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Abstract

To raise the added value of the fruits of Cudrania tricuspidata, Cudrania tricuspidata vinegar was produced and
examined for its fermentation conditions. Forty nine acetic acid bacteria with resistance against acetic acid, ethanol,
and sulfide as high acetic acid producers were isolated from fermented foods and identified as Acetobacter indonesiensis,
A. cerevisiae, A. orientalis, A. tropicalis, A. fabarum, A. pasteurianus, and A. syzygii based on the results of the
analysis of the 16S rRNA gene sequences. Among them, two GRAS strains, A. pasteurianus SCMAS and SCMAG6,
were finally selected for the production of acetic acid. Optimal vinegar productions were obtained from the medium
containing 40% (v/v) fruit juice of Cudrania tricuspidata and 5% (v/v) ethanol at 25°C for 72 hr. The sensory
panel preferred the vinegar fermented with the SCMAO06 to that with the SCMO0S strain. The radical scavenger
capacity of DPPH was 53% higher than that of the control in the vinegar fermented with the SCMAO06 strain.
The a-glucosidase inhibitor activity as an index of the antidiabetic drug showed 91% inhibition, which is higher
than that of acabose. This study will be helpful for the scale-up production of vinegar with the fruit of Cudrania

tricuspidata.
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Table 1. HPLC analysis
HPLC Gilson 307 piston pump
Alltech I0A-1000 oragnic acids column

Column 78+300 mm(LD. <Length), 9 um
Detector Gilson 118 UV/VIS detector
Wave length 210nm
Mobile phase 0.005 N Sulfuric acid
Flow rate 0.3 mL/min

Sample injection volume 100 pL

Fig. 1. Clear zone of colonies in the GYEC medium with 3%
ethanol. Blue circle, strain with low acetic acid production; red
circle, strain with high acetic acid production.
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Fig. 2. Clear zone of colonies in the GYEC medium with 20%
ethanol. Blue circle, strain without 20% ethanol tolerance; red
circle, strain with 20% ethanol tolerance.
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Fig. 3. Clear zone of colonies in the GYEC medium with 350 ppm
potassium metabisulfite. Blue circle, strain without 350 ppm
potassium metabisulfite tolerance; red circle, strain with 350 ppm
potassium metabisulfite tolerance.
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Acetobacier cerevisige JCM 17273(T) (ABEGS0E0)

Acetobacter cerevisiae LMG 1625 (T) (AJ419843)
Acetobactermalorum LMG 1746(T) {(Al419844)
Acetobactermalorum JCM 17274(T) (ABGE5081)

Acetobacterorfeanensis NBRC 13752 (IFC 13752)(T) (ABO32350)

== | Acetobacter orleanensis JCM TE38(T) (ABS6507E)

= SCMAZO

SCMAZ21

= | sCmazz

SCMA24

== Acetobacter cibinongensis 4H-1(T) (ABO52710)

Acetobactercibinongensis NBRC 16605(T) (4B681085)
=1 Acetobacterorientalis 21F-2(T) (ABO52708)

0
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— Acetobacter orientalis NBRC 16606(T) (ABGS1086)
h SCMA34
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a5 SCMA4S
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SCMASE

o SCMAAT
SCMASA

=] SCMA3A
SCMAZZ
[ SCMA1S
—— SCMAD
SCMAZE
SCMAZD
SCMA1Z

~ - Acetobacter indonesiensis NRIC 0313 Mo.43(T) (AB0O32356)
= Acelobacterindonesiensis NBRC 1647 1(T) (ABGE1067)
SCMA3T

SCMAZ9

SCMA10D

[ SCMAT

SCMAZZ

SCMATS

SCMAB

SCMAZT

SCMA3S

—— SCMA36

B

SCMAZ3
SCMAZ

SCMA4
Acetobacier senegalensis CWBI-B418(T) (AY353035)
SCMA1E
Acetobacter tropicalis NRIC 0312 No.29(T) (AB0O32355)
Acetobactertropicalis NBRC 16470(T) (ABGS1066)
Acetobactersenegalensis LMG 236390(T) (AM748710)
SCMAIT
SCMA1S
SCMA1S
o Acetobacteraceli NCIBB621 DSM3508(T) (X74066)
-| IAcerocacrefaceh’ JCM 7E41(T) (ABBBS0OTT)
= Acetobacternitrogenifigens RG1(T) (AYG69513)
| Acetobacterestunensis LMG 16826(T) (AJ418838)
15

[ Acetobacteroeni B13(T) (AY329472)
z= | Acetobacteroeni LMG 21952(T) (JF793961)

Acetobacter pasteurianus LMD 22.1(T) (X71863)

SCMAG
SCMAS
Acetobacter pasteurianus NBRC 3191(T) (ABGE0026)
2 L'Acerosacmrpomorum LMG 18848(T) (AJ419835)
81 Acetobacter pomorum DSM 11825(T) (JF783971)
| Acetobacter peroxydans NBRC 13755 ( IFO 13755)(T) (AB032352)
) Acetobacter peroxydans JCM 25077(T) (ABGG5082)

o

b

2 Acetobacter syzygii 9H-2(T) (ABOS2712)

= .4 !Acerobacrersyzygff NBRC 16604(T) (AB6S1084)
SCMAZS
-_| Acetobacterghanensis 430A(T) (EF030713)
Acetobacterghanensis LMG 23848(T) (ABE65083)
= ~_| Acetobacter lovaniensis NBRC 13753 (IFO 13753)T) (AB0O32351)
Acetobacter lovaniensis JCM 17121(T) (ABGE5079)
SCMAd4

Acetobacterfabarum R-36330 985 LMG 24244(T) (AM305843)
Acetobacter fabarum LMG 24244(T) (ABGE5084)
SCMAZE
SCMALE

w
i

Fig. 4. Molecular phylogenetic analysis of the strains isolated from makgeolli and traditional vinegar through the maximum Likelihood
method based on the 16S rRNA gene sequences.
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Table 2. Experimental data on the ethanol tolerance, acetic acid content, total acidity, and potassium metabisulfite tolerance of the acetic

acid bacteria isolated from traditional fermented food

Ethanol tolerance

No. (halo sizefcolony size, cm) Acetic acid content(%) Total acidity(%) Poﬁ:}gi;lfg%%%;tofg?ce
10% 12% 15% 20%

SCMAO1 1.65 1.50 1.20 1.70 1.40 1.58 1.89
SCMAQ2 1.55 1.80 1.70 1.95 2.00 221 1.60
SCMA03 1.73 2.00 2.05 1.95 3.95 5.10 1.47
SCMAOS 1.46 1.78 2.00 229 6.18 7.56 172
SCMAO6 1.50 2.30 2.05 270 6.83 8.88 2.08
SCMAL6 1.52 2.00 1.74 2.00 4.55 59 1.88
SCMAL7 145 1.50 2.00 215 3.90 504 1.51
SCMAIS 1.56 1.74 1.74 1.72 4.12 5.36 223
SCMA19 1.40 1.57 1.95 2.00 428 498 1.93
SCMA23 112 2.15 1.96 1.95 357 479 173
SCMA38 1.33 1.50 127 1.20 113 1.45 2.09
SCMA39 2,74 240 211 248 2.05 2.84 2.07
SCMA40 2.37 220 225 273 1.92 271 1.51
SCMA47 2.69 217 2.00 2.80 0.88 1.81
SCMAS53 2.86 2.14 243 267 0.19

=3

- ": F . = 3_
YO SRR T TR T I
1 5 % i it a i

Concentration(%)

Fig. 5. pH change in the fermentation solution at each
concentration of the fruits of Cudrania tricuspidata. B, Cudrania
tricuspidata+SCMAS; [, Cudrania tricuspidatatSCMASG.
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Fig. 6. pH change in the fermentation solution at each fermentation
temperature. W, Cudrania tricuspidatatSCMAS; [, Cudrania
tricuspidata+SCMAG.
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Fig. 7. pH change in the fermentation solution at each
concentration of ethanol. WM, Cudrania tricuspidata+SCMAS, [,
Cudrania tricuspidata+SCMAG.

b= Cydrania tricuspidata +SCMAS

= Cydrania tricuspidata +SCMAG
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Fig. 8. pH change in the fermentation solution during the
fermentation period.

Table 3. Sensory characteristics of vinegar

No. A pasteurinus SCMAS A pasteurinus SCMA6
Color 354 £ 0.66" 369 + 063
Flavour 3.46 £ 0.66 412 £ 0.63
Sour taste 3.85 £ 0.74 4.17 £ 057
Overall preference 3.82 £ 038 450 + 073

U5 point Likert scale: l-extremely dislike,5-extremely like, 25 point Likert scale:
l-extremelylow, S-extremely high. Each value represents the meantS.D

4817t 0] A=} pH7L 40744 7hAdta, 1ol tE 2w
o] S7kek el S7k 2‘% g 4= 9llem, 72417t
£ pH 347H4] ZHAste 21 2918t ti(Table 4). Ha
oxel Fme ARt wWE zkol7t A9 ik

oSS SN
nAyEes 545

Table 4. Physicochemical and microbic properties of vinegar

Sample Period . Acidity op. ~Total acrobic count  Pathogenic
P hou) P (%) (log CFU/mL)  microorganism”
0 47 014 70 486 ND?
) 24 43 018 70 526 ND
vinegar
48 41 020 70 6.26 ND
72 34 064 65 7.69 ND

DPathogenic microorganism : £ coli Samonella. spp, E. coli O15TH1, Listeria
monocyrogenas Staphylococcus aureus, Clostridium perfiingenes, Bucillus cereus
IND : Not detected
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Fig. 9. Free radical scavenging activities of Cudrania tricuspidata
vinegar.

B, control; [, vinegar; i, (+)-a-Tocopherol(1%). The data
represent the mean+SD of at least three independent experiments.
Different alphabetical letters mean significantly different at p<0.05.

—
=
=

8140

7531

=
=

687

=3
=

312

.
=

o-glucosidase inhibitory activity(>a)
w
=

=}

Acarbose Ohr 24hr 48hr 72hr
1%

Time of fermentation(hour)

Fig. 10. a-glucosidase inhibition activity of Cudrania tricuspidata
vinegar.

M, control; [, vinegar; [, acarbose(1%). The data represent the
mean*SD of at least three independent experiments. Different
alphabetical letters mean significantly different at p<0.05.
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