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SENSE FEEL Y SHENEE YalfSAE
Abstract The present study evaluated the cultural and functional characteristics of
six strains of acetic-acid bacteria (AAB), namely, GHUR-A11-2, SR-A24, GY-A26,
GHF-A37, ]JS-B7, and JS-C1, which were isolated from farm-made fermented
vinegars. The six bacterial strains exhibited high acetic acid production capability
via the decomposition of CaCOs;, and they were identified as Acetobacter
pasteurianus based on the 16S rDNA sequences. The initial pH and optimal growth
temperature for acetic acid production were determined to be 4.0 and 30T,
respectively; however, some strains of AAB presented reasonable growth even at
40T. Four bacterial strains (except SR-A24 and GHF-A37) exhibited alcohol
degradation activities of more than 90%. Bacillus cereus presented high
susceptibility to the antibacterial activity of the six strains of AAB. The antioxidant
activity evaluated using DPPH and ABTS was 5-15 times and 45 times higher for
the six strains of AAB than that for the control group, respectively. GHUR-A11-2,
SR-A24, and JS-C1 exhibited higher ACE activities, with inhibition rates of 154%-
175%, as compared to those exhibited by the positive control of 0.1% captopril
(inhibition rate of 138%). Furthermore, the fibrinolysis activity of SR-A24 (93.3%)
was markedly higher than that of 0.5 U plasmin. Four bacterial strains (except
GHF-A37 (75.3%) and JS-B7 (68.0%)), exhibited a-glucosidase inhibition activities
of more than 100%. It was concluded that the six strains of AAB exhibited excellent
physiologically active characteristics, which facilitated their use as seed strains for
the synthesis of high-efficiency functional vinegar by harnessing the functional
characteristics that fit the scientific basis.
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Hho]Q o x| 7ol de] ARREE F83F AFY nEo]
Lynch 5, 2019; Misra %, 2012; Sainz 5, 2016). 3],
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recognized as safe) 32 A. aceti, A. pasteurianus,
Glu. europaeus, Glu. oxydans’t A1&0] AgtH 0 Z2 A}
4% 71 AcKMinistry of Food and Drug Safety
Potal, &9 7]& 4 314, A|2021-69%, 2021. 8. 9).
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oA Az A2E 2AF BE AT AL WL

itk B0l 20184 89 Huok A AEe] wet
S ZAFS AP 95 E2 F79 AUsiet AP
5 7% % Ba4ol hFH L gtk @4 Hud e
o AP ZAFE o8 A% Az FF B4 FHO
24 249 F912 S4TGB Aol B Bk A9
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3 2 ANSE I AR H2E Az Bufeks 5719
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g3t §-842 TEstel A4 BEHS FASHIA Bt
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angiotensin converting enzyme(ACE) #3] &4, €4
&5 4, e-Glucosidase Al &4 50| 5 St
A AL AREREO 24 FAF ZANFO &8 VIR E =0
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2.1. Zit7 AFE5 & 22

2AL WA50] R4 255 WBIA FUE FAH
AU|42(GHR), A129] % AJZ(SR), 2% 449 24
2(GY), AUE $49 AFHZ(GHP), A% 23] An)

AZ(9RFE 2ANF 288 YGC AR (yeast extract
0.5%, glucose 3.0%, CaCOj3 1.0%, agar 2.0%, ethanol
3%, w/v)ell 100-200 pLE spread platingstal °]& 30T
oA 2-3U7F HiFStGich. R FED e A He
FHof CaCOs7F Eof=lo] £ HHclear zone)ol IA 3
4E 6579 AES AR Adstitt old, &
&9 F7]= YAd AEHLE AFE SIS

2.2. i
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A5ttt Zato|HE universal PCR primer$! 27F(5'-
AGAGTTTGATCCTGGCTCAG-3")2} 1492R(5'-GGTTA
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CCTTGTTACGACTT-3')& AR83}al, PCR+ initial
denaturation 5%, 181l 94T A 4527t denaturation,
55C4 6027t annealing ¥ 72CollA 6027} extension
cycle 353] =519}t PCR AHEY] G714 B2 @A
Aof| gJgfsto] A7IMEE 459 I(Kim 5, 2008),
Phylogenetic treex= The National Center for
Biotechnology Information(NCBI, http://www.ncbi.
nlm.nih.gov/)olA Al&5= Advanced Blast Search &
23S B5t9 GenBanko| BE11H E& #5242 47]
MES Hste ASERHE [fATAE B4 %
MEGA V6.0 ©]85}9 Tamura-Nei distance model
3} neighborjoining method®l 2Js| A&=E 245t
HTamura 5, 2013).

2.3 gt ZMFY M YHSY pHUl BE Y25 55

O -
o (=]
2H AR J=Hcolony)= YGC HijAof] =et &,

¥ 22H(10, 20, 30, € 40C)Z 14 wiFotdA 7Y
AO & CaCOs7t ®afi=o] Yehd £ &9 37|(mm)
ZAoto] A 5ol S5t #FE BAAH R Aot
74 TS OAE AYHAE ANESe] £ 2 A
= 2574 A A7 SAskied e 27171 20
m o[ o, AF A5 “++47, 10 mm O ++,
0 mm P¥HS 47, S| S A 'R BIISHA
ot 3tH, %7] pH(2.0, 3.0, 4.00E=2 2AH HAuHZ]
(yeast extract 0.5%, glucose 0.5%, glycerol 1.0%,
MgSOy * 7H,O 0.02%, ethanol 4.0%, acetic acid
1.0%, w/w)ol At H2Hcolony) 1 loopE HE5H9
30COoA 159 HigstHA 39 1HE 0= MEHsto] 35
BEAGCO nm)E 2ANFY BE52 AFHOE XAl
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24 pH =&

oA wiFet 2AF T EE 10 mLE Foto] pH meter
(Orion 3 star, Thremo Scientific Co., Beverly, MA,
USA)E S43I3lth

2.5, M &
247y BT A I8 E 1 mlof 255 9 mLE 3|4
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stof ZJAJ9FQ1 1% phenolphthalein 8 2-3%& Eoj
Y & 0.1N NaOH %3} #Asto] Axjd 89 4
acetic acid(%)= ZHAFSITY.

2.6. ZHMA9 2FE 2ofs 5

ARt ¥3Z Eofse RAH] s, ethanol
assay kit(K-ETOH, Megazyme Co., Wicklow, Ireland)
9] Hhof wel 3= (BioTek®, Gen5™, Winooski, VT,
USA) 340 nmollA &3t E3EE A&t tHBeutler,
1988). 714l ¥FZERE WEoX = AR 2714 &
A (alcohol dehydrogenase®} aldehyde dehydrogenase)
9] g o8 PP ¢IE e F HAZ £}
At Ao+ alcohol dehydrogenase(ADH) &1z
NAD+0] 9J5f of&t&o] acetaldehyde AFStElE T 1(A1)
7} aldehyde dehydrogenase(Al-DH)2F NAD" &4 of 4]
acetaldehyde”} acetic acid AtstEE @4 [1(A2)E &
S NADHY] &9 A2 I 4332 S5t o=
F @A 49 340 nm FFE(BioTek®, Gen5™)<]
Aol (A2-ADZE THitsloitt.

(ADH)
. Ethanol+NAD* ——> acetaldehyde+ (Al)
NADH+H*
(Al-DH)
II. Acetaldehydet ——— Acetic acid+ (A2)

NAD*+H,0 NADH+H*

Z AN A3 A WA AL, (%) = 100 - [(A2
- A1) of sample / (A2 - Al) of control] x 100]°] <
sto] AbEStAT

24 FAEAE fol ARl 1% (Bacillus
cereus &} Staphylococcus aureus)® 1H8*(L. coli
9} Salmonella typhimurium) M=ol Dl AR o] A
Agar THHH(Kim 5, 2003)2.2 EHst3th. & 9 Al
< TSB(tryptic soy broth, L; pancreatic digest of

casein 17 g, papaic digest of soybean 3 g, dextrose
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2.5 g, sodium chloride 5 g, dipotassium phosphate
2.5 g) AAEfAONA 16A1ZE o) HFAIA STt &,
0.6% TSA top agar®l| 0.1%(v/v)E F&3sto] Hutujz] 9
of 91, Z+ 2AH(0Dess0=0.5) HIFH 50 plL& S, 4
%3t paper disc(e8 mm, Toyo Roshi Kaisha, Ltd.)&
ZHEZ T, 30T A 24417 viFetlTt. @22 paper
disc 9ol B¢ Ash & AF(mm)Z 33] ¥HEg 3
T2 E YT

2.8 ELMA9| gt B 24

gt A9 4kst €42 DPPH(2,2-diphenyl-
1-picrylhydrazyl, Sigma-Aldrich, St, Louis, MO, USA)
92171 2753} ABTS(2,2-azino-bis (3-ethylbenzothiazoline-
6-sulfonic acid), Sigma-Aldrich) 987 A7 502 &
Aokt DPPH #27] &762 24 24 A5 0.2
mLol| 0.4 mM DPPH 89 0.8 mLE 7}5te] H4lelA 10
= SRAIZ & 525 nm SR EE S aAE AE
Skith g2t o R Akt AAE S HiRE ARSI

ABTS #&7] &A% 7.4 mM ABTS9 2.6 mM
potassium persulfateg 23sto] 4-29] Qraof 24 A1%F
WAt radicals BAGAIX &, ABTS €982 732 nmO
A &F%=7F 0.700+0.030°] %5 phosphate buffer
saline(PBS, pH 7.4)& 3|4sto] AR&sHict. 3]4€ &
950 pLoll Z47+9] ANt A5 50 uLE 7isto] AoA
10& ¥HSAIZL &, 732 nm S8EE SHsto] ALk,
(%) = 100 - [OD of sample / OD of control] x 100]
of 9Jste] ~AGE AFESIIT

2.9. =9 ACE Xaff 2

ACE(angiotensin converting enzyme) A3 &AL
Zyz+o] zAF ¥R E0] A5 50 pL¥ 450 mM sodium
borate buffer(pH 8.3) 2.5 mLol| %9l 2.5 mM 7]
(Hippuryl-L-Leucine)}& 50 pL 7Fst &, 58 &< 37C
oAl BES-AIH T ©]of 10 mU ACE €9 50 pulE Y1
37TCoNA 4027t ¥HSAIA 1 N HCI 250 pLE 7Fsto] &t
S-S FAA7]2L ethyl acetate 1.5 mLE 7Foto] 30&7t
wHket &, 3,000 rpm & 58I YAl B sto] A5 1
mLE FH3} o] A5HE heat-block 100T 4] &3]
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LE g0 &3f5ta 228 nm %

£ A& g4l S7<4 50
pLE ARESIA T Blanks 849 A71sk7] Ao 1 N HCl
250 plg A7Fsto] ¥hg-E AAANZ & 54U H7tel
Aot ol FA HRFE2 ACE AfAZ g ARgHE
captopril(0.01%2} 0.1%)= A&l ACE Asl 4%
£ ot 4o whet Aitetat.

ACE inhibition rate (%)
=[1-(6-SB/C-CB) x 100]
S: Sampled] T3=
C: Control® &3%=
SB: Sample blank® 3%
CB: Control blank®] 3%

A(pH 7.8) 22 mLof| FEZ=2] 110 mge A-LoIA 14]
7 A sHEA =9 &, oA 2 B84 EES AAGH
oh BAF AFHoE =9l EFY G A XYt ofutd
20 mL # B Ao 50 U/mL EFH &4 1 mLE
Aol HEZ Y4 Fof 30& WA|ste] 23t 7] 8
mm paper diskE &1 Z47t] A R E0] A5
20 pLE FYsto] BESAIFRT 37T 6AIZE o4 v st
HA £ glo] PAEE AE AT FE dRFL
& SHANE R AMSSto] BEIAS st 2
A

Fol A gl Seraue Fug el %2 AL

Fibrinolytic activity (%)
= (ME9] clear zone #7%) / (plasmin?| clear zone
Z17) x 100

2.11. RAZO Sty
a-Glucosidase®] gt A5 e@4olE Aol & g
g AeS AT £ Qo] ¥k E4(e-glucosidase

inhibition) 24Ho & A1) ¢-Glucosidase inhibition
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2 @-glucosidase activity assay kit(Sigma-Aldrich,

Cat No. MAK123)°l4] negative &4 100202 A|72]
D= gHbot] Adle ottt 2 A A5 20
Lo master reaction mix(assay buffer 200 pL +
alpha-NPG substrate 8 xL) 200 pLE ¢33t &%
T 405 nmolA 27] HA405) initialE &5}, o]%
37CoA 208 WHSAZ &, 2T FB=(A405) finalS
=451 tt. FA RO ZE acetic acid(12.5 mg/mlL)
£ ARS5HEY. e-glucosidase inhibition rate(%)+= ©f
23 42 Aoz AArgTt

a-Glucosidase inhibition rate (%)

= [(1 - (Agosfinal — Agosinitial / Agoscalibrator -
Agoswater)) x 100]
Asps calibrator: 20% ¥H§ % calibrator S8 %t

A4os water: 20& ¥hg 3 water 9% %

212 SHx2

EAAE]= SAS(Statistical Analysis System, v7.1,
SAS Institute, INC., Cary, NC, USA)ol| oJst Y LEAE
A(ANOVA)l 98 #HFst3 2™, Ducan’'s multiple
range test® p{0.001 FEoA HSotAH. & HolH
£ meantSD(n=3)2 7|5}t

719 WEAZ(PUE, NS, AR, AR)ZHE 24
Q50| 95t FRE ARe] A8, SAHIEH(CaCOs

st}

1.0%, v/v)ol H7bd DA A Ea] A
Atof| o) £ 3Hclear zone)S A FAS
ol tHTable 1). A€ ZAgHAz 43 A3}, SR-
A249} JS-B7 ANt £ 2] 30 mm O CE

o] 7 435191, GHUR-A11-29F GY-A262 20
mm ©1, GHF-A377} JS-C12 20 mm U|YEo& YR,
223t 6379 AN R FE AMBRE A pasteurianus
CV3(KACC 17058) &9 3K18.2 mm)HEtt A A%
o] Hojytt}. o]t WHL AbHo] Eu|gh xAlo] BhAb
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Table 1. Comparison of acid production by isolated Acetobacter
strains

Acetobacter sp. Clear zone (mm)”
GHUR-A11-2 23.5+0.2%
SR-A24 30.5¢0.1°
GY-A26 24.140.1°
GHF-A37 19.1#0.2°

JS-B7 34.540.2°

JS-C1 18.60.1'

CV3 (KACC 17058) 18.240.19

"Mean valuestSD (n=3).
Means with different letters in the same column are significantly
different (p{0.001) by Ducan’s multiple range test.

Z4(CaC03)S HaflotdA £ 45 390 &1
A(clear zone)¥&= ALE AF 50| 253 55 A

B3 4 thBaek 5, 2014; Ouoba 5, 2012).

A 679 AR 16S rDNA F714 8 £45 B9

J5FA9 . Acetobacteraceae Il &0f= Acetobacter
2 718 99 197] 79 #52] 16S rRNA 4714
< RO & AZEE Fig. 19] Uetith Add 4t
©] NCBI blast] o3t 47142 &4 23, EF A
pasteurianus?t 52 A5dS Y oY type straingl
A. pasteurianus IMG 12622} 16S tDNA 542+ @714 <
0] 99.7% ol LAIetAtKTable 2). £3l, A. pasteurianus
= AR A o] AR EH+= #F(Matsutani 5, 2013)24 4
oA=& Axet Aufd| 2o 7HF Hol Lok #FE

&4 dok(Nanda 5, 2001).

I of
»

me o

3.3 2k0 Mg =7 47

RE YA A A 25 ool HY HEAo] H
7] wgoll 2% 25k dhE ot A Fasith. Bl&/dst
7h B8 ah WA, A Y AR Alkke fdshe
ok &4F 9 §7|A7F ol EARY B4 ao] § HIZHE)A]
7] f&o|tk(Sharafi &, 2010). 571d HaA225E A
A5t 65 AN W& RARE] A6, O 2%

(10, 20, 30, % 40T) 2114 FKAIZ Z3E Table
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A Acetobacter pasteurianus SR A24 KACC 92204P

A Acetobacter pasteurianus GHR A11-2 KACC 92203P

A Acetobacter pasteurianus GHF A37 KACC 92206P

A Acetobacter pasteurianus JS C1 KACC 92208P

A Acetobacter pasteurianus GY A26 KACC92205P

A Acetobacter pasteurianus JS B7 KACC 92207P

NR_104859.1 Acetobacter ascendens strain LMD 53.6

NR_117457.1 Acetobacter ascendens strain LMG 1591

NR_117456.1 Acetobacter ascendens strain LMG 1590

4 NR_118169.1 Acetobacter pasteurianus subsp. pasteurianus LMG 1262 NBRC 106471
NR_026107.1 Acetobacter pasteurianus strain LMD 22.1

NR_117257.1 Acetobacter pasteurianus subsp. pasteurianus LMG 1262 NBRC 106471 strain DSM 3509
NR_117258.1 Acetobacter pasteurianus subsp. pasteurianus LMG 1262 NBRC 106471

NR_042112.1 Acetobacter pomorum strain LMG 18848
NR_114684.1 Acetobacter pomorum strain LTH2458

NR_113546.1 Acetobacter okinawensis JCM 25146 strain 1-35
’—L NR_117714.1 Acetobacter lambici strain LMG 27439
NI

R_113850.1 Acetobacter syzygii strain NBRC 16604

0002

NR_040868.1 Acetobacter syzygii strain 9H-2

NR_113555.1 Acetobacter ghanensis strain LMG 23848

NR_044046.1 Acetobacter ghanensis strain 430A

NR_113556.1 Acetobacter fabarum strain LMG 24244
NR_042678.1 Acetobacter fabarum strain R-36330
NR_113551.1 Acetobacter lovaniensis strain JCM 17121
NR_113632.1 Acetobacter lovaniensis strain NBRC 13753

Fig. 1. Phylogenetic tree based on 16S rDNA sequences showing the positions of six isolated strains and the representatives of
other related taxa. The tree was constructed from an alignment of 16S rDNA from various species using the neighbor—joining method
with 1,000 bootstrap replicates. The bar denotes the relative branch length. The 16S rDNA sequences are identified by their GenBank
accession numbers in parentheses. Symbol: A, type strain; A, 6 selected AAB.

Table 2. Identification of AAB" using basic local alignment search (BLAST) on the GenBank databases

Strains (AAB") Size (bp) The most matched organism Identify (%)
GHUR-A11-2 1,304 A. pasteurianus 99.85
SR-A24 1,319 A. pasteurianus 99.78
GY-A26 1,305 A. pasteurianus 99.70
GHF-A37 1,305 A. pasteurianus 99.85
JS-B7 1,318 A. pasteurianus 99.85
JS-C1 1,341 A. pasteurianus 99.85

UAAB, acetic acid bacteria.

300 YERH U 1443t

w2 25(10, 200))lA HieFet 5 2000). WE/ AAB w5+ A% R%(38-400)2F =2

A, A 2AHES A2 Xﬁ*&é}'“ AZto] dojA & A FFZ0% oVIoIME oltES A ASHAE o 3T

o Ho

[¢]

=

https://www.ekosfop.or.kr

|28 722 GHF-A37E

SHA] FolA A HE 30T A= AJSso] 7H 4519t Ndoye 5(2006)°] &8t A. tropicalis?t A. pasteurianus
A QJstalE= 40T E F& TFE 40T 45CoAME LT = s Bt Qlof
| FS5FAT A8 A% Aol EA AAB #0l TFE, Az Ao 123 d3IE WS 7 78 A
ot Aot 229 A7t Hid vt lthMoonmangmee 9] E§ 7HA7F &0l Aoz JgiHc
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Table 3. Growth characteristics of acetic acid bacteria at different culture temperatures

Treatment  Decomposition of calcium carbonate

Stieins 10 207 30C a0¢
7 days 14 days 7 days 14 days 7 days 14 days 7 days 14 days

GHUR-A11-2 + + - + ++ ++ + ++
SR-A24 - - + + + ++ ++ ++
GY-A26 - + + ++ ++ ++ + ++
GHF-A37 - - + + + ++ - -
JS-B7 - - + ++ ++ ++ + ++
JS-C1 - - + ++ ++ ++ + +
Symbols (size of halo): +++ (more 20 mm), ++ (more 10 mm), + (less 10 mm), - (halo not shown).

34 =J| pHO| M2 =7 Y2

27| pH AA0] 2 2449 B85S AR 8,
30ColA 1597F wiFst 23S Fig. 20 UERHICH
SR-A24, GY-A26, JS-B7, JS-C1& A|€J3t GHUR-A11-2,
GHF-A37 2AHE2 7] pH 4914 wioF 9UHE] AJL0]
¥ 5tAtHFig. 2(C)). 271 pH 29 39041 i 717kt
gaglo] B85 A7 A =5 ithFig. 2(A), 2(B)). FANF
(AAB)9] A=3t AF B4 4 pHe WA Fof 3.0-5.001
o}, ¥kol pH 3 o|stollA = Z AEol= ZAFo] QT
ol ¥TE Y At 583 T2 E U2 T A+E
sl Hotof gt whabA AAE AR E Az} &
A ABAJAE TE FF 20| gold 55 AEshe

Aol HhgAsiha A2t

FANFS: 4T-ET} 2 TAYE AlETo] & alcohol
dehydrogenase(ADH)@} acetaldehyde dehydrogenase
(ALDH)E &3l 24hE 2335t o8] dAEdS w0 Al
Iz gro® wrEste] i iAo FA%tHAdachi &,
2001). A3k FH 842 At AEH AT A
U S FAIsH ] Sl B2 A|A7F AREE7] ol
Z7] B2 AgHoltt. AA 4ol W/do] 719 ok
oA ZARC B A1) Hehgo] ARHA A AE A% &
= 7V "Hek(llleghems &, 2013). IHEE 24t
79| YIS AH[GE RANY AL A2E TEE 45

Aol 83 A #2t Bzt

Ir

¢

LN
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AR 65 2ANFS 27] pH 48 273 HAIA (yeast
extract 0.5%, glucose 0.5%, glycerin 1%, MgSOy -
7H20 0.02%, acetic acid 1%)° 4% €IS H7}ofo
30TONA 12¢ &3 HigstHA 39 7+4
5= AXtetthFig. 3). olwf HatE=
pHE Table 4°] Ue It ZAkto] HiQ
SHIL oA A(EFZ)E R AH|stHA
O O pH7F WoMe A
GHUR-A11-2¢} JS-Cl& ¥ 69
o 96%, 95%% AHE= 4.3%, 4.0%, p
2ol Fgo| BT 2AMER WS
t}. JS-B7 ARFE v 990l €3 4H|5ol
Z A= 5.0%, pH 3.49] B3, GY-A262 HiF 1229
U8 40| 2o 96%z AHE 4.9%, pH 3.68 Leh
It} SR-A249} GHF-A37& €3 &Ml e 45
off vl @AJs] WojA|aL A 4437} o]of WHE pH H3HE
oujsiltt. 919 235 53 ¢E2 4HlEo] AU 9
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Fig. 2. Growth of AAB at different initial pH. (A) pH 2, (B) pH 3, (C) pH 4. Symbol: O, GHUR-A11-2; B, SR-A24; A, GY-A26;
A, GHF-A37; O, JS-B7; @, JS-C1. Data are presented as the mean for 3 independent experiments. Means with different letters

above a bar are significantly different at p{0.0001.
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Fig. 3. Activities of alcohol degradation by isolated acetic acid
bacteria. Data values were expresses as meantSD (n=3). The
different letters represent significant difference by Ducan’s
multiple range test (p<0.0001).
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Table 4. Changes of acidity and pH by 6 AAB strain cultured on liquid with 4% alcohol

Period Parameter  Isolated acetic acid bacteria (AAB)

(day) GHUR-A11-2 SR-A24 GY-A26 GHF-A37 JS-B7 JS-C1

3 Acidity 2.82+0.36°" 1.87+0.19% 1.96+0.07> 1.6240.23° 2.1540.16° 1.99+0.02
pH 3.63+0.08° 3.89+0.05° 3.84+0.02% 3.92+0.06° 3.76:0.09° 3.82+0.02%

6 Acidity 4.290.26° 1.68+0.11¢ 2.71£0.23° 1.58+0.01¢ 3.68+0.07° 3.99+0.23%
pH 3.380.07° 3.88:0.00° 3.630.02° 3.92+0.02° 3.48+0.06° 3.4620.00°

9 Acidity 3.3240.30° 1.75£0.16° 3.88+0.31° 1.63£0.11¢ 5.01+0.38° 3.43+0.17
pH 3.54+0.06™ 3.92:0.07° 3.490.01° 3.95£0.01° 3.38+0.02° 3.57+0.02°

12 Acidity 2.60£0.29° 1.82+0.01° 4.94+0.01° 1.65+0.01° 4.93+0.23° 2.8740.24°
pH 3.84+0.02° 4.19+0.08° 3.59£0.01° 4.1440.03° 3.62£0.01° 3.86+0.06"

"Means with different letters in the same row are significantly different by Ducan’s multiple range test (p¢0.001).

Table 5. Antibacterial effects of AAB against food—born organisms

Kinds Name Clear zone (mm)
Gram pegative Gram negative
B. cereus Staphylococcus aureus  E. coli Salmonella typhimurium
Strains GHUR-A11-2 18.1£0.19? 13.2¢0.1' 16.110.1° 15.120.2'
SR-A24 21.240.1° 15.1:0.2° 17.2¢0.1" 19.3:0.1¢
GY-A26 23.110.2° 18.2¢0.1° 18.10.1° 15.10.2'
GHF-A37 20.3:0.1° 18.1£0.2° 17.3+0.1° 15.2+0.2°
JS-B7 24.2+0.2° 16.1£0.1° 21.120.2° 15.240.1f
JS-C1 25.110.1° 15.2+0.2° 20.240.1° 24.110.1°
Positive control AA-50 27.3t0.17 31.1£0.1° 30.1£0.12 30.10.1°
AA-25 20.2:0.2' 24.140.1° 24.240.2° 22.140.1°
AA-12.5 16.2+0.1" 16.1:0.2° 17.120.1" 17.210.2°
ol Medium 8.110.1 8.110.1° 8.10.1" 8.140.1°

Negative control.

2Means with different letters in the same column are significantly different by Ducan’s multiple range test (p€0.001).
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Fig. 4. Antioxidant activities of isolated acetic acid bacteria determined with DPPH and ABTS free radical scavenging activity (%).
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Fig. 6. a-Glucosidase inhibition rate of isolated acetic acid
bacteria. Data values were expresses as meantSD (n=3). The
different letters represent significant difference by Ducan’s
multiple range test (p<0.001).
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