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AT F8 7142 acetic acid®} lactic acid
55.94+1.57 mg/mL ¢} 3.82+0.11 mg/mL=Z YElgY. H e £ Fgolv =
2b BFEF(4.55 mg/mL), 1 F = $EH0.276 ug/mL), F &7 =(0.97+0.01
mg gallic acid equivalent/mL)3r=¥ Zglnol=  33H(0.30+0.02 mg
quercetin equivalent/mL)< x4t W& 7t Ayste] uel SistA oy, o)A
Eohd kel Wk fo 4l Aolrb gldv (p>0.05).
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FROUME Be FRolehs o= of 20004 @ FF et A
Wol A% FAU 40 AYL ARAIE FHAR A, 24

o) k<!
ar =
71 For Aol o FEuetel Aol dhHbel A ofd sfiAlE ARE

Aol Aty sk o]ld& Bl sk Ale (WA, F =)ol ekl 7] = of

ATH1)., T oz &y A Monascus &5 A F9o HHo|2A 734

o

5 2 Ascomycotina 7, Plectomycetes ©}7, Plectrascales 5, Hemiascomy
cetaceae ¥ (WHAFd 1)), Aspergillaceae ¥, Monascaceae =9 <30, A}
£% A (hemothallic)o] a2, A2 & 7}*| 3L 1= Monascus sp.24 & A °F 20
&, TFEA F 70 F0] HelHeol A(©23). T HAE HSME 9
7] Wil F=atolEhal dtal o] 579 F&4 witel ofxlopel oy i}
oA A& Ao HE Y A, AAE SOER T A o &

of gith. EEFe SUY ABTHORFHE PHN FRZE M

purpureus, M.ruber, M.pilosus, M.kaoliang %°] <d 4 2t} Monascus

4

< F3o]= a-amylase, B—amylase, protease, lipase 52 7538 &2 (4)

Buk oyl A A A A9l monascorubramine¥rubropunctamin, = gA 4<l
monascorubrin¥ rubropunctatin 28] 31 32 A &~ <91 xanthomonasin A
BAESAT ol& FA0] gle MadEo=z QAo gk bddo] 7] o
ol A A LzA oo Ax H AE HIARRE FEol ghrhh).
w3k & o732l Monacolin K(Mevinolin, lovastation), ¥—aminobutyric acid
(GABA), acethylcholine 53 2 tARES AP SHZ2A a3

A7t aat, daolgh, FAw, FEA2EHE T 58 HFe 7ol

i)
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dota oz S ATHE~9). 53] Monascus ruberZF-E 54 o] =3
va ZEl2dHE AR AlEZ Q] monacolin K(mevinolin % lovastatin)
o #2 statinAl e AASE Ao dHA FHAS Y ool ARG
i A= A0,11), ol ZU2HE AP HAoll Al 3-hydroxy-3-methyl
glutaryl-CoA (HMG-CoA) reductaseE Fig. 13 #Zo| A3} 7| w&o]).
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pathway of the HMG CoA reductase inhibitor



Monacolin K& s#W4ggFaA%E 7H ¥ gz LDL(ow density

lipoprotein)-cholesterols XA # o=z 3= Zgo] 9lom(12), aastd

al

ol & AFFAFOE red yeast rice, red rice, anka,
ang-kak, angquac, ankak, angkak, beni-koji % T}%3lF o]E oz oA
shob(13). A wiulo] &5 (Monascus perpereus)S 4 E38Fal H] kdto] o

= TEEe ToAAE FAY] Eeh HEorA By oilT s HFE

o

BAE Az Fv) FAA £ FAAZ AStn YR, FRTS
8% F3 REEY Aol & B o PBE 14 Am Folu
A

oA AAT(EH, MEE)=

=l

o ¥]&] mevinolin, CoQ10, proanthocyanidin, & Z@#| =3tz So] F7}13
Ao, WA d e isoflavoneo] HH|FAH oz HEAILE= Ao
HATHA7). S S5 FEF FEES 2AYY 2ZHAHE Yol f
A Fo A HHE NARHAS), S dese FAste Ead
angiotensin I-converting enzyme (ACE) &A4& A&sl= Aozr® &y
}(19).

AzeE AAAeRE ol JALE 7R HEAFORE JdALAAN AF
A zE TAHw/ V)l 4% ol dolojok shal Az
FxA xR FEAH20). FEUHelAdE dd5H

RN ThEE 9B, AXYHoR NEE WENN FE FRAie
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T AW W WIHTHL %, bl 2B 5& FHsta gl

SE53 g3 oz A8g AFATD. =

O

, A& +=  acetic, lactic,
tartaric, citric, succinic acid & F3l A TCA cycled Al & F A+

F713bEe] FrEo] (o b d, FE #A, NS 22 2w 5

vE ARl AW FaE FAITIAL AYd el weEt 283 AR
HAA Ao AW hAE dFEHA = T4 7lee YERATHES). Y
A ol FAtEtEddd Bt F EAR HdHe 2 STieol= AR

o] o™ (29), ferulic acid, p-courmaric acid, cafferic acid, quercetin,

catechin 5°] A Fofzo #AAsrfar Baso] $kvh(30).

AA A qbshitge Fasty AbEhA tiibs Ao AEed dgA ol
th. 22} free radical®t -2 reactive oxygen species (ROS)9] #¢ A4t
& AbskA diAbe] dEAE el Free radicale 3kl ool A
AAE Tf3tE A2 ROSHIE S5 AT 90 EdoA =7
AR wkgAdo]l AX AEG DNAE £4A7]3 #d S45 &5

A Z1H(31,32). mlEZ =g olo] A= ROSE 3 £ <l hydrogen peroxide

(H202)7F Aa = 2 Ask=d, A el ROS7F 34 A= glutathione
reductase, catalase, superoxide dismutase &2 &4HE &4 Fo| AXE
S4(33-35). LEy 5 Aol

3
W @A aks AA HEo] 7Z4sd ROSE <A AXE9, DNA, vz

-
[
mt
ol
[
righ
o
S
1o
:Cn)‘:?
)



Table 1. Representative antioxidant enzyme and elimination of

reactive oxygen species

Superoxide dismutase 0,7 +0, +2H"— 2H,0, + Oy

Catalase 2H,0, — 2H,0 + Oy

H,0, +2GSH — GSSG +2H20
LOOH +2GSH — GSSG +H;0 +LOH

Glutathione peroxidase

Z1oBre] th Al §AFE A= vitamin, phenolics, carotenoids, a-tocopherol
(vitamin E), thioredoxin &3 &7 % flavonoids”7} €8xt} & 2 &
9 ksl 58 FaMAY TR REEC] ZEE phenols 3H3tE g
v AcE HuEAT(37,38), 53] o LEF IS
E3 = B oolygl wae o8 AAdE CoQll, tocopherols, genistein &
I} 2 isoflavone aglycone 3+5t&= S| 2&38lo] YE s Aoz Hay

21 tH(39,40).
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EL

of g} FF2 #HA F fyUE 14 S (hyperuricemia) Wl A
IxAtEEe Q4o v wiEI A FHoR & ofr|HERE B

= Ao dAx FA4= 4y 2vH42). Fig. 3.9 #Zo] xanthine oxidase

(XO)= 84F Aol dojA F23 242 hypoxanthines xanthine S =

xanthineg uric acid® ®}E & 8§42 23} w3l A4S dAxs

|A = o] &3kl ROSE Adde=zmn Az HAitelst wmslo e #o]slof

N

74E A g o] H= =2 ol th43).

RNA, DNA

!

Purines

|

Hypoxanthines

Xanthine oxidase l

Xanthines

Xanthine oxidase l

Uric acid

Hyperuricemia || Gout Deposits of urate crystal || Nephrolithiasis

Fig. 3. Uric acid formation process
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B AR AEE AYEE el AL 2014942 Asel Sls=
vt EANAM ko] Alm= ARSI

T S AE e AFY AEAYAYAA  Monascus pilosus

60084% RFwrol AL8alaal, A WHO AEH ER: FAAx BU

e
ol
il
1:011
td
re
-
B>
o
>
—r
A
flo

8.5 (Saccharomyces cerevisiae)@ 7
(Aspergillus oryzae) 7% 3 A S &0 F2 F AL A FA5lo] ALE
kAt 24 S AE T AdFD AEADAMEANA Acetobacter aceti

KCCM (40229)5 & <kukoku},
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D 2= $E

ol

(1) & "1 (seed culture)

S or7t-S potato dextrose agar (PDA; Becton, Dickinson and Co.USA)
iAol 27C oA 7H &t vtk & A wjFste] AF&3F3lTh.

(2) D HAWF (nutrient broth)

S 100mLel g g IE [A7F, ¥ (Junsei Chemical Co.
Japan), Mo}™ (Junsei Chemical Co. Japan), 3% (Beckton-Dickinson, Le
Pont de Claix, France), 28 MZ (Junsei Chemical Co. Japan), NaNO2
(DaeJung Chemical Co. Korea), MgSO4 (Kanto Chemical Co. Japan),
(NH4)2504 (Junsei Chemical Co. Japan), Yeast ext. (Alpha Biosciences.
USA)l 4o Azx sto] da7]2 (1217TC, 208) s §F o5 HE3
o] 30ClA 5¢ &9 &M%kl (Chang shin Science Co. Korea)ol 4]
150 rpme. 2 H s} vt

(3) A9 E (solid substrate fermentation)

AeEE 1240 2ol AAse] Ax A7 F AR Bzl 50gH B
oF W oA 1218 ZANA 08 AHAYT. oE WA F P
WA (10%, v/w)E Z1del Esha 8Tl 209 Fot NEd T 57

Azt
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d3g Lo AES aRT TZAAX % IE  (Saccharomyces
T 52 (Aspergillus oryzae)
A7 % A SmaL FA A Tdste] AMEEER T Ak
A ol Al Acetobacter aceti KCCM (40229)& &
urol A HiX| o Ald] wjkste] 28Ce] QAiFHlolHlA 4L wiF &, A
A v A (Table 2.)°] ®]%3}tod(30°C, 150rpm) 24 W& 2% 2 AFREA
=3

cerevisiae)® 7

A
ol
2
1:011
td
=
i
re
-4
B
2
2

ox
ol
ol
o
re
-
(o,
ox
il
_|>i
(o,

S

Table 2. Nutrition broth for Acetobacter aceti

Nutrition broth(%)

yeast ext 5
peptone 0.3
mannitol 2.5
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pH meter (Ohaus, Sarter 3100, Korea)

-
1.

A1 ze] pH

st} %

1l 3
Abg# 0.1IN NaOH

AEE 10g *

AHE ol &3

0.IN NaOH& 4o =

__io

B

4359t

& o)
e ¥

F2 10v 3

shof LhERHTL,

Z(%) = a = F * 0.006005 * 100/S * 1/10 = 100

(a = 01N NaOH dA= F = 01N NaOH¢e] factor, S

R
<

)A
__io

A 52 =)
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2%z ARE 108 843 F 02um membrane filtero] FHAA BETE
S AAZ ¥ HPLC (Aglient 1100 series (Agilent Technologies, Palo
Alto, CA, USA)Z #4389t} Columne Phenomenex LUNA 5p CI8(2)
46 X 250mm, Sum Phenomenex& AF&3l% 3L, &vlE 0.85% phosphoric
acid (Samchun Chemicals. Korea)& 1mL/min %2 158 &< &8 F4
51 injection volume< 10 uL, Detection Wavelength+ 215 nmeo|t}. £
714 =38 acetic acid, lactic acid, succinic acid, tartaric acid, malic

acid, citric acid (Sigma-Aldrich, U.S.A)& AF-&3}) U}

|4 PLTC (phenylisothio
cyanate)e 20 nL E313te] oA 3023 vHSAIA FEAE AT o]

5 AR FES AA 3 F 200 uLel 140 mM NaHAc, 0.15% TEA,

i
PN
>
Al
(ld
w
<
=
=
4
o
o Lo
o
2
ol
m
BN
S

o)

0.03% EDTA, 6% CH3CN (PH6.1)& el &sfsto] dAed 5 33l
S uwA HPLC (Hewlett Packard 1100 series)® 243t3vh. A¢ S
Waters Nova- Pak C18 4 um (39 x 300mm)E AF&3A 3 &vl= 140
mM NallAc, 0.15% TEA, 0.03% EDTA, 6% CH3CN PH6.1 (a) < 60%
CH3CN, 0.015% EDTA (b)e|t}. A H 9] injection volume<s 10 ulL, AF 3}
e 254 nme|th. &vf ¥ 272 Table 3.3 Z T

_‘|5_



Table 3. Analysis of gradient elution condition for amino acid with

HPLC

Min Solvent B (%) Flow (mL/min)
0 0 1
12 8 1
13 12 1
15.2 20 1
225 46 1

22.72 100 15
23.2 100 15
25 100 15
25.7 100 15
26 0 15
29 0 15
30 0 1

_16_




(5) Tsoflavones & =F

21z AE 2 mLE C18 SPE Cartridges &3 A1zl %, 200 L H&E=
%% A7 HPLC(Aglient 1100 series)® #2389t} A ¥ S Phenomenex
LUNA 5p CI18(2) 4.6 x 250mm, 5 ym PhenomenexZ AM&3l3th v+
0.19% formic acid (in DW)(a) ¢ 0.19% formic acid (in ACN)(b)Z flow
rate™ 1mL/min, A 2] injection volume= 10 pL, A& 332 260 nm ©]
Ak &rw] 27 Table 4.9 2v. EFE5Z 2 daidzin, glycitin,
genistin, malonyldaidzin, malonylglycitin, malonylgenistin, acetyldaidzin,
acetylglycitin, acetylgenistin, daidzein, glycitein, genistein (Sigma-Aldrich,

US.A)e Arg3hlth

Table 4. Analysis of gradient elution condition for isoflavon with HPLC

Min Solvent A (%) Solvent B (%)
0 85 15

40 75 23

60 65 35

_‘]7_



(6) Ubiquinones $F%F

Coenzyme Q9 (CoQ9¥ CoQl0 & FHA37] 8 2z Ax 25
mLE 4 dxd §F AR ATUD). dx AR SRS 20ml, J2EE
25 g, NaOH 10 g, &% 75 mLE &3ste] 7Fd b4 2083 714
ghith. o] n-#4to 2 3WM FE3kY] hexaneZ W FHIT F AT LY
(N-100, EY- ELA, Tokyo, Japan)® &"& S A|7]3 2-propanol 2 mL
2 F%3% bS5 membrane ZHE (0.20 ym) o #3 3 p-HPLC-MS=Z #

321t} Mass detector (Agilent 6130 series)E AF&3}9] electron ion?

o

e
2+9l-S positive modeo| A S8R ZAH L Zorbox eclipse plus C18
column (2.1 x 50 mm; 35-micron particle size; Agilent)o]™® &=
2-propanol¥ ammonium formate (5 mmol/L)E 2 : & W] &2 A3}
Flow ratex= 0.3 mL/min°]® ZA¥ &%+ 30T, injection volume= 10 pL
olt}, AR FEEQ CoQ9 (M+ 7956, 812.7, 813.7 m/ z)3 CoQl0 (M+
863.7, 880.7, 831.7 m/ z )& =T peak area® 43t}
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(7 = =Y9E s+
A7 £ ZYdHE TS Folin-Ciocalteu i & o] £3990H46). A =

50 pLel 2% Na2C03 1 mLE &33to] 38 w&A171 & 50% Folin-

ciocalteu’s reagent solution 50 uLE ¥ il o)A 30 #37F ¥+ A7l &
700 nmol A FHEE AU} FEEF gallic acid® L3 Wy oz

>
i
b
i
do
i)
il

=2 H ol = k2 colorimetric method (47)¢] Wi
S FA3 AT AlE 500 uLol 5% NaNO2E #H7pste] 3 &37F 4t
SAIZl 5, 10% AICI 20 pL% 3L oA 5 &3 §--&A1Zith IM NaOH 15

)

u
L3 &35 Alge T3 #ES 510 nmolA A3 Y. =222
Quercetin(Sigma-Aldrich, US.A)& o] &3l AFHE A9 & =&

Hxol= 3OS mg quercetin equivalent (mg QE/mL)Z e ST
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o] a4tz Aol =S ABTS %o]2¢ #ud =4 (48)
o wel SAHIHY. AE 100 uLet ABTS (2,2'-azino- bis-3 - ethylbenzo
- thiazoline - 6-sulfonic acid, Sigma-Aldrich) & & 900 pLEg #H7}3s &
Grold 5 EIF ¥k o 735 nm FHEE AT 4 AR
ABTS &9 Z A2AZAH LS mg trolox equivalent (mg TE/mL)Z Al A3+
=3

@ DPPH #tH A 2A 24

Ax Age stz @48 DPPH (1,1-diphenyl-2-picrylhydrazyl;
Sigma-Aldrich)el ®gt A A}F 5 (electron donation ability) &2 A 3}
ATH49). A& 100 uLe} DPPH &< 900 uLE H7Fst $ ¢haolA 10 #
b kggk $o 517 nmel A F¥EE SAST 7 A15e DPPH v

A 8L mg trolox equivalent (mg TE/mL)®= A A 8} t}.

3 FRAP (Ferric reducing antioxidant power) =7
FRAP ¥ 2 A ®e EA AMEo| ferric-tripyridyltriazine(Fe III-TPTZ)

sodium acetate trihydrate (Junsei Chemical Co. Japan)es YA 7]= &

-

S =2Ast= Wy oltha0). A& 50 uLel FRAP €9 950 uL #7713k & ¢
Aol 20 E7F ¥ke3 Zo 593 nmelA FFE=E AT 4 A BEY

A3l 242 mg trolox equivalent (mg TE/mL)= Al A 3F53 t.
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(2) Xanthine oxidase A& &4 (XO inhibition activity)

Az A& 1 mLel 80% &g 1 mLE &3

f
&

310 #3 #

e
_O|L
32
i)

A4 FE 2 Asad 2y 5 &dE SEAZ Ys 1 mLe 0.IM
potassium phosphate buffer (PH 7.5)% &3] 2 o (membrane, 0.2 1
m)3te] Al ZE 2 ARSI AlE 100 uL =+ 1 mM allopurinol (positive
control)®] 0.1M potassium phosphate buffer (PH 7.5) 600 pL, 1 mM
xanthine 200 uL& &3ste] 37ColA 10 #3F ¥H&A A o] % 0.125 unit
xanthin oxidase 200 nLE& &3tslo] 37TColA 20 3k 8k $ 1IN HCI 900
pLE 33 g3 QAEFse 292 nmol A FFEE AU XO A

slgd 2 v ol Avtste] % A& = EAISHAT

Inhibition effect (%) = ( 1 - (A-B) / C ) x 100

A 1 mM xanthine %o F& A5 49 18 OD
B @ AolA &4 Al DW 200 uL # 73k OD

C : A°lA AlE W4 DW 100 uL # 73k OD

APATE 35 B 249 F FEewaade g 7 P

A
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ZAF W E 7| 7o) wE PHSF 4o W3lE Fig. 4.9 7o) uEhyt
TR ET Az 27 AEE 075%E A Fste] 790l 3.97%E o5
ol A FASA F7ekar 140l = 4.22%, 21¥ ol 5.87%7HA F7hE| A
B d= AE (6% v 5=d FEAA m2n) o] F 28U E 4.32%
2 Aot PHE F4PEes whulgsle] 0dddls 41394 7H o)+ 3.28,
144 o = 328= w]5=3lthr) 210l & 3.099.2 FA4t% &aFo] #HAastE 28
do = 3312 A F7Fe 9 v Fig. 1.). ¥+ Joo 5 (51)3 Cunha %(52)2]
Hae] wp2W, @ujel B E ol &3 Az Az 7Y oJym F4t

.
E7} 5%7h W9a T oolFels gastE 4% L A7s fAsg o
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o 7 14 21 28

Fermentation (days)

Fig. 4. Changes of total acidity and PH of vinegar brewed from
Monascus-fermented soybean during acetic acid fermentation

m : Total acidity, A : PH
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iy

Az Az 3aE §714 gHE 4% 2= Fig, 5.9 Table 5.9
2ol uetuth el A et o] ARddA HEH FL F71AY F
acetic acid®} lactic acid= 1 &3> Table 5.9} Ut} acetic acidi=
A AlskE Ui Azl 4 AUt Y W lactic acidi ohE
Abel mlg] & o R e Ui S8 AvA Ee Aol Fuf gz
A 2% AREE 7] wiEel 2z FAF =g AvhEh). Lactic acids=
of glow el Fraf Al
& At &) Vles FA FTHE6). Acetic acid= FAE9F H]2¥
39
7Vt ar 149 ol = 38.99+£0.56 mg/mL, 2192 55.94+1.57 mg/mL7HA] =&
3 0dol nl3] 588 SV TE o] % 28U &= 34.93£0.03 mg/mLE A

3t} lactic acidy= 0¥l 0.72£0.07 mg/mLeo]al ZAF dhako] F53 74

)
P
=

rir
do
~
2
rO

=

A Hzpn ABWE Nz ol

il

al
=
R4

onl Mo

Fog 0¥olE 950+0.11mg/mL, 7H o+ 29.30+1.07 mg/mL=E °F

o|\

o &= 1.3520.01 mg/mL=Z ¢F1.849] =718t 21¥¢ 9= 3.82+0.11 mg/mL=
0Ll w3l 530 F7F3FA . o] & 28¥el= 381+ 0.01 mg/mL=Z =}o]7}
giATt. FrIte] 24 Aol AAR B wawel o8 diFes W
=91(57), JoB8)x= = WE 2%9o F F7|22 lactic acid®} succinic
acide}al =1 ©]<F lactic acid $#Fo] acetic acidi.th 44)] o] 9kvlar
B 3l oH, Lee(59)9] Hate] wzw A3 sgdsts ol &) e Az
o A lactic acid gr=Fol 3w o] = A WEMSTE ©] & acetic acid B F
V=] KTzl A el APEY] Eob ddRo] FEIA ¥E AT

acetic acid WAl lactic acid’} A 7] wFolz} =4 (60) H A Fo A=

ZAF B E 28«Uof acetic acid®] d#o] lactic acid SHEH.TE 108] wok
o] Z Aato] ufe} A zAZxd AEstE AR Ao Aol HE AL
o] Firol wel [7I4kel R 1 st g A e AS 4 ¢ AdddTh
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1 2 3 4 &5 & 1T & & {0 A1 42 A3 A4 15
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140
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Fig. 5. The HPLC chromatograms of the organic acid standards (A) and
vinegar brewed from Monascus-fermented soybean (B).
1 : Tartaric acid, 2 : L-malic acid, 3 : Lactic acid, 4 : Acetic acid,

5 : Citric acid, 6 : Succinic acid, 7 : D-malic acid
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Table 5. Changes of organic acids of vinegar brewed from Monascus -

fermented soybean during acetic acid fermentation (mg/mL)

. Fermentation (days)
Organic
acid 0 7 14 21 28
acetic ; 4
9.50+0.11% | 29.30+£1.07° | 38.99+0.56" | 55.94+1.57° | 34.93+0.03°
acid
lactic . 4 4
» 0.72+0.07* | 1.35£0.01 2.21+£0.02° | 3.82+0.11 3.81£0.01
aci

Each value is mean+SD(n=3).
Different letters in the same row indicate significant difference at the

p<0.05
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Fig. 6. Changes of total free amino acid of vinegar brewed from
Monascus-fermented soybean during acetic acid fermentation (mg/mL).

Each value represents the mean+SD (n = 3).
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(2) #= o4t gk

o WEFTOE AxT Hxeo dF o4t FE(ug/mb)e W3 E
Fig. 7.9} 2. 8 AHE S22+ leucine, isoleucine, phenylalanine, valine,
threonine %] &% il methionine, tryptophane, lysine®™ 3tf% #A
© 2 et Threonined 0¥l 42.72+47.02 ngell o 219 ¢l = 163.1+
9.04 ug= 3.84] 713l 3L, valine 0¥l 85.03+8.05 ng, 21€ o= 297.76
+12.03 pgoz 351 F7Fett). Isoleucines 72.86+6.05 ngol Al 263.43+
14.01 pg= 3.1, leucine 127.91+11.01 npgol A 465+15.06 ngo. = 3.64),
phenylalanine- 86.77+7.02 ngoll A4 337.11+13.03 ngo. = 3.84, tryptophane
2 10.03+1.02 npgeoll A 46.23£4.01 pngo. = 46% <713lH vt 53] lysined
e 0dell 3356+1.04 pgol oy 21¥o = 234.03+12.03 ngo @ 6.94)
7183 28 o] Fo|x= Zadt: Aoz JUeutvl Histidines 0o
7.58+0.01 npgelRot 21delE= 104.92+0.49 npg= 3.80W S 7FskSar
arginine= 0¥l 67.62+0.01 ngolAl 219 256.57+0.33 ng= 3.799 < 7|3}
91th. Methionine &% 0ol 19.25+2.02 pgol Aot} 2149l 61.5245.
01 pg= 3vjy F718lA )l Lysine obs 7] A&y wmeo itads & A4
obn] = Abo] M (62), -3 ofv|=4kQl methionine® Z3}3le] L-carnitine
= s AR} oA Aol #ofste] AWhE dWste Ao=m
&4 Hvh63). E3F methionined} lysine 2 #}A 5 I HAY x4
HAst7h AA e Gkt A 2 diE Astsdd S v A=
(64,65), & AFoA = =4 Ha7F IPEFE Hga

o

shalth ol 24 wEt =Y A £

oy %

[\l
Ol
L



450

400 -

350 -

300 W Oday
:E, 250 - W 7day
3

200 - B 14day

_— H 21day

) m 28day

50 -

0 -

Thr Val Met lle Leu Phe Trp Lys His Arg

Fig. 7. Changes of essential amino acid of vinegar brewed from
Monascus-fermented soybean during acetic acid fermentation (ug/mL).

Each value represents the mean+SD (n = 3).
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(3) ¥ ZF o=t e

T HE Fom Axg Hxe F fHotvgt FEF T vl E ot
A4 e (ug/mL)e] WslE Table 6.3 2u F8 ofu|xibe] FRE
glutamic acid, alanine, aspartic acid, serine & 2% 4%t} cystine
0Lol+= 1269+1.04 ngelA  21¥ol 1518 =718 3  asparagine<
15.02+2.01 ngoll Al 54.51£3.05 ug= 3.63% S 7}3FH o.M serine 63.85+2.01
ugol A 232.21+11.10 pg= 3.648] 5718t vh. Glutamine 44.66+2.01 ngell
Al 59.06+2.16 pg= 1.32¥] S7F3lA k. 2 vrell alanines 125.3+9.06 ngell
Al 439741335 pg= 3518 F7FSFH AL proline  60.68+3.02 pugol Al
199.69+11.36 ngo= 3279 F7tstom  cystein  3.7620.08 ngel A
15.71£1.18 pg= 4179 <718ttt E3] aspartic acidi= & 7|9 56.16+3.02
ugoll A 233.85+16.66 ngZ °F 4v] F71ega #AEERS Y= glutamic
acid= 192.60£15.06 pgoll A 751.80£12.81 ng= °F 399 <7F3t3ch. ol %
28dol= AAHew wH=sAY HAasdv. P gol ke s
obm| =4k glycinel. 2 0¥ o= 17.23 pngol o) 21¥ = 9549 ng= 55
vl 713 Y. Glycine creatines FH o= &89 HIE XA
L Ak gE, e v E g opnegte] el Al ofnqtow Sy
Aok66). Wa AEe Ml A, AR E Ao A] aspartic acid,
glutamic acid, serine &2 $FHHES Z7|d+= TAsTh 1 )
S7Feohal Boatskel(67) 2 AP fARE AEFe Bt Yy 5 o

=
ZEAAE o] &3l WES FHulAFoAE v AF olu x4 F glutamic
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Table 6. Changes of non-essential amino acids (j1g/mL) of vinegar

brewed from Monascus-fermented soybean during acetic acid fermentation

Fermentation (days)

Amino
acids
0 7 14 21 28
cystine | 12.6940.04° | 11.79+0.01° | 15.8240.11° | 19.27+0.70° | 17.5+0.10"
asffir(;lc 56.16£0.02° | 93.5+0.05° | 88.38+0.08° | 233.85+0.66° | 211.56+0.68°
gh;tcairénc 192.6+0.60° | 221.22+0.61° | 301.39+0.4° | 751.8+0.81° | 703.21+0.23¢
asparagine | 15.02£0.01% | 20.31£0.02° | 23.93+0.75° | 54.51+0.50° | 50.34+0.14°
serine 63.8540.01° | 65.8940.01° | 94.5540.77° | 232.2140.10° | 200.78+0.12¢
glutamine | 44.66+0.01° | 70.72+0.03° | 38.67+0.32% | 59.06+0.12° | 48.56+0.10°
glycine | 17.20£0.10° | 27.11£0.11% | 24.140.7° | 95.49+0.16° | 84.23+0.14°
alanine | 125.36+0.06% | 142.35+1° | 190.04£0.01° | 439.74+0.35° | 289.55+0.45¢
proline | 60.68+£0.02* | 98.27+0.03° | 98.90+0.1° | 198.53+0.36° | 185.98+0.39°
tyrosine | 51.84+0.06° | 50.87+0.02° | 75.59+0.59° | 199.69+0.31° | 180.65+0.13
cystein 3.76+0.01° 59+025° | 7.56+0.06° | 15.7120.18° | 7.89+0.24¢

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

Different letters in the same row indicate significant
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(4) GABA 3h=F
Ao F= o Jqvkar ¢z y-aminobutryric  acid
FAAA] FE AN AAHPGEAR ZE3H 1980
wlo] 2001d5H d 4 AT69). GABA= vdmE A
AHE EZ<Q acetylcholineg 74171 TH70). g GABA

(GABA)= 5
TRHE-E o] &
ofu] ko = 4l
= Aadr] R
= ZH7F A
A H A AEe ol
ATH71~73). GABA¥ L-glutamic acid decarboxylase (GAD)ol| ¢ 3]
glutamic acid7} W71 4 o2 geitsisof A A oH(61).

o LRFORE Az Az T Feotrx=Alt FEF T GABAS W)
+ Fig. 83 2o Z4F 23 0¥ & 537 ug/mLolal F4HE =
Sl 7o+ 1155 ng/mL= ¢F 28] 713}l 149 o= #43u7F 214 o
¥ 2103 pg/mLoZ 0Yel wWlal 4w o] FUtstelow o]FoE 19.87
ng/mLE Z2skglvh. o] 22 dib= 24 L EVF GABA Al S4 A<

R

Fol #F

e VA= Aor o F

glutamic acid”} 473 7|7t we} Feold o= A3 GABASHHS 57}
hoivkal Haw o (74) 2 AFoA= 24 HEVE o] wel
4ol B5 F7He Ao ® yEerHth A& GAD &

ool opabd xAelA GABA AAtFel wobdE wl pHrt F7hshd

)
il
o,
rlo
Y
©
u
I,
fof
i)
A,

transaminase®] ]3] GABAY succinic semi-aldehyde® d$% o] GABA

Faro] Pashs A0E HIHYTHTE). of 2 A A WEY 2
A4 7)Aol pH %79 Wak: GABAS AA Tl FRA 93 A
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Fig. 8. Changes of GABA of vinegar brewed from Monascus-fermented
soybean during acetic acid fermentation.

Each value represents the mean+SD (n = 3).
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4. Isoflavones ¢F%

Fo gy AE T 39l isoflavones(Fig. 9.0 a7l 35 WA

WA (glycoside)d i ¢l genistin, daidzin, glycitin®] &4 % B A& thA}
of o]3] AAo]EEol E2 HulFA| (aglycone) HE 2 genistein, daidzein,
glycitein®. 2 ASA(76,77). &= HEFS A $EAZ

CESRER

=

isoflavones @A W] ¥ A3 o] genistein, daidzein, glycitein®| =2 A=Y
don o AxE Fig. 10. ¢ Table 7.3 2t} Daidzeine 3.38~3.85
ug/mL ®HE WHelA, glyciteine 0.37~0.40 ug/mL, genistein< 2.97~3.21

ug/mLe) MR FAH ] WEIF B FE FH Aol gl A
o=z Yelgt p>0.05). o] 22 A= duAgdE] Ao agA e
o] mF ko] Furgoe] os oln wmFAR AE HAFH] wiel

(7879) &=4F ol o3 &2 #AHA = o= FFd & vk &
sk A xo] S TAAA A5de BEAE Zbe glycitein, genistein, 12| 3L

Evt Ao v Ad ol &
ZgtE e FTRo= T 9o e ALoew Hid Kim (779 ZAet
A= Ao By L3 Table 7.3 2ol &5 WHad 2xo g4
H olaZgEe FTRE 0ddE 6791012 ug/mL, 21¥el+= 7.23+0.04

[N
&

[N
N

@

-

flo
oo
o
o
N
N
Lo
N
=)
M
=
P
r)«

mg/mL 2 % daidzein®} genistein®] 2}A| 8= B &2 A A 2] 7%l A 94%
Z Yely ol el o waF Az

PN'

8 ol AZEHEA A

KeR
R AN =

N
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Daidzein R1=R2=H Daidzin R1=R2=H

Glycitein  R1=H, R2=0OCHjs Glycitin R1=H, R2=0CHj;
Genistein R1=0H, R2=H Genistin  R1=0OH, R2=H
CH:0COCH:s CH20COCH:CO0OH

Acetyldaidzein R1=R2=H Malonyldaidzin R1=R2=H

Acetylglycitein  R1=H, R2=0CHs Malonylglycitin R1=H, R2=0OCHs;
Acetylgenistein R1=0OH, R2=H Malonylgenistin  R1=0OH, R2=H

Fig. 9. Chemical structure of isoflavones
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Fig. 10. The HPLC chromatograms of the 12 isoflavone standards (A)
and vinegar brewed from Monascus-fermented soybean (B).

1: daidzin, 2 : glycitin, 3 : genistin, 4 : malonyldaidzin, 5 : malonyl-
glycitin, 6 : acetyldaidzin, 7 : acetylglycitin, 8 : malonylgenistin,

9 : daidzein, 10 : glycitein, 11 : acetylgenistin, 12 : genistein
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Table 7. Changes of isoflavones of vinegar brewed from Monascus -

fermented soybean during acetic acid fermentation

Fermentation (days)
Isoflavone
L
ug/mL) 0 7 14 21 28
S 3.38+% 3.61+ 3.89+ 3.83+ 3.85+
Daidzein ab b ab ab
0.06° 0.06 0.09 0.02 0.08
o 0.37+ 0.40+ 0.40+ 0.43+ 0.40+
Glycitein
0.01° 0.03° 0.03° 0.01° 0.02°
o 3.04+ 3.52+ 3.53+ 2.97+ 3.21+
Genistein . b ab . ab
0.05 0.16 0.15 0.01 0.08

Each value represents the mean+SD (n = 3).
Different letters in the same column indicate significant difference at the

p<0.05.
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5. Ubiquinone 3k

Ubiquinone<- coenzyme QsZ W A &4 F=3s3tE=2 v gyl
AR B2 YER Qe ik B XITH80). ¥ A= MEFZE=E o)
el ATP el 283 dAxef 22E IWAZE &= 28A 7|5
I A ETE SFASAA DNA, 9@, XA 5o 4hskd &S wolF
WA gabsiAl 2 283 h(81, 82). CoQoll & Q6-Q10°] Jow T &, A&
sl & L Al Al CoQl0°], CoQ92 # 9 2 A fFEEol &4
t} CoQl09] s=Ab+= isoprene @9 FE& 973t F4]F =2 coenzyme Q
o] Atsty efol AL 8] F 35 o] tH(80, 83)(Fig. 11.).

T 0E Fom Axd Hxo F fulF e F(CoQ9+CoQl0)2 Fig.
12,9 13.¢} Zeo] yerwtth 24F & 0o+ 0.079£0.01 pg/mL ©| i 7
dof= 0.013£0.002 ng/mLe. = °¢F 68 o] A3y 21Y o] 5o +=

o
>«

ri
2
_0|L

0.276£0.04 ng/mLE L& Z7] 59 39 oY= ey Fig. 13.91A4]
S} o] fFHlA=e] ol HEHom T A2 CoQ9el ol CoQ109]
garel dae we v wel S7F7] wiolvh CoQl09] W& BW 0d

0Q93} v)=d P o) 219 = 8% R #HAFAT. AdwvrE o w7

AN FowAe) Abshabgel el ATk, webd X AP A
AN it B4 o3 2

®

L
3 el AR2 FAL £ vk v CoQ9e WE 0¥l 55% AL 21

ol = 91% 7R =78k 9= 29 QREES AX3= Aoz yE
wth A4S ubiquinone system @ E CoQ9 systems H3FaL L THE5)

meA] 7149 &4 wEsl A@Rel wek CoQosl Farel T4d AL &
o] BAe] B FASe) Zriek Be® Ao Fgdy
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O

HeCO— —CHs

H3 CO— [CH:CH= '£1:H;_]r—H

|

O

CHa

Cnadized form of Coenzyme Q (Ubiguinone)

2" 2H*
2 -2e
OH
Ha CD/KCHg CHa
Hs CO— [CH:CH= éCH;_]r—H
OH

Reduced form of Coenzyme Q (Ubiquinol)
Fig. 11. Chemical structure of oxidized and reduced coenzyme Qs.

The number of isoprene units, n, varies between 6 and 10 in different

species.
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Fig. 12. The HPLC chromatograms of the ubiquinones (CoQ9+Co0Q10)

standards (A) and vinegar brewed from Monascus-Fermented soybean

(B).

1 : CoQ9 , 2 : CoQIl0
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Fig. 13. Changes of ubiquinones (CoQ9+CoQ10) in vinegar from
Monascus-fermented soybeans during acetic acid fermentation.

Each value represents the mean+SD (n = 3).
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Fig. 14. Changes of total polyphenol compounds of vinegar brewed from
Monascus-fermented soybean during acetic acid fermentation.

Each value represents the mean+SD (n = 3).
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Fig. 15. Changes of total flavonoid of vinegar brewed from Monascus-
fermented product during acetic acid fermentation.

Each value represents the mean+SD (n = 3).
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(1) DPPH radical 274 24

DPPH+= Free radicals St 402 zte= F8&84 E4E AbsA S w
24 dk&3] AAE WFo] 22-diphenyl-1-picrylhydrazine . & A g5 of
AE NG 5 R FoE AxdF x4 DPPH radical &71%2 mM
trolox/mLEZ F A8} 3L Table 8.3 2t 24t ¥E 0ol DPPH &7 5
0.39 mMo]a 7do &= 043 mM= S7F8te7F 219 o] 5o &= 048 mM= 0
Aol wla] of 128 5 7Feksivt.

(2) ABTS radical 274 &4

ABTS radical 2752 mM trolox/mLZ ZF A3 &3 &8 Fo=z
A8 229l ABTS A A5 Table 8.3 2t 4 g 0o 0
Al 7Heol= 0.88 mMO 2 oAl (p<0.05) F7HE e AT o] F 21
Hol = 0.95 mMo=Z 0 nlal oF 11w F7Fskd ol ey 21Y o] %9
= A Wstrh gAY gasksE AS®E YER

(3) FRAP (Ferric reducing antioxidant power) =%

FRAP =42 A =®e EA AEo| ferric-tripyridyltriazine (Felll-TPTZ)

£ ferrous - tripyridyl triazine (Fe II-TPTZ)Z &9 A7)+= SH& AT}
o ks &8s Hrlkste WHelt. o wE Fo=E Axd AHxe
FRAP #4 A3+ mM trolox/mLE A A AT (Table 8). A& %4

urg 0o 044 mMO 2 =AFY o 7o 1.08 mMOZ °oF 1.34)
Z7betth 7 21L& 2.24 mM=E Y ERY 0ol uls] of 288 S 713t
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I olFoE 98|y 155 mME thA] #ZAstE Ao

ked 2
209 AoAl 7H gdHe E4do] & AoeE FAHHAT

Table 8. Changes of antioxidant activity (mM trolox/mL) of vinegar

brewed from  Monascus-fermented soybean during acetic acid

fermentation
Fermentation DPPH ABTS FRAP

(days)

0 0.39+0.03" 0.86+0.01% 0.78+0.012

7 0.43+0.02° 0.88+0.02° 1.08+0.00°

14 0.47+0.01° 0.93+0.01¢ 1.38+0.00°

21 0.48+0.01° 0.95+0.00° 2.24+0.01°

28 0.48+0.01° 0.91+0.01¢ 1.55+0.02¢

Each value represents the mean+SD (n = 3).
Different letters in the same column indicate significant difference at the

p<0.05.
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2) Xanthine Oxidase (XO) #] & A

Xanthine oxidasei= purine THAFO] #eldt= FAZE  hypoxanthines
xanthine® HEA7]a0 BAG9 AHAE AAFEARZ o] &&l uric acid®
23kEFE WS-8 v 3k A ov). Uric acid7t €% U =71shd 24
o] - FAH TFE FHE 5FES €ozv00). AAE AR
e XO A2 thFie ofx, oAl ol id T A==
FHeolE BEZol o1 99 EFE BuEo $rh101-103). 53] Aol
Y S H ol= 33E Fol A gallolyl”]| & -8 flavonoid 3} =
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Fig. 16. Changes of xanthine oxidase inhibitory activity of vinegar
brewed from Monascus-fermented soybeans during acetic acid

fermentation. Each value represents the mean+SD (n = 3).
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Fig. 17. Comparison of xanthine oxidase inhibitory activity of soy
vinegar extracts by their concentration levels.

Each value represents the mean+SD (n = 3).
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A= in vivo 71 FS FUFE] A9 F8 weAor & Aotk

Table 9. Linear regression of the bioactive components and antioxidant

and anti-xanthine oxidase activities of soy vinegar

Y=uax+ b
Bioactive components Antioxidant activity Anti-xanthine oxidase
a b r a b r

Total polyphenols 0.8693 | -0.0776 | 0.9865 | 0.0062 | 0.3961 | 0.9376

Flavonoids 0.2983 | -0.0953 | 0.6103 | 0.0024 | 0.0524 | 0.7512

Organic acids 85.493 | -41.999 | 0.9410 | 0.5934 | 5.4332 | 0.8459

Free amino acids 6347.1 | -3497 | 0.9196 | 47.362 | -142.95 | 0.9555

GABA 26.482 | -12.143 | 0.8772 | 0.1863 | 2.4208 | 0.8106

Isoflavone aglycones | 0.4868 | 6.9014 | 0.0674 | 0.0018 | 7.2509 | 0.0174

Ubiquinones 0.4183 | -0.2734 | 0.7054 | 0.0033 | -0.0615 | 0.8193
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V. 2%

T WEFTES VIER Fo] HERE AXds 2 EE et 71H 9

Aeldd Ay kst g4 "2 XO A vA= ¥ AP

2. 5 HEI Az FiHHe] dE Fo K71 FFS HPLCZ £43)
Fom wgE 209 o] acetic acid 55.94 mg/mL<%} lactic acid 3.82
Ab kg Aol wle] Zbzy 5.8¥)9F 531 S 713

o

3. 2% 7d FiE F Zded SgH o= R 9A] 24F BV}
ey wel 247y da de wvls] ZbZE 1.98¥) (0.97 mg gallic acid
equ./mL)¢} 1.76¥] (0.30 mg quercetin equ./mL) Z7}3l+= Aoz e

ot

mg/mLE SAFAQ o o] Fo] FAfoln it THES 4516 Mol% =
etttk E3) leucined  TELS 10.07 Mol%E 7P EHkow

phenylalanine > valine > isoleucine > arginine®| 2.2 3Ff 3 3t}
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5. GABA®] &2 waE do| mle] TE 209 ol Foll 4u] oY F7heko]

9.

(21.03 ng/mL) =4F ¥37F GABA Sdlol F942 A3&FS (p<0.05) 7
Ae Acw ey,

T LRT Az FHE oI FiF= (HPLC-UV) HHig A
& ¢] daidzein, glycitein, genistein® 2 ZlF Qo FA BFo] ul&
2 T4 Aol yEuA FUTE (p>0.05). 7HE Wol T
daidzein ¥} genistein< Z}Z} 3.38~3.89 ug/mL% 2.97~353 ng/mL=
4ol AA e 87% ol e AABHAT

)

2 z7)14 9] FHlF = (CoQI + CoQl0) 3ol WA= 24 W&o 43
0.079 pg/mLelA 209 & Fof 0276 ng/mL = 34j
ol =7k srh. 53] CoQ9el ¢ 5.8v] ZUFE o, CoQl09]

Haskel 24 LRV 71Ee] CoQd Tt A

T Ey Az d4b3 @4 DPPHS ABTS #dZ 2AS =4

A 9™ Z49 FRAPS A&stalch A 71A AW

o
o

A&l HiF A FAL W Ao HE] 1.74W] =718l 122 mM

2l 2 2] 80% ethanol F&E & a3 XO Asf&dAH S A w37 28y
ol wel Zrlstg o wEm 209 o Fo] 953%2 AMTAL e ol
1mM allopurinol¥} H|<=3k =59 A8 YEeEHUUY. o] & AgE 9

XO A @4 TE & 4T vuy
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ABSTRACT

Effect of acetic acid fermentation on bioactive components
and antioxidant and anti-xanthine oxidase activities in

vinegar brewed from Monascus-fermented soybeans

Hwang, Ji-Young
Department of Food and Nutrition
Graduate school of

Sungshin University

In this study, acetic acid fermentation was applied for the first time
to Monascus-fermented soybeans to examine its effect on the bioactive
components together with the antioxidant activity and xanthine oxidase
inhibitory (XOI) activity of the soy vinegar. An appreciable decrease in
pH (4.13 to 3.09) and increase in titratable acidity (0.74 to 5.87%) were

noted in soy vinegar during acetic acid fermentation at 30°C. The content



of total polyphenols (0.47~0.97 mg gallic acid equivalents/mL) and
flavonoids (0.18~0.39 mg quercetin equivalents/mL) were spectrophotomet
rically determined, and the content of organic acid (10.22~59.76 mg/mL)
and isoflavones (6.79~7.46 ug/mL) were determined using HPLC-UV.
The analytical method for ubiquinones (0.079~0.276 ng/mL) employed
saponification before solvent extraction and quantification using LC-MS.
The analysis of free amino acids (FAAs) and y-aminobutyric acid
(GABA; 5.37~21.03 ng/mL) were derivatized using phenylisothiocyanate
prior to HPLC-UV. The significant increase (p<0.05) of GABA was
observed in soy vinegar with an average 3.9-fold increase of during
acetic acid fermentation. The results indicate that acetic acid fermentation
on Monascus-fermented soybeans have great potential for the enrichment
of GABA and FAA. The antioxidant activities were evaluated by ABTS
(0.86~0.95 mM trolox equivalents/mL), DPPH (0.39~0.48 mM trolox
equivalents/mL) radical scavenging methods and FRAP (0.78~2.24 mM
tolox equivalents/mL) assay. The average antioxidant capacities of soy
vinegar were increased by a 1.74-fold (1.22 mM trolox equivalent/mL)
when compared with those of the soy vinegar without acetic acid
fermentation (p<0.05). There were significant (p<0.05) correlations
between the total polyphenol (R*=0.9865) and FAAs (R*=0.9196) and the
average antioxidant capacities, suggesting that these components were
likely a significant contributor to the antioxidant activity of soy vinegar.

Soy vinegar also showed significant XOI (95.3% after 21 days of acetic



acid fermentation at 30 °C) activity. The vinegars showed high XOI
activity, related to the great concentrations of FFAs (R*=0.9555) and total
phenolics (R*=0.9865). The presence of FAAs and total polyphenol in soy
vinegar could be responsible for its XOI effect. Xanthine oxidase inhibitors
play an important role in the treatment of gout and many other diseases
related to superoxide anion metabolism. The results suggest that soy
vinegar brewed from Monascus-fermented soybean has potential as a

novel medicinal food or multifunctional food supplement.
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