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Formation of biogenic amines and bioactivities
of Makgeolli under different fermentation conditions
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Abstract

Generation of biogenic amines (BAs) and physiological activities of Makgeolli, Korean rice wine, were investigated
during fermentation under different temperatures (20, 25, and 30C) and time (3, 5, and 7 days). The pH was
3.96~4.36 during fermentation and the acidity increased proportionally with temperature and time. Alcohol and
total phenolic contents peaked on day 5 at 25 by 9.0~9.8% and 3.01+0.07 mg/g, respectively. The organic acid
mostly produced was lactic acid, which increased gradually with temperature and time. Formation of biogenic amines
comprised of tryptamine and putrescine was observed during fermentation: 6.91, 11.70, and 15.63 mg/mL of tyramine
on day 7 at 20, 25, and 30°C, respectively. Antioxidant activities from DPPH and FRAP assay were high in the
order of 25°C>20C>30C while that from ABTS assay was high regardless of temperature. Processed at 1 mg/mL
and 30°C, the inhibitory effect on a-amylase was 67.99+0.11, 73.64+0.43, and 75.51+0.26% on days 3, 5, and
7, respectively, which increased proportionally with temperature and time. Inhibitory activity on lipid accumulation
in 3T3-L1 adipocytes was the highest in Makgeolli fermented on day 5 at 25°C. This study shows that fermentation
at 25°C for 5 days yields Makgeolli of the best quality with high bioactivities but no biogenic amines.
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total cholesterol 5 BFA| 2 74 F3H©6)o) gk Har}
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FEAHIPHE Co,
Busan, Korea)¥} & % (Lesaffre, Saint-Nazaire, France)S 2}
7} stk 5 Al AL A AR 28l 300~400
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zzo] 51 W= ofelo] F= WA 222Ut S-SR
A9 Az v 2ol Pt &S 103] AF 3t
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pH 3¢ &

g 22 whde] ] pHE filter paper2 o 7hat &, 2|3
pH meter(Orion star A211, Thermo Sientific Co., Singapole)
2 233193, A= 1% phenolphtalein A A] 2FS- €&
AlE 10 mLE 0.1 N NaOHZ A% 3] AH]HE 22 lactic
acid?] EH%) L2 T TH12).

Stk e s
A EZslo] | mgml7t HEE 9% oghsd] Ho] A8
2 AF&3FETE A2 0.5 mLol 2% Na,COs&9 0.5 mL

A7lsle] 3 #3F 984171 & 2 N Folin-Ciocalteu’s phenol
0.1 mLE &3}3l4] 30C incubatoroll A 60 #7F ¥AIA| 7L},
WAE AlRE 5,000 pmellA 10 #3F A2 & F
microplate reader(EL800, BioTek, Winooski, PA, USA)E
o] &3t 750 nmol|A FFEE St F d=
< gallic acidE ©|-8-3to] 23 HET1S HIRIC.Z mg
GAE(gallic acid equivalents)/g &2 A3t} 2 A8
33] W dste] Hogte® YRtk
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HAe S dLdsHA EFate filter paper® o F3k T,
0.45 pm membrane filter(SmartPor- I1Syringe filter, Woongki
science, Seoul, Korea) = THA] o 3}319i 11, A|29] /7|4t
3FFS HPLC(1260 Series, Agilent Co., Santa Clara, CA,
USA)Z #2319 th.  Analytical column<  Supelcogel
C-610H column(7.8x300 mm, Supelco, Bellefonte, PA,
USA), column &%+ 30°C, mobile phase= 0.1% phosphoric
acidE AF8-31< flow rate 0.5 mL/min, injection volume 10
pLe] 274 detector= UV 210 nmol A A &3 TH(1S).
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Biogenic Amines2 £4

24 g]e] BAs #2412 UPLCE ©]&3}9] tryptamine,
phenylethylamine, putrescine, cadaverine, histamine, tyramine,
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DPPH free radical scavenging &4

DPPH(2,2-diphenyl-1-picrylhydrazyl) free radical 4~4 %
’d& Heo 59 WH(17)= M3t A3ttt 22w
o3} FEA S (1,000, 500, 250, 125, 62.5, 31.25 1
g/mL)Z 8|43 A8 200 uLo} A8 2 Al THE 0.2 mM
DPPHE 100 1L ¥ 31 &3}138te] 4-2olA] 302 B3t HHg-A]
71 &, microplate readerE AF8-310] 517 nmol| A S =5
Sttt 7t A& %59 DPPH radical &7 /9L
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DPPH &}tz &7 @4 (%)=[1-(A 8T+ FTHE/S
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ABTs*- cation radical scavenging &4

ABTS radical e ©|-§-3F @4tsle 5742 ABTS cation
decolorization assay "R (18)= F43te] Attt 7
mM ABTS(2,2-azino-bis-(3-ethylbenzthiazoline-6-sulphonic
acid diammonium salt)&-21 2} 2.45 mM potassium persulfate

A23d A3E (2016)

< AFTTER EFete] A2 hielA 2443 Fo
ABTS radical(ABTs -)< ¥H511, ABTSs radical& 732 nme]|
A EFF= ko] 0.7+0.027} ¥ == PBS(phosphate buffer
saline, pH 7.4) buffer2 3|25} AF8-3153Th 96 well plate
o 343 ABTS £ 200 uL9} ¥ =% (1,000, 500, 250,
125, 62.5, 31.25 pg/mL)= A8 Alg 100 tLE 43 1
£ % microplate readerE A3t 732 nmol| A SFEE
=38t 7 AR FE 52| ABTSs radical &7 24
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Ferric reducing antioxidant power(FRAP) £3

FRAP & &-2 Benzie®} Strain®] " (19)°l we} S7%3h
%t} Reaction solution< 300 mM sodium acetate buffer(pH
3.6), 40 mM HClo] <1 10 mM TPTZ[2,4,6-tri-2-pyridyl-
1,3,5 -triazine)] 2 20 mM iron (1) chlorideS 10:1:1% A&
217l vhEo] ARgstgitt Wkl 200 pLe} s E 34
" AE 50 lLE EF3le] 37CAA 1587 A7 &
microplate readerE AF8-310] 590 nmol| A SFFE=E =75}
Atk EF FHOZ FeSO, TH0E AHE-3te] 998 S 7
Al e FANET O R trolox] $H 2} H] wste] o
7} A9e 38 wEse FEgton Ui,

et (a-Amylase X3l) &4
a-Amylase= A7 733 A 2] brush membrane©l] E1 3}
E 847 85359 a-D-(1,4)-glucan 23S Eafl 6=
EZ]:O]D}(ZO) whebr] 2ol g-amylaseS A gho=H XL
=] FrE 9AAZE 5 900] a-amylase2] Aol &2
] AsAe] A EE AFEETHRD). B4 2492
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glucose®} FAo] F AZ /‘a?‘égi EETAE :LE:] i
o] & s SAst] AF A 5he] HhEE HS
< APkl a-Amylase A3 24 S %’ﬂu‘ﬁ(ﬂ)
< &&3tel andoR Aol B amylaseS AH8-3ha
71 2A starchE o] &3t] A0S S8
2] Al 200 pL, a-amylase(l unitfmL) 0.5 mL, 0.1 M
potassium phosphate buffer(pH 6.8) 300 WLE &3t 37T
oA 3 E3} pre-incubation3t ¥ 0.5% starch 0.5 mL= 7}38}
of 37CellA 20 #3F WgAIZTE WhEEC 48 mM
DNS(3,5-dinitrosalicylic acid) &2 A]2F3} 30% sodium
potassium tartarate”} £ & 0.5 M NaOH 0.5 mLE ¥ 11
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85CollAl 5 E3F o] WA A7) 3 FE3] WsE o
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a-Amylase inhibition activity (%)=[1-(A1ZA 2|12 &
BE/FAANET F85)]%100

guot €M £H

3T3-L1 A Eujeg & 23

ARLA EQ 3T3-L1 AdFolAlEE 10% FBS(fetal
bovine serum, GIBCO Co., Gaithersburg, MD, USA)<} 1%
PS(penicillin-streptomycin, GIBCO Co.)7} % 7}¥ DMEM
(Dulbecco’s modified Eagle medium, GIBCO Co.)= A}-8-3}
o] 37C, 5% CO; incubator®] 4| Hﬁoké}o o} v FE 3T3-L1

A WA 7} 70% confluent ¥|%1= | PBS(phosphate
buffered saline)@ A2 3}1L, 0.25% trypsin-EDTA &9
Z]2]8}e] CO, incubatoro| A 3 E3F AXA|7] & A XS
SZAIA 1,000 rpmol A 4331 °J/‘”"?”E] 0]'04 R AEE
wjz] 24 & A5ke] 8x10° cellwelle] FE2 ¥-F3lo] AT
Hjksli) 232 Fest] 9ste] 6-well plateoﬂ 0.8x10°
celywellZ FF3lo] &3 confluent B 7} = Sl< u,
10% FBS<} MDI £24(0.5 mM 3-isobutyl-1-methylxanthine,
1 uM dexamethasone, 10 pg/mL insulin)S * 2]slo] E3}=
st} B8 $% 39 T 10 pg/mL insulin, 10% FBS,
1% PS7} E3te DMEMC. 2 wgsl i ¥31 f= 647
2] vid 10% FBSS} 1% PS7} 3+ DMEMC 2 w s}
o E3AFTh

MTT assay

A e] AEA Eel thek =4 o 75 GolH 7] ffste]
MTTI[3-(4,5-methyl thiazol-2-yl)-2,5-diphenyl tetrazolium
bromide] assayE 43 3} tH23). 96-well plate®]] 3T3-L1
preadipocyteS 2x10° cellyjwell & -39 o % 45
100 yLZ 3} 10% FBS7} *3t¥ DMEM< Hoi—roir/}
24 AZEHeket = A & A A T FEES 4
o] F=1 (100, 80, 60, 40, 20, 0 pg/mL) *l2]3lo] 24
AIE ueFsisit 1 % wiR]E AlASKL 7 wellell 5 mg/mL
MTTE9 10 lLE 713t 4 AIZE v eFatdct. vt £5
T Azt MTT £4-5 PBSE A3 3 F 2} welloll 200
Lol DMSOEA AAH formazan 2% & L3A|A
microplate reader 4] 570 nmol| A SFE=E =% AT

Oil red O staining
3T3-L1 AAWA 32 digh wbde] &5 3t

HES7] 938k Oil red O GAE A3 TH24).
Nz} whde] FEE0 ofste] 3} fri=d 3T3-L1
gl 1%: A A & PBS 4o = 29 xﬂ%s—h PBS
23] A A O]-Oﬂr/]- 10% formalin 500 pL=
4°CAA 5;-‘:} 7 A F AAT T 9] 10% fomlalm
1 mLE ¥o] 1 A1ZF 13+ T} Formaling: | 78k PBS
2 29 A3 3 Oil red O(Sigma Co., St. Louis, MO, USA)
gas 7}5}@] 1 AJ7FESH A U] AR E A das)
Atk G4 F PBSE 4 ¥l Al H ko] 39 dyes A1 A%
&, dAnd e g Alge] A E E3llA A
AT Ae] A7 e 1A wellell 100%
isopropanol= 3 mL 3 7}35le] Oil red O dyeE &FA17
microplate reader 24 500 nmoA] FFE=E %3t

£ 24
PAATRE 2439 BT} EEANE YL, B

Al AL 3x3 291 g dA O wel SAS FA 3714
(SAS Institute Inc., Cary, NC, USA)9] General Linear
Model(GLM) procedure S ©]-8-3t9 1, 7} A 2]tk <
d HEe BAHEA S HAl F, Duncan’s multiple range
test(Duncan, 1955)%, 5% <<=(p<0.05)°A] A A5

2t % g
atzalel ofstets S4 W}
ukAgle] uhg Z o]|s}eA EAWS= Table 1] UER])

At} pHE 28 27]9 3°‘x}oﬂﬁt 4.04+0.02~4. 23+002
o]l om, 5U R} A= 4.18+0.02~4.3610.01 2 &Eof| H]
glsto] eFgt Eolx| = 3ol Tt et 7°17<}<>1Wt 2

0TS} 25CollA 242} 42620023} 4.34£0.01 2 27t oA

O}, 30T A E 3.96+0.020.2 938 <t Yolx= &

e Bt HE ude]o] Bg pHE 4.0~4.6 3 = 2(25)

B Aol A Az A= o9} FALgE pHHE S & WE

Welon, 714 e 259 30T, 78 AelM pH7F Yolxl

e AGYEFAI7I7F G st g3 go] AR

AgE 7] WiEo = At sdTh F4HE 20Tl A = 0.159+

0.003~0.202:+0.006%, 25 CollA= 0.165+0.003~0.214+ 0.004%,

30Tl A& 0.239+0.004~0.428+0.007% = W& 7]7H9} &

Tof et M} STletd =, HaIF HEHA] a2

Lt 5] o= Qe frlite] BAE AT S

H Aoz AE e} o]t FAke] Wsh= whde o A

A3 & 4 A dlFa gm0 A B3

o2 e wtdele] g APLIS & F U=

E @ﬂﬂ pHS} F4ke] o] w2
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2ol gy %— il o] FajElo] HE =9} ofn|
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Table 1. Changes of pH, acidity, glucose, alcohol and total phenolics content in Makgeolli according to different fermentation conditions

A23d A3E (2016)

Fermentation Changes of general components
Temperature (C) Pf(ﬂ(;()ls pH Acidity (%) Glucose content (mg/dL) Alcoho(l%c)ontems T?Itl?; %112111572; s
3 4.15£0,03™ 0.1590.003° 273+4.58" 94£021° 2.80+0.05
20C 5 4.18:0.02° 0.189:0.006" 1632153 9.8£0.15" 2.76£0.05
7 426£0.02" 0.202:0.006" 85£3.51° 8.8:0.12° 2.82£0.02
3 423+0.02" 0.165+0,003¢ 219+4.93" 9.6£0.06 2.910.06
25°C 5 425+0.02" 0.178+0.002° 130+2.08" 9.6%0.15 3.01£0.07
7 4.34+001° 0.214+0.004" 74£2.65° 9.540.10 3.00£0.16
3 4,04+0.02° 0.239+0.004° 67£1.15° 840,17 2.85+0.14"
30C 5 4.36+0.01° 0.221+0.002° 31£2.00° 9.0£0.12" 2.36+0.03°
7 3.96+0.00° 0.428+0.007" Lowc 8.8:0.06" 23440.02°

Values represent the mean+SD (n=3). Means with different superscript with the column are significantly different (p<0.05) by Duncan’s multiple range test.

o2 5Coﬂf\1L 7#7# 96+006 9.6+0.15
Ae] W7k fIdoh 22y 30 COM
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3] A= 736]:2 Hol xq7g FF A ]
ok = 01911;} ¥ro -61—61:0 H]—E7]i
W}E‘r A At TEEe e
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7RG dE A 91a1(29), 2)ElA] phenol 3}H3ES 22}
AR EA] 4tk 9 gt 5 theket AR|E4d S JERY
), 53] gtsl 93 o] AHBATE Qo] 1HE A<

AF = SEHTH30). & ATelA =229 phenol 335
o] g gallic acide} vlwate] =433t 20Tl A
2.8+0.05~2.82+0.02 mg GAFE/g, 25 CellA 2.91+0.06~3.01+
0.07 mg GAE/g®. 2 B4 =& S YehhUt) 30T
o A& 2.85£0.14~2.34+0.02 mg GAE/gC & W& 7|7to] 7
I3hol| whet FolEo] 7Ll 71
3}gtE-o] Stko]| 1A

suAe] elel) & ol

14 s
sdele] dEes

713k uh

acid, lactic acid, acetic acid’} =5

GDe AFAFe} FAFsE3]
Aes A FS =0 M—‘Jr WFA|Zbe] Eoldol whet
gE Bt Tartanc acid 207C, 3 Z}ol| A
L9} 713ke] S7tel wet

10, 0.17~0.09 mg/mLi A3} sy,
3= 2ks}o o] ABAI % E(32) acetic acid=
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Table 2. Production of organic acids in Makgeolli according to different fermentation conditions

<] e
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.40~0.

Al

Soke

o)
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97)2ke] sl
Table 2] YERNATE 2E wh22]ol|A] citric acid, tartaric
4| °]= Choi &
. & citric acidE <=7} =0}

Fermentation Organic acid contents (mg/mL)

Temperature. (C) Periods (day) Citric acid Tartaric acid Lactic acid Acetic acid Total
3 0.29 045 1.03 0.03 1.8

20T 5 0.28 0.36 1.05 0.06 175
7 0.24 0.12 1.30 0.10 1.76

3 042 0.40 1.02 0.06 1.9

25T 5 040 024 117 0.05 1.86
7 0.18 0.10 171 0.08 2,07

3 0.48 0.17 2.03 0.04 272

30T 5 0.39 0.13 257 0.10 3.19
7 0.34 0.09 4.13 0.15 471

), 25Col A
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LRI 2o met AR &A% FTlel o
0.03~0.15 mg/mLE THE f7|4kel] H|ste] n|go g2 &y
ATk Lactic acide AZE 714 5 -] 1.03~1.30,
1.02~1.71, 2.03~4.13 mgmL=Z 7}¢ %7 Vet =
lactic acid®} acetic acid= W E =9} 7|7to] S71EFE
A gFo] ol A A=# 01 Aluko] Z7}slal, citric acid

Heg5 Folso] Hnt
o] U= et Alnty} gegte ¢

T ATk

Biogenic amine &2

AZH BAsT 2] AdTolA 7 A% 5 A
£ tryptamine?} V| %S| putrecine©] 8.23~11.22 mg/L %
225~321 mglL AEE o] HFaIY Foll 2 W} glle
U}, tyramine-< 9HE 7 Aol gk 27k 691, 11.70 2 15.63
mg/L. HZF At} ] = Jeong 5(33)°l| A putrescine W
Z271%1 1958 AEH Ao, tyramine 7€ A o ARt A
ZHthe Hauote Yx)gith F BAs 3 HE 5YA
7HA = 11.42~13.39 mgmL2ZA] 2 ¥slr} glo] a7zt
o] Aojde= g4 FUIA oY, T4+ 17.66~
2572 mgmLE #243] S7letsith ol gk A= v
o] BAsw A 18 Foll A2 Rt o} HE ol
AEd= A& & F Uth BAsT  tyramine?
phenylethylamine-> @ FHAAES FHeA 1A=
o7 &= 9l om(34), histamine-> 2] 5 52| Yelo] i,
d 2714 FRINkgE doyug 5, @yl 9 =&
2 SoAM = 99l o TFFoA HZEE = histamine2]
228 7217 2, 5~6 2 10 mg/LE A3t ATh10). 2
15 oA = BE Aol A hisamine©] AE5A] 29kt
121} putrescine, cadaverine, spermidine 52 free radical
2A%°] 3L, tyramineS ¥ 343t §IE Zeve

Qb |

Table 3. Formation of BAs in Makgeolli according to different
fermentation conditions

Fermentation Biogenic amines (BAs) content (mg/L)

Temperature. ~ Periods

(0) (day) Tryptamine Putrescine ~ Tyramine Total
3 1032 229 S 1261
20T 5 10.50 235 - 12.85
7 823 252 691 17.66
3 9.17 225 - 1142
25T 5 1072 267 - 1339
7 1122 2.80 11.70 2572
3 1021 285 - 13.06
30°C 5 9.85 303 - 12.88
7 8.84 321 15.63 27.68

Not detected.

Bz QITk3s). 28y o A S 5 g 39
BAsE F8 ¥ Q9lolw F7 nAE2| oju]i-A
A R ofaf A=) witel] vl fakto] Ao
FEl 2 A%, EE e el s BAse] Aol Al
LRCHA A FE] 1 A ABIA 717 918 o] ¥
sttt o] )] tiFste} AlAslel glgjol M7t 5
7HE 3 e dA e F4E 3 ToleEEs 9y
A= A7 2 Aotk o} o] wrAz|e] A EWsHE
& of, gtof] #ofdt= pHOF T4 d3E 2 f|ike] o
W3lol spatslETle] AR B 4 JE F 0Es)iEo)
e, oo 2] FHolv et AlxT e A B2
o] &5 7| % dt= BAse| A EF 5= T HH, v
o] HA HERAL 25CA 597 HEEAS Wt 7
Fdo] 48 FHE AT F S Zoz A

o},

1‘
L 2

r
N ko e e e

—_/
30

e, &

-

32 o

sotstary

Tl gatslEgds dolrEr] Hste FEEE
DPPH, ABTS ¥ FRAP &4JS =% 319 tHTable 4). DPPH
assay©l] 93+ 3AkEtEA S | mgmlL 2] 2]8kS ulf, 20T}
25T = TH 77 ol whel 46.39+1.47~51.26+0.77% =
A 2 A3t glle, 30T s Ba 3,5 2 79
Z}7} 47.9242.42, 36.48+1.85 2 38.36+2.75% WH 7| 7to]
Ao d 45 AA FAst T DPPHE 41 Ul - gt
radical s SHTEFAI T Aitsl o] sl EH T} vEgSH
radicalo] A5 = Y& o] &3 A5 WA Foded S
=73 3l= W o] th36). Blois(37) 2 Jeong 5(38)2] H.aLo]l
A AR FoleE e A e XA, S d ) A3t
of A 2 w312 U0 I)E fiee radical®] WH-S HA|A|F)
= 222, phenolics 2 flavonoids $HF} ghital 24 Fhol]
ko] AABA T} JE AeR LA e (30), B Ao
= DPPH radical 22715°] &g HlglZ oz =o}
A A3z} A28k T ABTS assay©l] 93t ghitsalad &
1 mgmL %23} S u, & Aer A3 e g e
oA 86.460.35~87.79+0.61%= YERAATE ol 5L
T4 2] BHAS} a-tocopherol®} AL o] w2 &
ol tlFiEe] FEEAME & A A 9} o] DPPH
radical 275l ¥])&] ABTS radical 274 %°] =4 et}
=, o€ radical®] YASo)Y, FEE L= 5 A
olol| A 7]918t}h39)aL &# A Ut} FRAP assay= -
pHOl A colored ferrous-TPTZ &-&A] <l 23l ferric ion©]
ferrous2 A gE oA = 7y & EAste] gatslE S =7
ke Aoz el gatsiAlr Fh98 S 7R vk
el Zkste] 3QbE|oj 7l ¥hH o] th40). FRAP assay©l ©
gk St 2 1 mgmL A 2l6kle W, 20CAM = TR
3,5 2 795 o 22}t 34.35+0.46, 38.29+0.98 2 41.51+
0.59%% Uehfo] g 7|7te] wet 234 F7kekth

ox off Hi 1
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Table 4. Antioxidant activities of Makgeolli according to different fermentation temperature and periods

Antioxidant 126

test

Antioxidant activities (%)

20T

5T

30C

Positive controls

(ugh)

3 days

5 days

7 days

3 days

5 days

7 days 3 days

5 days

7 days

BHA

a-Tocopherol

1,000
500
250
125
62.5

31.25

DPPH

4639+147"
2897:051*
1824£141°
1871£1.22™
1026+2.60"
10.031.03"

4874057
33.37:037"
20.18:037™
153142.80™
991+123"
7904167™

4839:0.54
30.79+1.30"
1806:0.71™
140241 85"
8.62£027™
6.63£1.48""

5126+0.77
35.31£020°
2174054
18.36+5.70™
10.85+2.24™
979422

48.15+07%"
29.15¢1.42%
18.71320™
15.13£1.86™
9.62:2.10™
9.15£2.90™

479242
3038:090’
18.1241.50°
17.1820.71"
733£163"
9.27+.541™

47924047
B43:163"
19.65:1.73™
1865:2.86™
921£1.06™
845+1.86™

36.48+1.85%
2199041
1238:030™
17.24+1.80"
6.10£0.57"
651337

38361275
27.68:1.15"
25924077
19.94£351™
13.90:4.17"
328+1.47"

91.57+0.09"
91.26£0.18'
89.79:0.16'
77541082
5393£0.87"
3026+1.29"

91.312009"
91.52+0.16'
91.20+0.16'
56.34+0.72°
2545132
1283£1.25%

1,000
500
250
125
62.5

31.25

ABTS

86.46:035™
74.0810.78°
56674067
37804036
21.98:050°
11.87:042°

87442035
79.79:0.64°
63.74:0.70"
45024053
2761£152*
1620:0.88°

87.7:051"
8003044
65.85:0.81"
48734133°
3028:087"
1678£061°

87614025
8341081%
6951051
49914093
31.22:1.15%
17.19£043™

87681059
79.17:035'
64.424086™
4747:141°
29754085
17.26:046™

87.79:061"
81.84+0.86"
67.85+1.06"
53224520
31.8141.05™
17.90£096™

87.67£049"
82.24090°
68.760.77"
51.78£0.597
376:181"
19.05:041

86.63:0.74"
7907:087
6831095
5035+ 1.48™
30.65:04™
18724055

86.30:040"
79234048’
6.92:0.16°
5136067
33.36:0.56™
2041:032%

89.44£039"
88.07:0.39"
87.224026"
82.11£026°
79474015
712941.70"

84.8440,15"
81.7703%°
79.56+026'
15471118
72.40£135
67.29:193"

Anfioxidant e4d

test

20T

5T

0T

Positive control

(ugh)

3 days

5 days

7 days

3 days

5 days

7 days 3 days

5 days

7 days

Trolox

1,000
500
250
125
62.5
3125

34.35:046"
18.48+1.19
11.73+0.66"
6.39:0.56"
179124

382910.98*
2306131
1377:0.72°
7.86£0.78'
3760348

41512059
2435:032
14312046°
8.68+047"
465084

43641023
2801:039
16.66:067"
9.66:197
5.744065™

433:092"
23.00:0.79
1230032
6.1740.74™
408+121™®

1431109 32841575 296053 341:091*% 2.15+0.53*

37.554046°

2336:025'

13.04£032™

724+0,65"
3074034
296053

4062:041"
26.13:000"
15.72+030"
8.36+1.69"
476:033""
3.18+0.72°%P

3160113

18.81:028"
1230032

786£0.18
3640207
36440395

2881+0.93
16,15+ L11"
11.10£2.80
53041.15™
0.84+1,03"
049:021"

92.274025"
92264007
92.66:0.07
92.17005"
90.19:020°
81.1320.10°

Values represent the meanSD (n=3). Means with different superscript with the column are significantly different (p<0.05) by Duncan’s multiple range test.

HhH o] 25T} 30Tl A = 2H7} 43.64+0.23, 42332092 2
40.62+0.413} 37.55+0.46, 31.60+1.13 2 28.81+0.93% & &
F717e wpet grolA]= A gko|dth. welbx] DPPHS:
FRAP assay°l] 2|3t 2tde] F&59] giltslgae dae
Tof wet 25T>201T>30T2] ]2, ABTS assay©l
olgt gtal g yle 2o BAIge] HluE = EAS

R AT

a-Amylase M3ligA

ErslEe] 4sl= T2 amylase groupel] €13l o] Fol%]
W, 71 % g-amylase= 4% 733 A]3Z2] brush membrane©l]
EAete EaR B5skEo] o-D-(1,4)-glucan 23
sh= 40| th20). webA] 270 a-amylase S A 3O 2

o

& &l

N ErFe] T2 AAAZD 5 29 a-amylase2] #3}| &
e Agex] AeoAe] B2 AMS-ET2l). $H ]
HrEew 2 wgr|7h3, 5 2 79)dl E camylase A&

3L 1 mgmL A23}0S w, 20ColHE 22t 50.59+0.49,
53.49+0.41 2 58.00+0.64%, 25 ClA &= Z+2}+ 54.25+0.77,
60.45+0.25 = 73.48+0.25%°] 2™, 30T E Ztzt
67.99+0.11, 73.64+0.43 X 75.51+026% = H|w & H& &

g Yepgiglon, da e} 717k vldsh
7ok 7 gFe] A th(Table 5). ©|+=
2 AMHE a1 903 acarbose 9} H]ﬂz},&é
° g =y k!
Zo= 71ﬂ1ﬂﬁ‘r “‘7@4 Y 2
o})ﬂ v &3k A% o=, WA S Qe -
oA AgE Tl AlE B o] ditst 27
2 AFEngt

F

A2 Al Eol| FAH Oil red O dyeE &3] 7
53 Z%3ko] 3T3-L1 A WA A 32 lipid droplet
P9 mxﬂ%ﬂ T2 2331 thFig. 1, A). = 20T =
g 7|l et A A E 2] Bt A| A o] 22% A
46% = =7kt th 13y 25T = EE 5L A9 55%
72 STkt ov 14 Aol 48% = 21t skt
30CollA R B e B 7|t AAREFE 38%
A 50%7H4] QA2 o] S7FEI ATt Oil red O Aol T gk
AnA A AR E HEe] FEES A2l AlE9 lipid
dropleto] thzwtol] Blate] 22 o] Pej= A = o] lipid
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Table 5. a-Amylase inhibition activity of Makgeolli during fermentation conditions
Treated a-Amylase inhibition activity (%)
Teat conc. o o o
(ughmL) ¢ 5C 0C Acarbose
3 days 5 days 7 days 3 days 5 days 7 days 3 days 5 days 7 days
1000 50591049 5349+041  58.00+0.64° 5425077  6045:0250 73484025 67.99+0.11° 73641043 7551026°  85210.11°
500 296:175  390.97+041" 4144057 2573+142" 5529+057" 58.65:0.61° 53.00:040 58.88+057° 5349:0.87 8546025

250 18.09:207"  14.86069° 3687:0.06 2440:044" 4556:108" 47.65:0.72 37.85:046" 4353:034" 4549:020"  8521:0.11°

125 8.10:0.78°  11530.10° 20.12+101° 2002:0.15" 38.90+0.94™ 4164+105° 2822:020° 40.04+0.52% 40.37:0487  85.46+025"
625 790+2.05°  846+076°  13.62+0.83% 1359:020° 3347:077° 39.52:0.70°F 22864239 2649+0.63" 3857+10°  63.61+037
3125 2 781£135°  624:039°  11.9240.60C 2521:065% 24.56:0.69° 1434+1.04° 22.60:045 254111 5594:037"

Values represent the meantSD (n=3). Means with different superscript with the column are significantly different (p<0.05) by Duncan’s multiple range test.
Mrace <0.0002 mgfmL.

(A)
60.00 a
} b
cd be
50.00 d cd
+ —

4000
=)
(—)
S—
L 3000
f-1
—
—
=
‘2 20.00
b
. w—
-'§ 10.00
b= ’

000 B R . s 2 BN | . N _

3day sday 7day 3day | Sday 7day 3day sday | 7day
20°C 25°C 30°C
(B)

20

Fermentation temperature(C)

Fig. 1. (A) Inhibition rates of 3T3-L1 adipocyte cell differentiation of Makgeolli according to different fermentation conditions. (B)
Comparisons of lipid accumulations in 3T3-L1 adipocyte cell of Makgeolli according to different fermentation conditions by oil red O
staining.

Values represent the meantSD (n=3). Means with different superscript with the column are significantly different (p<0.05) by Duncan’s multiple range test.
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& = 29 F AATHFig. 1, B).
b RE w4z FEEA] 3T3-L1 AN 1A 29
I Xé% AAAIFA e, 53] 25T TE 59 7}
Z AAlEo] Erohe AlE & T AT o= Al EHEE] o
FAAZE A7t nlEs) G AR A 2] AEA]
22 F3lol| nRe JEFS Bt A, BE oA
AA L F35F A8 S dERthe Baeks dx| e
th42). 3tA F5 FZE| high-cholesterol diet-fed rat
modelo| 4] &3 LDL-cholesterol®} total cholesterol< %3
= 395 B 3, vk o] SIS A st
T2 T PPAR-a 438} ol xAhlALe] EHE
F38te 7|1d o o]Fojxivka Bad uh 9lrk43). 2HA
2o] 42|24 &3+ DPPH radical 284S B &3
et a2} gamylase A S = Ball gold I
23, 3T3-L1 AWM 22 A sl Asl &2 S35t
1‘%}5?5 A8} T AHEAE o, itslane 2
2%k Apo]= 25T, 3YAbel| 7P EAol Ehem, a
-amylase A3 &2 25T, 7 &}, A3} A& 2
5C, 59kl 7H £ &35 YehAth wheba] 25T
A g el S ARSI S W, AelgAddl oA 7t
£ 395 HY Aew o

o o]
I =

A7E52A FH0] 8 e AxXE Yt TR
25 AzkE gEsiy ]fé Foebdele] A5
biogenic amines(BAs)<] A4 2 A2l &S vlw HES
A= o) 2ok HE 3 pHE 396~4.360]%1 01, 24k

o g oo} 77k v s}o] 57}6}"1‘ e
Fo uhg 595 0] 9.0-9.8% HUIX S Ko, & 3=3)

2o gaw 25T, WE 52U ol 3.01+007 mg/g_o_i 7}
7 E=AT f714ke] e T2 lactic acido] Ao, 2%
Fe 9 g |7l vlglste] F71sH T} Biogenic
amines(BAs)< 2 tryptamine®} putrecine©| o™,
tyramine< & & 7L Aol 20, 25 ¥ 30Tl A 27} 6,917}
11.70 2 15.63 mg/mLO] A =1ty DPPHS}F FRAP assay
°ﬂ o3t Bt e &5 Fatslgahe 257>201>30 c4
o] o™, ABTS assayol| 9]¢+ Aikst g v HF 250
A gle] DPPHS FRAP assay H.th Hl w4 && %’r@ =
YR AT a-Amylase A3l E4d2 1 mg/mL * 2] 313 =
u] 30TColHE 3,5 2 793 22t 67.99+0.11, 73.64+0.43
9 75514026% = L E-2E 0} 7|7kl Bl#ste] Aol F
7Vsh= Zdgko| Tk A A A 9] lipid droplet B4 <A
gL 25CollA 5U3E HEsI S wl, &) 7Y 3T
99} o] whdz]e] WgzAd AF Aye 2 o, A

o] A FgzAL 25T 5U7 Tgad S v 7
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