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Production of Concentrated Blueberry Vinegar Using Blueberry Juice and
Its Antioxidant and Antimicrobial Activities

Hyeonhwa Ohl, Sowon Jangl, Hyun-11 Junl, Do-Youn Jeongz,
Young-Soo Kim', and Geun-Seoup Song’

Department of Food Science and Technology, Chonbuk National University
“Microbial Institute for Fermentation Industry (MIFI)

ABSTRACT This study was carried out to investigate the effects of seed vinegar on antioxidant activity and anti-
microbial activities of concentrated blueberry vinegar (CBV). Of the nine strains of yeast and six strains of acetic
acid bacteria provided by the Microbial Institute for Fermentation Industry, each strain of yeast (Saccharomyces cer-
evisiae SRCM 100610, showing the highest ethanol content) and acetic acid bacteria (Acetobacter pasteurianus SRCM
101342, showing the highest total acidity) was selected for production of CBVs. Sugar content, pH, total acidity,
total phenolic content (TPC), and browning intensity (280 nm and 420 nm) in CBVs using concentrated blueberry
juice were 11.05~12.70°Brix, 2.63~2.98, 1.65~5.72%, 3.03~4.24 mg/mL, 0.95~1.50, and 0.11~0.20, respectively.
Sugar content and total acidity of CBVs increased upon addition of seed vinegar, whereas pH, TPC, and browning
intensity decreased. Of all CBVs with various additions of seed vinegar, the control showed the lowest ECsy values
in DPPH radical scavenging assay, ABTS radical scavenging assay, and reducing power (23.80, 19.48, and 79.21
dilution factor, respectively), whereas the 40% seed vinegar group showed the highest clear zone diameter values
for Escherichia coli, Staphylococcus aureus, Listeria monocytogenes, and Bacillus cereus (4.31, 4.59, 5.81, and 3.97,
respectively). Antioxidant activities of CBVs were closely correlated with their TPC, browning intensity at 280 nm,
pH, and total acidity values, showing correlation determination coefficient (R®) values higher 0.82. However, anti-
microbial activities of CBVs were closely correlated with their pH and total acidity values, showing higher R® values
more than 0.92. These results suggest that CBVs using concentrated blueberry juice, S. cerevisiae SRCM 100610,
and A. pasteurianus SRCM 101342 may be useful as potentially functional foods for enhancing health.

Key words: concentrated blueberry vinegar, total phenolic content, food-borne pathogens, antioxidant activities,
antimicrobial activities
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2 AT ARE EFuE FEde 1
Z3H A 20161 8E o A3 EFETH
(10.2°Brix, pH 3.03, total acidity 0.68%)<, F*(seed
vinegar) A|Zol| Al&¥ 9]-0 2 FHEEA dExglA
20163 3ol Ax3 =3-E-Full 2] 2k1(14.8°Brix, pH 2.17,
total acidity 0.45%, ethanol 12%)& AF&3FSIT).

2 Aol A8 TFe deE AT e an
(Saccharomyces cerevisiae) 9% (SRCM 100585, SRCM
100586, SRCM 100588, SRCM 100589, SRCM 100590,
SRCM 100591, SRCM 100609, SRCM 100610, SRCM
100611)3} acetic acid A5l 438 4kt (Aceto-
bacter pasteurianus) 6% (SRCM 101339, SRCM 101340,
SRCM 101341, SRCM 101342, SRCM 101343, SRCM
101344)& ()& an A EAFG 25U (Microbial Institute
for Fermentation Industry(MIFI), Sunchang, Korea)oll A
kol ARgEElTE S It el A AEsE §E
Mltt-& 299 (Bacillus cereus KACC 10097, Staphy -
lococcus aureus KACC 1927, Listeria monocytogenes
KACC 10764) 3&3% %5 (Escherichia coli KACC
10115) 15& =g =AL A (Korean Agricul—
tural Culture Collection(KACC), Jeonju, Korea)ol A &
Firol AL&-3}3lT.

2,2-Diphenyl-1-picrylhydrazyl(DPPH), 2,2’-azino-
bis—3-ethylbenzothiazoline-6-sulfonic acid(ABTS), as—

corbic acid, pyrogallol, gallic acid, Folin-Ciocalteu’s
reagent s Sigma-Aldrich Co.(St. Louis, MO, USA)9I|
4], PDB(potato dextrose broth), NB(nutrient broth), NA
(nutrient agar) ‘5= Difco Co.(Sparks, MD, USA)ll A
el on, o1 ko] AJeFS-e analytical 3! HPLC grades
AFE-3FSI T

=3 M-

BR(S. cerevisiae)x 19HAI(A I, pre-culture) = PDB
(potato starch 0.4%, dextrose 20%) 3 mLell &% 1 W+
ol & HE3te] AEI(28°C, 180 rpm, 29) 2 A X vl %
(28°C, 3¥) st} 29 AI(E v, main culture)® 7 Hj
FN 1 mLE BFHE 2FY 100 mLoll HEshe] e
F(28°C, 150 rpm, 24) ¥ A Xu]k(28°C, 3Y) 3}t

2 =gg] Z=olo] o Bhe uhg o] A 3Hel F = ol ol
B, pH, TAE 2 et S A5t AAstgit

ZA 1 (A. pasteurianus) 19 A2 #55 GYCE(glu-
cose b%, yeast extract 1%, CaCO3 3%, ethanol 3%, agar
2.5%)° - 432171 Fo GYE(glucose 5%, yeast ex—
tract 1%, ethanol 6%) 3 mLoll ZAkt 1 WFo]E HE3)
o] 2l <F(28°C, 180 rpm, 54) It 2&AIZ 2 ul %k
ol 1 mLE of gh-& 6%i 2A¥ A (EFHE FFEd2
A Y eS 1:1 £3D) 100 mLol| HEsbo] X ey
(28°C, 150 rpm, 10¥) 3ttt EFdg] 259 ace-
tic ac1d Hlﬁoﬂ et 2AbtE wgole] g, pH 2 F4t

=EEH2] s Y 242 sSAM= M=
EFAE s5HS EFAE FEHe] F=T7F 27°Brix7t
F=F ik 7FE(80°C, 150 rpm, 3A1ZH 3] A Z3F5 T}
FERE A a5 A g 6 mLE EFHE 559
600 mLoll &3 Fof & wjFste] o eh2 3haFo] oF 11%

o,

NS AAE2(4°C, 5,000
rpm, 15+) ate] A& pelletol] EFHlE] 2F4-& %7}5}@
th 2ibrs JEe EFulE] F5d 50 mLddl 357
219}l 50 mLE E§3te] e (28°C, 150 rpm, 5%1)
sho] Alzakadrh. olwf Y42l g pelletel] 0.1 M PBS
buffer(pH 7.4)& H7lste] FAgE Jo o]& AA4EE
(4°C, 5,000 rpm, 15%) &} bufferE A A3} ). Pellet
of EFuE] HFHE AT Fo o)F FEUAFRH(AD
oz At iLZﬂa]: zA3190om 2AFS AEe B
FulE] ZAFd FEF Q] EFA o o EE 3
=} .J_’\J'E TAFS 27 6%9 1 mg/mLSith
FHlg 55 xE

e o

ol iz

EFHe sFqe F2E 47 0~
40 mL‘%‘ A7vste] & 5371 100 mL7} EA; s o
o X&) ek(28°C, 150 rpm, 10¥) dto] E-FHE] 52
Z gAIFoR silon, o]5e g 54, dilst &4 4
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Gt BYE S Bl BEHE Az AFF F
249 Hotel A Stk dH LR sEAze ¥
A EHe A ARE, Ble 554 %0 Fus % I
B4 2418 (4°C, 13,000 rpm, 108) o] QL 45
g RAARE AHEEAL

olztst™ Ed £
pHE pH meter(SevenMulti, Mettler Toledo GmBH,
Giessen, Germany)& AM&3le] ZA3¢lon, FAEE
Al 1 mLel 0.1 N NaOHE F7}ste] pH 8.3 =t
W7kA] AR E 4SS acetic acid FHFOZ =3
deE g5 ](PAL—I, Atago Co., Ltd., Tokyo, Japan)

2 24390, eSS A8 50 mLE $F7) & ZF381]
A& Z7FY 50 mLE FA4A(PET-109, Atago Co., Ltd.)
£ o] &3t A4t
it 42 53

2 &= DuBois 0(15)91 S Wyste] S48t
AEE A9 celld] ¥ Fo £3J=A(UV-1650PC,

3}04 80 nme} 420
AH-g-3}

Shimadzu Co., Kyoto, Japan)Z& A}-&
nmel| A FFEE S TR
s,

%= dA=54 33E &FH(total phenolic content, TPC)S
ISO 14502-1(16)°] W& o] &3l SAH3UT A8 1
mLol|l 10% Folin-Ciocalteu’s phenol reagent 5 mL& %
7}ahe] 3R7F WS A 7] Fol] 7.5% Nas,CO; 4 mLE A 7}5}
Atk o] HhgAS Shae A 7kE(23°C, 1AIZHAIZ] o
765 nmolA FHEE SAN oA, T H=d =
F2 gallic acidg& EFEARE to] A& mLT mg gallic
acid= YERATH A FA4 o) ALg¥ A% 34 Y=
0.0101X+0.0234(R*=0.99) & gallic acid ¥%='¥ F3%
#hel Ao A AkEste] YER AT

‘—— E
L T=

SHA

SIALSH &M =X

DPPH &t)Z AAL Kano 5(17)9 ¥ES W&o
Aslleh. A1 100 ulol 100 uM DPPHE-9 2 mLE 7}
gho] Aol Al 2087t WESAIZ1 Fofl 515 nmoll A FHEE
=A4sgd o hERFREE ascorbic acid® AREEHS T
DPPH gtjZte] E35E 50% #2A7]E o 283 A5
9] 3] Auf&(the half maximal effective concentration,

e

o

ECso, dilution factor)2 th3-2] 2lof &sle] dojzxl 2}
Al AbEske] dERY AT
DPPH radical scavenging activity (%)=
Absorbancecontrol — Absorbancesampie <100

Absorbancecontrol

ABTS 22 7142 Re 5(18)9] W<
ket A=

ol gatel 2%

30 uLell ABTS 2]z g9 3 mLE 3 7}8}ko]

lo,

HRER

2 i DA 697

Faol A 633F WHEAIZ] Foll 734 nmell A FREE é@
3l o, tHZT 2+ ascorbic acidE AFE3F% k. ABT

gtoizte]l FHEE 50% AaoAl7]E v g Age 44
HlE-(ECs0) & Thr 9] 2ol oJate] dojxl Aol A 4h=3}

o] VeI

ABTS radical cation scavenging activity (%)=

Absorbancecontrol — Absorbancesampie

<100

Absorbance ontrol

SOD frAl &2 Li(19)9] W& o]-&3te] FA3k3irt
A5 300 pLell 1 mM EDTAE &3 50 mM tris—HCl
buffer(pH 7.4, 37°C) 2,650 uL2} 1 mM HClell =21 60
mM pyrogallol 50 uLE #H7}ske] ¥EG(37°C, 158)A171
$o 325 nmellX FHEE SHER e, hET 2= as-
corbic acid& AF&3}4 Tl Pyrogallol® &3 =% 50% 7+
2A7lE d Fagh Az A& (ECs)E thaol 2ol

olate] Boj7 Askel A 2hEare] e

SOD like activity (%)=

Absorbancecontrol — Absorbancesampie

Absorbance ontrol

<100

FYH L Oyaizu(20)¢] HHEE o]&8 %t AJ&E 1 mL
o] 0.2 M phosphate buffer(pH 6.6) 2.5 mL} 1% KsFe
(CN)s 2.5 mLE F7tete] 50°Cel Al 2083 vk-gA Zth

o] "kg-oMell 10% trichloroacetic acid 2.5 mLE 3713}

141 5-2] (3,000 rpm, 10%) & Fo] ASels 239t} of
A5l 5 mloll 75 5 mLe 0.1% FeCl; 1 mLE A 7}s)
o] 700 nmolA FLEE =AY oH, YRTEZE as-
corbic acidE AFE-3FATE e A5 HIlet 53
7k FF o] Atol2 Yehfglem whgdle] Fa Tt
0.57} = vl 2k Al=o] A mE(ECH)-S folxl A
o Al AFE3ste] YERUISITE

0
L
pl

oo
12}

=X
_ o

i 0%

£ paper disc diffusion assay(21)E ©]€3}9}
Hj e Zb %5 § AlRf 1 W5o]& NB 10 mL
3Fo] 2B K(37°C, 200 rpm, 1841%h) 3k Sof H
8-5ko] NAo| =2aginh. 2h o] =2d NA

mm paper disc(ADVANTEC, Tokyo, Japan)

2 el A=E 20 pL A sk AXHILE7C,
—7? o] paper disc 9% A F clear zoneS
st g &2 paper disc diameterd
diameter B &2 AF&E3}A T}

R
o o F

A= =X
dFéOFI
(@)

K (O -SR-S o)
o F

clear zone

Hke A& ste] AL A3E SPSS package
program(Ver. 12.0K, SPSS Inc., Chicago, IL, USA)< 9]

St W FEUAE YERAG 7 AR o] 7oA
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& [X0.05 #5204 one-way ANOVAR EAHE2] 31 Fof
Duncan’s multiple range test® H|a3}lglon, 55+
FHAx olsletd 54 Fakst 9 At o] A
2 Pearson 4#EA S o] 83 @I AR

gression analysis)S A A|sle] HusF3iTh

Zot 2 0%

EEHI2] sZSAX HXE ¢t s22f =AMH2| MY
B 59 e HE 9 6% dweR 2HH
N (EFH Y FFNY EFEFH RIS 111 &3
9] acetic acid ¥&rgol st o|s}ed 52 Table 13 &
th EFuE] A5 9% aRE HEsa 543 daE
ste] BA S o)3std 5442 ) 4.20~4.33°Brix, pH
7} 2.86~2.88, F4F=7} 0.60~ 075% 2 o ekg gafol

3.65~4.10%%tt. G =&} pHE T4 2bo] & UERA] &
ko) FAE= S cerevisiae SRCM 1005857}, ol &k
e S cerevzsiae SRCM 100610°] 7V =4 YeERst
t} o]e} e A= EFAE AFHl S cerevisiae M-
5% 5YUZF WA S th 3% wlRte] L FAkvEE= 1% wvk
olgb= ATH22)et FAFSIITE AR O] dehg Ha Al &
o] wet el Hol7t Qo= ATH23)GE fALF O,
ol& ERo| uEhx HF’Hﬂﬂoﬂ HrEl dgdo] o] &=}
27 wEo= Pkt
NErE 697 FHH Ego
1047 Zaslie] B3 ]ﬁr@@u =
12.07°Brix, pH7} 2.64~3.00, FA4F=7} 0.69~4.24%3 T}
G Fo7 xolE veEhN A &k, A pasteurianus
SRCM 1013427} pHE 7FE Yo A== 7 =4 JEr

_[r,
(e))
on

o

Ahts AEska

B
e FE7t 11.83~
0.

AZFEe AE] @IS ol QQlo|BR oEs:
ta 2 acetic acid a7t Z]EH?F]— WA A &) 5 o]of ke
2 2T sFARY] FRE ARt F2E& 2te S
cerevisiae SRCM 1006103} A. pasteurianus SRCM
1013427} AR A},

T 3
&
E m]i
toh

=ERH|2| sFAx9| ol3tEtH EH

QY AX(S cerevisiae SRCM 100610), A (A.
pasteurianus SRCM 101342) 2 EFH|2] 559 &
sto] Al xg EFHE] sF2 29 o]5t4] 542 Table
29 gy 28T w520 G Tx HUbe] 71
= 271(09)ol+= 13.30°Brixoll A 12.75°Brix® A&
gl o 27110+ 23818 11.05°Brixell A 12.70
°Brix® Z7}8te] 2% H7tko] e dA s A Ho|
2 gkoktt, 39 @ g AF o] JEE control(FE FEH 7}
7)ol 2.25°Brix, % 40% 7H+7F 0.05°Brix 3H4x8}o

A7 ol *7@}*& FEO] A Fo] ZoEATH

= 2.989 4

4 07%7} 27}0}04 pHe} rHE]t )
2 e T2 WUV BESE Havt &dsty 5201]
Sh-%¥l Z2AHto] acetic acidE @o] AAs7] WjEo = #

Table 1. Comparison of sugar content, pH, total acidity, and ethanol content in blueberry juice on alcohol and acetic acid fermentation

with various microorganisms

Physicochemical property

Microorganism Sugar content H Total acidity Ethanol content
(°Brix) p (%) (%)

SRCM 100585 4.23+0.04"" 2.88+0.00° 0.75+0.04" 3.75+0.07"

SRCM 100586 423£0.04' 2.8740.00° 0.63ﬂ:0.04::C 3.75:&0.07::

SRCM 100588 4.30:0.14' 2.88+0.01° 0.66+0.04"; 3.70+0.00"

Saccharomyces SRCM 100589 4.25:0.07° 2.87+0.01° 0.72+0.04" 3.80+0.00°

orovisio SRCM 100590 4.20+0.14' 2.87+0.02" 0.7240.00° 3.6540.07"

SRCM 100591 4.30+0.00° 2.88+0.01° 0.60+0.00" 3.70+0.00"

SRCM 100609 4.30+0.14' 2.88+0.00° 0.69+0.04 ™ 3.75£0.07°

SRCM 100610 4.33+0.04' 2.86+0.00° 0.70+0.02™ 4.10:0.14°

SRCM 100611 4.33+0.04 2.88+0.01 0.660.00 3.85+0.07
SRCM 101339 11.93i0.06: 2.95i0.02z 1.04:&0.01:
SRCM 101340 11.83+0.15" 2.94+0.02° 1.22£0.01°
Acetobacter SRCM 101341 11.83+0.15" 2.98+0.02° 0.93+0.03"
pasteurianus SRCM 101342 12.07&:0.29a 2.64ﬂ:0.01b 4.24ﬂ:0.03a
SRCM 101343 11.87+0.21° 3.00£0.04’ 0.69+0.02"
SRCM 101344 12.00+0.36 2.73+0.19 3.18+1.98

"Values are mean+SD (n=3).

IDifferent letters in the same column indicate a significant difference according to Duncan’s multiple range test (P<0.05).
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Table 2. Comparison of sugar content, pH, and total acidity in concentrated blueberry vinegar on fermentation time with selected

yeast and acetic acid bacteria

Fermentation time (day)

Concentrated blueberry vinegar

0 5 10

Control 13.30£0.00°*" 11.30+0.00"* 11.05+0.21*

10% seed vinegar 13.25+0.07°" 11.15£0.07** 11.00£0.00**

Sugar content (°Brix) 20% seed vinegar 13.00:£0.00 12.10+0.00° 12.15+0.07
30% seed vinegar 13.05+0.07" 12.45+0.07* 12.60+0.00°

40% seed vinegar 12.75+0.07* 12.60+0.00° 12.70+0.00°*®

Control 2.93+0.01* 3.00£0.01 2.98+0.01

10% seed vinegar 2.91+0.00°* 2.94+0.01% 2.92+0.02*

pH 20% seed vinegar 2.87+0.01°" 2.87+0.00 2.80+0.01°*

30% seed vinegar 2.86+0.00°C 2.82+0.01°" 2.71+0.01°*

40% seed vinegar 2.83+0.01° 2.77+0.01° 2.63+0.00**

Control 1.82+0.02** 1.80£0.08"" 1.65+0.04™

10% seed vinegar 1.79+0.02* 1.80+0.04** 2.04+0.08""

Total acidity (%) 20% seed vinegar 2.03+0.02"" 2.90+0.02"° 3.84+0.13<
30% seed vinegar 2.06+0.02"* 3.39+0.13" 5.11+0.13%

40% seed vinegar 2.18+0.02% 3.83+0.15%" 5.72+0.02¢

"Values are mean+SD (n= 3)

)leferent small letters (a-d) in the same column indicate a significant difference according to Duncan’s multiple range test (P<0.05).
Different capital letters (A-C) in the same row indicate a significant difference according to Duncan’s multiple range test (P<0.05).
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A3l &8 713 gallic acid, caffe1c acid, p—coumaric
acid, ferulic acid, ellagic acid, catechin, flavonol, an-
thocyanin, proanthocyanidin 2] t%3k Hl&=4 3t3&E

No] A &aksl 848 controlo] 7Y 3

o] EAskaL

= A

o7 FaFE(5-7).
22 &A% AHEE 280 nmol A+ 0.95~1.50,
420 nmoll A= 0.11~0.200.2 2% H7tgo] 271842

=g sbgol #AGe] 16t L8uI7h 72l B3¢
sHeel 2o ANEAL Wol FHF Ao vehd

om ol F Hug shE I FARE A gl o]
9} e JJrf a8k 7FE(80°C, 150 rpm, 3A17H3te] G =
g 27°Brixi Fole EFHE 559 Az Foll EF
w2 ZHFo= A4 &9 furfural, hydroxymethyl—-
furfural 53 & 23} 3arsl R o s ok

2 SR
7 182} melanoidin(AH &2 = 2l 4)o] YA E
A7) WE oz FebEth(15). o= EF e 2sFell EA8
= FEE, FEobv Al A= 5}@ o AEE]
9] oéﬂﬂ 374 ZFo] Maillard ¥+&, Caramelization W}

, A=A E3E AsAkshukg %3} 22 vEgad gwnk
o] dojyA melanoidine 2 AE 7] njEoz =47
tH(25,26).

.

ofo rfo rl

Table 3. Comparison of total phenolic content and browning intensity in concentrated blueberry vinegar

Concentrated blueberry vinegar

Total phenolic content

Browning intensity

(mg/mL) 280 nm 420 nm

Control 4.24+0.04°? 1.50+0.00° 0.20+0.00°

10% seed vinegar 3.94+0.03¢ 1.300.00° 0.15+0.00"
20% seed vinegar 3.83+0.03° 1.22+0.00° 0.14+0.00°
30% seed vinegar 3.42+0.06 1.09+0.01° 0.13+0.00"
40% seed vinegar 3.03+0.05° 0.95+0.00" 0.11£0.00°

YValues are meantSD (n=3).

Different letters in the same column indicate a significant difference according to Duncan’s multiple range test (P<0.05).
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Table 4. Comparison of antioxidant activity of concentrated blueberry vinegar with various additions of seed vinegar

ECso" value (dilution factor) of antioxidant activity

Concentrated bluebe inegar
HEDeITy Vineg DPPH radical assay

ABTS radical assay

SOD like activity Reducing power

Comparison” 0.08+0.00") 0.34+0.00 0.10+0.00 0.07+0.00
Control 23.80+0.49°" 19.48+0.48° 12.75+0.71° 79.2140.19°

10% seed vinegar 21.62+0.34 17.79+0.44° 14.53+0.50" 77.65+0.39"
20% seed vinegar 18.57+0.57° 17.22+0.55° 34.17+0.00° 74.30+0.44°
30% seed vinegar 15.26+0.92° 15.37+1.05° 42.70+0.24° 66.10+0.67"
40% seed vinegar 11.43+1.06° 11.99+0.64° 46.19+0.95° 52.55+1.14°

YECso value is expressed as the effective concentration at which antioxidant activity using DPPH radicals, ABTS radicals, and
pyrogallols were scavenged by 50%; absorbance was 0.5 for reducing power.
2)Comparison is ascorbic acid (mg/mL) for DPPH radical assay, ABTS radical assay, SOD like activity, and reducing power.

*Values are meantSD (n=3).

“Different letters in the same column indicate a significant difference according to Duncan’s multiple range test (P<0.05).

o= k&g Az
11.43~23.80819] s|Aull-&, ABTS
11.99~19.48u819] Fuj& 2 =
52.55~79.21v9] s &ER FXx HIlFo] TS E
ECso kol ZHz 2.190, 1.6W) 2 1.587}F 3FA31GlT). o 9
e ARE Fx ANl S E F dlsA sEE
Pkt AR EA o Fhko] HAely] Wi o® AdEm, o
= HE=A 31859 phenolic hydroxyl group®} Z¥ut
° 2 A4% melanoidin®] 7Hz 7g g4 0] oL
AstAY HitstES AASHE Fitsl 248 2]
th(27,28). 33 control> DPPH =tz A4 1} g+ 2o
A ksl BAdo] rka &R Bl (ascorbic acid)9]
0.08 mg/mL%} 0.07 mg/mLel| | F3s}+= sk ertsl A4
S ®Bolth Rhde] SOD frAF 42 12.75~46.194 9] 3]
Mulgr o8y Fx HUbge] S7HEE5 ECso #kol 3.6
v 7} F7bskele=d], ol SOD f+AF 44 ¢] pyrogallol] 4k
st A& SAs e EAHA A &4l A pyrogallol
o] 457} A AE = 5Ado] Avk19). wekA SOD #AF &

o

k> olo

o

=]
R
=]

2

Al Mg Bk BRWe 5420 B2 Wl
Zl84E 2057} Zobely] gEoz wvhEh
Bule BEA 20 AFE G ATl e Gt 2

A3} Table 59 2t} EF W2 5524 %9 clear zone
diameter #t-= £ coli KACC 10115914+ 1.96~4.31, S
aureus KACC 192794+ 2.89~4.59, L. monocytogenes
KACC 1076494 3.71~5.81, B. cereus KACC 100979l
A= 2.74~3.97% A5 i Aol Aaglel T2 H7t
o] T/TESFE 747k 2.209, 1.499), 1.574) £ 1.45817}F
F7tete] FAE S} fAbg Aol olef e A=
Au| X 27} E. coli, S. aureus, B. cereus -°l
24E& BYlvheE A7t fAbsiglon, ol A&

S5 Y FH5Axe UAZ 29FEAT] L mono-
cytogenes KACC 107649} S. aureus KACC 192791 i3k
g BAdo] w2 Aoz Yl oo} T2 A= dh
Wy S %7} E coli, S. aureus, B. cereus, L. monocyto-
A= i Alel gste] d &8 e
9]

27

genes =9

= A3@E0) FAFEA T kel Fx XUt wE
A e B FAke g g B4 T2 20%
THEEH 194 2o)E YRS

=EHI2] sSAx0| o|gtetd EMut gitst 3 S &
do| abetd

EFuE 52%9 o34 543} galst @ Pt &
e A4S Pearson A@iEAl o2 AwE A3 (Table
6), Fatst A= F dlE sEgE &5, dWU%(at
280 nm), pH ¥ FA4t=2] A A4 (correlation determi-

Table 5. Comparison of antimicrobial activity value of concentrated blueberry vinegar with various additions of seed vinegar

" 1
Clear zone diameter ratio” value

Food-borne pathogen Control 10% seed 20% seed 30% seed 40% seed

vinegar vinegar vinegar vinegar
Escherichia coli KACC 10115 1.96£0.05”%  2.2240.09° 3.55+0.02° 4.0140.21" 4.31+0.44°
Staphylococcus aureus KACC 1927 3.08+0.32" 2.8940.05" 4.00+0.00° 4.33+0.14™ 4.5940.18°
Listeria monocytogenes KACC 10764 3.71£0.19° 3.86+0.20° 4.86+0.20° 5.84+0.43° 5.81£0.27°
Bacillus cereus KACC 10097 2.74+0.17* 2.74+0.17" 3.34£0.07° 3.78+0.09 3.9740.37°

Clear zone diameter ratio value is expressed as clear zone diameter (mm)/paper disc diameter (mm).

IValues are mean+SD (n=3).

Different letters in the same row indicate a significant difference according to Duncan’s multiple range test (P<0.05).
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