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Abstract Moakgeolli is Korean traditional alcoholic beverage that has historically been brewed. In this study, we analyzed
the profile of organic acids in makgeolli and also evaluated its physiological characteristics. Makgeolli contained excess
lactic acid, which is produced by lactic acid bacteria (LAB). Anti-obesity effects of makgeolli were investigated in 3T3-
L1 preadipocytes. Compared to the negative control, makgeolli inhibited the differentiation of preadipocyte as quantified
by Oil red O dye. In particular, 100 pg/mL makgeolli reduced 40 to 70% of differentiation. To evaluate the anti-angiogenic
and anti-inflammatory effects of makgeolli, we performed chorioallantoic membrane assay and measured nitric oxide
production from lipopolysaccharide-induced RAW264.7 cells. Most makgeolli interrupted the formation of neo-vasculature
and significantly inhibited NO production in a dose-dependent manner. Taken together, these findings suggest that
commercial makgeolli has inhibitory activities against adipogenesis, neo-vascularization, and inflammation, and also they
are influenced by second metabolites from nuruk microflora containing fungi and LAB.
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Dexamethasone(DEX), 1-methyl-3-isobutylxanthine(IBMX), insu-
lin, lipopolysaccharide(LPS), aminoguanidine(AG), Oil red O,
DMSO, bromothymol blue, Neutral red= Sigma-Aldrich(St.
Louis, MO, USA)?A, fetal calf serum(FCS)< HyClone(Logan,
UT, USA)ollA], fetal bovine serum(FBS), Dulbecco’s modified
Eagle’s minimum essential medium(DMEM), RPMI1640 medium,
penicillin, streptomycin, trypsin-EDTAY Gibco-BRL(Grand Island,
NY, USA)lA At

M= ik

Aol A8 RE MEFE American Type Culture Collec-
tion(ATCC, Manassas, VA, USA)SA] E<F whol ALE-3s0t) A
oA EQ1 3T3-L12 10% heat-inactivated FCS, 100 U/mL peni-
cillin, 100 pg/mL streptomycin®] -f¥ DMEMOI|A] Bl 3}t
3T3-L1 AlZe wi%k 39 72402 w9 E FTHS phosphate
buffered saline(PBS) &N o2 AojFE ZF 100mm cell culture
plated 1 mLe] 0.25% trypsin-EDTA €48 ¥ 37°ColA 387
Haste] AZE GFAIA AudE st 23E AlEE 1
x10° cellsiwelle] F =5 AlX 5 2431 10% FCS7F A7k
DMEM #iFell 10 mLell #2171 th= 37°C, 5% CO,= A€
Hl%F7](Sanyo, Osaka, Japan)ollA] ¥l %3}ITE RAW264.7 murine
macrophage= RPMI1640°] 10% FBS, 100 U/mL penicillin, 100
pg/mL steptomycing H7FsE A& ARSI o™, 37°C, 5% CO,
£ fAlsk st

kA
Y2 A7 E filter paper(Hyundai Micro No. 20, Bucheon,
Korea)Z o33t & Aoz 3143} Lane-Eynon¥ 2 Ber-

trandg o] HHS AREele] 54 9 AT 0on, x5 TF
<2 Biochemistry analyzer(YSI 2700, Yellow Springs, OH, USA)
£ o]gsle] =43t} pHE filter paper® 133t & ZH pH
meter(HORIBA D-51, Minami, Kyoto, Japan)Z Z73%5.2H, 4t
= 232 o3l 10mLol EFA A<k (bromothymol blue 0.2 g,
neutral red 0.1 g, absolute ethanol 300 mL) 2-3W &2 713k H
0.1 N NaOHZ ©E20] yepd wj7px] A4 Al7led L85He
mLTE A2 BAIBIATE E32E = B4 g8 A% V)
=AT4E FREA A5 SAS AR 100 mLol| F %
THTE HUlele gl AR 959 33 @4 A8
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9] 71ZAE AAIE] A3l a-amylase £ (Spezyme Xtra FG,
Genencor, Rochester, NY, USA)3 A¥A|(DSA732, DYS Co.,
Seoul, Korea)2 2% 7}ele] ZHPon, THH HFHALS
DMA4500 U= =4 7](Anton Parr, Graz, Austria)s ©]&3}9 &

=5 A4l

R 2M

wAe] AEE g ST F AR 10mLE FH3k filter
paperell 13}k ¥, 0.45 um membrane filter(Agela Technologies
Inc., Newark, DE, USA)Z 3 ©] ofsfsted ARSIt f714t
¥Eede wdee 22 HF ISR %= HAT &9
o Zof ARESIATE A8 F 7] {71418k HPLC(Waters.
Co., Milford, MA, USA)= ODS column(Prevail Organic Acid,
4.6x150 mm, 3 pm, Alltech Grace Co., Deerfield, IL, USA)S A}
23190m o] 5L 025mM phosphate buffers AH&-3le] 0.3
mL/min®] % ZA0AM ZZvlEagty]E AASE3, 210 nmell

Aol FHwE 24l BAst

HX|UM=ze| 28 RE H Oilred O YMu Mk

AAAZL] 3T3-L1 Aot EE At 5L wygo
Z A 4x10* cellswelld] FE=Z 48-well plateo] -2 T},
2%t confluent “FEI7HA] i FsliTh. o] 2HE, 2 Fof &3}
= £4<l 025mM DEX, 0.5mM IBMX, insulin(10 ug/mL)°]
shrE wiR e AEEAS A AElete 39 <t Hieta
o719] insulin(l pg/mL)5+ EFE Wi E A Eol 2 F3F vy
& T, 24 A DMEMS A2 ulto] Fof A2z ¢k
48] E3AZITE 3T3-L1 A2 E3hks dddvdes st
of AlxE W ghe o] zre Aty e] JAEE HoR gelst
G2, AlExe] B3} A= Oil red O G5k =431 Oil
red O stock solution(60% triethyl-phosphate 100 mLll 500 mg
Oil red Oy& Fo] o3}st & 8 12mLeS FH3IaL 7] 8§mL
o FRTE F7ket] Aol olgstrt. AlFEujeF 89 F &3t
H AEE #Z3517] 98] 4% formaldehyde %12 5 30A17F 5<F
IYANHT PBSE F W AIHEIAL 1mL Oil red O €4S A
gate] AI7F B9 dER0A AT 40% isopropanolE 3
W AIHSIAL 100% isopropanolZ FE3F HE NS RO} microplate
reader(Molecular Devices, Silicon Valley, CA, USA)E ©]-&3}<]
510nmellA] B EE S8t

M W R MM =X

AA U 3 Z dE 439 chorioallantoic mem-
brane(CAM) assayE ©]&3dt] A3 rh(16). A& TS
Fdule] @ (Yongin, Korea)ollAl Fuiste] &% 37°C, % 70%2]
F2g57100A 3 9 FsAH T AP o2t 9-1270
A gdez . AT ERE THS o] AR
GENS 34mLS Bold FH, AR FIFEHYUsL e FS
70% FHEE £=T F HEE o845t AF 3em 2714 A
PAES HEAT FIFHY ol e v AMe R AA
St & fEdHo|lZ=2 TS IouTh A& w719 1.5Y
% A¥EZF 1uLE Thermanox coverslip(Nunc, Naperville, IL,
USA)ll AA3te] 2A17F & T o, g3 e 438%
TS B3 =EE CAM {9 9 o] fEEo|zE FES ¢
Skth. o]E wjdr]oNA 19 F<F viUAIZl T 10% fat emulsion
(Intralipid, Green Cross, Suwon, Koreay2 CAMHT} QHZo] 915}
o FFPrFoE ALY a5 AESIAT
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A2 AEF f7)4HS HPLCE £413F ZA3= Table 29} 2
o 714t ZFEEE AME-S tartaric acid, pyruvic acid, malic
acid, lactic acid, acetic acid, citric acid & fumaric acid =ol|A]
lactic acid, acetic acid, citric acide =& Aubdz] 2 w]ikgut
AgANA AZE O, tartaric acid, pyruvic acid, malic acid,
fumaric acid= AlFol Wl AE oF7F Esivh darbde]e]
749~ citric acid’} 2.49-5.03 mg/mLe] FEZ 7PE wWokow, o
O 2= lactic acid, acetic acid®] &=7} 27} 0.74-2.87 mg/
mL, 021-1.09 mg/mL A2 Eokt), vjakrebda]e] 739 lactic

Table 1. Analysis of alcohol, pH, acidity, reducing sugar, and glucose in commercial makgeolli

Alcohol (%) pH Acidity RS (mg/mL) Glucose (mg/mL) Type?
A 6.040.047 4.03+0.01 2.05+0.01 1.50+0.12 0.45+0.03 Pasteurized
B 6.02+0.02 3.63%0.01 2.75+0.01 2.62+0.15 1.17+£0.03 Pasteurized
C 6.05+0.05 3.60+0.02 3.50+0.08 30.33+£1.53 14.73£2.29 Pasteurized
D 7.46+0.10 4.17+0.04 2.49+0.01 0.17+0.29 0.08+0.05 Pasteurized
E 7.014£0.02 3.8840.02 2.60+0.00 0.00+0.00 0.03+0.04 Pasteurized
F 5.99+0.02 3.74+0.01 2.25+0.03 0.00+0.00 0.02+0.02 Pasteurized
G 6.08+0.17 3.40+0.05 2.89+0.10 0.48+0.33 0.09+0.13 Draft
H 6.09+0.16 3.5240.04 2.42+0.10 1.47+0.76 0.12+0.10 Draft
I 6.02+0.02 3.77+0.03 2.51+0.01 0.82+0.40 0.10+0.17 Draft
J 6.05+0.09 3.77+0.01 2.50+0.00 0.48+0.28 0.00+0.01 Draft
K 6.01+0.02 3.5940.05 4.72+0.03 0.17+0.29 0.01+0.01 Draft
L 6.01+0.02 3.68+0.00 2.75+0.03 0.00+0.00 0.04+0.02 Draft
M 6.07+0.07 3.75+0.01 4.20+0.04 0.00+0.00 0.00+0.00 Draft

YReducing sugars

?Makgeolli was divided into two types, unpasteurized (draft) and pasteurized type.
JEach data represents the meantSD of three independent experiments.
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Table 2. Analysis for composition of organic acids in commercial makgeolli

Organic acids (mg/mL)
Makgeolli
Tartrate Pyruvate Malate Lactate Acetate Citrate Fumarate

A 0.33+0.02 0.07+0.00? 0.72+0.00 0.87+0.00 0.37+0.00 3.55+0.07 ND

B ND" ND 0.37+0.02 1.55+0.02 0.70+0.00 2.49+0.23 ND

C 0.25+0.00 0.05+0.00 0.89+0.02 2.87+0.02 0.21£0.02 4.6440.00 0.004+0.00
D 0.67+0.01 0.21£0.00 1.16+0.00 2.75+0.03 1.09+0.01 4.834+0.05 0.006+0.05
E 0.73£0.00 0.12+0.00 1.35+0.00 1.66+0.01 0.94+0.01 5.03+0.02 0.005+0.00
F 0.33+0.01 0.04+0.00 0.40+0.00 0.74+0.01 0.47+0.01 2.70+0.01 ND

G ND ND 0.27+0.03 0.96+0.07 0.54+0.14 1.28+0.06 ND

H 0.40+0.00 0.15+0.00 ND 1.08+0.01 0.97+0.01 2.60+0.01 0.003+0.00
I ND ND 1.44+0.53 3.66=0.77 1.52+0.02 2.5440.57 ND

J ND ND 1.04+0.02 4.28+0.46 0.73+£0.06 2.35+0.14 ND

K 0.61+0.01 0.15+0.00 ND 5.70+0.00 0.41+0.00 2.54+0.04 0.002+0.00
L 0.53+0.03 0.03+0.00 ND 1.77+0.01 0.56+0.01 2.154+0.03 0.002+0.00
M 0.64+0.00 0.07+0.00 ND 5.32+0.02 0.81+0.01 4.98+0.05 0.004+0.00

YNot detected

PEach data represents the meantSD of three independent experiments.

acid’} 0.96-5.70 mg/mLe] FTE2A Aubxo=m 7pg Eokom,
citric acid, acetic acid®] FX=7} 27t 1.28-4.98, 041 1.52 mg/mL
o] MR BTk AaubdeE el vdERdE] & R4k Het
FEe Z47) 7,53, 744 mg/mLE BSEIIAI T %714«] T/ M
&2 A Aolsllon, 53] lactic acid®] ¢ A
vl v AN o 52 FEE HAESHJY T AT
Ffold apole glod, ol vawEbdE] AFE oA &R

! faktol ofgh et wAlsHAIveE FgE Aol 7]g A
Z yE) 9hA4e] W oA malo-lactic fermentation(MLF)

% W 3 Lactobacillus sp.2} Leuconostoc sp. 53 & &
A Akl oaf] dojubes EEEA o2 Q13 malic acid7}F
lactic acid= M) whde] EgoAe MLF7L 443] o]Fo]
AW qbwe] AR o Ruged) Yoi AR E F4E
7S A T acetaldehyde®] FAZE Fu|7F /AL EE F
HAESH A S woFE 384 EHE AFee 9%
< gt} o] MLF= 23 AFE QRIA A+ E Aisit o
‘1‘01;{]—‘— /v\r’]‘

Tartaric acid®} pyruvic acide 4+ AFAX= AEEA &%
on e, vdebdeer ARl 247t 0.25-0.73, 0.04-
021 mg/mLe] FE= B}t Fumaric acide V% A& A
U A8 AEER] Tt 38, malic acide AarebdEeld 0.37-
135 mg/mLe] T2 BE AlFNM HASHJAT, vlda2tde]
o A% G L J AFE AYs UHA AFxe HdEEHA &
Sttt ol HlaEEHAE 7t fEEE Bt AFE W AellE &
bt 5 ARte] ZAE #HE (malo-lactic fermentation)s Y2.7]=
ARzl €J8] malic acid’F E31E o] lactic acid® A= 7]
o= ey ArebdeE] Wl f714F S lactic acid/malic acid
9] ratios 235+1.18%1 wWhHel w]abFubAR] 5 malic acid’l 7
=% A|FoA 9] lactic acid/malic acid®] ratio= 3.40+0.802.F H]
et oA 9] ratio7t thA E2S B F Uk ol HIA
A7t Atetdele] vs) BHALSR lactic acid7t =41 e
ve A 2gheiet. wegk 4 vrebdE] AlEelA malic acid

N
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7t AZEEE A4S E e, o= WTEJJqu—Q—‘:Oﬂtq'
£ malo-lactic fermentation 218 Fxo] Zo|Z FIHECTH = H|
Aebde] B4 A W fEEe AlEe A4S 5%% +e2 2l

3 ole} AE Akl Ago] AA= O] malo-lactic fermentation
o] ThAh AAEL M1 malic acid’} #EsHA ® Aoz Add
o}, vjaaede] 5 g 5 AF WolA malo-lactic fermen-
tation®] IWtHo= ]‘ﬂfﬂ'ﬂ] dojd A9 /% HH T AF W
malic acid®] A4 2 FF E4& T3l vAadeEe §5 71
S A xE 4 4 S Aoz AdHErh 3 malo-lactic
fermentation®l] TA3E FARFS] R Al 2 2= wWE
n)akgubAde] A)E WollM 2] malo-lactic fermentationol] thdk -
E g ot ok

afdele] XL M= =235t 94X Zt

A AA 3 (preadipocyte)ol] A A A 3 (adipocyte) 2 2] -3}
= 449 = EXY sERo] FrAE-e 47 Wikl 9] o
el o3l FE = ArHQ20). AWAIE] A7) AT A
ouw 3} FEFFFe] 2 o, AHAE A9 ZVP%‘P] M
of APA ] ST dojuA "ok 2 03_ % e 54
AzxEe] A7t viEst e A A E 3-L1 A9
APA R Eatol| WA= FFE Hre 7Ur y: 2zl A
AGAE 23 A S S JEUTHTable 3). thaewol] H]s)
e A 5 1170 #AEe) =Hd8] 100 pg/mLol 40-70% A&l sk
R, 50 ug/mLoAlA 10-50% H=e] Al E4& 2o e
AA| 2] B3} A EE A= lipid droplete] A4S Al s}
e T3l AMAE E3E Adlste s AT+ ATk
© e $ANRES A7 AAIES 3T3-L1 AlE9}F &3}
Fred AgA el gk MEE4S UehlA B3kth(data not
shown).

45 = =242 %}ﬁ’ﬂ tumor necrosis factor-alpha(TNF- ot}‘:
Hlvta A)23 g $xpe] Az oA up-regulation®] o]
o AA —E‘.—i}%— AJAete A PR A ¢ _Dﬂ
adiponectin && A E Feste A2 dEHA Arh21,22). &
AFoA FHNYRFEOE AFRE TNF-o 0.1 ng/mLollA 91.81
ﬂ:3 82, 1ng/mLol| 56.11£1.97, 5ng/mLollA] 27.65+4.20, 10 ng/mL

£ 19.8342.549] Ak ]:ﬁ 3} H&S AFsich B E,
], M° l-:.t:‘/]_._x%i 00];(40 ]HP/H]_—,L_ E_g} 04;(-]] EJ,],__ 14.
e, 3 27 H%¢1 100 pg/mLolA 5 ng/mL TNF-a2

o o rir
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Table 3. Effects of makgeolli on adipocyte differentiation
analyzed by Oil red O staining and extraction method

Table 4. Effects of makgeolli on angiogenic activity"

' — — Makgeolli Amount . No. of No. of Inhibi’tiozr)l
Makgeoll Differentiation rate” (%) treated viable eggs positive eggs  rate (%)
10 pg/mL 50 pg/mL 100 pg/mL DMSO 1 uL 10/10 0 0
Positive COIltI“Ol 100 Retinoic acid 1 HM 1 1/1 1 7 63.6
A 106.7144.10  99.89£5.58  52.27+7.37%* A S0 pg 8/11 3 375
B 97.32+2.84 86.046.49  40.08+4.67** B S0 ng 10712 8 80.0
C 96.71£1.92  72.3244.63%*%  43.8046.78%* C S0 ng 9/ 6 66.7
D 100.86+0.64  83.654422  55.46+£2.39%* D S0 pg 10712 6 60.0
E 85.38£6.06%  61.13+7.42%% 43 36+6.68%* E S0 pg 10711 4 40.0
F 109.0645.31 99.18+8.53  67.4048.20%* F S0 pg 8/9 4 50.0
G 107.45+3.91 93.44+1.77  48.0946.79** G S0 pg 1/ 4 364
H 93.78+7.54  72.9946.11%%  51.64+6.52%* H S0 pg 1/12 4 455
I 83.16£8.57%*  55.8349.49%%  33.86:+0.72%* I S0 pg 12/12 8 66.7
J TS22E4.61%%  S1.O5E527%F  36.1347.74%* J S0 ng 10710 7 70.0
K 109.6342.35  94.47+4.71 59.504+11.33%* K S0 pg 10710 4 40.0
L 104.9843.17 91924729  80.3246.71** L S0 pg 9/10 4 444
M SLI4E581%*%  64.15£6.91%%  38.4544.75%* M S0 pg 8/10 3 375

YPercent ratio to the positive control
PEach value represents the mean+SD, n=3.
%p<0.05, **p<0.01, significantly different from the control value.
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o] in vivoollA BFAA e ojusk "
2 @A 271 fgd7ke] cAMol |t
< Agstatt. 2 43, AlAIE 24E B, C, D, F, 1, 1o 54
AzE Azl 23 50% ol IS JAsINoH, 53
wAe] B, G I, = Y dxe

QLN
33

i
T oot
offt
i)
Y
T
il
N
X
3
=

(4}

=
1 retinoic acid®?} &% ©]°4<]
A
S|

T35 #EIAK(Table 4). 434820 caMoll FAFEE A=
o] Iyt 7HAEte, o2 <ldl] FAEE T Aol et
= A #FS 9k ol B sAAZRE] A Yol
e A ZFsAl JAlgt= Fe AARH.

ol uhdzlel AN oA BAL wHde Az FAHL A

YEach assay employed about 9-12 eggs per group.
Number of positive eggs/number of viable eggsx100

o7} obd WaAR ARG FHo| ZIddTtal AztEr) o] 4
Fde ¥29 HO EFES] mRNA 5|4 basic fibroblast
growth factor(bFGF), TNF-a, hypoxia-inducible factor-1o(HIF-1at)
o] IS Aslete 7S Fol EHANE 29 Y 2 A
g Adths BA27s dardol itk - wide el 34l
A Bl 3 FolEHRl A AT AEE o83 Al
&l A7E Folol By A0SR v5 iRk @
HAA oA 2 71dE FEE Baot vk

ofdelel ¥E HS oM 3t

Nitric oxide synthase(NOS)<] Z}Fg-of 2]3] A== nitric
oxide(NO)= SEM2E2] 4 pro-inflammatory cytokine®]t} LPS
Soll elall Aol Fx1d = Urh. LPSE Al W54z th2Al
2o A2lsta 954 cytokines B NO9F 7+ A5HH-3-2] njj7|
E2E Aste] Helsh whgol dojuA "Th28). # dATe
A 5471252 A7 murine macrophage(RAW264.7)2]
NO Aol olld 92 rAEAE kst S
RAW264.7 M| Eol| LPS(1 pg/mL) ©5A2] == LPSSF 7+ 2+4
2l #471x=2 10, 50pgmLe] == FAd Ad F, 7t
A sAhzE 23 NO A4 A3 235 AFsirt
A, e FAAXES FolF FEM RS A
S=2 NO A8E Adllele A= #&sAtH(Table 5). & AT
of AHg-gh BHdeE] TAUNEES RAW264.7 AlEo] ik Alxs
A Z37) g Ao E EQ15l% tHdata not shown). g UIZE
Z=Z AME-3F aminoguanidine(AG)E 100 uM2] FxollA 49.21%
o] NO A4S Azttt =4 D, H, J, K] 50 ug/mL A2
= NO9| A/4& LPSYF @0 = Xejgh Alxe vl z17F 422,
454, 50.7, 464%% ASIAA 100 pM2] AGSF 5T 2] A
3l &¥E Slsiginh v, veA] wdE] 50 pg/mL A E]= 20-
40% FEOZ NO AHS Asteke Aoz Helsign.

A w8 FEEo] Lpol o) AEE 93 W3 93
wlAA ) NOSk interleukin-69] A& Asishs 2% BT
©]= mitogen activated protein kinases(MAPKs) % p38 MAPK
A Asfehs 71dE S8l olFolXtha Bl E3ITHQ29).
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Table S. Inhibitory effects of makgeolli on nitric oxide production

Relative NO production (%)"

10 pg/mL 50 pg/mL
LPS? 100
AGY 50.79+4.95%*
A 79.2£8.2%* 60.0£9.6**
B 85.2+1.3%* 78.3£1.5%*
C 104.5+4.3* 78.0£10.1%*
D 88.0+£6.9 57.8£2.7%*
E 92.0+£7.1 65.5£3.5%*
F 100.843.3 65.4+7.0%*
G 90.6+8.4 36.743.5%*
H 84.3+4.5% 54.6£8.2%*
I 96.8+3.8 78.5£14.3*
J 86.6£6.0%* 49.3+6.7**
K 87.4+8.5 53.6£7.6%*
L 98.6+3.5 60.5£10.0**
M 80.4+5.0%* 65.6+4.6**

YPercent ratio of NO production to the LPS-treated control
YFinal concentration of LPS was 1 pg/mL

JFinal concentration of aminoguanidine (AG) was 100 uM
®Each value represents the mean+SD, n=3.

Mp<0.05, **p<0.01, significantly different from the control value.
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