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Effect of Unpolished Rice Vinegar Containing Monascus-Fermented
Soybean on Inhibitory Activities of Tyrosinase and Elastase

Ji-Young Hwang, Ho-Youn Cho, and Young—Hee Pyo

Department of Food and Nutrition, Sungshin Women’s University

ABSTRACT Cosmeceutical potentials of unpolished rice vinegars containing different amounts of Monascus-fer-
mented soybean powder (soy-koji) were investigated. Four different vinegar types were prepared using 0, 10, 30,
and 50% soy-koji addition. Soy-koji vinegar showed stronger cosmeceutical properties, in terms of tyrosinase and
elastase inhibitory activities as well as antioxidant capacities, than unpolished rice vinegars (P<0.05). Bioactive effects
of soy koji vinegar increased with increasing concentrations of total phenolics and isoflavone aglycones (P<0.05).
Results indicate that unpolished rice vinegar supplemented with soy-koji can be an efficient strategy to improve bio-
activities in vinegar with associated enhancement of cosmeceutical functionality.
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M B

=)
oo
N
olr
1>
i
2
@
o
=)
<
—
o
IS)
e
(3
Q,
o
o
24
2

9](nutriceuticals, beauty supplements, nutricosmetics)
n-817% Aol ATt e vk(1,2). 53] 177154
A9 ME7 e A F o2 &82 o] HE(inner beau-
ty) ol 53 53t 715 S A Fste] AHlAke] At
vg G35 sl FEsteE s AT e FA0|tH2).

3= o] dEFs W] 4% 71¢H 2= melanin 54
of ojgt uF-=3}7} g A FPFTK3). ©]H 3 melanin A
oAl A 71 a8 dgks 3}z a7} tyrosinase©] 7] Wi
of 95 A o] Jhkell A tyrosinase &4 oAl AP
Fr&g dak FrPE o R A grk4). FHeste] T
e A2E UdAd 953t B o= elastaseT I
7 A Z 9] elasting Wwalate] AF BHAAE AAA F&
AL FEdte §93 aiolthB). ueka] HALAolA
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elastase A3 A& FAs= AT 5 7

2 BaEo] $kek6,7).

Mxe 549 ASAA 3 A%E Ad g ta
AEor due T, AUy, Tay o wd 553
srlek e 7S HekG 59 9t It 29
ozt Adudge oY R FTF 5o Ao Bu
Holl mpe} Az 2Ao] zv|AFo Ml 75 o]9dl 7
75 AFere] At 2e] o] Folx $krh(8-10).

F(red yeast rice, red koji)& ZFWnjo] ZIHF
(Monascus sp.)& WMEAIA Aikst Ao 2 A4 7l
Zrae] AR LHWHFEH F7E HEg Folrlolol A
g A88 2 ExEHQ] TaAFoltt. 53] Monascus %
o] AP & 59 11714 (solid substrate)oll 4] 373}k
= ¢ ZFUzHE A8 Al Vs E SHLE sk
monacolin K 59 o|&} tjAAHES Aitske Aol ezl
O|F R FHE o] &3t VT A EY s FHo
3t AT el A JalE o] $hrh(11,12). Hel B
H s 3 Fada £l ks gagst #
G 2EE 59 invitro e A A
=Ht g 2Hred rice, red kojD)oll |8l Zoluk A
= 7IARA S g &4 Vse] FaEae o3 F

H=2 HrrE A 53] F 7] A ghfE o] &3
7 GABA 9 Agd 542 Tl o3

S/t ER(15) T=Ea T 754
w9 TheFshAl A" S ATk whEkA
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T 38 shReke dnl AxE Alxste o] dei
thekst A g olejof I Rmy W FEI)H a3} 59
7S 9IS 98l tyrosinase®t elastase EAE2]
A 7% B ditst S48 Hrksle] 1 A3E Baskazr
=

Mz @

AMBIHE U Al

2 A ARk dujel WEE A&l AT U nlE
AR =] A B R EAE (Seoul, Korea)ol A
St (Monascus pilosus KCCM 60084)2 PDA
(potato dextrose agar, Difco, Detroit, MI, USA) 8] <]
&8t &4ste §, 5 T FA(rice powder 34
g/L, peptone 11 g/L, glycine 26 g/L, glucose 129 g/L)
Azl AL, & waol AL A AR ol a2t
a5 AEY vlo] 2 FF-R(Korea Enzyme Co., Ltd.,
Hwaseong, Korea)& FY3le] ARSIt A% Az
AFE-3F 22t (Acetobacter aceti KCCM 40229)2 yeast
extract 0.5%, peptone 0.3%, mannitol 2.5%, agar 1.5%,
pH 79] ¥R Z=Adol A Al v e & 5%(v/v) =2 &l
AEstel vl e F2GES 5.4x10° CFU/ML)R A
3tk ¥+ Ao 2 AFE-3F mushroom tyrosinase, por—
cine pancreatic elastase(PPE), N-succinyl-tri-L.—alanine-
4-nitroanilide, tris—HCI buffer, L-tyrosine, L-DOPA,
dimethyl sulfoxide, kojic acid, epigallocatechin, Folin—
Ciocalteu's reagent, gallic acid, Trolox, daidzin, daid-
B 5 Sigma-Aldrich Co.

Felekel Abg-atec,

zeln, genistin, genistein
(St. Louis, MO, USA) A

p=Sye)
S

3O

=

T

121°Coll A 20&
2 F%9 10%(v/w)
AEH T 30° c4

b
#3 e, F2 5%(vWE Akl A9 %71(30°C, 150
rpm)el| A 20905t aT Fol 4% Bl uheh 5-10M 2

3] ste] Algm R ARSI #n 2] X(rice vinegar)9} &
T E FE 10%, 30%, 50% 33 Al =79 dAn] A%
(o3} &=r = 2% soy-koji vinegar)d] o} EAF 3
ZFe 7 ﬂ‘\'} 4.1£0.5%, 4.81+0.6%R o™ 1P E2] g
247y Het 12.7£1.1%9}F 18.3+£1.3%=

_-?V'_

(solid content)f

e

Tyrosinase X3l &M T}
Tyrosinase A3 45 S4371(4) 918 w5+ 0.1

M phosphate buffer(pH 6.5)¢} 1 mM L-tyrosine< <1
71l 250 pL, Al &89 500 uLe] &3] mushroom

tyrosmase 250 L= #H7pste] 37°Coll A 2087+ vk 71

% 480 nmoll A FHEE AT ol A5 il &

|ANE DO AL T O 2 kojic acidE & AL

= 6 1= A

o2 Z7F AR5l o1 tyrosinase A3l 84 (%)&

03
o of Y

o

rl

= A& o] &t Akt As &4 (%)=01-A5A
g FF T/ dEzTe 33 %T)X100
Elastase X3l &M 7}

Elastase #38 &4 Kraunsoe 5(5)¢ WHS =43}
o A8 = FEmE 288 AR 0.5 mlal 50 mM

phosphate buffer(pH 6.8)°] 21 0.6 unit/mL2] elastase
pancreatic solution(source: porcine pancreas) £ 0.5
mLE 7183} £t 7149 F%+= 50 mM phosphate
buffer(pH 6.8)° =<1 N-succinyl-tri-L-alanine-4-ni-
troanilide(l mg/mL)E 1.5 mL 7[R o o5 &gt
< 37°CeolA 203t WA U S ¥ EE(10 nm) =
Aol 259 elastase A3l A4S EHZ:deﬂr LIRTAS e a=
e Als Al $E8HE ARSSHGaL, A tRTe
= epigallocateching 7\}%0}04 elastase«] A &S
Th3 215 o] &3t Arsiilth As) &4 (%)=(1—-A18A
gl FHE/ R F35)x100

OH'
ol

ol =3t b
289 50 plol 3%+ 1 mLE #7}3 & Folin-
Ciocalteu's phenol reagent 1 mLE @il &3sle] A9
A 5T HESAIATH(16). WSS ol 7% NaxCOs &9
450 uLé gol thA] E3e tha A2olA IATF Fe AX
% 750 nmolA FHEE SHUTY. SHE FHEE
galhc acidE o] &3] ZAAH HIFXo R = =3}
FFE ALt AR F E2dlE §EFS mg gallic
acid equivalents(mg GAE)/mL=%Z YEF ST}

II9£
< Mo

1

=2 =

Al ST

=

Isoflavone &f2F 2A
=

21 % 9] isoflavone #41& HPLCE AF&3}e] gradient
solvent system©O. 2 ALY TH17). A5 AXge= &
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L

o

n] A %o} Tadtyg F A 25 80% ethanol®} Z3tslod ul-
trasonicator(3210-DTH, Branson Ultrasonic Co., Dan-
bury, CT, USA)ll A 30&3F =3 tha A4&21(2,000
Xg, 10 min) 3} A5 AS FHske] FF3H(rotavapor
R-300, BUCHI, Flawil, Switzerland) th& 80% methanol
2 A& F o33(0.22 pm)dte] HPLC(Agilent 1100
series, Agilent Technologies, Palo Alto, CA, USA)el| 20
pL T4tk 4o AFEE columne ODS C18 col-
umn(4.6 mm><150 mm, 3.9 ytm)°] AL 254 nmolA UV
detector®2 HZ&313 ) o] 5 & vl A(20% methanol)
9} &1l B(acetonitrile)E 100:02.2 A]&}sle] 558 Fof
= 0:1000] H%EE 1 mL/min®] F&ollA o] &AH . &2
3t isoflavone 32 daidzin, genistin, daidzein, L&] il
genistein® XT84 UV spectrume 53l 2749 peaks
g1sk g sd mE EFH % A(standard calibra-

tion curve) . 2HE AF&E3F% T}

DPPH radical A7{ &M

DPPH(1,1-diphenyl-2-picrylhydrazyl; Sigma-Aldrich
Co.) #HHZ 27 4% S ol &3 41382 Brand-
Williams 5(18)¢] W& Wdsto] 5743431 DPPHel
ek Ao os Aned gk #AYS SAs A
AU Az o] FH wpet 5~10M 2 345 Al= 100
uLol ogh&= &3|A17]1 35 uM DPPH €< 900 uLg %7}
gk & 108 Fd 515 nmell A 53525 SA4sISIth 7 AR
9] DPPH &tz A4 84S mg Trolox equivalents(mg
TE)/mL= A| A&t

ABTS radical &7 &M
ABTS[2,2-azino-bis(3-ethylbenzothiazoline-6-sul-
fonic acid) diammonium salt; Sigma-Aldrich Co.] 2}t]
Z a7 84 SHL Re 5199 WS ®iyste S43)
Atk ABTSE 7.4 mM HE2 FHFd &8 o3 2.6
mM potassium persulfate(Sigma-Aldrich Co.)E 7}3}<
T3 & A2o] Aol A 24417 Fk WhgA17] AL ABTS
s A F ARGl gheZe] A E ABTS
FANS OS2 F|A3le] 734 nmolA SHI FF=U)
0.75%£0.047F H&=F x4t &715S ABTS &9

i

900 pLek A& 100 uLE E§ske] 3¢
ol A5Gt} 7 AEe] ABTS 2z 27 4L mg

~
=
oo
o

S Xz2|

A% A 33] 9 S4% ¥ I RSWlAE e
itk 7 @t gke] {9442 SPSS program(ver.
19.0, SPSS Inc., Chicago, IL, USA)S o] &3&Fo] FAMRE2]
(ANOVA)S AAlstaler, SAA 121442 Duncan's mul-
tiple range test® 5% oA (/X0.05) #H73s}F3iH

iy

£ Eojis &

IR TR0l dhE ZYuE e AEE ) e
Aztd FeHE S8t A FFEA o, dE F2l
e EAEHE ZEdE RS /A JEHE EA4 5
AEsA o] 8ol FolE 4 Uth20). Table 10|49} 2
o] {u| Az} THUE F T Aol Bl A= F A=

tekst ZEvE Bdo] g8 AS & 5
& 3 dn) A %9 4.15 mg GAE/mLol| #B]3}
g TS £33 A F7(10%, 30%, 50%)= Hit 14.26

dFe FIuE F AR Wl FAASE Foehe
Ao vhehdth 53] 50%9 FRUE F B AR
o) % sl P dvl Azl vl 4892 =7 S5 o]
Anl A xrch

o]

AN

=

(<)

-
2]
i
o

mg GAE/mL= Weh} dv] Aol wlsj 243.6% B 571k
o uaE gt v A& Az A 50%K T BE E
SR FARE HUkehE HAA ] 2 art HAyst
o & ATolNE 50% M7HE7HA Bl ko s
T EYdlse] e 2bdart g = Fek Mo
a Aol vjE] 2AbdE Fol frojHow Hashe Aow
H s o] gTh(8,20). o)z 7189 pH Wl mE vt
dE 245l 724 s L= Y Az vE A
21Z°] pHE 3.5~4.3¢l W& D& $9] pHiz 2.2~260%
A7) mEolth(20). eyt & el A #rl Az
HlE) FalE F Az F AugiEe skl 1A E
" A2 Fata Foll i€ vlE Bd F pHYl Wl
FEFS WA B dAmsiEe] o] dvjel njE w2t

Table 1. Content of total polyphenols and isoflavones of unpolished rice vinegars containing different amount of Monascus-fermented

soybean powder (MFSP)

Total phenol

Isoflavones (pg/mL)

0,
MESP (%) (mg GAE/mL) Daidzin Genistin Daidzein Genistein
0 4.15+0.03 ND ND ND ND
10 6.53%0.06" 12.35+0.13° 1.98+0.06" 33.81+0.94° 57.07+0.32°
30 12.21£0.12° 30.88+0.12° 5.15+0.03° 84.53+1.18" 148.38+2.02°
50 20.04+0.17° 164.56+0.16° 210.22+0.08" 367.21£1.67° 687.3242.56°

Each value is meantSD (n=3).

Means with different letters (a-c) within a column are significantly different at P<0.05 by Duncan's multiple range test.

ND: not detected.
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Daidzin Genistin Daidzein Genistein
MFSP 310.22 445,62 1,536.49 2,853.51
] Vinegar 164.56 210.22 367.21 687.32

Fig. 1. Isoflavone contents in soy-koji vinegar (unpolished rice+
MFSP, 1:1, w/w) and Monascus-fermented soybean powder
(MFSP).

=4

2 58.2% F71st Ao Bk

o}, wEhA drjet T a FS Skl (w/w) Al 2
F> Fada T HrhEFo]l U1l wet

oA 2 2(/X0.05) F7tete ¢S VeI

|

Tutg T AU b2 dv] Az o] AZEE g
2 Table 13 2t H7tge] E3v]&o] soldaS ol&
EoHE SRHE 9] $ Rt FolAlE Ao R YErwTh o3
% dE Ik A AR A9E SadE Fol gaE
ol aFEHE FFE o] Axwa Fol &3] wWiol
o} 12l Fig. 1olA¢F Zo] 538 3o dso| ghd
olaFEhte] Fro vl T UE T Ao o|ATuE
e 959 23.9%~53.1% L2 F7IEAL 53 £
=22 E F A59 F8 o)A ZE 2l daidzein® genistein
o] Az 7A &&HL 747t 23.9%9 24.1%° Bl B-

glycoside® 2] daidzin¥} genistin®] &% 717 53.1%
o} 47.2%= Ve vla A v]E] A vl uE ), o

e Ashe Az 34 71894 2549 54

OS 7=
= RN 1
daidzein¥} genistein®] &si=7} wvt7] wjiEo 2 =4 dtg
do] A 2] %o g% aglycone isoflavones? &%

= bk @ Ae® HaEIuR(22,23). 1HdlE &
TFolal 2 Ao FadE TS £ dvl Az Fa
o] A~ ZeHE o] o] A= genistein? daidzeinoZE L}EFS
o E3] genistein® F%+ WA 48.1%= e
1AL A8l Fada Fo A& 7IQle A= Fig.
1ol X e} o] it F Y79 ojaZEHe] 93%7} H]
vl A E o] daidzein¥} genistein® & A E ) B& A
= Zoll e wigAE e ol aEeE-S Ttdoly H A
E 3E 94k APl o8 g v A E o] AEeHE e
2 A3E7] wie] AAasd B Aeddol sk A

1259 tH(22-24). £3] genisteine daidzeinol Y]
3 B} =k A E4d-S& YEl o] nutraceuticals S
cosmeceuticals®] AAME L FEIIA7} & Aow 4y
A $kth6,23). & Ao A= Chen F(23)0] Hilgh &
T g A= wjol F& AY & ) 71d9 Fa olAaEd
& malonyl daidzino| 2t 23 9}= th 2] genisteind
daidzein®] 8 o= vwH . webs FodS F
71”8 A AFet] Axas e Au w4 7|2 S
o] Y52 &&= Flo] vujgAY
q a3}

=
o = O A= [e}e) I~
S a8Ho= g8% F 9SS & 5 Uk

O

BHatat gy
wse] 7bg 2 909 Absh A Rkt iz A
Foll kst 9 7wsk3) oAl wh

o
k=
2ASE 5H3 Trolox &% #He=z Jehd A+
Table 29} 2t} &u| 2 %o v)&) F=2a F
DPPH®} ABTS &tz &~A 50| 4 6.3

o] W3t ATAFE r*=0.8530 = eI guky oz
A e 7

daidzin 52| »
do] XyH o5 AR 90% o]io] 77 genisteinT}
daidzein <] Bl A P o2 AP T(15). 12709] o] &
ZEHE o)A FollA nulFA ] o]anFeto] Al

Table 2. Cosmeceutical properties of unpolished rice vinegars containing different amount of Monascus-fermented soybean powder

(MFSP)
MEFSP (%) DPPH (mM Trolox/mL) ABTS (mM Trolox/mL) Anti-tyrosinase (%) Anti-elastase (%)

0 0.41+0.03° 0.51+0.04 35.6+1.02° 41.2+0.08"

10 0.84+0.08° 2.15+0.05° 41.120.09° 38.7+1.01°

30 1.4240.06° 3.23£0.12° 66.8+1.12° 52.8+1.33°

50 2.57+0.12¢ 4.03+0.09° 90.3+1.43¢ 77.2+1.08°

Kojic acid (0.1%) - - 91.5+1.18¢ -
Epigallocatechin (0.1%) - - - 89.2+1.06

Each value is mean+SD (n=3).

Means with different letters (a-d) within a column are significantly different at P<0.05 by Duncan's multiple range test.
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of Hl3] Atslso] v H& ¥ oYzt 53] genistein®]
sl e 2 thE o] Aol HlE Y kst @4l &
Aoz dHA ¢tH13,23). Fig. 19149} o] a0z
2047 g A1) Fadk g F 5ho] daidzein¥ genistein
o e Hdx % ¢F 27 1,536.5 ngdt 2,853.5 ng e
2 57 Yebst o 53] genistein] ﬂakol 71 E=skh
ol AR Axda V|3t B U5 Ta Fo vlE) 24
%9 7]4 e daidzein 23.9%%] 367.21 ng, genistein
24.1%%) 687.32 ng/mLe] =& S o] o|& AiEo|
2 AR Akt o di Tofs Ao R PrtE 4 9l
th Z1yte] Az 7" bt A EAlEE oA EAE 59
14k slekE 9] 712 Fatsl AR eSSl
Alzo] ditsl el TAAR] TS VHE AR F4

o} A2 Hsieh 5212 =28 B2 92 red koji

*9] DPPH #Z &~ A %9l acetic acid®} melanoidin

o] 3}gHEo] 7143 AR Bustgion, 714 4ks)

e wtg e wel Zrkets Ao el Table 2

M
2o,
ofol
1
s ru

Fg 39 &atst 248 DPPH 2oz A7
TS 2]z A7%0] B} o] & Ao ekt
uls 2%z ABTS 292 24 &4 o] DPPH &
S H T ZUTHE Jung S(7)9] Bk UX|s)
L o] Z& Aol A4 whT] <] DPPHS} %ol &
ABTSS} Whgats slEalgtee] 771 thav]

o
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£ 2o 002 o g ot > i
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Tyrosinase®} elastase Xl &M

TG T Az AEREA L 7)E o]l F71E ]
A& 75 o= 98] A% A8 jn vitro tyrosinase
9} elastase®] A S SAsI] A= w77
el #AE 3AA 75 Bk A= Table 29
Aok v Az vls) FEdE F A &9 tyrosinase9t
elastase A0 A& &2 FTa F WUl 71
TH BT folHos %:E% A4S YERNATHXK0.05). &
ToE F 50% - 229 tyrosinase A3l &4
Hul A %9 35.6+1.02%¢°) H]&) 2.58] °] =2 90.3+
1.43% % Yebg o A iz kojic acid®] 91.5+
1.18%%}F FAkeE A8l A& Hol F]U) o] 22 An=
ToHg o i olaEHES RS o EetE
o] 24835 A= FgErh 53] vl AE <
ol FE¢} olE F A A &4 1o P
= r’=0.915% ¥/ YEh o5 B4e] F2 7]
ji7]‘ﬂ At} o] AZEE 53] daidzein¥ genis—
tein®] w® 7]5& o] Aol o3 L HAFE Wl vt
ATH25-27). AF7HA] &#H R tyrosinase A A= as-
corbic acid, kojic acid, quercetin, 4-hydroxyanisole,
hydroquinone, L8]l arbutin 5°] &&#A oL} obAA
I QA 5 EA R R AREo] AlgE = o E U
ZAtH(3). Tyrosinase= melanin A A 2] key en-

_{

ol

O
o_>L
e o

al

O

0 0 0
ll‘ r}m

ox o

A A VY

S o X o
=) HU 4

zyme 2. % tyrosineS 3,4-dihydroxyl-L-phenylalanine ¥}
dopaquinone @& AF3}A]7]a1 o)== thA] 5,6-dihydrox-
yindole¥} 5,6-quinonel. 2 Ab3lE o] HEFH o g F 3t
9]3l melaning A4 $Hh(4). ©] 23 melanin A4 o] 3}
T A 7, F2, AWM, R est 9 g5k G
o TATE op7|E = AoRE e FrH3).
Elastasex JH-FE AA oz 23k YA JHiw3t=
WASlE § U E4h0|E R elastase AdAlE IEFE
< MAEe 292 B aE A H(1,28). Table 2004 9F 7o)
Ty F 2% elastase A3 AL Al A x9] 41.2
+0.08%°l ¥} 50% 7kl 77.241.08%% Lrept
87.4% 1 & As) oz vuE o), A hxe
epigallocatechin®] 89.2+1.06%R.th+= W2 Ao =2 L}E}
st o] 22 A3 Huang 5(26)0] Balgk UVB AR
85g A e PastH AEq e o8 1Ryl
] daidzein¥} genistein®] & &¥= YeElAtE 23

o AAME Ao AYE 5 Atk 3 FHUE 2o I

il

0] & AN FYFE elastased] 3+ A3 &Ado] Z718}
= Age Az g9 daidzein¥} genistein®] F=
g 2 (:%=0.946)7F A B E ATk whEbA] Faak g
I FWE 1:l(w/w)el H&E E38te] A xS xﬂiatﬂ
3aksl G W oy g} tyrosinase$} elastased] A3 A
o] FejH o FatdS & AATIK0.05). o] 2 A
= Hule} Ty Fo 7 A2 AxES S8 3
AE A2 Fesvhd gz QAo 98 Sy s T
esh oA g ol HFo| v gl gy Al
Lgol d F UAFS AT

2 o

T ARG HEE dEsie] Az Az
A 2 A (cosmeceuticals) 22| & 7154

-3} 7}l DPPHSF ABTS 2hu)z 47
Sk grksl S-S dn) Az w3 FEEE
Fo] H7FE Alm7F H7bgel Hlelste] A 7a) o] St
BFATHX0.05). £3] tyrosinase A3 &A4-E 50% A7V
o] A&l A kojic acide] A& &4z FAFSHA YR 1
Wl 2o TFs S B o, elastase Al A A
A7Fol vl elste] {4 o g 78 tH(/X0.05). dn
A zxo v& TI3dE & 1:1(w/w)e BlER JA7E A%

1_,
>
=

—_ 4

9] 2 AYGAAL AR Ffid F v T, 53] olx
ZgE v F A F 9 genisteind daidzein® X9 &
ABBAZE A HE AT

A= el sta et paEA ] 9ol ol shol
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