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Physiological Characteristics of Starter Isolated from Kimchi
and Fermentation of Tofu with Isolated Starter
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Abstract

Sixty strains of lactic acid bacteria were isolated from Aimchi and used as a starter for fermented tofu. Among
the isolated strains, strain KLL-6 showed antimicrobial activity against various pathogens, antioxidative activity,
and viability in artificial gastric juice and artificial bile acid. The selected strain KL.-6 was identified as Pediococcus
acidilactici KL-6 by morphological and physiological tests, including Gram staining, catalase test, and 16S rRNA
sequencing. The fermentation characteristics of tofu with a kimchi ingredient mixture (Control) consisting of
red pepper, garlic, ginger, sugar, salt, jeotgal, and juice of chinese cabbage were compared with those of tofus
inoculated with strain KLL-6 and the kimchi ingredient mixture (TL) or a pre-fermented kimchi ingredient mixture
(TPL) for 24 hr at 37°C. The pH levels of all tested tofu samples decreased after 1 week of fermentation, reaching
3.96 (control), 3.97 (TL), and 4.03 log cfu/g (TPL) after fermentation for 14 weeks at 20°C. Total aerobe content
of fermented tofu increased until 2 weeks of fermentation, but decreased steadily thereafter. The number of
lactic acid bacteria reached 10° cfu/g after 1 week of fermentation in TL and TPL, whereas it took 2 weeks
for the control. The number of lactic acid bacteria in all tested tofu samples reached 10% cfu/ g after 14 weeks
of fermentation at 20°C. Coliform bacteria were not detected in TL or TPL after 1 week of fermentation. The
sensory scores of TL and TPL were higher than that of control in terms of taste, flavor, texture, and overall
acceptability. The sensory quality of TPL was the best among all tested fermented tofu samples.
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Table 1. Antimicrobial activity of isolated strains against various pathogens

Lactic acid bacteria

1)
Pathogens™ v 0376 KL9 KL 22 KL24 MJ 25 M4 M/79  MJ8 M) &
A 12 + + + + - + + + +
B - - -~ — - - + - - +
C + - - + - + + —~ —~ -
D - + - 0 + + - + + +
E - + + 0 + + + — + +
F + - -~ + - - + —~ + +

Da- - ; o < B Sy e
A Listeria monocytogenes, B: Staphylococcus aureus subsp. aureus, C: Pseudomonas fluorescens, D: Escherichia coli, E:

Salmonella Enteritidis, F: Vibrio parahaemolyticus.

Dy positive, —: negative.

of sl FadHE ettt FATS IE F F4 2
ZAF AF AL hydrogen peroxide, diacetyl, bacteriocin,
FAED T& A5t o8 7HA WA Ad T FajAlTE
o] K-S AAFHAY). EEFF= BAA A E dig
A AASE UEH ol BHEAF A=x A starterE AF§-©]
7158 Ao E AAEEJT

olZ Y I EtEAto] CHe LHY

FUol o BFARAM 75S T3E7] AE G
S B2 MY a9 25S Buste A3 9 Aol
2AAE SHste] HFHog Fo =2 § glojof FgF9
AHE B354 BH(18). 3& Aol 53 67FF9 AF
ez} ggate] gk & Table 29 2ok 6%F0) #elit
FE 97 g A weF 7] 10°~10° CFU/mLA 3417k
w ¥ & KL-6(10" CFU/mL)$} MJ-82(10° CFU/mL)E A

3 FFE 25 AEstdt 28 dF KL-69 MJ-82&
AF Mol A7 A3 F oF 10 CFU/mLe] a2
L]'E]rLH _ZH _*‘f_ _'4 =3 qu_g—}‘:_ ]7]- 50]— ;\g_z_z‘sl 2= ol_CL

bl A 3A1ZE A2 & KL-6%F

Abel] HFste] 24X T AT

Fo Was BFs A9 27 #4E 27 10° CFU/mL
(KL-6), 10° CFU/mL(MJ-82)8 3L, s FA|7te] A 73k u}
2t Ad57F 274k, wiE 244204 107 CFU/mL(KL-6),
10° CFU/mL(MJ-82)% UeRHATE ol& Leest No(15),
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Table 2. Survival of isolated strains in artificial gastric juice and bile acid at 37°C

[z
o
ot

o2 Qo
2
o

rlj 0_>L I-"

)

(e}
B
e
N
N
12

)
<t
l"1>'-4 N

e 0z

i

£ free radicaldl] AAY A4S Foslo

w
i
K

Boo g

o o
mﬂm
o ox 9

o 12 -z
nft
o\
B
=2

o & fo hu
e
av
=
o
i)
ox
rlo
&2
0Q
>
>
32 o -l>

o
2o fo iz T oo yd

fo £ Bt

3
=
8,
B
A
olr
Mo
ol\
N
_0|L

fo i T o2 ot |o
ml

Hoor v B = o o i tx
yp M
X2

e o
¥
e o
o
=2
Jo
X,
=t
tlo

£l uN' m{n
_,d
%
Z
ot &
o
iin)

2
=
fr
&
5Y
OH
2
olr

of Mo

YL

o I
x2

mophilus 2 L. bulgaricus % X3
A gaksl g o] 9tk Lind Yen(22)9] ® a1
BFS dehheh. mebd Fe) 48E KL-6

10 20

—o— Growth of the
KL-6

| —— DPPH radicals
scavenging
ability (%)

(%) Aniiqe

0
0 4 8 12 16 20 24

Incubation time (hr)

Fig. 1. Changes in DPPH radicals scavenging ability and
growth of isolated strain KL-6.

(log CFU/mL)

Isolated strains

Incubation time

KL-6 KL-24 M]J-25 M]J-41 M]J-81 M]J-82
v 0 hr 8.96+0.01° 7.54+0.06 6.48+0.01 6.83+0.03 8.72+0.01 8.08£0.00
3 hr 4.70+0.00 ND? ND ND ND 3.05+0.01

‘ 0 hr 454+0.03 ND ND ND ND 3.05+0.01
n? 6 hr 5.37+0.07 ND ND ND ND 4.69+0.01
24 hr 9.05+0.00 ND ND ND ND 8.72+0.01

Y1 Viable cell in artificial gastric juice for 3 hr at 37°C.
:Z)HZ Viable cell in artificial bile acid for 24 hr at 37°C after
YViable cell+SD (n=3).

YND: Not detected.

treatment with gastric juice for 3 hr at 37°C.
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% pH 2 A E-¢] H3}= Table 392} Table 404 B nhe} ), Jung(24)9] AX £A4 %73 t@do] @Asithrt
2t} pHE hET, TS 423 #H(TL)e 2a A 47 %4 15~20 Foll= AEHA s Bael fALE 73
6.39, 641, TS HAF3IY 2427 FEAZ FFo g A &S YA o183 Axs B E F P acidilactici KL-
23 HTPL)E 6062 7HF @itk ¥ 15 B¢ & A 69 Aoz Q3 thddt AFAAEA] Hslel 7]Ad

100 — Pediococcus acidilactici KL-6

9 Pediococcus acidilactici DSM 20284T (A]305320)
100 Pediococcus pentosaceus DSM 20336T (AJ305321)
53 Pediococcus stilesii LMG 23082T (AJ973157)
100 ———— Pediococcus claussenii DSM 14800T (AJ621555)
ﬁ[ Pediococcus damnosus DSM 20331T (A]J318414)
Pediococcus inopinatus DSM 20285T (AJ271383)
100 100 Pediococcus ethanolidurans 7-9T (AY956789)
57 [ Pediococcus cellicola Z-8T (AY956788)
50 Pediococcus siamensis MCH3-2T (AB258357)

[ Lactobacillus graminis DSM20719T (AM113778)
100 Lactobacillus sakei DSM 20017T (AM113784)

Lactobacillus delbrueckii DSM 20074T (M58814)

™

Lactobacillus gasseri DSM 202437T (M58820)

—
0.02

E.coli ATCC 11775T (X80725)

Fig. 2. Phylogenetic analysis of the isolate based on 16S rRNA gene sequences of other LAB.

Table 3. Changes in pH of fermented tofu during fermentation for 14 weeks at 20°C

Fermentation time (weeks)

Group” 0

2

4 6 8 10 12

14

Control ~ 6.39£0.03"** 4.77+0.01"* 4.44+0.02" 4.35+£0.00"* 4.04+0.01°* 3.87£001" 3.70+0.03" 3.99+0.01" 3.96+0.00%
TL 6.41+£0.04"  414+0.00" 4.22+0.01" 397+0.01° 3.81+0.01° 3.80+0.00° 3.72+0.00" 3.98+0.00" 3.97+0.01"
TLP 6.05+0.03"  4.09+0.01° 416+0.02C 4.28+0.02" 390+0.00" 3.91+0.01" 3.77+0.00°* 4.04+0.02* 4.03+0.00°"

DControl: tofu in kimchi seasoning, TL: tofu with lactic acid bacteria in Armchi seasoning, TPL: tofu in pre-fermented Akimciu
seasoning with lactic acid bacteria for 12 hr at 20°C.

Z)Values are means *standard deviation of triplicate determinations.

“"Values with different letters within a row differ significantly (p<0.05).

AValues with different letters within a column differ significantly (p<0.05).
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Table 4. Changes in viable cell of fermented tofu during fermentation for 14 weeks at 20°C

olAE

(log CFU/g)

Fermentation time (weeks)

4)
Group 0 1 5 1

6 8 10 12 14

Control 3.45+0.02°° 531+0.18"™ 597+0.03° 525+0.37"" 4.96+0.18" 3.96+0.15° 3.27+0.08 3.28+0.02° 3.19-+0.11**

TAB"” TL

411+0.00" 606002 658+0.10" 572+0.19* 517+0.17"

4314+0.02® 412+0.10" 3.99+0.15" 3.25+0.05*"

TPL  361+0.01*® 6.13+0.02"* 6.74+0.04** 6.10+0.02"* 598+0.07" 516+0.02** 508+0.00® 4.61+0.01" 3.09-+0.09"*

Control 2.34+0.21%% 461+0.10< 6.04+0.08"*" 4.85+0.00°°

4.4740.09° 4.2840.04°C 3.98+0.02® 3.48+0.01 3.38+0.03"
5.39+0.02® 490+0.18" 4.49+0.42%* 4.02+0.06" 3.45+0.02%"
557+0.01% 529+0.12* 497+0.02" 4.45+0.03** 3.43+0.05™

LAB” TL 253+0.20" 6.60+0.02" 592+001™ 549+0.02"
TPL  260+0.01" 6.73+£0.04™ 6.15+0.11"* 589+0.04°*
Control 2.17+0.01** 161+001™  ND ND

CB” TL 2.32+0.17%" ND ND ND
TPL  227+0.04" ND ND ND

ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND

UTAB: Total aerobic bacteria.

YLAB: Lactic acid bacteria. ?CB: Coliform bacteria.

YControl: tofu in kimchi seasoning, TL: tofu with lactic acid bacteria in Aimchi seasoning, TPL: tofu in pre-fermented kimchi

seasoning with lactic acid bacteria for 12 hr at 20°C.

*Values are means+standard deviation of triplicate determinations.
“'Values with different letters within a row differ significantly (p<0.05).
ACValues with different letters within a column differ significantly (p<0.05).

Table 5. Sensory evaluation of fermented tofu after fermentation for 14 weeks at 20°C

Group” Taste Color Flavor Texture Overall acceptability
Control 2434053 3.14+0.69° 2.71+0.49° 257+0.79° 257+0.53"

TL 2.86+0.38" 3.29+0.49" 3.29+0.49" 3.29+0.95 2.71+0.49"
TPL 3.29+0.49" 3.57+0.79" 3.43+0.53" 3.43+0.79° 3.14+0.38"

DControl: tofu in kimchi seasoning, TL: tofu with lactic acid bacteria in kimchi seasoning, TPL: tofu in pre—fermented kimci

seasoning with lactic acid bacteria for 12 hr at 20°C.

YValues are means + standard deviation of triplicate determinations.
by alues with different letters within a column differ significantly (p<0.05).
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