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Effects of ethanol extraction and acetic acid fermentation on the
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Abstract This study evaluated the effect of acetic acid fermentation added to coffee concentrate
using the concentrate of fermented coffee bean ethanol extract. The ethanol concentration that can
extract a high content of coffee’s active ingredients (caffeine, chlorogenic acid) was 50% (v/v). The
ethanol extract from coffee was concentrated to a solid content of 7.94% (w/v) and added at a
concentration of 7-10% to prepared coffee liquor containing 6% ethanol. Additionally, 20% seed
vinegar was introduced to initiate acetic acid fermentation. During the fermentation period of coffee
vinegar with different concentrations of coffee extracts (CVCE1-CVCE4) lasting 30 days, the viable
cell counts, physicochemical properties (soluble solid contents, pH, and total acidity), organic acids,
free sugars, and ethanol content were measured. The number of viable cells was 4.50-7.33 log
CFU/mL on the 10th day of fermentation, and the growth of bacteria tended to decrease as the
content of coffee solids increased. As acetic acid fermentation progresses, the ABTS and DPPH
radical scavenging activities of coffee vinegar decreased, while pancreatic lipase inhibition activity
increased. The analysis showed that the amount of coffee extract concentrate added affects the
fermentation characteristics of acetic acid bacteria, resulting in a difference in the functionality of
coffee vinegar.

Keywords coffee, vinegar, antioxidant, antimicrobial, anti-obesity

1. ME

ZEHoME As AR FHIE tigt=ol £YEe ol Bepdd HlEE| ofo] A7t 3.0&
7hgold, AA A= A¥ 9 15%0] FETHKim, 2023). BFZ +UE AYe 228 IS
AR AFE 7150 Z& Ax0 o] &=, o ATl ThE 71 T2 HastA ¢ko
U SR T FAY 24 s §435] AaEe AR HIHKKIm 5, 2022). A
AT FAE 2UL 71240 ¥ F= AR 2AE S AA 4FE 7EH T ZIEE
ol-&Eth(Park 5, 2024). 12U, AH] SR 7|84E F7HA1717] %t 2ARLE EE 200°C o}
9] 1120j|A 7G| wet "R u@ D 5-hydroxymethylfurfural( HMF) 5-2] G841 E0] YA
g Aos dFHKung 5, 2024; Yeon, 2015).

& s HaE Ays FE 3 4 S50t HAES HESt] FRAR F 4FE
Alxst7] Aol 24" IS AT o]eh 22 IO F5A] £A]0] AStEo] QU wdE T
of s & & 5ol 7IEdiEo] it Tet B2 2AY A= SRR 59 ATt
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4 9la, A3 Y5
0] 952 sl e AN KA W
W13 4 glo] 19| Axelel AstEls SRAE A4S
A3} & 4= Ql= "ol I g95lth(Park 5, 2024; Shin, 2018).

Ajo] 9 FRRALS ikquinic acid)} 711
(caffeic acid) 50| B 3, 4, Stlo] Y3t sto| =2 47104
oliE WMo SEH YR o5 F sILUTAGAL
AA) S2LAR 0] oF 80%E AAIFHTHKwon, 2020). 7
w0 20 Ash JRoR Lol FREAAE A5 A
flamse fue Heldel @4l el o T3} Qs A
o8 BIEHNabavi 5, 2014). 71921 Fo] gFgo]u]
257 Roul st F75H S4e] Yn(Kim, 2014), &
Aol 240) A0z B AAAS 4350l A5 4
H A W S wat gon ol 4ue AY 1A
gpolAur ek 43 A SuAol, T, HET VS
W 5 glo] A HHo] 400 mg oJ5E ANETHKim 5.
2022; Shin -5, 2023). 71?1 A7A3te} SEEAAS] 3k
o Ano A7 SAE W) Sie Mo mAad 27,
9% 52 24 U ¥R 59 oy A7t SRt Ans
SRR B 7|TAF0] o] 2AY F AzE A
A5 9 7154 AR Hrhe Susks deo] was
thKim £, 2016).

£ ATE SEUOME A ATE $AF IAT F 2AY
S Ay YRS ol8dte] Ano FANECIIQ, 2uw
Atho) TFoR FRE RS FE5ES Al 4
Ae ofete ROl 25E Ad 2EES 5EIolIFE
T 7.94%(wiv)) 5 FF 71E 7-10%2] 44A 2 FFE5}
of ANFE AXL 24 LAS So] 24 BAEO) 7154
o et A7E Fslaich
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2. Mg 2 di

2.1. &g

2 Aol AME FFH|oF HE Au|el A TR o]8H
Acetobacter pasteurianus SRCM 1014862 (AR U] EA
A Z5-¥(Microbial Institute for Fermentation Industry, MIFI,
Sunchang, Korea)ol4| 2pto} A8}t 2, 92 B4
of AM&-H Bacillus cereus KACC 10097, Staphylococcus
aureus KACC 1927, Escherichia coli KACC 10115+ &t
B Ju| W ER LA E (Korean Agricultural Culture Collection
(KACC), Wanju, Korea)ol|X, Salmonella typhimurium
KCTC 1126) 3H=AEAYAIE (Korean Collection for Type
Culture(KCTC), Jeongeup, Korea), Listeria monocytogenes
KCCM 43155+ SH=u|AEEZA0E (Korean Culture Center

https://www.ekosfop.or.kr

of Microorganisms(KCCM), Seoul, Korea)of|A] HoFaqfct.
A3l go] AFEH yeast extract= Angel yeastA(Angel yeast
Co., Ltd, Yichang, China)ol|lA], agar, nutrient agar, nutrient
broth= BDAKBecton, Dickinson & Co., Franklin Lakes, NJ,
USA), 42 tjskg i l(Korea Ethanol Supplies Company
Co., Ltd, Daegu, Korea)Z5-E| Taljo}o] AR&3}19T}. 2,2-Diphenyl-
1-picrylhydrazyl(DPPH), 2,2-azino-bis-3-ethylenebenzothiozoline-
6-sulfonic acid(ABTS), (+)-6-hydroxy-2,5,7,8-tetramethylchromane-
2-caboxylic acid(Trolox), porcine pancreatic lipase, gallic acid,
Folin-Ciocalteu reagent, chlorogenic acid, neochlorogenic
acid, caffeine, orlistat, glucose &< Sigma(Sigma-Aldrich
Co., St. Louis, MO, USA)O|A] Fufjsto] ARE-5} o, 1 8
9] A|9FEL analytical @ HPLC gradeE AMES}AT.

22 OEtz £= &£ g7 70 8F 54 55
2.2.1. 485 70| AT oEtE F

FEn)o} &g A YT EH7)(The smart grinder™ pro,
Breville, Sydney, Australia)E ©|-&3f E45t 7[5 g
(Samchun Co., Pyeongtaek, Korea) 5=9H(0, 25, 50, 75,
100%(v/v)E 10812 A7}sto] TEH20°C, 3A|7H3H%T). the
A5 7](CR21, Hitachi Koki Co., Ltd., Tokyo, Japan)&
o]-g-3to] A4H=(10,000 xg, 4°C, 10:2)3t & 52 Hof
A}t ot B Hof A¥] YT oS FEEE sto] &
T BA AMgSHAT

11

1

3

2.2.2. EHEY SRS

2954 3I5HE 3k (total phenolic content, TPC)2 I1SO
14502-1(2005)9] HPS Maslo] 25190 96 well plate
o] A& 20 pLe} 10% Folin-Ciocalteu’s phenol reagent 100

= A7telo] 3 RESSIGITE the BES AR ARl 7.5% NayCOs
80 uLE H7Fstal, HAolA 1A ®AgE & microplate
reader(S1LFA, BioTek Instruments Inc., Winooski, Vermont,
USA)E o]-&3to] S 765 nm)E S45IH. S¥l=
3 SRRkE o Z4l(gallic acid)S EEEEE 5t AR 1
g @ mg gallic acid2 YER|ATE.

ok
P

2.2.3. 22U 3 FHHQ e FF

HPLC system(Hitachi CM5000, Hitachi Co., Ltd., Tokyo,
Japan)©2 2 = 2 Xk (chlorogenic acid; 5-O-caffeoyl-quinic
acid; CGA), Y| 2= 2 Al K(neochlorogenic acid, trans-5-O-
caffeoyl-quinic acid) 2 7}¥|Q](caffeine) TS £451A.
AYL YMCAHY Triart C18(250x4.6 mm, 5 pm, YMC Co.,
Kyoto, Japan)Z o]-&3t3lom, 2¥ 2%= 37°CE FA5HA
ot AR E2]&= gradient mode0|™, o] FA Ax= 0.1% oA E
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ol

Hoh= OV\ﬂE‘JrO]E% |9, o]54 B 0.1% °HIE
Foke Eolgitt. 8 242 0422 &) AE 13%
, 4-455-2 37%=2 27}, 45-47H-2 100%= &7}, 47-
1522 100% F-A], 51-538-2 13%=2 A, 53-655-2 13%=
FAHEE At 452 0.8 mU/min, Al& FAFE 10
pLol9ith. A&7 diode array detector(Hitachi Chromaster™
5430, Hitachi Co., Ltd., Tokyo, Japan)& Ag3l% o, &5
Ezﬂ’:}ﬂr eIz 274k A% o2 324 nm, 71¥R19] 4

Z WAL 274 nme|Qch A= &2 7+ peakﬂ =9 27

o) BT REF| peak WA B]8 T} BRE A BT

sto] Al 1 g9 sigets SRR, W REE2A4 9 7}
HQ FE mgo= ARSI

1T 2 O
4o tlo o
2, o o

(V)]

2.3 E& Aol #F )Ets F==5
2.3.1. &5 O AT oEtE £ ¥ AHIF HE
Ta Ay 9F oEE FEE2 9F 2T 50% e
108> 713t vy WRK20°C, 3A[7hsto] A|xskqiet. #5
FEE2 YAET(10,000 xg, 4°C, 108&)310] F5HS 3l
st thA] SuiE Y IS 33] HHESITh dojRl A
2 3[4 7sZ7|(RV 10, IKA Korea®. Ltd., Seoul,
Korea)E ©|-&sto] 43722 FLAZLH, HF 554 #H
5N TPE FHLE 7.94%(w/v)E BAE T AL 55
H(coffee extract, CE)Q] Z H7M|-&(7-10%)S 7|&3to] z+
7} CE1(7%), CE2(8%), CE3(9%), CE4(10%)% B 8331
%(W/v) yeast extract & 7%(w/v) glucoseZ %OE]O}?]] 75t
3 319} BH(121°C, 158)5Hth A0 BT T 6%(v/v)
ZF3(95% ethanol)S ZtZ} 543ta] AWFE A Z3519ch

/I/x al x,(/- HI-—

232 5% MZES HUF| EMurs

ZAHHA. pasteurianus SRCM 101486)2 3% GYE broth
(1% yeast extract, 5% glucose, 3% F4)0] 1 WlFo|& HZEs}
of A& 8jF7|(ISF-7100R, Jeio Tech Co., Ltd., Daejeon,
Korea)ol| A &43H120 rpm, 30°C, 72A]7H3t Zof 6% GYE
broth(1% yeast extract, 5% glucose, 6% T3l 1%(v/v) &

F3to] A% #1100 rpm, 30°C, 60A1Zh5HAT. tha B
2 GY broth(1% yeast extract, 5% glucose)E ©]-&3}o] T3&
TE 1.00@ 600 nm; at 7.51 log CFU/mL)C.2 Z43d}o]
SZE ARG AQ o] AxE F2E 20%(v/v) 7ot
of gk Hj(100 rpm, 30°C, 309)st3ict. &4 9 7154 &
AE 98l 109 11420 = *]fi— 5 mLA Foti A4HE
(15,000 xg, 4°C, 10&)sto] A2 J5HE £ ARE 0]8s
it
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24 EXZ EN BHA
241, Mds 9 olgsty EY

pH= pH meter(SevenMulti, Mettler Toledo GmBH,
Giessen, Germany)S AME-5lo] 273190, =84 1FE
2 A (PAL-1, Atago Co., Ltd., Tokyo, Japan)& AR&5}o]
ZA519Ith, AT A|E 1 mLo] 0.1 N NaOHE H7}5}o]
pH 830 &% t7tx] AR H %L acetic acid TFOZ At
Zo19tt. A= A= 100 pLE B peptone 0] A4 3]
Aoz 3]45t1l 3% GYE agar(1% yeast extract, 5%
glucose, 3% ethanol, 2.5% agar)o]] I=alo] 30°Co]A 72417k
HFst oS Yebd colony 5 log CFU/mLE YER|SIT

2.4.2. QM |5 U e B
714k vﬂ olek2-9] Wsl= KimI} Song(2002)2]
W o]t X*o}%’lt} BHS 95t A8t 34519

0.22 um membrane filter(Futecs Co., Ltd., Daejeon, Korea)=
o]1}sto] HPLC system(Shimadzu LC 10A, Shimadzu Co.,

Kyoto, Japan)0. & HA5}3tt. HPLC system®] EX4ZXAL
0.008 N H,SO.Z5 ©o]5AC2ZE Aminex HPX-87H column
(300x7.8 mm, 9 um, Bio-Rad Laboratories Inc., Hercules,
CA, USA)S EF6t= 842 0.6 mL/minC =, 48 2Lt
35°CE SR ol 2 519t 87]4F A=E7]= UV-VIS detecter
(SPD-10A, Shimadzu Co., Kyoto, Japan)Z 2|9 ¥ ofeh-2
#HEL RID detecter(RID-10A, Shimadzu Co., Kyoto, Japan)
£ Aokt £ f714L fEE 9 oleE] 7t peak
EAdzxAqA B4 BEEA mixture?] peak HZH|Q} HE

£ AZFE vlmste] ke AEST

2.5, 7/OjF =4 Ea2=E9 7548 TOf
2.5.1. s 2y

ABTS radical scavenging activity(ABTS assay)+== Grandois
5(2017)2] WS o] &sto] AT 96 well plateo] A&
10 pLo} 50 uM ABTS 2tojzh & 200 uLE g71sto] A
oA 158 HH-3-51 . U392 microplate readers ©|-85}0]
(T 414 nm)E SA31FTE ABTS assay= A= 1
mLg 4ts} E4o] 50%0] o2+ AR 2] 3]4JHlE(dilution
factor, DF)& 1C5 0.2 AF&Esto] AT 221 Trolox2] ICs
(ng/mL)¥} H] W5k}

DPPH radical scavenging activity(DPPH assay)+~ Magalhées
5(2006)2] WH-Z HPsto] 451t 96 well plateo] A&
50 uLe} 150 uM DPPH radical -89 200 pLE H7}slo] A

oA 205 ¥1-35Fct ¥R H-2 microplate readerE ©]-8-510]

SL =T 517 nm)E &35t DPPH assay= A& 1

https://doi.org/10.11002/fsp.2025.32.4.684
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mLg FAISE Eo] 50%0] 0|2 AlRS] 3AuE&(DF)S
IC50 0 & Ab&sto] FAHRTS Trolox?] ICsy(ug/mL)Tt H|

2.5.2.1. Pancreatic lipase Xai&tX

Lipase inhibition activity~= Dechakhamphu®} Wongchum
(2015)9] W& HPoto] 4okt E4AH2 1 mM EDTA
7} &3H= 0.01 M MOPS buffer(pH 6.8)0] pancreatic lipase
(100 unitmL)Z 1 mg/mLE a3tk 7]d &9 DMSO
o] p-nitrophenol butyrate(p-NPB)E 0.01 MZ -&3f|5l0] ARE-
SFTE. 96 well plateo] 5 mM CaCl, - 2H,07} 3+ 0.1 M
Tris-HCl buffer(pH 7.0) 100 pL, AJZ 100 uL, T2 50 uL
2 71 &9 10 uLE F7Isko] 37°C w714 308 HH3-5t
Ao}, SN2 microplate readers ©0]-&3A ST (IHA}F 405
nm)E S5 AR 1 mLg FH[TE Z/g0] 50%0] °|2x
A|50] 3| AHIE(DF) IC5 Q= AFEdt] FdHiR+<l olistat
] ICso(ng/mL)¥} B 3HA .

-

253. &x
Fat E4-2 Shon 5(2008)2] WS o]-&5H Tt Nutrient
broth(NB) 1 mLo|| 455 Fa+tS Fsto] Z—HIFH(200
pm, 37°C, 10A17h)5tt}. 5= B g A2 NBE o]-&5f &%
T 600 nm)E 0.200.2 23 thS 50 uLE EF HE
O = nutrient agar(NA)O| =E5}TE ZF o] s NA9
¥HO] 6 mm paper disc(ADVANTEC Co., Ltd, Tokyo,
Japan)E 1 11 Hof] A|RE 20 uLE Z&sto] HAHIF3
7°C, 18AI7h) SHQITE. Fat B/d2 paper disc = FAHH
E3gl 27 (clear zone diameter, mm)S =45 Tt.

futo
0x

2]

2.6. EAx2/
ZF A2 33] BiEsto] A2 AIME SPSS package program

(Ver. 12.0K, SPSS Inc., Chicago, IL, USA) o]&5}o] Hi
o EEUAE YT 2 AR 719 f9/4dE one-way
ANOVAZ EAF E43} Sof Duncan’s multiple range test=
H] 2519 th(p<0.05).
3. Za ¥ nx
3.1. E7 70 AF £59 Wtz 5 Jg¥

ogtg sof ME Ta Ay AF FEE9 v 3t
E(TPC), Z22AAE 9 719919 HgF2 AT 1g F o=
Siksto] H|wstlon Table 13 Zth. TPC -2 olgs
&9 7t wE} 50%71A] S7Fste] 50% ofehe FEE
A 41.56 mg GAE/gP.Z 7P &30, 50% o]% oA
Hadhe FFS EA Aol g w4 skghE2 mono-
caffeoylquinic acid typeQl chlorogenic acid(3-O-caffeoylquinic
acid, 3-CQA), neochlorogenic acid(5-O-caffeoylquinic acid,
5-CQA), cryptochlorogenic acid(4-O-caffeoylquinic acid, 4-CQA)
7F HIE AL It (Kwon, 2020). A& sl e Ea #|1]
A7 FRRAAG-CQA) B HIE2AK5-CQA)9| oF

2 3.38-10.74 mg/g ¥ 0.03-2.43 mg/gC.& EA i}, o
3 Ay gFol FE FEIZALG-CQA)Y TFE 50% °f
e s=oA FEHUE W 10.74 mggC & TP BT E
& 50% ogE FEEOIA HRIE2AHE-CQA) AF>
2.46 mg/g, 7}H|Ql(caffeine) g2 11.96 mg/gC & FEAE[F]
o}, Amo] gejery xolehy B 4 Qe 222N U 7]
Ao YL 32 P 9 FI0 e Y249l B 4% 2
EAAL 5.17-69.78 mg/mL, 719|912 74.38-139.3 mg/mL 4>
Fo|P oM (Kim 5, 2013), EEEFY AS FERAS
4.29 mg/g, 719912 14.78 mg/g(Park, 2020)°0.2 ¢U&E4]0] =
< A¥gor HEQity. & Ao ARSE SFHloMt Ha 4
= Y A4S H% AFE S5oke E0IAM EAE
F710] F7F= o] At Aol His) BB ol H2 =

Table 1. Contents of total phenolic compounds, chlorogenic acid, neochlorogenic acid, and caffeine in coffee extracts with different

ethanol concentrations

Components Ethanol concentration (%, v/v)

0 25 50 75 100
Total phenolic compound (mg GAE"/g)  27.82+0.20”"Y 32.59+0.60" 41.56£0.31° 30.91£0.55° 5.48+0.28"
Chlorogenic acid (mg/g) 10.2140.14° 10.43+0.11° 10.7440.16° 9.11+0.10° 3.38+0.35°
Neochlorogenic acid (mg/g) 2.454+0.02° 2.46+0.02° 2.43+0.03° 2.06+0.02° 0.03+0.02°
Caffeine (mg/g) 10.38+0.04° 11.310.04° 11.96+0.02¢ 11.93+0.07¢ 3.47+0.04*

UGAE is gallic acid equivalent and it’s unit is mg of gallic acid in 1 g sample.

DValues are meantSD (n=3).

*Different superscript letters (*%) in the same row indicate significant differences according to Duncan’s multiple range test (p<0.05).

https://www.ekosfop.or.kr
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olith WA, olF fANF HE AFE BAY T dEA0
2 FEUES O, AR T2 o B = oy
F20|F R gRiAdol H 71&3H 740l

B ATofA] AH ofEhES o] 83t AR FEHL A

I UF RS EY] guAS HaskeldA e 1E
FOFZ FE017] Yol AAEL, o]et 2 BHO= gk
50%(vvV)E FEEMZ ARRSIE o, S22 A4 E Z1H 9l
9] ghgol thE Fkof Hls] 7HE E3%7] "ol 50% oe
= TaAYYTRY FE8WE A5l

3.2, HOIE Fi HeS9 EE E4
3.2.1. 47 + ¥ olaiery 54

A 55U(CE) 71 E AxE #AB3H(CEL, CE2, CE3,
CE4)0] 222 20%(v/v) A7}5to] 24+ dha s AsgshaA] at
T ARl T A 4 9 olsfete] 54 BASIgIrk Table 2),

713 3(CEl, CE2, CE3, CE4)9] At HaEZ 717t 71| 4
Z(coffee vinegar with coffee extract, CVCE)&Z d}o] CE 7}
g g Z+7F CVCE1, CVCE2, CVCE3, CVCE48}t 18519
o AT Ax0] £84 I1FE2 TFH 0¥ 12.60-13.30 °Brix
o]1 dtE 309Y 12.90-13.05 °BrixQt}. # 1] 4]%9] pHE B
8 0¥ pH 4.16-4.2194 =& 10¥9] pH 3.50-3.930F 74
5lar, 30Q0f 0|27 pH 2.99-3.38% 74T AL Wt
T 09 036%CNA4] i 10Y 0.73-2.79%2 Z7}stal B 309
o] 2.67-6.79%0] T&5tgiT}. Wa 30¥o] A w, CVCEL-3
TR = ZJAETT 6.30-6.79%% AlE-5719] A1%29] &4t 4-20%
Aol Agdet A& SRIE O, CVCE4= JAET} 2.67%
2 714 vgE BAE Ags 24 EaE Yo §gt
L d§F 0Y 6.53-6.96 log CFU/mLOY|A] 2 10U 4.50-
7.33 log CFUMLE 55H9] H7lgo] wat Zikto] A+
71 Zpol7) Qllor, ¥a 204 7HA] 4.02-6.18 log CFU/mL
2 2AFY] Aol ERIEou, UE 309 A = 24

Table 2. Viable cell counts and physicochemical properties of fermented product by acetic acid bacteria with different concentration

of coffee extracts for 30 days

Content Fermentation time (day)
0 10 20 30
Viable cell counts CVCE1" 6.710.017*4 7.33+0.01" 6.14+£0.24" ND”
(log CFU/mL) CVCE2 6.53+0.02°* 7.21£0.05® 6.13+0.09° ND
CVCE3 6.96+0.06" 5.26+0.37° 6.18+0.23" 2.31+0.86°
CVCE4 6.62:0.09" 4.50+0.71* 4.02+1.06" ND
Physicochemical Soluble solid ~ CVCEIL 12.60+0.00°* 12.50+£0.00**® 12.5040.00*" 12.90+0.00°*
properties (*Brix) CVCE2 12.70:£0.00°" 12.45+0.07*4 12.45+0.07** 13.10£0.00%8
CVCE3 12.90+0.00* 12.70+0.14® 12.70+0.14® 13.30+0.14°°
CVCE4 13.30+£0.00*" 13.05£0.07*¢ 13.10:£0.00™¢ 13.05+0.07**
pH CVCEI 4.21+0.00%° 3.36+0.08°* 3.08+£0.01™4 2.99:£0.02*
CVCE2 4.18+0.00° 3.50+0.11°*8 3.08+0.06 2.98+0.01*
CVCE3 4.17+0.00% 3.7240.15%¢ 3.18+0.07™* 3.03+0.04™
CVCE4 4.16£0.00* 3.93+0.05" 3.39+0.01°® 3.38+0.01°®
Total acidity CVCE1 0.36+0.00* 2.79+0.00°° 6.000.03° 6.73+0.00%
) CVCE2 0.36+0.00™ 2.060.00™ 5.28+0.05° 6.79£0.17%
CVCE3 0.36+0.00™ 1.34+0.14°° 4.00+0.17® 6.30£0.17%
CVCE4 0.36+0.00" 0.73+0.17°* 2.55+0.00° 2.67+0.00%

YCVCEL, coffee venigar with 7% of coffee extracts; CVCE2, coffee venigar with 8% of coffee extracts; CVCE3, coffee venigar with 9% of coffee

extracts; CVCE4, coffee venigar with 10% of coffee extracts.
DValues are meantSD (n=3).

*Different superscript letters (*%) in the same row indicate significant differences according to Duncan’s multiple range test (p<0.05).
YDifferent superscript letters (*®) in the same column indicate significant differences according to Duncan’s multiple range test (p<0.05).

9ND, not detected.
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#o gEE Apdsls Ao s EALQITh CVCE3Y AS-
UE 309 B 24N A 427F 2.31 log CFU/mMLE
&SI 91T, FANET} 6.30%= CVCEl 9@ CVCE2ET %
A9 a7 AAEY S-S HAth CVCE4= #9] 80| A
=0} T4 F7P SHE A0 S £ Aol
A ollgkE 8E ol8df A9 §-8HES FE5t AT
5N H7HFE 2Eol9S W 2ARFY Al vXe g
Fat 10 T A9 WSE A2 Ao Rl oA
S Hotsty] flsiA AAEUT weka, AD] 5549
7Fs=7t AT Az9] Azo| A ke 7-9% FEORE
6.30-6.79%9] ZAlo] BAE= Aoz BAF|gon 10%2
HA7VFoM e 24N A5 A7t Doju F4=9] ol
g AgS Byt

3.2.2. S|k R L OES EEY W3

A1 4%(CVCE1, CVCE2, CVCE3, CVCE4)2] 7|4,
SEg 9 ofeh2o] gk dhg AdaE oY) 2Ha S(da
309) A& 100 mL & S(g)S WEEE THAF6Ho] Table 3
of Yetidleh. 4714t EA oA = AN ERlE| o] 2AF S
o] ¥F 0¥ 0.26-0.36%(W/v)oA] TE 30 2.72-6.88%(W/v)
2 Z715HA0 g2 Ha 0 7.88-7.93%(w/v)olA] @R
309 8.05-8.36%(WV)E 4% SVt 43S Bt e
S wa 0Y 7.24-7.36%001A Fa 30€0] 0.04-3.29%2
A4stTt o9 22 ATFS CVCE4S At AFo %
AP R TE F2 oeg o] ARglo] ofsf MFE|lon, HHE £
T2 AR A AY o] &EA] gAY A EE F A

=Ho] ghE tgREREH EoE IRV sl ¥R
3090] At & A7 715 A0 & FPErt. CVCE4= ¥a
30Q9 = ofgh&o] 3.29% FHFohe AL EAE QAL Table

29 YR4ot FUE GF 2ARRE 2479 4L
ofgt oSN E 249 Ykl ABIHA YokE A0 B
g,

3.3 FOjF =M Be=S9 /54
3.3.1. gitst 2y
73] AZ(CVCEI-CVCE4)9] gHitsl 242 a A(da
0¥)} HE *(&A 30Y) Al=o] s ABTS2} DPPHY] 2}
HZd 2A5Z 50% Adfct= A4S ICs #Ho2 st
of B} tH(Table 4). Y& 049 ABTS &4 &A5YY
ICsp ZH 18.88-55.30 dilution factor(DF)& # 1] & %=
o] A7FF St wEt Yo' Frtskelth Ua 3049
ABTS 2759 ICs) #S 16.49-43.57 DFE A TRE9]
ICso #to] FHassto] @/do] Tadlh= HFCE YEfth. DPPH
Fd AAS T3 HE 09 2} ICs Fko] 50.18-73.82 DFE
AT 599 J7tF SVt wet foH 0w FISI L
dhg 309 A A HFEE 1ICs Af2 35.09-66.93 DFE 744
sto] E/do] fraske A Eolth 3, An 4x9 ¥R
0¥2}9] TPC T2 1.64-2.31 mg GAE/go|glott ¥a 30
2}o] gefo] AHubH o g 7kAshe] 1.55-2.21 mg GAE/go&
ZAnEo| 71 £ AL CVCE3R RIEQIth(Table 4). &, %
AR T2 of|ehE o] ARSto] ofsf AT, 4hao] EAfs)
o Mg 24 AAE7] ol Hisd SRteE T &
4% A0 & AEH. Kim 5(2013)0] 24 o]F w4 3t
P22 RS EAJ0] Y9l B2 Y 47 &4 g7
I Hustglon, Ao d Hed ES £

_]
K
o} -
IES AT, o159 A7) 2% ANz P4kt 2
9] 4

ek 2 nfo

Table 3. Organic acid, free sugar and ethanol contents of fermented product by acetic acid bacteria with different concentration of

coffee extracts after 30 days

Components Fermentation  Sample
i ) CVCE1” CVCE2 CVCE3 CVCE4
Organic acid (%, w/v)  Acetic acid 0 0.26+0.027* 0.35+0.01° 0.36+0.00° 0.34£0.11°
30 6.75+0.01° 6.88+0.05° 6.45+0.08" 2.72+0.08"
Free sugar (%, w/v) Glucose 0 7.89+£0.01° 7.88+0.00* 7.93+0.01° 7.89+0.02*
30 8.05£0.01° 8.12+0.09° 8.30+0.00° 8.36+0.02°
Ethanol (%, v/v) 0 7.24+0.01° 7.25+0.01° 7.28+0.04™ 7.36+0.04°
30 0.04+0.00°* 0.04+0.00° 0.04+0.00° 3.29+0.00°

YCVCEL, coffee venigar with 7% of coffee extracts; CVCE2, coffee venigar with 8% of coffee extracts; CVCE3, coffee venigar with 9% of coffee

extracts; CVCE4, coffee venigar with 10% of coffee extracts.
DValues are meantSD (n=3).

*Different superscript letters (*°) in the same row indicate significant differences according to Duncan’s multiple range test (p<0.05).

https://www.ekosfop.or.kr

689



Functional evaluation of acetic acid fermentation in coffee extracts

Table 4. Antioxidant activity and lipase inhibition activity of fermented product by acetic acid bacteria with different concentration

of coffee extracts after 30 days

Components Fermentation  Sample
time (day) =
CVCE1" CVCE2 CVCE3 CVCE4
Antioxidant activity ABTS 0 18.88+0.617% 38.90+0.33" 50.30+0.15° 55.30+0.42°
(ICss”, Dilution factor) . \ .
30 16.49+1.62° 34.35+0.33 41.89+0.82° 43.57+0.23
DPPH 0 50.18+1.24° 57.27£1.10° 66.19+1.21° 73.82+1.47°
30 35.09£1.90° 44.90+1.14° 53.59+1.01° 66.93£1.16"
Total phenolic contents (mg GAE®/g) 0 1.64+0.08" 1.76+0.06° 2.02+0.06° 2.31+0.04°
30 1.55+0.03° 1.73+0.07° 1.86+0.02° 2.2120.01¢
Pancreatic lipase inhibition activity 0 12.68+0.08° 14.59+0.08¢ 14.70£0.07¢ 16.56£0.17°
(ICso, Dilution factor) b d ‘ )
30 333.7349.16 362.48+0.46 334.38+7.42° 126.94+0.67°

YCVCE]I, coffee venigar with 7% of coffee extracts; CVCE2, coffee venigar with 8% of coffee extracts; CVCE3, coffee venigar with 9% of coffee

extracts; CVCE4, coffee venigar with 10% of coffee extracts.
IValues are mean+SD (n=3).

IDifferent superscript letters (*%) in the same row indicate significant differences according to Duncan’s multiple test (p<0.05).

MCso value is expressed as the effective dilution factor (DF) at which ABTS, DPPH radical scavenging assay, and pancreatic lipase inhibition activity
were decreased by 50%. The positive control of ABTS and DPPH radical scavenging activities is Trolox (54.47 pg/mL and 18.30 pg/mL at ICs),
and its pancreatic lipase inhibition activity is orlistat (34.63 ng/mL at ICs).

JGAE is gallic acid equivalent and it’s unit is mg of gallic acid in 1 g sample.

3.3.2. gl &y
AT 24t SEB(CVCEI-CVCE)?] guint 248 4

1

gto|fo] A 0] A5l A4S HF H(0Y) TaE F(30Y)o] i
A 554 H7tS gEoto] vy, AvF AT
aE0] A ZAHE 50% Adfol= IAuFE 1ICs #<
Table 4] Yetfiqlch. A" A%9] 7 2to]wo]|A 3 &
AL ICso o2 v|W3FFS o, &g 0 12.68-16.56 DF9|
A U 309 126.94-362.48 DFE 24 SaEo] a4 A
4o 7.67-2632 DFE Z7letoich AUz TE ARE
orlistatZ % Zho]wo]A0] B A A} HAPH 0= HHS5]
A4 7pEeiE AAlste] 249 5 E 82 A5t
RIS 7HAIARE A7) AN Fedt el & REEE &
Hetthar defA Ah(Liu 5, 2020). 2 A-to] AREH orlistat
9] ICsp #F2 2foHo]A0] Al AEE THetslr| Y3t reference
2 ARE L, A 55H HIKF St wet An Az
gtolmlo] A A &2 HHR 0¥l H|oh L& 3084 7.66-
28.598) 7ok Ao & EAE I EYulsS A7 2ol
o|A9 §ASE AAT HIHAAQ] v R Ao, 2
ARZ golHjo| A9 BE Adfste] X9 TleEeiE A
StA sto gHgt §50] Aok EIHETK(Chen T, 2017;
Jang 5, 2021; Ryu 5, 2017). A3 A%+ A 5599 3
7tol wet An] ETHlEo] SEo] UL, A Tao] wt
AYgE AR EAfstof| golHo] A Aol dojid A
o= Wt 53], #7F ghol#lo| A9 AsjE o] 7HY 4

[e]
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P CVCE29] A9, a 302 &) FAHE7} 6.79%2 71
L=31(Table 2), 2AHS] gheFo] 6.88%(Table 3)& AL &7}
o] F8 74 RE ERIFglon, TPCO TF 47t 0.03
mg GAE/g(Table 4)0.2 Atz oz 7} 17| wjio] o]e}t
22 Q10| PFHlut /o] 7IIet Ao w WEETh

A
o

MY

3.33. &

73] A Z(CVCEI-CVCE4)9] P+ A2 AF R+
A& AolleS TE A0Y) TE F30Y)o el s=He H
7V Eefote] T AA 9 A7)(mm)E H] 1 5ko] Table
500 Ueiadet. A 0Y 2] A1 A%+ Table 304 &4
g ARE FRAE B9, 249 o] 0.26-0.34% (w2
20% F2 7] Qs ZAto] AFEUASONE Pt D/ol Y
ERLER] okttt vk, 2AR] BTt 2.72-6.75%(w/v)Ql HE
309 2} Ay AxRE B cereus KACC 1009794 20.33-
26.83 mm, L. monocytogenes KCCM 431550]4] 18.47-26.39
mm, S. aureus KACC 192794 22.04-30.93 mm, E. coli
KACC 1011594 29.13-38.02 mm, S. typhimurium KCTC
11260141 18.82-27.63 mmZ A& G8ia Asjgo] A=A
o}, Azl THE A Pt RHE-2 Al AlE W pH A5t
of ot AAHLAY I} Alxe L Alzek &3] gt
A0E HuE=d|, An 429 gyt S ZAE dEf 93t
24P ST AERE FoliAlRte] 4

g

S Ao a7}
AL Ao 7|EckJang 5, 2021; Woo 5, 2004).
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Table 5. Anti-microbial activity of fermented product by acetic acid bacteria with different concentration of coffee extracts after 30 days

Clear zone diameter (mm)

Fermentation time Sample

(day) 5
CVCE1 CVCE2 CVCE3 CVCE4
Food borne B. cereus 0 ND? ND ND ND
pathogen strains (KACC 10097) - . .
30 26.83+2.16" 26.50+0.35 26.68+0.79 20.33+0.85"
L. monocytogenes 0 ND ND ND ND
(KCCM 43155) ‘ )
30 25.20+0.42° 26.39+0.23° 24.75+0.40 18.47+0.90*
S. aureus 0 ND ND ND ND
(KACC 1927) N b b
30 30.26+0.17 30.86+0.34 30.93+0.43 22.04+0.83"
E. coli 0 ND ND ND ND
(KACC 10115) " b
30 38.02+0.57 37.99+0.44 29.35+0.63" 29.13+0.80°
S. typhimurium 0 ND ND ND ND
(KCTC 1126) b . . )
30 27.13+1.13 27.63+0.28 27.18+0.40 18.82+0.86"

YCVCEL, coffee venigar with 7% of coffee extracts; CVCE2, coffee venigar with 8% of coffee extracts; CVCE3, coffee venigar with 9% of coffee

extracts; CVCE4, coffee venigar with 10% of coffee extracts.
IND, not detected.
Values are meantSD (n=3).

“Different superscript letters (*°) in the same row indicate significant differences according to Duncan’s multiple test (p<0.05).

(i) A71t] 241 BEE WSS BE 717 10
08 i 4, ol3tta EH(584 NI Y, pH
), 7ML Se0g 2 oRe T B A7
HAE %7] 6.53-6.96 log CFU/mLOJA &d 10 A}olA| 7.33
log CFU/MLE Hefo|glom, 309 3} 3 o] Selsix] o
of wag gEsiolch U 302 A2 AR Lage] F4
T CVCE2(8%)A 6.79%=% 7M =9kal, 714 f8d

2 747 24 6.88%(W/v), T2 8.12%(w/v)0] .01, ot
&2 AEHA Gth ANF A LaES] PAISE B

o

CVCE4(10%)014, Bl 3-8 CVCE2(8%)014] 718 £
on), A% gl 630 thet P BAL WA A0 Ano]
A gHo] giglont 24k Ha F B4o] SVt A
5599 G713l wet CVCE3OW)H 2Ake] A% 2
24+ 3450l Z7H0U CVCEA(10%)] 79 Ashe]
Uehgch A 5501S ea ANFY 24 FaEL A
QIR SREAS Feto] A LS Bas
gov}, WAk Bao] 24 WEE Thsls A% Mt
BTl ogg 22 A UE AN Y B4 4ES 2
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