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g Aegd g4 Tsel BRauEo & Z=w(Monascus pilosus)< @
nje} A el HFsted T HEES NS OE, 718y FETESE
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=4, It G4 -3 98 ABTS vz &7 &4d, DPPH 2tz
2AGA, SFAYFERAP) S8 S A, Al 7HA d4kst gl i AR
A Z7F FHF 0.12mM TE/MLE dv|Alzrot 1.88] 9o, I xrT}

270 e ZoT Vet £3429 FusBH0l /b 4% Ao Ue

AR, A 7FA Az in vitro &3EE AHFEE ZAHsI] Hd e
-amylase, « -glucosidase, 18|31l pancreatic lipase As|z&& 27 =AH3IH
tt. 1 A3 g-amylase2} a-glucosidase A 3|EAdel] thek =2 %2 IC5>
Z+z+ 0.10 mg/mLe} 0.09 mg/mLe] s == e o™, Pancreatic lipase # 3
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a o, 53 dxBe fFHEC St dtklo &, 2016; Lee 5, 2020).
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T2 G p-cellolAe g x|} 22 A <l

| A 2HAF(reactive oxygen species, ROS)o] 3}
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T AR S Holn dayo] fdste dHFE T 7P wol wAst
e 2 & 1980 FRtEo] 12 <3 LDL-=d|
2HE #Y FoAdol tiFEHT Athlee 5, 2020). AA T FEX
5= acarbose, voglibose 59 a-glucosidase A 3|A7} Fuoj=E a1 oL o]
g AsfAls H&o wet 7&, A 5 F2Eo] HirEo] gttHMooradian
5, 1999). o3t EAE WA fal € dees AAste dAE I

TAlo]l =olA Qom, a-glucosidase inhibitor &2 a-amylase inhibitor <}

2 AE @Y AAlEde e A7 LA JPHT A gE
o], Avg d= FEELee T, 2014), A FE=Kim 5, 2007), ZHL=
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lol Ao} o] AWe &r3tE TVt adol Y3 TxFo = EaiHi F
THOEN S A7, o W A&es TaTE A4S o -amylase
o} 2 ue]l ¢ —glucosidaseo] th(Hanefeld 5, 1998). « -Amylase:= ©<F3H&E
o]  a-D-l4-glucan ZAZE<S Eilst= FFE&S 31, e -glucosidases
sucrase-isomaltase, trehalase % glucoamylase complex@ ©]FojZl E-gA =2
GrslE A3l T HFT AE Suistd xxFoE A= AES
grokFigure 1. wEtA ol G490 HYAEL T dtEo] aAddA E&f H
FrEe 55 SAANA 1¥EITES #EE & dokMcgll S, 2007).
22 ofyel, FAAelA EHlE= lipases=
triglyceride2] ester23te 7IFEdste 424 FEAEF APAS A
i, Eald STAEG Ak 23] Hu HEAg A F4EH
O 25 AEHAT oUAYLo® AREHA Xotal 2 AN Al 45

o] niwkel <ol HrkLee =, 2010).

a-Amylase®} a-glucosidase &



CHQQH

CH@H H

Starch

CHZOH

<clfrmmmm—

a —amylase

CHLOH CH,OH

QQ

Maltose

1‘______.

a —glucosidase

CH,OH
0,
OH

OH OH
OH
Glucose
[

CH,OH

CH,OH
G, I8

HO

C C,0H

OH OH
Sucrose

v
CH,OH
o
OH
OH OH
OH

Glucose

'

Blood Glucose 1

'

Figure 1. Hydrolysis of starch to glucose catalyzed by

a -glucosidase.

a —amylase

and



TR HE FEolghe ETo g o Monascusds HEHo)E H| A3
Ao 2 T, OiNtolA HEAY HdALA=E LHAFE AEEH & 28 &+
Fol /9 stutolti(eong &, 2013). =2 A ZHE AFALAE ol A
o A A RE o] &Ho| gt ole F=o] AAstE F A A (rubr
opuntain, monascorubin), &4 Z~(monascin, ankaflavin) Z2] 37 Z}A A(rubropun
A 4ksth7] o o] tHJeon
S, 2006). EARQ] T2 22 AMFEQ] Monacolin+= hydroxy acid K

l
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ctamine, monascorubramine) <] tARFEQl A A

&, dihydromonacolin K. dehydro monacolion K, monacolin L ¥ J& & %
o FEAZE S48k, 1 F K3o| 7 Bol diEHo e Ao= A
tH(Choi &, 2004). Monacolin K& @A A8 F X 8AZ AME3taL )+ stati
n Adel ofEy FUI A=, cholesterolY T4 &4 HMG-CoA reduct
aseE A3lsle] 5 cholesterolFx& &8 o2 A7 A4S ERA
o kA T HEEL o]gd monacolin K ¥

=9 At JAES HIRS, dod 9 Aok, e 2 ks &
4 Y BER 7IsAdel Raugd wE MER 74 AFEAAE "TE
ItHlee %, 2015). < mevinolind} isoflavone 5 S5A2 FEdA4 HES
SAA17] At F= HEFTS st dakE 49 FuERH S-S
gt Z&((eon &, 201D, = UHE FOo= AXI TR AEd &4
I A 7l A=A Sol EHY 1 &8 Ve S0l EiEJHHKim
S, 2008;Lee 5, 2009). =3 ToUHEF FEEo| IAHY IIFHHE 2
ol F:=H dIATEY dFAE dHE MATE =ELee T, 2013), tyrosi
nase?} elastase ¢ A& T3l 78 A% A2AEAY FE T

A= dT50o] sttiHwang &, 2016).

N
off
oX,



A#7HA &5o] 2

é—l_

o o

o

gFo] Folx|al ITHCho &, 2013;Lee &, 2009).

e &85 FAo.

S|

_Z,_ﬁ

A gd 2ol Higo] sitp(Park 5, 2012:Kim 7,

Eis

o o
2015). 2]x+& Figure 29} #o] Azl wat daayde AX

452

o
o=

A} W

g = Atk

i

Bl

A2 4yBel st

1 JtkBaek =, 2013).

o] a7 wet EE Fdolvt A

WA
u

Aol

=
T

He

&

Z27F NEE o A

]

<
o

B

SEG F9 4

oju
Hlo

o

vA
M

3

gk

%

4= A

3

g ey 4uw

=]
=

o] $+th(Park, 2018).



alcoholic fermentation acetic fermentation

anaerobic fermentation aerobic fermentation
natural t H
fermented  C.H,,05 — 2C,H:OH+2C0,— CH3;COOH+H,0
vinegar
(raw material :
fermented fruit, grain)
vinegar
alcohol C
) : 2HsOH — CH3COOH+H,0
Vinegar vinegar 3 ?
(raw material : ¥
ethanol) acetic fermentation
synthetic aerobic fermentation
vinegar

(raw material : glacial acid)

Figure 2. Classification of the manufacturing method of vinegar.
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AleFo 7 k&3 Folin-Ciocalteu reagent, gallic acid, quercetin, acetic acid, la

ctic acid, citric acid, malic acid, succinic acid, 1,1-diphenyl-2-picrylhydrazyl, t

rolox, 2,2° -azion-bis-3-ethylbenzothiazoline-6-sulfonic acid(ABTS), starch, « -

amylase, o -glucosidase, p -nitro-phenyl-«¢ -glucopyranoside, pancreatic lipas

e, p-nitrophenol laurate =+ Sigma-Aldrich Co. (St. Louis, MO, USA) #|&-&
At A8



Seed culture Nutrient broth

Monascus pHlosus (KCCM 60084) Seed culture
I — -+
PDA (Potato dextrose agar) Dextrose, malt, peptone, glycerol, MgSQ04,
fermentation for 7days (27°C in incubator) NaMNQZ, Yeast ext, rice flour

"4

Solid substrate fermentation

~

Autoclave Nutrient
wP (121, ™ broth
15min) (10%, v/w)

Fermentation
=+ (98T, 20days) =P lyophilization

\_ /

‘ Saccharomyces cerevisiae

Alcholic fermentation (4 days)

.‘ Acetobacter aceti

Acetic fermentation
(307C, 4weeks)

|

Monascus—fermented grain vinegar

Figure 3. Manufacturing process of vinegar using Monascus-fermented grains.



Table 1. Major ingredient of three vinegars used in this study.

Sample Major ingredient

Monascus-fermented .
. Brown rice and black soybean (1:1, w/w) fermented
grain vinegar

with Monascus pilosus: 50%
MV)

Brown rice Vinegar

brown rice: 50%
BV)

Five kinds of cereals , ,
, brown rice, barley, waxy millet,
vinegar

roso millet, sorghum: 32.7%
V) P & ’

2. ¥ E B AYEAY A& A

D pH ¥ HAAGN=

2% 9] pHE= pH meter (ohaus, Korea)E o]&3ta] =AH3AT & 2 A4
S FIHAHE o] &3t TESAT A4 &+
mLE DW= 108] 843 % 0.IN NaOH&H oz HAsleo 3
Act.

rot
1>
P
o
ox
ol
12
—
(e}

ol
>
b
Ll
AN
2
ol
ol

>
frtl
1o
ol
il
i)
o
i
%
ofy

2 Singleton¥} Rossie¢] ®WHH(Singleton 5, 1965)
2 HASY =AHsAt. FEA5 50 pLel 2% Na2CO3 € 1 mL=
7Fsk o 3E3F wkE-A1Zl 3, Folin-Ciocalteu reagent 50 #LE &3%slith
y

308 FoF HkgAIZl & 700nmel A FFEE =



ANE & 385 Zgrrolt IS colormetric methode] WHE
3l =A 3 tHZhishen 5, 1999). Al 1 mLe] NaNO2 20 xLE 7}3F o=
587 kg A1Zl & 10% AICl, 20 «L9} IN NaOH 150 y#LE &3%3k Fo 51

0 nmolA FFE=E SAAY. Al5e £ ZgR Lk ol= 72 mg quercetin

o2l

ol
B

Hzol §74 FAFe 34

71«18 2
23l 0.20 pm syringe filter2 33 & HPLC-UVZ X439t 2+&E2

2 QAEYF T 4F9L 3

2 acetic acid, lactic acid, citric acid, malic acid, succinic acid& AF&3}A T
Acetic acid® =43l7] 98l preparative HPLC system(KNAUER, Azura)& At
2315937, column(Rezex ROA-Organic Acid H+, 300x7.8mm, Phenomenex)el|
A= 30 wLE FY3ta 60CoA o] 5 &m(0.000N H2S04)E ImL/min <
T2 o] FA 7| A UV detector 210nmell Al A s} th. Lactic acid, citric aci
d, malic acid, succinic acid®] #4}2 LC-MS(Agilent Technology, Agilent 6130)
2} Rezex ROA-Organic Acid H+(300x7.8mm, Phenomenex)Z & A}-&3}A T
ANE 2 uLE o)A &2l 0.1% Acetonitrile(A)™} 0.1% formin acidB)Z 6
0CAlA 0.5 mL/min £=2 108 &< 71&7] 8v 212 §EAA A3}
=z

Rom, o] FFe AAF 221 Table 20 Yeb AT
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Table 2. Operating conditions of LC-MS for determination of organic acid (m

alic acid, succinic acid, citric acid, lactic acid).

Mobile A : Acetonitrile
phase B : 0.1% formic acid

. . Flow
Time(min) , %A %B
Gradient (mL/ mln)
table 0 0.5 0 100
8 0.5 0 100
10 0.5 50 50

3. st A =S4

D ABTS 2tz 4724

ABTS &tthE &AZGAH S ol &3 F4kste ZA4-2 ABTS cation decolorizati
on assay ‘ol wz} =AsAHRe 5, 1999). TmMe] ABTS(2,2° -azion-bis-
3-ethylbenzothiazoline-6-sulfonic acid) ¢} 2.45mM<e] potassium persulfateE 4
20] oA 24A 3 B WS ABTS ¥ol2S A AIA ABTS stock so
lutiong A 23Rt} 734 nmoll A &3 = 0.70+0.04=2 343 ABTS €< 900
wLel Alg 100 ¢LE H7Iste] ABTS #tdZ £A%S S43% v 4 As
o g7 A£74%LS mg trolox equivalent (mg TE/mMDE JeER AT

2) DPPH &tz 2~AEA
2% 9] g4+3 &A41S DPPH (1,1-diphenyl-2-picrylhydrazyl) @tc]Z o) thgh
AA 2502 Pyt tHBrand %, 1995). A& 100 «Le 0.2 M DPPH

|9 900 ¢LE H7IE & 308 $o 517 nmollA FFEE SASAT EF
E4 = troloxg o] &3ty HEFAS A4 & 4 Als9 gy &AAFS mg



trolox equivalent (mg TE/mDZ e} Ao}

3) FRAP (Ferric reducing antioxidant power)
Ferric reducing antioxidant power= 21z E°ld= E5A A&o] ferric-t
ripyridyltriazine(Fell-TPTZ) sodium acetate trihydrateS $LAI7]E= 58S
ZA3stAth Benzie &, 1996). 37C F7]oA 15& 4Bl &g & A5 50
uLoll FRAP solution 950 uL &&3te] 37C oA 1583F WHg-A171 o4 590 nm
Ay FHEE SAHIAY. 4 Al5e FPdES 53 &4kst &42 mg trolox
equivalent (mg TE/mL)Z YEIH AT

4. In vitro A23t& 4 B4 AL =3

1) a-Amylase # 3| z-&
S YAEES 45 50 xLet o -amylase(1.0 U/mL)
potassium phosphate buffer (pH 6.8) 50 «L

o
2

E #HUEske 37CAA 1083 oH] ¥ESA]ZIt}, o] HE-g-Ho] 0.2mM potassium
phosphate buffer(pH 6.8)ol =<1 1% H&E &AL 0.25 mLE 718t ThA] 3
TColA 2083 ¥H-gA1Z1 T3 DNS AleFS 0.25 mL FH7Fste] 100C oA 102

BB AR F, o0

-

2 Yzsle] 254 ImLE #7148 3 540 nmol A &
AE e &

Ao AHEst o Alsgoe] HIbTret FHTET Abole] FF=(optical densi

=2 =
IEE 5

o
ol
pats
i)
b
I
ol
B>
)
%
it
o
Lo
o
o
=
N
-
rlr
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2) a-Glucosidase A3 z-&

A& 200ule] 0.5 UmL « -glucosidase &4~<% 100 L@Gn 0.1M potassium p
hosphate buffer, pH 6.8)& &3 38t 37ColA 10& &< vl ¥HSAIHY. 5
mM p -NPG( p -nitro-phenyl- « -glucopyranoside, in 0.1 M potassium phosphat
e buffer, pH 6.8) 100 L& 7}gt 3 37C oA 10&3F HH-gA1Z1 3 0.1M Na2C
03 750uLE 7Fsted HEgS AAAIAG. ol AAE  e-nitrophenold] &
BEAE AHEst] F3 = 405nmell A SAskR T iz WGy o
.M Potassium phosphate buffer (pH 6.8)2 Al&3l 2™, blankE A&
&4 tjal 0.1M Potassium phosphate buffer (pH 6.8)5 AM&3tth 2+ A
of &4 oA AL oS 2 os) A W FAET AbolY FHE
ztol & ME&(%)Z YER AT

S
ofd
>

=

B oyE

a-Glucosidase Aal& (%) = (1—

3) Pancreatic lipase #3] Z+-&

Pancreatic lipase A3 A4 2lx HaRS dAELS A5 100 «L,
pancreatic lipase (0.1g/mL) &4 €< 100 xL, 18]31 200 mM sodium phosp
hate buffer (pH 6.8) 100 xLE Tg3ted 37ColA 1583t of|v] HE-gA|H T
"S- % sodium phosphate buffer(pH 6.8)ol =<1 5mM p-nitrophenollaurate(p
-NPL) 50 «LE 7Fsted 30&%F ®FSAIZI o3, 100 mM Na2CO3 0.75 mLE

7Hl HHgS FAS & 420 nmollA FBEE SHSIT EE &4 A &
Bol ¢4 HETE AR il $Ede AgsEon AR §oe] HT

S RAZT Aold FFE ol B MELNE vheh e,

_14_



5. AHATAE 3}l et IF

D 3T3-L1 AP FAEZe vjeF 2

b

St
Lo

o

Ao AFE3F 3T3-L1 AW FAM3E= American Type Culture Collection
(ATCC, Manassas, VA, USA)oll A #F wkol ARE3IATH AlZ vieF H 3}
AH8¥ "l A= Dulbecco’s modified Eagle’s medium(DMEM, Welgene, Daegu,
Korea)oll 10% Donor Bovine Serum(Thermo Fisher Scientific, Waltham, MA, U
SA)¢} 1% penicillin-streptomycin(P/S, Welgene, Daegu, Korea)E 3 7}sle] 3
7C, 5% CO, &7dol A A7} confluent AEl7} =7] ol 0.25% trypsin-EDT
A(Welgene, Daegu, Korea)E ©|&3te MEZE wojW § A4EZ st A
sl AT B35 F=517] 9138 8 X 10* cells/well == 6well flate (SPL)
o B33l 100% confluence’} 2 wj7bA #jFstH ). Confluence “JEl= 2
de o wjgs &, BIE F=357] sl DMEMol 10% Fetal Bovine Serum
(FBS, Carpricorn Scientific Gmbh, Ebsdorfergrund, Germany), 1% P/S, MDI (0.

o

5mM 3-isobutyl-1-methylxanthin (IBMX), 1xM dexamethasone, 10 . g/mL ins
ulinE F7rste] wjFstAdtt. £3F F= 29 Aol= 10% FBS-DMEM Hij =]l 1
0 pg/mL insuline] FH71¥ ®ix|2 2L7F wjoksta, 49 AHEl= 10% FBS<}
1% P/S¥r 323+¥ DMEM A2 o] &) 3 WA wA st 8U7kA] i 433
o A&e HYe #3F 7= viA J7F AR FAl Agskdt

_15_



2) A =4 =4 (Cell viability assay)

Nzol AEZF23 =4 3-(4,5-dimethylthiazol-2-yD)-2,5-diphenyltetrazoli
um bromide (MTT, Duchefa, Haarlem, Netherlands) €& Al83le] =AH31Y
t}. 3T3-L1 AWAFHEE 24 well plateo] 2.5x10* cellsimLZ ¥k 24
AZE Bt BlFAIR O, A2 FEHS 5-500 4g/mle] FER 24A3F A E
stE T wiAE A ASEL ZF wello] bmg/ml MTT &< 20 L& FH7}ste] 14
b B9k 37CAA wiFstF T MTT &84S A A3 7 welle]l DMSOE 200
w2 H7rste] formazan A& 83lAIZ1 3, 96-well plateel] 100 «18 &F
o. HFZ S =2 microplate reader(Bio-Rad Laboratories,Hercules, CA, USA)E
AHE-3ted 550nmell Al FF=E SAH AT

3 AGHAFAE £ A &4 (0il red O Staining)

Az FEE F5o BE AT A i IdF2 Ol red O 94 &
& ISttt 3T3-L1 AlZE 6-well plateo] 8x10* cellssmL® #53ta o
& 2 Eslste] £3) 8Y Ao wlgAS AASATE 1 x phosphate buffered
saline (PBS, pH 7.4, Welgene)S 2+ well & 1 mL#® Y311 29 MAT & 4%

AT A" A= wellS 1 x PBSE 33 A AHse dAvjAoz 3F

9t o] isopropanolZ GAH AWTE 2Z3te 520 nmolH FFE=E
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6. TAA =

RE A3 Aol A A= SPSS (Statical Package for Social Science.
version 25. SPSS Inc., Chicago, 1L, USA)E AM&3tath A 83HY fo4 #AA
2 EAHEA(ANOVA)Z taH A (Duncan’ s multiple range test) o=

K0.05 sFFoll A AAIsHAT
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TR %, @)%, 929 pH @ AT A Table 37 Zgich
pHOI 7%, 313-3.32 W9I= whebtom, Al /b 4&7k o129 Aolg B
ATHK0.05). 7429 a0l FEE 332400002 A& 2 folxow
g wgkor, o2zl 313400002 713 A SARYG. L A7
2 e ATE TR} 72%2 4 BA SAHAT, o2z
(5.20%)9F AP A2 (4.00%)2] 02 JEFTHX0.05). AzE 4w me A
BE 2 Z2(A4-5%), DNAE 2 Z26~7%), 20 2] 2(12-14%), 36 2] Z(18~19%)F
Urel itk AHETE 10% o149 TALE Aol Hs) AAE Axeh AR

A zxE Aol REZS g2

o >
to

CHPark 5, 2018). &AW 4% =

5l Hze 7121%% dits Az = 2oz YEyt. -
Ul Axe] FATAL T4 A 202 A 4.0~20.0%2 HAR FAH3
%ol BE AETE HFTIEd ASd 23 Hole Aoz yEhyitNa
5, 2013).
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Table 3. pH and titratable acidity(%) of vinegar samples.

sample pH Acidity(%)
MV 3.32+0.00% 7.21£0.16%
BV 3.14+0.00¢ 4.00+0.01°
CV 3.13+0.00° 5.20+0.01°

MV: Monascus-fermented grain vinegar, BV: Brown rice Vinegar CV: Five kin
ds of cereals vinegar. All values are means of determinations in three indepe
ndent experiments. Values are means=+standard deviation. ¥ Means with diffe

rent superscripts in a column (a-c) are significantly different at p<0.05 by D

uncan’ s multiple range test.
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hydroxy71 & 7HA1aL 9lo @i gl 7]} Al #4538 ddste A42d<
Efim, DNAS H3ssta, Alx74d @id 9 §45 HSste 948S 3o
(Bidlack -&, 2000). Loy AaolM e} ZejdlEL At A¢d dH=z =
At GA FrE g fled, ¢S e T8 FHE EAs] A=

4 olgyo]l AL Aol AL, YL KR AF G4 ZeldE

GAEmLZ & Zvs o

mg
N e Acw Uuyd. FEAzE @ndzd wa Zdi gl

i
fol
M
o
et
N
e
>
il
lo
ofj
ébl‘
s
i
ol
o
r {
=)
1>
P
s
v}
Hir
rlo
PO
rlo
o
F
il
k)

2 5o g 2gds el FREN] WEe2 HiFE I tHHwang
5, 2016). =¥ ALFUncalgyun) A7F FEAze F Zsudge
0.28~0.41 mg/mLE Ry om(Woo &, 2010), B4 %) F =

< 0.18 mg/mLKim &, 2018), ©t4e] T2E s=EE FUlsto Az &
E Az F ZdE IS 0.23-0.31 mg/mLlee 5, 2018)2 YEh} &
Toll AHEE Al ZHA Az F vz FEo] g2 AR AxERT =

< 2oz HuEAT.
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Figure 4. Total phenol contents of vinegar samples.

MV: Monascus-fermented grain vinegar, BV: Brown rice Vinegar CV: Five
kinds of cereals vinegar. All values are means of determinations in three
independent experiments. Values are means=standard deviation. Means with
the same lettered superscripts on the bar are not significantly different at

the 5% level.

_2‘]_



3) = ZTgrRyolt 3 =X

ZEtH o= ZEdEd &= SFgEE FZ anthocyanidins,
flavonols, flavones, cathechins % flavanones 522 FA4Eo] lom, o]zt
SR ol kg, &4, 9S4 5 U AdEd a3E Hol
= o2 dHFHPark &, 2012). o] EFERolzd dig AFE
catechin®} querceting FAH O = 20001 o] Fof &d] o]FojHPtt. FgtH -
o]|= & in vitro$} in vivoe] o] AT Ao A GAZe F2], Ho], R A
A JASL NZAEAE doA FFY f5S Uehltl BRiHE F
=2 H7FE @3 QJth(Ravishankar &, 2013). & A Al8H Tx4=
gt A3+ Figure 58 At %
TUE FEAZ9 A9, quercetin FTEHSE yehd o, 0.11+0.00mg
QEmLEZ 7} Z=skoemn Hw|dzxs  0.10+0.00mg  QEmL, 3x&

0.07+0.00mg QEmMLZ 7F4 v dFoz mumdtt (X0.05). Faa2

i

-

MAz, 9z F FPRwolE P

AN
o

A8 BF F7HH AOE HAY & vk FEARY & Fou
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Figure 5. Total flavonoid contents of vinegar samples.

MV: Monascus-fermented grain vinegar, BV: Brown rice Vinegar CV: Five
kinds of cereals vinegar. All values are means of determinations in three
independent experiments. Values are means=standard deviation. Means with
the same lettered superscripts on the bar are not significantly different at

the 5% level.
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Az, @A %, @z FHH F714H2 acetic acid, malic acid, ¢
itric acid, lactic acid, succinic acid® % 57}A¢] §7]4ko] A=H UL} HF
A ekt Al 7FA] 2] Z2] HPLC chromatogram-2 Figure 6 3! Figure 73 Z o
o, Al ZHA Aol e f714be] dEFe mghE UERA A= Table 4
o} ZohPark %, 2012). f7]14L 2 xo] Abnel Aud FFL Fof
FH Fa3 dFe Y. 53] Az FxHAAH F Acetobactervo] Zt
o o AMAPE= acetic acide Az FHEo=E @a ¥4 #AY A

Hol ATkPark F, 2012). ¥ APolA BHH A 74X Az BT 5744 £

1>
B

S|
714k % acetic acid o] 7HE 2 AR UBRTL & /74l tig
acetic acide] HI&A/DE TF2 %7} 098, Ar A =7t 094, 2F%7} 0
2 Uy S5z F 714 F%F div] acetic acid &Fo] 2 Ho=
Uelskt}. Citric acid®} malic acide A&

ric acide 57FA #7114t & o] 71 AL Aoz FAF A Succinic
acide =27} 25.00+£5.06 mgh= WEbY 71 AA FrEof AU cit
ric acid, malic acid, 28|31 succinic acide 95 TFE A& ==
ol ALY HAE FT FAERE YAHH= AoE FASAHLee F, 1999). L
actic acide 23 %7} 490.73+62.63 mg»= 713 =3kom, dvj2 z7} 193.
97+34.58 mghE ThFo 2 Eghom, a2 %7F 60.29+1.21 mg%=E 714

AA FiE AoE ettt A Ze A lactic acid7b AEHE olf e A&
AzE s FA & Gg Z7)o Fabeto] WMAste] AAPHE Holgt
3 B3R THShoji &, 1963;Entani 5, 1985). Al 7}FA] 2] x] o3t F= F7]
A G EFe B 2> E 2 AN A2 £o0 2 YEIYT AR dujxd F
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Figure 6. Chromatograms of organic acid standards.
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Figure 7. Chromatograms of vinegar samples.

(A) Monascus-fermented grain vinegar, (B) Brown rice vinegar,
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Table 4. Organic acid contents of vinegar samples.

organic acid (mg%)

vinegar Total organic acid
acetic acid citric acid malic acid lactic acid succinic acid
MV 6830.17£87.61°*"  0.43+0.06" 7.43+1.41° 60.29+1.21® 37.84+2.55% 6936.16 +92.84°
BV 3673.03+16.02*  0.47+0.01° 7.09+£1.22°  193.97+£34.58"  38.71+3.19% 3913.26 +55.02°
CV 5663.30+29.63"* 0.59+0.01¢ 6.55+1.48°  490.73+62.63* 25.00+5.06* 6186.16+98.81°

MV: Monascus-fermented grain vinegar, BV: Brown rice Vinegar CV: Five kinds of cereals vinegar. All values are means of d
eterminations in three independent experiments. Values are means=standard deviation. ¥ Means with different superscripts in

a row (A-C) and a column (a-c) are significantly different at p<0.05 by Duncan’ s multiple range test.
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3. st &4

%

A

D. ABTS gtHzd &AEA

ABTS &}tz AAZA S ABTS diammonium salt®} potassium persulfates}
o] Whgo o8] WAP ABTS free radicalo] 2% A|5¢] &4k3} B4 o)
A A= free radical E7¢ FEMo| GMEH= AEE St F4siAR]
trolox 5## o2 Yebd Ax= Table 59F Zthlee %, 2014). ABTS o)zt
2AGH A= T524%7F 015+0.00mg TE/MLE 71 E3dth T4 xE
Ar) 2 %(0.13£0.00mg TE/mL)ell Hls AAZAo] L1 =herw, oix
(0.09+0.00mg TEmL)Et} &AZAGo] 1.78) & A= YERT.

2) DPPH &}tz &AAEA

DPPH+& ascorbic acid, tocopherol, polyhydroxy W& &=, WIFE of
Dol s AAY F48 wol EVgdos AT 2AE F
HolRo we} F2 AAo] 2 g
HE qtsl 22de gy ffdl 8ol ol&Ha dtiJeong 5, 2009).
DPPH =tz £AEAY A= §=24%7F 0.07£0.00mg TE/mMLe = 7Hd =
stem, dAn4%(0.01+0.00mg TE/mL) Aol Tl EshoH, .5z

nrt
(0.02+0.00mg TE/mL)ET} 358 % Ao Uehgt).

3) FRAP(ferric reducing antioxidant power)

FRAP &4 & 33&E 9 s =(ferric reducing ability)S ZAH3te AO R
Fe3+-TPTZo] &Al a4 Fe2+-TPTZo.2 =& g E o83 Aol
H, o]&= DPPH ¥ ABTS A@%¥Ha= & wAUSFY kst &4 A %
Holtk(Jung &, 2017;Yoo &, 2007). FT=2zxe 38 0.25+0.00mg

;
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TEmLe 2 7b3 E¢ow, dAuAzxe xxzs 247 0.13+0.00mg,
0.07+£0.00mg TE/mLe. 2 Jelstth weba A 71X A8 F e3xE 713 3
Ao v Aoz iyt

Al 7bA A ze] AR a8 B4 A Table 59 Bk FHAzE
=

B dqtgtgdAd o] 0.12mg TE/mLE YEehy §H4kstso] 7Hd &2 Ao =2
Btom, AvAzmt 184, oTzuc 279 B Ao Yyt

(10.05). 34k3} Aol A& E&-& Phenolic acide} flavonoid 3}§HE-o]g} s}
em, Phenolic 3tg=2 =7l FsFE Ut HasitkKang
T, 1996). =3 Awn] Alzof w8 E=tE F ¥ A2 DPPHe ABTS 2
Z 7%l Al 6.3~798 H w2 Ao=® yEigton, o= I=TE F
T olaFEE 5o s =4o] 7|2 V| &EFH YEd A3
3 BaustdtiHwang 5, 2016). E=3 S=+ L& F | isoflavones =
AetH e w giFEe] HaHAA F aglycon FEIZ HEF o] A o] &EC]
et NS AAsE e o] wra HuHAHKIm T,
2008). webA] E Ao DPPH % ABTS @tz &AEA, dY8HS &
A3, 343t

e oL O
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Table 5. Antioxidant activity of vinegar samples.

mg TE/mL
vinegar ABTS DPPH
FRAP
radical scavenging radical scavenging
MV 0.15+0.00% 0.07+0.00 0.25+0.00%
BV 0.13+0.00"* 0.01+0.00° 0.13+0.00
Cv 0.09+0.00* 0.02+0.00 0.07+0.00

MV: Monascus-fermented grain vinegar, BV: Brown rice Vinegar CV: Five kin

ds of cereals vinegar. All values are means of determinations in three indepe

ndent experiments. Values are means=+standard deviation. ¥ Means with diffe

rent superscripts in a row (A-C) and a column (a-c) are significantly differ

ent at p<0.05 by Duncan’ s multiple range test.
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4. In vitro 23t& 4 4 A Z&

1) a-Amylase #3j)z-&

o -Amylase= AEo|Y S| Z A 2ol o -ZAE9 glucoseZ F4EH 9
= 0979 o -D-(1,4)-glucoside 2SS Hafsts a4 24, BF3tE tAL

B4 Eholthlee 5, 2008). oled Hho Bl AN B5, AAE
5o AW Sole e Balsh F4vt gasel FoE fyHE To
%Fo] 7

S 22 d8A sl #elst= o -amylase?
FedA AZEA I9EE FHKim F, 201D. Al 71A 4
Zz FEEY in vitro agaid o3 g TS dolrRr] {3l

a-amylase A3 S A3 A= Figure 83 2o Al 71A Az EF

T 9=4(0.01, 0.05, 0.1, 0.2, 0.3 mg/mL)S.Z ¢ -amylase A3 SAdo] F<
2o g Zvlele Ao®E YeERGTtHp<0.05). £3] 0.05 mg/mL o] FRE Z4

%9 ¢-amylase ANEAFLS dv|Axet 2Fxd HF FoFHo=Z ¢ =&
AL zhe Aoz v ATHPL0.05). T4z A9, 0.2 mg/mLY
u]  ¢-amylase AP E 91.33%= UER} Fne  36.25%, L32x%9
38.20%°l Hlsl] EF 50% ol T =2 AsZAHdoE vluEATt. E=F 0.3
mg/mL $5Y w, 9% A &S dUello] AdyPAFolA Bud 4 =3
A G g 3 F7E o] 83t Az Az dH9 ¢ -amylase A E

72l 80-90%(Ko &, 2017) Eoh B E& A Ho FAn.

B
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Figure 8. Effect of vinegar samples on the a-amylase inhibition activity
MV: Monascus-fermented grain vinegar, BV: Brown rice Vinegar CV: Five kin
ds of cereals vinegar. All values are means of determinations in three indepe

ndent experiments. Means with the same lettered superscripts on the bar are not

significantly different at the 5% level.
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o] $oHKim =, 2009). webx B AFolA = in vitro 4384 ANEE S
T HAx ARY FYn F4E dotRy] fél a-glucosidase A3l s =
AT Ayt= Figure 99F 2o} 193 o] Al THA HRAIRSY 47 BHE F
%=(0.01, 0.05, 0.1, 0.15, 0.2 mg/mL)ol| W& o -glucosidase #3j&Ae] A=
TE EH O ZUIEIAY. Tz He, BE TZ9A o -glucosidase
AAEAHL g2 AxHt fFoFoZ =4 YeElRoHp<0.05). dEE°], &=
2] mg/mLY ™ ¢« -glucosidase ¢ A3 o] 98.98%7FA F7}151% S
U, dAvjdxe} eFx+= 0.3 mg/mLy o HlE4 ZH2F 95.40%%F 96.42% = L
Bt S5 2rt Ao 1oy 3 sRoAx B o A% AfEA
& Zte Ao E HUtEAT Bl duf A2E 0¥t A HE AHS o,
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Figure 9. a-glucosidase inhibition activity of vinegar samples.

MV: Monascus-fermented grain vinegar, BV: Brown rice Vinegar CV: Five
kinds of cereals vinegar. All values are means of determinations in three
independent experiments. Means with the same lettered superscripts on the

bar are not significantly different at the 5% level.
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3) Pancreatic lipase #] 3] &-&

Aoz HAT A B Fre A

Ao Wakel G, o7 7HA LstEao #go] FHtEE= e B A

of Bodete &4 1o &3E Mdsta A FaAErt 8 dbeEe
FrotEs =0 webA lipaseo| A o] AalHH, EFo AWFFE A3t
AN o AT Z7He B B, FHAS, AFAAE 5o 9 =
5 E S Hod 4 JuHKim 5, 2006). B Aol A A Az FE2E
9] lipase A& FAS =AH3I AF}E= Figure 103 Zo] eyt 1o A%}
2ol RE ANz FEEL AAFHSZE F5(0.2, 0.4, 0.6, 0.8, 1 mg/mL) &|=3

¢l lipase As&del AaFS Yetldo (p<0.05). F=2=xe A9, 0.2
mg/mLoll A o] As|&A o] 19.31%04 1 mg/mLe =Y uf 97.50%7+A =7}
SHE A, dAvalxel 23z HYE 24z 23.21%A4  97.41%,  9.21%°1 A4
96.28%7kA Aol FUFstE ALZ Uehgth B¢ dv) AxE 60Y
b A ra A AS w pancreatic lipase A& FA S AW A Zo) A 53.66%
gt A3 (Cho &, 2017} Wstd, £ AT AHES Al 7HA Az FE2E
of A Ea AL Aol ¥ EOE AL & F Atk A A Ax AR
oAl Asjgdel Arl=

0.4-0.8mg/mL F=ollA F=227F ot ¢ 2 o2 HlalE gt

-

o] AHFEs] &4<Ql pancreatic lipaseol o gt
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Figure 10. lipase inhibition activity of vinegar samples.

MV: Monascus-fermented grain vinegar, BV: Brown rice Vinegar CV: Five kin
ds of cereals vinegar. All values are means of determinations in three indepe
ndent experiments. Means with the same lettered superscripts on the bar are

not significantly different at the 5% level.
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S, Al A AR FEEY 42384 A Fgo] tid IC (Half maximal
inhibitory concentration& =43¢ Z3= Table 63 =t} a-Amylases}
a-glucosidase A& &Aool thdk T=21%2] G Z+Zz+ 0.10 mg/mLet 0.09
mg/mLe] F=2 Yty Al 7HA] A2 F B3t Jheds] a4 tid A
Aol M =& As AT F Aok 53 F
ol acarbose As|EAlo] ws, FTIAZx FEFEL a-amylasex=  50%,
a-glucosidase= 90%%] AsEAHS 272 Ffiste 2= vHuEdYg. 83 =
AAo]mA A o @ /EE acarboses HAS BF 5o Fz&
o] Hixo] HALAL thAES &AM uwle Fag dAo|t} Pancreatic
lipase Asj&del et T=2%9 ICo& 0.48 mg/mLE YEbY, & 2 %o
HI3l A 7hiel] a4 did Ao 2 AS= vlalEL, positive

control® A}&3F orlistate] HIstH ¢F 15% AL zt= Ao = HrlETh
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Table 6. ICsy value of digestive enzyme inhibition activity of vinegars and

positive controls.

ICs0 (mg/mL)

a-amylase a-glucosidase pancreatic lipase

inhibition activity inhibition activity inhibition activity

MV 0.10+0.00B 0.09+0.00% 0.48 +0.00
BV 0.22+0.00"® 0.11+0.00* 0.50+0.01°
CV 0.23+0.01%® 0.1240.00%¢ 0.55+0.01%
Acarbose 0.05+0.01¢ 0.10+£0.01° -
Orlistat - - 0.07£0.01°

MV: Monascus-fermented grain vinegar, BV: Brown rice Vinegar CV: Five
kinds of cereals vinegar. ICs, : Half maximal inhibitory concentration. All
values are means of determinations in three independent experiments. Values
are means-=standard deviation. ¥ Means with different superscripts in a row
(A-O) and a column(a-d) are significantly different at /0.05 by Duncan’ s

multiple range test.
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Figure 11. Effects of vinegars on cell viability of 3T3-L1 preadipocytes.

3T3-L1 preadipocytes were treated with various concentrations (0, 5, 50, 100

and 500ug/mL) of vinegars. (A) Monascus-fermented grain vinegar (B) Brown

rice vinegar (C) Five cereals vinegar. Cell viability was calculated using MTT

assay. MDI: 0.5mM 3-isobutyl-1-methylxanthin (IBMX), 1xM dexamethasone,

10 2 g/ml insulin. All values are means of determinations in three independent

experiments. Values are means=*standard deviation. Means with the same

lettered superscripts on the bar are not significantly different at the 5%

level.
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Figure 12. Inhibitory effects of vinegars on Oil Red O staining and lipid
accumulation in differentiated 3T3-L1 adipocytes.

MV: Monascus-fermented grain vinegar, BV: Brown rice Vinegar CV: Five
kinds of cereals vinegar. (A) Intercellular triglycerides were stained with Oil
Red O and observed 20x magnification. (B) Quantified by measuring the lipid
accumulation. MDI : 0.5mM 3-isobutyl-1-methylxanthin (IBMX), 1xM
dexamethasone, 10 g/ml insulin. All values are means of determinations in
three independent experiments. Values are means=tstandard deviation. Means
with the same lettered superscripts on the bar are not significantly different

at the 5% level.
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ABSTRACT

Effect of Monascus-fermented grain vinegar on in vitro anti-hype
rglycemic enzyme ( ¢ -amylase, o -glucosidase) and pancreatic

lipase

Noh Young Hee
Department of Food & Nutrition
Graduate School of

Sungshin University

Monascus philosus, which has been reported for various physiological
activities, was inoculated with brown rice and Seoritaec (black soybean) to
produce Monascus-fermented products and then manufactured functional
Monascus-fermented grain vinegar (MV) and used as a sample of this
study. To Measure in vitro anti-hyperglycemic activity of MV, « -amylase,
a -glucosidase, and pancreatic lipase inhibition activity were measured.
Also, antioxidant activity (ABTS, DPPH, FRAP) and the effects on 3T3-LlI
cell were measured. Brown rice vinegar (BV) and five cereals vinegar
(CV), the natural fermented cereal vinegar sold on the market, were used
as controls. The pH of the three vinegar samples is 3.13 to 3.32 and the
total acidity (%) is 4.00% to 7.21%, which is within the quality standard

of the vinegar in Korea. The total polyphenol content of MV was
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investigated to 0.83+0.06 mg GAE(Gallic Acid Equivalent)/mL, which was
12.2% higher than BV and 31.7% higher than CV. The total flavonoid
content of MV was also investigated to 0.11 = 0.00 mg QE(Quercetin
Equivalent)/mL, which was 10% higher than BV and 57.1% higher than
CV, indicating that the flavonoid content also showed the same tendency as
the total polyphenols. The organic acid content was analyzed using HPLC
and five types of organic acids including acetic acid, malic acid, citric
acid, lactic acid, and succinic acid were detected. Acetic acid among the
organic acids was investigated to be the highest, so it was confirmed to be
the main organic acid of vinegar. Three assay methods (ABTS, DPPH,
FRAP) were used to measure antioxidant activity. Results of antioxidant
activity showed that MV was investigated to 047 mM TE (Trolox
Equivalent)/mL, which was 1.74 times higher than BV, and 2.6 times
higher than CV. In order to measure in vitro anti-hyperglycemic enzymes
of three vinegars, «-amylase inhibition, « -glucosidase inhibition, and
pancreatic lipase inhibition activity were measured. As a result, ICsy of MV
for a-amylase and a-glucosidase inhibitory activity was investigated to 0.10
mg/mL and 0.09mg/mL, respectively, and ICso of MV for pancreatic lipase
inhibitory activity was 0.48mg/mL. To identify the cell toxicity of vinegar
samples, MTT assay was conducted. It was treated at 0, 50 and 500ug/ml
concentrations during the differentiation phase of 3T3-L1 cells to ensure
that the effect of vinegar was concentration dependent. As a result, lipid

accumulation rate was significantly decreased when 500 x« g/mL was treated
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than when 50 ¢ g/mL was treated (P<0.05). MV was assessed to have the
highest effect of inhibiting the formation of lipid droplet than BV and CV.
This research is the first showing the potential anti-diabetic activity of

Monascus-fermented grain vinegar.
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