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Abstract This study was conducted to investigate the fermentation characteristics
and anti-obesity effects of acetic acid fermentation products of coffee wine. The
live cell counts, soluble solids, pH and total acidity of the acetic acid unfermented
coffee wine (AUFCW; day 0, before fermentation) were 6.35 log CFU/mL, 8.10 °Brix,
3.88, and 1.29%, respectively, while the acetic acid fermented coffee wine (AFCW;
day 15, after fermentation) were 4.40 log CFU/mL, 8.57 °Brix, 3.07, and 7.45%,
respectively. Pancreatic lipase inhibitory activity tended to increase as the acetic
acid fermentation period increased. The anti-obesity effects of AFCW on 3T3-L1
cells, which was induced by MDI, were evaluated based on the lipid accumulation
rate, leptin expression, and fat production-related gene expression (PPAR-y and
SREBP-1c) at the mRNA level. In the case of AFCW, the lipid accumulation rate
and leptin expression were decreased to 69.37% and 50.20% at a concentration of
200 ug/mlL, respectively, and the expression levels of PPAR-y and SREBP-1c at the
mRNA level were decreased to 79.89% and 48.81%, respectively. These results
indicate that anti-obesity effect of acetic acid fermentation products could be
increased by acetic acid fermentation of coffee wine.

Keywords fermentation, anti-obesity, coffee wine, acetic acid bacteria

1. ME

Adl= Y5 (roasted bean)E AZXF F E& FEI0 FEE o|8dh= 7| AFO|A
Aglo] 3% 718 (caffeine, 1,3,7-trimethylpurine-2,6-dione), S22 214K chlorogenic
acid, 3-O-caffeoylquinic acid) 5 Z¥¥HE4d&9] 71540l ASEHHA 715HLH=A]
A7F APHI JHKim 5, 2022). B, FHAARE Y] Piko] Frlek 7SS
MAdste] 2AY Al AEE FlEdS AdSeAY ndE TR E 53 7Is8S S7H
7= AF7F R Y i HwangT Moon, 2022; Ko 5, 2020). 2o+ Park $5(2023)°]
AT dFFEEZ 81 daste] Az ARl TaEA 4 FHF A5/ Hagt

ot siet
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Bk AHPark &, 2021). 184 A" ¥
FEEZ 0|85ty ojet T2 21 IR FHE Bl =
7H AR 75/ et Hils A gl Ao

Adipogenesise AW ATA|E(preadipocytes)©ll Al
AA| Z(adipocytes) 2 E3lok= IO E adipogenesis
£ 78408 A E AHAT]= A Tt aolA] F8
SIHKim &, 2020). A% ALAN2EE dexamethasone,
insulin, 3-isobutyl-1-methylxanthine(IBMX) ¢ &3}
FEQIAE Qlsf AAEE o=, o3t BHoli= AA
QlZHtranscription factors)?! peroxisome proliferator-
activated receptor y(PPARy), CCAAT/enhancer-
binding protein(C/EBPe)¥ 4 uj7§A|(coregulator)
9l sterol regulatory element-binding protein 1c
(SREBP-1¢)7} #ofgttH(Kim &, 2016). mEbA HEE A&
A ot AR AL 23} Ao A 24E
5l= Zo] £Q93tHChend} Farese, 2005). Triglyceride
£ AAto g Haflsl= 8491 pancreatic lipase= H|9t
A 2AQ1 orlistatol] 23 E/do] JA=|A|Tt, of2fqt 3tet
A AejAlES g 7HA] FARgo] ZAE L qlo] A&
4 =4o] gl et B 7154 AAe] Bt A+=0]
AP JAHGut Hong, 2020).

mEbA B Ao E dFWart gad ALl
Acetobacter pasteurianus CT_02 455 o|-&3s}o] A%
3t TxE Hrlote] AR E Fsielon, 2APTR Y]
7o) e HREY U AR aa AsiE/del s Bt
Skolth. JH|YE A5 %7 2AMEY SEd S U8

EAUZEE THes R A AFAEF 3T3-L1 A

RS
ez

T

21 Mg & A[%F

AL YF= BepEA RS 1xd 08 HIAA EA
gH1 & A)Ear|gEAd 35 Y(Sunchang, Korea)
O 2 HE A|gHo} ARSIt n]ABE HiRE fI% HiXIQl
YPDA, YPDB, nutrient broth(NB), nutrient agar(NA)
+ Becton, Dickinson & Co.(Franklin Lakes, NJ, USA)
AEE, +F BFE A 8] 2491 glucose= s
AHSiheung, Korea), yeast extracts Angel YeastAf
(Yichang, China), agar= BDAKBecton, Dickinson &
Co., Franklin Lakes, NJ, USA), 4L ofer2F oA}
(95.6%, Seong-nam, Korea)s AMEslHtt. 4714 & &
g3 AFS Y5t ¥FE4 succinic acid, citric acid,
acetic acid ¥ glucosex Sigma-AldrichAKSt. Louis,
MO, USA)oIA F+dsto] ARESHI. Lipase Asi&d<
A3t 3-morpholinopropane-1-sulfonic acid(MOPS),
porcine pancreatic lipase, p-nitrophenol butyrate
(p-NPB)%} orlistat2 Sigma-Aldrich A& ARSI
A AFAE viFS 3t Dulbecco’s modified Eagle's
medium(DMEM), antibiotics(penicillin/streptomycin),
fetal bovine serum(FBS)Z bovine calf serum(BCS)
Dulbecco’s phosphate-buffered saline(DPBS)< Gibco
BRL(Grand Island, NY, USA) A&, AIX AEE H7}
+ cell counting kit-8(CCK-8, Dojindo Molecular
Technologies Inc., Rockville, MD, USA)S A-&5}3itt.
A-AZHE 4 93t dexamethasone, rosiglitazone,
IBMX, insulin from bovine pancreas, epigallocatechin
gallate(EGCG), formaldehyde solution, OQil-Red-O
solution, 2-propanol < Sigma-AldrichAl Al&& At
251931, leptin F&FS ELISA kit(R&D Systems, Inc.,
Minneapolis, MN, USA)E o|-&35}tt. Total RNA &
T cDNA TAolE= Z+ Qiagen RNeasy mini kit

(Qiagen, Hilden, Germany), Go Script™ Reverse
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Transcription system(Promega, Madison, WI, USA)
AFE ARSI 718t £418 Aok Sigma-Aldrichol

A st} A3kl

2.2 70| 58 2 7O oo HZE

A YFFEES A IFE I18RIH(The Smart
Grinder™ Pro, Breville, Sydney, Australia)& 0.3 mm
ofsl A7|= &5t o, FHFE 2085 (w/v) H7lst
o] &24Z(TW-PC-1, Universal Scientific Industrial
Co., Ltd., Shanghai, China)ollA] @4 $&(85T, 3A|7hH
st & oI ADVANTEC Toyo Roshi Kaisha, Ltd.,
Tokyo, Japan)ato] 3l5=513ict. &% YR E s AWS=
of &3tal(20% glucose, 1% yeast extract, 70% roasted
coffee extract)}& AZsIth ALl AxE 95 ol&H
QY= Saccharomyces cerevisiae SRCM102539 #+=
(AL E Y EAALASIMIFDANA A8z A-Fqt
gtom, YPDA(1% yeast extract, 2% peptone, 2%
dextrose, 1.5% agar)ol|A /A7l & YPDB(1% yeast
extract, 2% peptone, 2% dextrose)ol] FE3 & gy
F(30T, 120 rpm, 12417hste] A vjFA o2 513t #
N3EE 289 g A #IHS 1%v/v, 4.50 log
CFU/mL) F&ste] FAHFBE0T, 595t 1, Ha &=
Al 84 I¥E, pH, FA4E 9 ofekE 2 72+ 7.60
°Brix, 4.56, 0.30% 9 8.41%(w/v)e|ALoH, i
6.72 log CFU/mLe|qltt. A AH(Park, 2023)004]
g7t AREASE Ao gKo] ZRlEo] AR
EZ3A717] flsto] SRdzato] Babd 7]q] o
F Foto] P304 A 5T, 305t FATt
3)4esto] ATRRICE 5Tt

o ox, ol

2.3 X9 HEG} AHO/92le] =T

£ AHgokglh £ Al 2ANFRE A% AR o]&5]
91t GRAS #F2A49] SR ufa 2AlAM 2JFsto] 168
rRNA 32 g9 dALE BA45HAS W, reference

strainQl A. pasteurianus LMG 15919} 97.3% YA =&

https://www.ekosfop.or.kr

Bk AR GY HHEHRA(5% glucose, 1% yeast
extract, 2.5% agar)o Z@oto] HAHjF7]|(HB-101M,
Hanbaek Scientific Co., Ltd., Bucheon, Korea)o|A] 1
2} ZA3H30T, 2953l o, ool H7te GYE B%
HiX(5% glucose, 1% yeast extract, 2.5% agar, 6%
ethanol)d] Z=&ate] 22 &A3KH30C, 2Q)stAtt. T
Aze AvSFEE 9 F40] TE AYFZE29WA(70%
roasted coffee extract, 5% glucose, 1% yeast extract,
6% ethanol, 18% distilled water)of] 2x} &4Jo] &rd
A. pasteurianus CT_02 @55 1 colony Z&3 & A%
Hi(30T, 120 rpm)ste] o 9 FAE HILE £46}
Ao, uieF 8 Atol| 72t 7.68 log CFU/mL ¥ 4.41%
2 RS S5 AgLRlE o83 AN Wa =
Az ello] F2F 30%(v/v) H7Fsto] Z=Eid71(SI-28,
Universal Scientific Industrial Co., Ltd., Shanghai,
China)ollAl ABHF £7(30T, 120 rpm, 20¥)stol 4
P, w77 Bt 5Y 1HE o E AEHSI] A% £

48 A== A8tk

24 Y7+ Y 0EEE B 24

Hase B9 WESE olgste] A%slEoz o)y
3k3 GY BaulAle] =ste] WjoK30T, 29T F A4
FA%E A%dtel log CFU/mLE 7139tk $84 1

Lo
ot

£ ARgsto] 243 T °Brix B2 E7]519it}. pHE pH
meter(PP-20, Sartorius, Gottingen, Germany)s A&
sto] Z4okql, $4EE AR 1 mLol 0.1 N NaOHE
Z7ksto] pH 8.30] =2 w7hA] AXE NaOH 274g%
(mL)oll acetic acid9] 2HHAI=(0.0060)E Foto] HEE
(%)= ArZEsFct

2.5. HPLCE 0/83t 27/, RE/8 % OlElz at8 24

714 #2224 oeE9] Hol= Kim¥ Song
(2002)9] W< ol-&sto] S7gstith. A4S A3t AlE=
3]45}o] Sep-Pak C18 cartridge(Waters Co., Milford,
MA, USA)9| EFAIZ]2L 0.22 pm membrane filter
(Futecs Co., Ltd., Daejeon, Korea)& oj3}s}o] HPLC
system(Hitachi Ltd., Tokyo, Japan)2.2 ¥A5}itt.
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HPLC system®] 24272 0.008 N H,SO4& °l &2
2 Aminex HPX-87H Column(300x7.8 mm, 9 uxm,
Bio-Rad Laboratories Inc., Hercules, CA, USA)S &
Iokes 452 0.6 mL/minZ, ¥ 25+= 35CE FAIoF
TE 59t 4714 HE7]E UV-VIS detector(5410
UV Detector, Hitachi Ltd., Tokyo, Japan)& ¥2|d &
oete HZE7]+= RID detecter(5450 RI Detector,
Hitachi, Ltd., Tokyo, Japan)& Ar&-slct. 28 7]
AL f99 9 oleE29] 7 peaks FURNA EARE
HEZE4 mixture? peak WZH]Q} retention timeS H]
wste] g AFESHIT

2.6. Pancreatic ljpase X{of2ty =&

Lipase inhibition activity:= Dechakhamphu®}t
Wongchum(2015)9] WHE 4§ HPst] S5
Pancreatic lipase(100 unit/mL)E 0.01 M MOPS
buffer(pH 6.8, 10 mM MOPS, 1 mM EDTA)] 1
mg/mL FE& §fste] aador ARgsiglon, 71d
8L p-nitrophenol butyrate(p-NPB)E dimethyl
sulfoxide(DMSO)°l €3listo] 0.01 M p-NPBZ ARE5
At 96-well plateo] 7]E4-E&H 10 pL, 5 mM CaCl; -
2H,07F =34 0.1 M Tris-HCl buffer(pH 7.0) 100 gL,
AR 100 pL 2= H7fsto] Egsgint. olof a4 50
pLE H7Fsto] 37CoA 3087 ¥Hg-A17] 3 microplate
reader(US/Eon, BioTek Instruments, Inc., Winooski,
VT, USAYE ©]&3st 405 nmolA FZEE S5k
faRrgo R ABgE p-NPBO &2 273 BW SO
o, pancreatic lipase AJS|&/d otef9] A4S ol&

Sto] AAtsHAT

Lipase inhibition activity (%) =

Absorbancesample = Absorbancepiank

a- ) x 100

Absorbanceconirol = Absorbancepiank

N

7. AE EEE ME BIIE Plat HAE

Nz GEBY A ATARE ol §F FuIst B5H7H
L zabasl gRE 5 Uael 159 X wush
E79 09 2 gl oha) AAjsksch. 2 Alzol WS

+ ollgtE= AAsH] flste] JHAAE=7I(RV10 B S96,
IKA- Werke GmbH & Co., KG, Staufen, Germanay)S
ARESto] oeZZ A & A% FRTE °]&5to
S5otnt. 3loed AlEes 272 7I(FD 8508, Ilshin
Lab Co., Ltd., Dongducheon, Korea)& AZx3t & gt
glsto] -20C W&aro] HastHAl 2p5 Aol ARE-SHA
o AZG7HE S AlEs 58132 E 2T ARER 15
U A TaES AFCW, 09 A} ¥aES AUFCWE 2o}
ATt E3SEH AFCWol| 78 chlorogenic acid(CGA) &
< 24512 o, AFCWO] 1%(w/w) $F0& 450
LY CGA o] Alxasol nX= 9= 24t
17k sk9loH, 100 #M EGCGE Ag=3t A1 FAH
272 ALY 10% DMSOE |2 ko] AFCW,
AUFCW+ 10 mg/mL, CGA= 0.1 mg/mLe] 52 &
SJA1A, Minisart® RC25 Syringe Filter(Sartorius)2 ©f
I3F & 10% FBS, 1% penicillin/streptomycin®] 372
DMEM HiA& 3]Asto] Alg Sj4dos 3.

2.8 3T3-L1 MEHY & SXZf

Mouse 8] macrophage cell lineQl 3T3-L1 AlZ&=
S| 323 (Korea Cell Line Bank, KCLB, Seoul,
Korea)ol|A £Fo} AR&5139tt. 10% BCS, 1% penicillin/
streptomycin®| 7% DMEM HiA|Z 5% CO7} &5
& 37T incubator(MCO-18AC, Panasonic Health-
care Co., Ltd., Osaka, Japan)ollA] ¥iFslict. MxEA
H7He Yt 3T3-L1 AEE 96-well plated] 5x10°
cells/well®] Wz EZF3SIA 5% CO7F 35%+= 37C
incubatoro| A 24A1Zt BiFSEITE. 24417 A
AFCW, AUFCW= 50, 100, 200, 300 xg/mL =2 A
25l o™, CGAE 2 pg/mLe] &= Agsto] 48A17F
F7b wgsiinh i 48417t & S AAsSIL
DPBS 100 pL9} CCK-8 solution 10 xLE A7}ste] 44
9] 5% CO.7t 3%+ 37C incubatorol A 24|17t ¥H-&-5}
At ¥ & microplate readerE AFE5F] 450 nmoll
A FBEE SAceloH, AEgEE2 A= HH7HY
BTkl tiek AlE 7MY S8 BEERE A
sto] A|ZAFEE0] 80% PITOE ERIEE= AR Ak
£ AlE=4Y 5® EF6Il

https://doi.org/10.11002/kjfp.2023.30.4.703
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2.9. 3T3-L1 ME X823t 22

3T3-L1 AlEZE= B3+ F=5t7] fIste] 24-well plate
o 1x10° cells/well®] WE& EZF3}1 100% confluent
gt A7 2 Wi7hA] 5% CO.7F 335+ 37C incubator
ofl A 48A17F HiFStSITE. 7+ well9] HiYF A5 H= vacuum
aspiration system(DLAB Scientific Co., Ltd., Beijing,
China)& ol-&s AAT & Alg 34Ax} FI-FLAQ
MDI(0.5 mM IBMX, 1 ¢M dexamethasone, 1 gg/mL
insulin, 2 #M rosiglitazone) &4-& Egsto] ZF welld
ARt & 48AIZHESE 2 A viFStRATh. &3k 2 Aol
Ul A5 AE AAT & A= AN insuling 1 zg/mL
TR Zgoto] AEotal, 48A17HESE 49 &) viFotad
o} o]%, 48A17H2%) 7HH 02 v AT WS AATIL Al
B A A Aot IS 23] HHESIo] AR AT YR
FE 8Y & AT £k FEoIH

2.10. Oil-Red-0 34 % X/& £X& &V}

A 231 3T3-L1 A2 Alg A2]of oE &5
E W7H= Zebisch 5(2012)9 W¥e #ste Oil-
Red-O A|2FZ o83t YA} GME 2|A 9] g JFoto]
2450 AR AYYRE 8Y 53t vigH 3T3-L1 Al
X DPBSE o]83 AM&5t, 4% para formaldehydeS
Agsto] 3027 AAsto] TAHAFH. 1FE AxE=
DPBSZ A& & 60% isopropyl alcohol& 587+ A5}
I s Azxstgeh. AZH AEo] 60% Oil-Red-O Al
oFS A7hsto] 2087 AMsHaL DPBSE A& stalon, &
o] 3 (TCM400, Labo America Inc., Fremont, CA,
USA)L = A7F AME Ala29] ARIE EFsiqlth. o]+
DPBSE AATE & &3] AXAI7]1, 100% isopropyl
alcohol2 FMH A5 3087+ 8EA17]2 microplate
readerg AHESH] 500 nmolM SBEE S7FsHAT

2.11. Leptin &2t =5

Alg ALRE 8Y B2t viFE 3T3-L1 Al iAo
leptin AT mouse/rat leptin Quantikine ELISAE
ARgSto] A 2ALS] A|Alof met S5kl 23t 89 At
M| ZE A5NT} assay diluent RD1-555 &391519] shaker
oAl A= 2417t ¥hSoFA ). BES & wash buffer

https://www.ekosfop.or.kr

2 43] MAs}L mouse/rat leptin conjugates 7}
o] shakeroflA] A2/H 2 F7F2 1A1ZF ¥HE-5I3IT HHA
wash buffer® 43] AAS}AL streptavidin-HRP 12 A
7¥sto] shakerol A A2AEE 742 3087 ¥HSo1SL
t}. o|& wash buffer® 43] A&35}1 substrate solution
A7Fsto] bA AHEolAl 3087 BH &

A7tste] ¥H-2 45ttt ¥ $2 $F microplate
readerg ©|-&5t% 450 nm oA FHEE SH5IA
o, leptin AAAFL kit W leptin standards AR&-51o]
AFAS 18 A=t

top solution

tlo o

2.12. PPAR-7 % SREBP-1c mRNA = Ef5isf =X
A AFAE 3T3-L1 M EE 24-well plated] 1x10°
cells/well9] WE& B35} 100% confluent$t AE7}
2 "f7H4] 5% CO7F &%= 37C incubatoro A 484
ZF HiFSHAT. v e = AASt EoREot FUTt
Z27004 89 53t vigFsttt. =3 84 A 3T3-L1 A=
£ DPBSE A|AHg thg N ZE 3]45to] RNeasy mini
kits ARESEe] total RNAS F&51%29, GoStript™
Reverse Transcription system= AR&-5l%] cDNAS &
Aottt B49H cDNAE microplate reader? Take3
micro-volume plates® cDNA &S AFFolgoH, o]
£ template2 ARMESF] polymerase chain reaction
(PCRy& XA, £A4 o AH&E PPAR-7, SREBP-1c
4 GAPDH primer @7]4 &2 Table 13 2t PCR &
AL 27HA(5C, 3%), denaturation(95T, 30%),
annealing(60C, 30%), polymerization(72C, 30%) <
A2 30 cycled XYoL, 72CAA 587 AHesto] &
Aottt PCR A& 1.5% agarose gelZ ARgsto] &
719%3}3l, Chemidoc system(c600, AZureBiosystems
Inc., Dublin, CA, USA)& ARgsto] Hi=o] Wd J &
gRolstHtt. A3+ Imgae J gel analysis software(NIH,
Bethesda, MD, USA)E ©0]&3}o] housekeeping gene?l
glyceraldehyde 3-phosphate dehydrogenase(GADPH)
o tist PPAR-y ¥ SREBP-1c ¥dZFS E4oITh

213 52
Zr AgofA AL A= SPSS package program(Ver.
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Table 1. The primer sequence used for RT-PCR

Target gene Gene full name Direction Primer sequence (5'—3)
PPAR-7 Peroxisome proliferator-activated receptor v Forward TCGCTGATGCACTGCCTATG
Reverse GAGAGGTCCACAGAGCTGATT
SREBP-1c Sterol regulatory element-binding protein-1c Forward AGCAGCCCCATGAACAAACAC
Reverse CAGCAGTAGGTCTGCCTTGAT
GAPDH" Glyceraldehyde 3-phosphate dehydrogenase Forward CGGAGTCAACGGATTTGGTCGTAT
Reverse AGCCTTCTCCATGGTGGTGAAGAC
UGADPH is housekeeping gene for 3T3-L1 cell.
12.0 SPSS Inc., Chicago, IL, USA)& ARESto] Batdt  2023). 24t MEZQ1 4 9 24 A4S #iste] A
BEHEAFZ YERACE 2 A& AlojoflA] 5ol dL p{0.05 ZH Fx+= ARl 30% M7t &, Far|7tol 2
0|4 one-way ANOVAZ A4 243 S Duncan's A #st 9 o]glehy EA4S A5t tHTable 2). #

multiple range test® H]W5} T},

3. Zm ¥ 1

3.1. FHIgfe tate E4

ALl A = 249 3-1} s 28 ¥
s Ay FEET ool $4(30C, 120
rpm, 8Y)°A HEH T2 E ol-&sto] ALl H7}st
+ TR HAFSIY. F29 Hadate] iE o
Hol= 2hg 49 2o 8.47 log CFU/mLE FtigloH,
e 89 A}of 7.68 log CFU/mL %0131
APE ZATE O] WIle Wg 4Y Zof| 1.44%
84 Aoll= 4.41%0 Z=LotATHPark,
2023). o|% 2 ARE FxO HRIIHE BT
log CFU/mL o1 FA=1L, A7} 4% o4 F7H=| o] U]
AMgo] gEE Ao g wdEo] HF 8YURE SFTHPark,

O/x

ol ZAMIEES] Ta7|7te] B FdsE UEH 0Y
At 6.35 log CFU/mLOAlA & 5¢ Ao 6.65 log
CFU/mLE F7letelon ol% gyl Xgggof wet 3t
Zastol @A 209 A 3. 64 log CFU/mLZ &1 iet.
g—gﬂﬂ-oﬂ tq-E /\_Q_Aé o]—%o H}_g_ Oo] 1]— 8.10
°Brix9| Al H&7} XPHo| E}E} S7Fetglon Wa 209
Aol 8.77 °BrixZ FRIF A ol e TR
o @n| IRAZx AR ZAPEE 7|7t wet 84
ol F7koke A}t FAFIH (Moon G,
2021: Sim %, 2021). pHe| ¥3sk= grar|7to] et wha
0% =} 3.88004 & 20 At] 3.112 7ASIRL, F4
= 2ARE 7|50 oIS W WA 09 A 1.29%00A4]
g 209 A 7.34%= F7Fotg o UaE 159 A2 79
ZQ1 Zpo|7t Il pHOl A 9 FAMES] S7h= Han
3 3 ABAE f714el 9t Aog wokdEn; 4% B4
TAL FAE 712 4.0-20.0%(w/v)E LA Eo] §lom

)
1gE &

Table 2. Live cell counts and physicochemical properties of fermented product by acetic acid bacteria using seed culture with

different fermentation periods

Content Fermentation time (day)
0 5 10 15 20
Live cell counts (log CFU/mL) 6.35+0.05¢"? 6.65+0.04° 5.66+0.03° 4.19+0.50° 3.6440.17°
Physicochemical Soluble solid (“Brix) ~ 8.10+0.00° 8.30+0.00° 8.40+0.00° 8.57+0.06" 8.77+0.06°
properties d b
pH 3.88:0.01 3.3710.05° 3.25:0.01 3.0710.03° 3.1120.01°
Total acidity (%) 1.29+0.012 3.45+0.2° 5.35+0.19° 7.45+0.58¢ 7.34+0.07¢

Walues are mean+SD (n=3).

IDifferent small letters (¢ in the same row indicate a significant difference according to Duncan’s multiple test (p¢0.05).
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(KFDA, 2012), #A#RIS] 4R
AFRE 4% ool =Eatglo ﬁ%ﬂ
Faslotal Ha 159 A FAEY F71 } A
oo FAEF 7H w2 wE 1501 s 25 da 9=
AFoZ sttt

32 9 ¥ 232 By

AuelelS o] 8]t 2AMER A 'R 7|7 wE {714t
3 2 oS I #E £A4% Ait= Table 33
2t AuQRlS o] &3t RAPET 279 |714RZ citric
30| HEESoH,
2% A7) 9O acetic acid’} F8 G714t ® Fo]
=it dg AOY A}, AUFCW) 9-714F SHFe acetic
acid(987.80 mg%), succinic acid(359.13 mg%), citric
acid(56.61 mg%) <ol &g F(15Y x}, AFCW)]
£ Z}7} 5,921.43, 434.96 E 69.43 mghZ 5.99, 1.21
9 1.238] 71819t} Bang 5(2020)2 ot ¥adzx A
TollA acetic acidE F8 71402 Histo] B 1o}
FARRE AE Btk §5], 'dao] s S7H acetic
acid, succinic acid ¥ citric acid 59 F714H2 AU
TCA cycledA] o] &E= 8 f740 = A W 43
FAGH: B E2& F= ACE A YrkBang 5
2020). ol Z2 A¥l= 2APTR o3 714k *‘7}7}
A= 9 pH ¥l 7Ilshs Aoz weEn

Auepl 4R E] Fod #4247, FEH glucose
9] FEE 1.13%1.16%(w/v)&E &7t O & {9

acid, succinic acid, acetic acid &

f

27F QSiT. 2A4PEE H(0Y &, AUFCW) oflgtZo] g
602%(W/v) A= on, Ha 7|7t we} ZFasto]

& TAE(159 A, AFCW)olA= HEHA ot 2+
ne ZAow FAESIT 3714 o)A ZAkto] 2%t
Ab BAIEE T ool o ELTEISIEE AA
Aoz AstEL B0z 24 AL 99 glucose]
FHs= A9 gitkKang & 2011) wEhA], 2 At
M5 AN A pasteurianus CT_02% 6.02%(w/v)2]
|EF2-2 5,921.43 mg%(w/v) acetic acid® HZFA|A A
gk-go] oF 98.36%% wAE L.

o

B

3.3 7m0l =M 29 lipase Aoy

Au| ekl AR EC] lipase AIE/d lipase §4-2]
= Adfict= AALM=EA Y FRS B7Isk] flsto]
FHRE A5H7FE APotAthTable 4). B7PIHY ¥4
272 AREE= orlistat2 BT XA EA|2A] pancreatic
lipaseﬂ Aol Adlsto] ZAA|HFe] sl E v
otz E4E AFEE AR A&/HER &5 A, A
Ao, RS 5 oy FAEo] BiuHI Jri(ang &
2021a). ATl ARG E9| pancreatic lipase |3l
L A EHGT|Zo] ARt wt sk oEH R F
7Fohe Ads Btk 28 0Y A A& B, SXER
B faHigh 714k gFo s NS 2008] FAMotAS o
T 15.11%2] 240l & Jﬂﬁ’i , 5 3 AHpo A R
15¢ 2} A|E9] A gL 036%§ A= ol A
0 Z&E AAY lipase ANEA(Soares 5, 2022) © &

Table 3. Organic acid, free sugar and alcohol of fermented product by acetic acid bacteria using seed culture with different

fermentation periods

Content Fermentation time (day)
0 5 10 15
Organic acid Citric acid 56.61+1.64°"% 71.09£0.02° 69.2310.04° 69.4310.16°
(mg% (w/v) L b b
Succinic acid 359.1316.14° 449.0447.29° 437.41£0.64> 434.96+1.11
Acetic acid 987.80£2.08° 2,737.07+7.84° 3,905.5+22.37° 5,921.43+41.60
Free sugar & alcohol Glucose 1.13+0.01%®° 1.13+0.03® 1.090.01° 1.16£0.01°
(% w/v) b 3)
Ethanol 6.02+0.08° 4.33+0.47 2.67+0.40° ND

Walues are meantSD (n=3).

IDifferent small letters ¢™%) in the same row indicate a significant difference according to Duncan’s multiple test (p¢0.05).

IND, not detected.

https://www.ekosfop.or.kr
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Table 4. Comparison of lipase inhibition activity of fermented product by acetic acid bacteria with different fermentation periods

Lipase inhibition activity (%)

Dilution factor Fermentation time (day)

0 5 10 15
200 15.1140.99°"? 37.940.38° 57.00£0.24° 80.3610.12°
400 11.1242.68° 17.48+0.50° 27.4742.02° 43.47+1.47°
800 2.5442.12° 7.8240.88° 12.49+1.07° 22.8042.7°

Walues are mean£SD (n=3).

IDifferent small letters ™% in the same row indicate a significant difference according to Duncan’s multiple test (p¢0.05).

A1Z(Kim 5, 2018)2} o2 Yol Z(Jang &5, 20212)9]
ARFE Al AJAEE acetic acid 53 B2 714k0] oJst
lipase Aof&/do] ot Ao& Wk, webi 2Ara7}
A= AnAZe AP #E AAlste] % Fut o A
HPAES] EE2 TAAZIHA, HITk X 2A2} Bl el FARE-

o] A2 B[Rt oY A= Z8E 5 S Ao 7|giEt

Bl

3.4 HOQOl EAEEEO 3T3-L1 MEE LA MESH
AuelRlS o] &3t Ax AXYFES] 3T3-L1 A2
gt A2EA FrEae 24P 93t 4 EEE
WsIA}F AUFCW 2 AFCWO] 524ZES 50, 100,
200, 300 pg/mL =& A|sto] BASITHFig. 1).
AUFCW ¥ AFCWe] g5 S22HAHCGA, 5-CGA+
3-CGA)2 9F 1% o= HPLC £4 23} I, %
AP gol| 93t {9149l Ajol= gl ACE UEitHdata
not shown). & Ao A+= 3T3-L1 A2 ofst H)qt
B5Y FAYERTE CGAE °]8otA L, AlZE=42 1SO
10993-5(2009)9] W Farsto] Al H| X 2|o] H]s)
7t A mA 9] AlEAYEE] 80% oY HAH AHEs:
£ A3t AUFCWSF AFCWS 300 pg/mL AHEs®
oA Ztzt 72.82% D 65.62%2 BEES UEHL
50-200 pg/mLY sLZF7tolA= 80% ol/de] AlZAYE
a2 UE A=Al fEEA g2 sl &
H, CGA 2 pg/mlL olste] A2skoAl= 80% o132 A
E&S U AlEso] A Gt wEkA 25
Ao A= AUFCW 2 AFCWS] 100, 200 pg/mL =%
o CGAY 1, 2 pg/mL S=oA AFE3 dA a5 A3

2 Ayt
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Fig. 1. Effect of fermented product on cell viability in 3T3-L1
cells. The cells were treated with the indicated concentration
of AUFCW, AFCW (50, 100, 200, 300 ug/mL), and CGA (1, 2
ug/mL) for 48 h. AUFCW, acetic acid unfermented coffee
wine; AFCW, acetic acid fermented coffee wine; CGA,
chlorogenic acid (positive control). Results are meantSD of
duplicate data. Error bar indicates the standard deviation of
mean, and means with the same letter (*") are not significantly
different according to Duncan’s multiple range test (p<0.05).

3.5, 7{Oj9ofol ZAEEES 3T3-L1 MEFE LIOJA XEZE
2 HEYY oz

AT 2] AN HE HE Ao B2 Ad ZHES
H7ket7] e 3T3-L1 Al=Zof A¥E3st FE=AQl MDIZ
8Y B AW AAAEE ESoto] Qil-Red-O G4 &
o] PAS ARt 23= Fig. 2(A)9F 2. MDI ©
EA ()0l Hls) ZE Ao Agsk JEHoR
SAAY] dM Hrrt A4S0, AFCW 200 pg/mL
AelsLolA gl 27|19k 57t FHaste] AmAx

o) Agest AENE WA ET AL FHES
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Fig. 2. Inhibitory effect of fermented product by acetic acid on the lipid accumulation in 3T3-L1 preadipocyte. Lipid accumulation
was determined by Qil-Red-O staining (A) and Qil-Red-O was dissolved in isopropanol and optical density detected at 500 nm
(B). The cells were treated with the indicated dilution concentration of AUFCW, AFCW (100, 200 ug/mL) and CGA (1, 2 ug/mL).

, not treated; +, treated; AUFCW, acetic acid unfermented coffee wine; AFCW, acetic acid fermented coffee wine; CGA,

chlorogenic acid (positive control). Results are meantSD of duplicate data. Error bar indicates the standard deviation of mean, and
means with the same letter ™) are not significantly different according to Duncan’s multiple range test (p¢0.05). EGCG is positive

control and was analyzed at a concentration of 100 uM.

FAsleE7| l5te] Oil-Red-O= ¥ A|EE isopropanol
2 &&AA FBEE SHHUS 9, MDI ©=A27H(+)
100%S 7]1&08 RE A& P sx g&Fog
SAAA ZF o] 4stAhFig. 2(B)). AUFCWSF AFCW
9] Ad ZHE2 Asrt S71eol et s oo
2 Zastgon, 200 pg/mlL A7 sZollA 22 84.34%
9} 69.37%= UEMRITE CGAY AAZHEL AT 5
of wet FoA o]zt AA] A%eH, 2 pg/ml FE
Al 93.74%= SR = A ol § AFCW7} 7H =2 9

T 71

Agde Hetde AS vides 22244t 47 9%

3 z2iba g B3 A 4 AAsel UMt Ae 2}l
g = A9t

L2 YA ZAAM ZHEH in vivorl e S547

Aol Z-g3to] A1&AA 9 ouz] & FZIAIA AuIA]

https://www.ekosfop.or.kr

sk, jn vitrod| A% AGAE
Feo] 2H] S7HE Hgez A
39 AE2 ASEHKim
A A o] Aw] A %

o ohlAs AgeFet Avks Fig. 33 Zh
Tl e g dEF 4,548
, AUFCW2} AFCW 200 pg/mL A2 5%
3,693 ¥ 2,283 pg/mLz ZZ 18.80%<
49.80% 9AI5S eI CGAE A2sro] thE {93
Ql &pol7k Qllom 2 pg/ml A2l FEA 4,278 pg/mL
2 5.94% AAISE YER) ojet 22 A= 224

At9] AR g H = 2ARTEEQ] AFCW7F AUFCWO] H]
3 A a7}t =9kE AR Hol APIRE B Tuld

72

10
o=
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Fig. 3. Effect of fermented product by acetic acid on leptin
secretion. The cells were treated with the indicated dilution
concentration of AUFCW, AFCW (100, 200 ug/mL) and CGA
(1, 2 ug/mL). -, not treated; +, treated; AUFCW, acetic acid
unfermented coffee wine; AFCW, acetic acid fermented
coffee wine; CGA, chlorogenic acid (positive control). Results
are meantSD of duplicate data. Error bar indicates the
standard deviation of mean, and means with the same letter
(®) are not significantly different according to Duncan’s
multiple range test (p¢0.05). EGCG is positive control and was
analyzed at a concentration of 100 uM.

W AR EI} 27kt Aog mekdc)

3.6. Amgel =MLUEES 3T3-L1 MEF PPAR-7 %
SREBP-1c XA} mRNA Er5iat

AW AFAH EZ(preadipocyte)’t XA E(adipocyte)
2 A&steE 4 (adipogenesis)> & 7HA] HARIAL,
il 9 523 Fo] fofstal glom, 53] PPAR-y,
C/EBPe®} SREBP-1 52 adipogenesis Il THofsh=
293t AARIAoItHJang &, 2021b). Nuclear receptor
superfamily©] 49%}= PPAR-y+ adipogenesis I3
2T o7 A= 98-S 514, adipocyteZ £33 A

£ FAISH] Aol A9l AR (Park 5, 2014). A
A E 7] BEofagolA £3F FERIAR] MDIof| EE
 PPAR-y 9 C/EBPe®] TdZ SAAA AFAE W
SHATY 22 S7H7IH, ol#gt A AEE §4
A dd AR Qlsto] vk &S H7RRIHKim T,
2020). oj#gt A A4 A AR EEFS A 9
3] RT-PCRS 53] mRNA &4 MDI &5 A&+
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(e A& Ao thE PPAR-y HITS v w245
THFig. 4(A)). PPAR-y+ MDI ©5% A2 7(+)9] HdzS
100%= 39S o, AUFCWS} AFCW 200 pg/mL A2|s
TolA 242 88.77% X 79.89%% W3 o] HAastg o,
CGAE 2 pg/mL AZolAE 4 113.29%= AFCWY
PPAR-y 7 =] 3t &317} 7¢ =Sttt SREBP
© ZYAHE 2 ATAAL] Bolste A=Y EE
< ZHsH= HARIAE, SREBP-1ce AHAMAL € lipid
o] At gol FofgH(Sim 5, 2021). ADD1/SREBP1c9]
AZ7} ofe] S22 FEAR A=E o A B4
Z45= SAlo] PPAR-7 #3849 @S FXI5to] A
A EO] B35 EAske Ao® ¥8A JtHKim T,
1998). SREBP-1ci= MDI ©=A 2] 7H(+)2] HdZFS 100%
Z 319 uj, AUFCW 9 AFCW2] 200 pg/mL H2ls%=o]
A ZFZF 63.71%%} 48.81%% TdzFo] Z4styod, CGA
2 pg/mL A 5EolA 94.82%% AFCWS] SREBP-1c &
A7 HEF A a7} 22 2 0= et ojet Z2
A3t AneRRlozRE xAHtg IFS A Az
9429l PPAR-7y @ SREBP-1c9] &d
o AxpHo® JH|gk G50l B F

T o
el
rlo

tlo
b

jas)

of

TFolAe 120 Yad Bepdi 9FE A
FE2EZ Axsilen, a® U8E 3 SFAHQ20%
glucose, 1% yeast extract, 70% roasted coffee extract)
o Saccharomyces cerevisiae SRCM102539 #55 F
TS &, BAHFGEOT, 59)5te] AU A Z5H
Az Acetobacter pasteurianus CT_02 w#F2 A
23t T25 ATLLRIN 30%(v/v) 7FotaL, i30T,
120 rpm, 15¥)st5ion a7zt 5 59 HE 02 A+
&, olgletd EA(F-84 13 E o, pH ¥ $4tk), &
714§ 2 o s EASIGIT AN EE A
0 2, AUFCW)Z (152 &}, AFCW)9] B4, 84
IFE I pH ¥ IAEY WSk 77 6.35 log
CFU/mLOllA 4.19 log CFU/mL, 8.10 °Brix°l4] 8.57
°Brix, 3.88°14] 3.07 & 1.29%°l|A 7.45%% YEFGTH

)
i=)
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Fig. 4. Effect of fermented product by acetic acid on lipogenesis—related gene expression ratio in 3T3-L1 adipocytes. The cells
were treated with the indicated dilution concentration of AUFCW, AFCW (100, 200 ug/mL) and CGA (2 ug/mL). -, not treated;
+, treated; AUFCW, acetic acid unfermented coffee wine; AFCW, acetic acid fermented coffee wine; CGA, chlorogenic acid (positive
control); PPAR-7, peroxisome proliferator-activated receptor 7v; SREBP-1c, sterol regulatory element-binding protein-1c; GAPDH,
glyceraldehyde 3-phosphate dehydrogenase. Results are meantSD of duplicate data. Error bar indicates the standard deviation of
mean, and means with the same letter (°°) are not significantly different according to Duncan’s multiple range test (p<0.05).

HPLC 242 ¢ glucose®] &2 Ta7|itol w2t
oAl Aozt filen, ogE T AUFCWOA
6.02%(w/V)A2H, AFCWolM= AESA] &3UTh AFCW

9] F9 F71AF acetic acid(5,921.43 mg%), succinic
acid(434.96 mg%)?} citric acid(69.43 mg%)Z 30|
AEF I AFA29 pancreatic lipase A4 &
3717 to] Aztol| wet F7teke A Uit MDI

ARSI FEH 3T3-L1 Alxof gt AFCWS] ]
T 8537 AdSAE, {d 9 a9 A A
48 FHAHPPAR-7 € SREBP-1¢)2] mRNA L&z &
Moz Zgstylct. AFCWS] FHFE 852 200 pg/mL
&% A2 Al MDI &= A7+ 100%°] Hlsf A&d5HE2
09.37%, Hd @Hd 2 50.20%= FHActHoH,
PPAR-y ¥ SREBP-1c2 mRNA &dZE 27+ 79.89%
4 48.81%= FAastoict. olzet A3E v o E Ane}
Q1o & AxE AuAx7t 2ANFY EAYS B9l FH
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