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Identification and Fermentation Characteristics of Lactic Acid Bacteria that
Produce Soy Curd With Low Sour Taste

Su-In Kim, Min-Gi Jung, Seung-Min Lee, Moon-Sun Kang, Jong-Hwan Seong,
Young-Geun Lee, Han-Soo Kim, Hun-Sik Chung, and Dong-Seob Kim*

Department of Food Science & Technology, Pusan National University

Abstract

The acidity of soy curd fermented by lactic acid bacteria is a major factor degrading the sensory properties of soy
curd. For preparation of soy curd with low sour taste, lactic acid bacteria were separated from kimchi. The lactic
acid bacteria which showed yellow-clear zone around the colonies on BCP plate and formed soy curd with low
level of acidity were selected. The selected strain was analyzed by 16S rDNA sequence and named as Pediococcus
inopinatus Y2. The maximum viable cell number of the soy curd fermented by P inopinatus Y2 was obtained at
10.73 log CFU/mL at 25°C for 24 h of fermentation. By the results of panel test, the overall sensory quality of the
soy curd produced by P. inopinatus Y2 was higher than that of Leuconostoc mesenteroides No. 4395 and Lactoba-

cillus sakei strain No. 383.
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F-2(Anderson et al., 1999; Setchell & Cassidy, 1999),
21748 A A S (Setchell & Cassidy, 1999; Tsai et al., 2014),
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I 5 ook AETE 715 7HA AL AE genistein (5,74
trihydroxyisoflavone) % daidzein (7,4-dihydroxyisoflavone)<
UE A §Hgol EobA] e AA 295 YERATH(Franke
et al., 1994; Adlercreutz et al., 1995; Horn-Ross et al., 2000).
TE = AF AR 74 5A4ES Astelr] f13 a3
A & 57 (bioprocess) > Z(Sanders, 1998; Hsieh & Chou,
2006; Wang et al., 2006) F-2] FJAEol 23t Wg= oA
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1967; Liu et al., 2006).
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AEE ZAAFE 16S 1DNA §7] AE 2Ao=
Nom, WA genomic DNAS] FZE-2 chelex bead
0] 88}4] boiling-method 2 8 3}51Th. Bl E2] 16S
RNA %A= universal bacteria primer$] 27F primer (5-
AGAGTTTGATCMTGGCTCAG-3) % 1492R primer (5-
GGYTACCTTGTTACGACTT-3)E AF&3}4] Life Touch
thermal cycler (Alpha Laboratories Ltd., Eastleigh, UK)<l
A FF &4 A4 wREPCR)d o8 FEF Atk PCR
2FE-2 QIAquick PCR purification kit (Qiagen, Valencia,
CA, USA)Z AA|SIL Solgent (Daejeon, Korea)oll 2]Z|3]
A7 E A4S 3L, nucleotidesequences= GenBank
o tlolg o] 2ol A o]§ 7hs et BE D H| L E T
EE ME2 A€ ts A E(multiple alignments)yS ¢
CLUSTAL X (version 1.81) Z2 78 0 & AANE| A v W&
A7IM Do FAMIS phylogenetic tree oA Z181% A
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(Kim et al., 2011)9} Lactobacillus sakei strain No. 383
(Kim et al, 2011)°] &3] @ad Aid FF A=, &
A A= UV@EE AzE it TF AR Jé
7}51 ATk Zikt FH ASE 30°ColA 24417 HEAR]
F #CA 2447 Aol Aol Ageidon B
7k 1981614 234 Alole] QTS A1 11%el 9
g Warew ANa. Bzl PR Bl 7%
£, 5 VAUEE), 2, 4 A A7k 2 A e
A5E ol g2ow WP W7k A 0d BAwe
2 2 W, e B4 FEO-FER 3 24T
% 9tk 1= rkssithe Wb Rlen A B7h
3o A2 %17]-0]_0:] o] =2 B3 HALS 1o
2 o7 9UoR P45 Vol T A0 Hald AN}

—_—

il

0

It

My

1t

p

R ZREH 228 Hikrel MY
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Qake MBS AET
=

© B 28 HE A

04 I oud 33 E HziﬁE}(Aoyama et al, 2000). SE=s
W 24 oA EeE 584 tiF D2 bromelain
T 43} AstE YERdH(Fuke et al.,
&L= subtilisin Carlsberg®t -2
] B a4 7F 11S 259 subunitol] g5k A

fragmentZ A ¥A| 7] fragment®] F7t= 3|
o] fEE T gEA tk(Inouye et al., 2002). Wk
Al BAibto] YA she T e nAES] Tl 3

<

% Ast Agos Bt

MY D= RS =H

At T A= T 7P 92 AE A Alse] A
At Y2E 168 1DNA €714 9E4 Z#E= Chromas
program©. 2 &R135}3L GenBank BLASTOA] 1.2 kbp ©]/d<]
dlo]E & Genetyx program= 53l sequence match 31T}
1 A3}, Pediococcus inopinatus = €1 = 3L Pediococcus
inopinatus Y22 Y383l A'E-8H AAI= Fig. 1914 LERY
AT}, Pediococci= P acidilactici, P argentinicus, P cellicola,

Table 1. Acidity values of soy curd fermented by lactic acid
bacteria

Strain Acidity Strain Acidity
Al 1.016+0.040 S2 0.844+0.023
AS 0.868+0.010 T8 0.892+0.008
C7 1.000+0.016 V2 1.215+0.020
C8 0.663+0.022 V5 1.274+0.030
F6 0.551+0.007 V9 0.675+0.024
Gl1 0.859+0.011 V10 1.274+0.043
H3 0.764+0.013 X1 1.344+0.002
J4 0.887+0.006 X10 0.653+0.004
L4 0.767+0.020 Y1 1.037+0.014
R6 0.915+0.028 Y2 0.517+0.008

*Each value is Mean+SD (n=3).
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[ KMO005147 Pediococcus acidilactici
MF423812 Lactobacillus paracasei
——— NRO041458 Pediococcus siamensis
LC145572 Pediococcus inopinatus
—[ Pediococcus inopinatus Y2

NR115172L bacillus sakei

NR126253 Lactobacillus helsingborgensis

NR116443 L lactis subsp. tructae

— M25588E. coli

'—— NRO044853 Vibrio cholerae

—— NR_029041 Weissella koreensis

L— NR_040817L oides subsp. dextr

—— NR_042394 Lactobacillus plantarum

L— NR115534 Lactobacillus casei

Fig. 1. Phylogenetic position of P. inopinatus Y2 which produces
fermented soy curd products on lowest level of sour taste.

P claussenii, P damnosus, P ethanolidurans, P. inopinatus, P
lolii, P parvulus, P pentosaceus, P siamensis, P stilesii, P
acidilactici, P. inopinatus, P. parvulus, P. pentosaceus, P.
stilesii & & 12508 Q0] S5, ST H, AL
(silage)e} 72 H#L 7 A &0 Wyl Hoste Aow &
14 S tH(Holazpfel et al., 2009). ©12A| Pediococcus sp.7t
o] 7] a el FHASA T A FA] Hnkel A starter= €]
82 uulslt}. Pediococcus sp. & starterZ E-&3= H
= F2 X Zo|H(Castro et al., 2015), °|FA = F 714
o5 P acidilactici®t P pentosaceusTHo] 5AF &/ 9
AH8-E 31 9 tk(Fuquay et al., 2011)

P. inopinatus Y2 Ms}sle -SEfEIA] 24

P inopinatus Y2°| A }eHA - Pt £A Az} P
inopinatus Y2 glucoseZF-E |4 Sl EAE AAEIA] &
kom Tg A, TheetelA s oE AFEIAT B3
Fig. 2= P inopinatus Y2°] SEM A AFZ 48]
FEE AFL = AUt o|H & P inopinatus Y2 574
& Pediococci® AFAQ) 547 X o= AHE BT
(Holazpfel et al., 2009). Weissella sp. 2 Leuconostoc sp.2}
7+e o) utg #2kof(heterofermentative lactic acid bacteria)

WD27.1mm 15.0KV x3.0k 10un

B

Fig. 2. Scanning electronic microscopy (SEM) of P. inopinatus
Y2 which produces fermented fermented soy curd products on
lowest level of sour taste. A: SEM magnification of x3,000, B:
SEM magnification of x5,000.
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Fig. 3. The growth curve of P inopinatus Y2 in MRS broth.
The graph presents the averagetstandard deviation of three
independent experiments.

I dF ZHAFE EE=F oA hexose monophosphate T
pentose FEE Eal - FEE] 3, o]iksteka Bl gk
28 AAEA R Swretococci, Pediococci, Lactobacilli S-&
EEgozyE 24 445t Aow dud dn
(Holazpfel et al., 2009).

P. inopinatus Y22| =& H{QF =74

P inopinatus Y22 A7 4 600 nmoA FHFE=E =
gste] 238t Fig 364 Hojxl= 22 o] 30°Co
A viFE P inopinatus Y2 = 717 WEEA] 7)ol EE-E)
o™ 12A17 A FF =) 1,00 =23} P inopinatus
o] kA9l A AYFLEE 30-32°ColH H) S 7He
3k 2= = 37-40°Co] th(Holazpfel et al., 2009).

P. inopinatus Y25 0|&%5t &7 FH=0| M=

P, inopinatus Y2 &3l Wa¥ FF HAEZ=+= Fig. 4014
oA = ZIATH 20-30°CellA 24417 Bl AT 10 log CFU/
mL o]4e] =& AHFE Hon 3000 LA A
F7t 7P wEA SVt P oinopinatus Y22 HEE
TR A= A Aare] s 25°CE 2447 ¢
10.73 log CFU/mL= el &3 p inopinatus Y29]



246

11
- SeB-g- . _
2 10 > Ny = ‘B
= A ~
g 9 /l e [ -0
1 . TEAA. et cocee 4C
E 3 }(‘ e * ......... -‘x--\-'ﬂ"" — 20T
P e R T
EREEP /A e S x
H ”((. = 30T
E 6 =H= 35T
> s
4 1 1 1 1 1 1 1 1 1 J
0 12 24 36 48 60 72 8 96 108 120
Time (hr)

Fig. 4. The viable cell counts in soy curd fermented by P
inopinatus Y2. The graph presents the averagetstandard deviation
of three independent experiments.
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Fig. 5. Changes of pH value and titratable acidity of soy curd
fermented by P. inopinatus Y2. The graph presents the average+
standard deviation of three independent experiments.

F 3L ZLolA Al 54 4°C
= ¢ AHHeR FUHg wh 35°C
Aol A== d3E gl
°|= P inopinatus®] HW| A 753 227t 37-40°Ceh
3(Holazpfel et al., 2009) &e1zl =X} Fol HFa}
of IR Al G W 2R A" A FEE BT
P inopinatus Y22 0|88 £7 7{=2| pHRt MHAIL
o Hst

P inopinatus Y20 ¥EE T A== Fig. 53 7] 30°C
oA 2427+ Fot wE Al AFEE 0.52%, pH 5.6 YER)
AT} P inopinatus Y20 o8l HEH F{ A=e Ay
?l LAB w7l H|3l| At=7F 23 pH7F 52 AHE
Atk 7180l AN ARHIJAD ZAF T/ A
(Leuconostoc mesenteroides strain No. 4395)¢} H| L A] 9]
W alwol 2 pHE Hols Ao ® yeRthKim
et al., 2011).
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Table 2. Analysis of chemical components in soy curd fermented

by P. inopinatus Y2 Unit (%)
Component USM SPY
Moisture 93.98+0.06 94.05+0.03
Crude ash 0.23+0.01 0.32+0.07
Crude protein 2.90+0.08 2.80+0.09
Crude fat 1.17+0.01 1.13+0.02
Crude fiber 0.04+0.00 0.02+0.00

*MeansSD of triplicate experiments.
USM : Unfermented soymilk, SPY : Soy curd fermented by P. inopinatus
Y2

Table 3. Sensory evaluation value of soy curd fermented by
lactic acid bacteria

Sensory score
B

4.45+1.51
5.00+1.73
7.00£1.79
5.094+2.30
3.18%1.94

Item
A

5.27+1.35
5.09+1.87
5.55+1.63
5.55+1.97
4.00£1.61

C

6.00£2.00
3.64£1.96
2.09+1.51
5.91£1.97
6.45£1.57

Colour/appearance
Beany flavor

Sour taste

Texture

Overall acceptability

A: soy curd by L. sakei strain No. 383

B: soy curd by Leu. Mesenteroides strain No. 4395
C: soy curd by P, inopinatus Y2

Means+SD (n=11).

Co

USE 57

P, inopinatus Y20i| 2|5l &
P inopinatus Y22 A ZH
A9 4
Y20l o5 WaE T ARL FiE, 2T,
B A9 FA4 Ayt 2 Afol7t glonv 3
vl Al 2AE 2R A 0.04£0.00010E 7

A=

[
A=)
T

Table 304 RJA]=0] P inopinatus Y29 <]3|
T A= B4 59 WM Lo osakei strain No.
383, Leu. mesenteroides strain No. 4395l oJ&f Wa ¥ F+
+ A=EY dAvtdo=w £ H4E Byt 1 T 54
AER Wriek F vy, Ame] SEo A= P oinopinatus
Y2°l oJs] HRH FH/ A=TF 7P ofetA =AA = AL
2 Yesta AAQl Bre] 7|3 %= L sakei strain No.
383, Leu. mesenteroides strain No. 4395 oJ&f] W& ¥ F+
H ARG 22 ATEE Hole oz IRIFUL &
3] A7 © 2 AE R P oinopinatus Y20 2]3) 2
T A= 7P Al wAR = A A Ahee)
pH AdoA BZEHAG Aol 7|18t 2 Atwel =
= pHell ofaf 7Hg @& Aluks Hol= Ao 2 Alg .

AT v A=
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= #54S Adslke 8 89o=® zhgsto] AF9
IR oA 7] HA] sttt & AYoAMe= T/ A=
g A S =Y T e S AAEREH 28
st AEE #F5 o] &3 ARE Ff ASE Az
ok HE AEE Z2AE29 16SDNA 9714E 2A&
F31 Pediococcus inopinatus=. 53 =3 P, inopinatus

Y22 WEIE T P inopinatus Y2 30°COlA 8l Al
7V WA 1ol o2 A0 Uekkon 25°ColA
24 N7 2F A 10.73 log CFU/mMLS] H) AH#4E B
t}. P inopinatus Y20 98 @&8 FH Az A5HA
A3} L sakei strain No. 383, Leu. mesenteroides strain No.
43959 o3l WEHE FH A=RTE MR Vst &
2 AoE YEyt=d olegt A5 EWE P inopinatus
Y22 WRE T Ase AF gl o] & &+ ds A

SEREELES

HAlel 2
2 dFe FAsta 7| 2R dAdd)el o8
P8 A7ARIY
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