o
S A ke Ao Yehgrt

o (o] 3

b d =
Monascus pilosus KCCM 600845 el e} A2lefol 2}z 4F
AlA 30°Collx] Ee &, SdE Foll - nge] A

>~

JEZo et Fke stk A 2elEl 4821 mevinolin
< 2F Ao v AEAM T R 20¢ Fol Ax
(ng/e DW) FHU)] 568.18 pg AR, CoQl109] ke e
swol vl BE 209 $oll weEfol Aele] = 2w oY
7V8le] Zkzb 65.59+9.537 54.924527 pg g UElgth £33
e TaddEo| 1611 gk Mspyt #AER et W
e Heof FgfE F EFNE T 31287 pugl 2 AE]
9] 256.76 ug K} <} it 22% H E}oH(p<0.05), 7P Zo] &
EIFAE TR -EIWER A4 = oF 55%S XA
e S=dEE Fo WEEdR CoQlo AR TR
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