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Isolation, Identification, and Characteristics of Lactic Acid Bacteria for Production of Fermented Soymilk which Has
Improved Sensory Quality
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Dong-Seob Kim'*
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In order to improve the sour taste and foul odor of fermented soymilk, bacteria were isolated from kimchi
and identified. Of the 89 bacterial strains isolated from kimchi, 3 isolates produced fermented soymilk with
a sour taste and foul odor. The selected bacterial strains R53, R83, and R84 were identified by morphologi-
cal, biochemical, and 16S rRNA analyses as Weissella koreensis. The strain R83, which produced fermented
soymilk having the mildest sour taste and foul odor, was selected for further investigation and named W.
koreensis KO3. The optimum culture condition for the fermentation of soymilk by W. koreensis KO3 was at
30°C for 12 h. When soymilk was fermented under the optimum culture conditions, the viable cell count
reached up to 8.71 x 108 CFU/ml and pH and acidity reached as low as 6.02 and as high as 0.33%, respec-
tively. Twenty-seven amino acids and their derivatives were detected in fermented soymilk. The amounts
of serine, glycine, threonine, alanine, and aspartic acid, which contribute to a sweeter taste, increased
during fermentation. Orinithine, which was not detected before fermentation, increased during fermenta-
tion. Sensory evaluation showed that W. koreensis KO3-fermented soymilk has improved bean, roasted nut,
and sour flavors as well as an enhanced mouthfeel, appearance, preferability, and overall acceptability
compared with those of standard fermented soymilk. With further study and development, soymilk fer-
mented by W. koreensis KO3 could serve as a health-promoting food with favorable sensory qualities.
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Table 1. Biochemical characteristics of the strains isolated
from Kimchi.

Reaction
R53 R83 R84

Characteristics

Glycerol

Erythritol

D-Arabinose

L-Arabinose + + w
D-Ribose + + w
D-Xylose - + +
L-Xylose

D-Adonitol

Methyl-BD-Xylopyranoside

D-Galactose w - -
D-Glucose +
D-Fructose -
D-mannose +
L-Sorbose

L-Rhamnose

Dulcitol

Inositiol

D-Mannitiol

D-Sorbitol
Methyl-oD-Mannopyranoside
Methyl-oD-Glucopyranoside
N-AcetylGlucosamine + w w
Amygdalin

Arbutin

Esculin ferric citrate

Salicin

D-Cellobiose

D-Maltose

D-Lactose

D-Melibiose

D-Saccharose (sucrose)

D-Trehalose

Inulin

D-Melezitose

D-Rafinose

Amidon

Glycogen

Xylitol

Gentiobiose

D-Turanose

D-Lyxose

D-Tagatose

D-Fucose

D-Arabitol

L-Arabitol

potassium gluconate

potassium 2-ketogluconate + w w
potassium 5-ketogluconate

s s +

+: positive reaction, -: negative reaction, w: weak positive
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100

100 Weissella koreensis KO3

& Weissella koreensis (CP002899)
% Weissella kandleri (LC071832)
74 Weissella soli (EU180607)

Weissella cibaria (AB494716)
9 L— Weissella confusa (KT260539)
— Weissella viridescens (JQ805716)

51

100 L— Weissella minor (LC065034)
Weissella ceti strain (CP009223)
Lactobacillus sakei subsp. sake (LC064899)

_|7 Enterococcus avium(LC096212)
58 Bacillus subtilis strain (KT961123)

0.02

Escherichia coli (KT581977)

Fig. 1. Phylogenetic tree based on 16S rRNA sequence of strains isolated from Kimchi. The sequences have been retrieved from
the NCBI, showing the phylogeneti relationships of W. koreensis KO3 and other related microorganisms found in the GenBank database.

The numbers indicate 1,000 bootstrap values for the branch points.

Table 2. Effect of different incubation temperature on growth of W. koreensis KO3 for 24 h.

Temperature Absorbance (ODggo nm)
Q) 0Oh 3h 6h 9h 12h 15h 18h 21h 24 h
25 021+0.00° 023+000° 044+0.00° 078+000¢ 1.38+0.01° 155+0017 16840019 176+0.01" 1.8240.01
30 0214000 024+0.00° 061+001° 1.17+001Y 1.60+000° 1.73+001" 18340019 1.87+0.01" 1.88+0.00
35 0214000 024+£000° 054+0.00° 1.00+£0009 140+0.00° 155+000° 1.64+0009 168+0.00 1.65%0.00"
37 0214000 024+£000° 057+0.00° 1.07+£000% 145+0.00° 158+000° 16940009 1.73+0.00" 1.72+001"
40 0.21+0.00% 0.19£0.00° 020+0.00° 0.20+£000° 0210009 021+0009 0.21£000% 021+000° 0.21+0.00

*IMeans in the same row with different superscript letters are significantly different (p < 0.05).
Values are means + standard deviation of three independent experiments.

2 FAug=A

W. koreensis KO39] & v =9} A7 &7 Y8
3 djFdS MRS #iA]of 1% FE3 & 25°C, 30°C, 35°C,
37°C, 40°C 2= & 24A7F 5 vi%ste] 600 nmojA] &
FE=E S5 HTable 2).

W. koreensis KO32 25-37°C71A] & A5r o, 3-12A|7F
Aolol 4 FAT AL wolv] o) Folis WA ARSE}
Aasto] 2447 A 71 2 S-S et =4,
AZPE BEEE v RS o £ A g 24
< 30°C, 9AIZFLe 2 Ashgict.

W. koreensis KO3Z- 0|23t 22 Wtg £ Al X
A daff 21 gotrr] Al W. koreensis KO3

HeFole Sho] 206k HEStel LEW A7 AFSE &
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A3tA tH(Table 3).

30°Coll A 718 wWhE A& YEhl 12X371A) 2a Pe
o AF47F 8.71 % 10° CFU/MmIE 7HE &qkon] I o] 5o
= A7t B&E 2 A% A4S AT 5 AR
th. o= AEFFHAA FAIE HaF FAE 71E 10° CFU/
mlE Y H= AR 25 9 Az L4 vlast
e o FEFR AXE AT A 242 30°C, 12472
2 At

PHEAE

FH gazgo| A wjekAIztel W& pH 9 4tE 9] 3t
A3He Fig. 2, Fig. 33+ &t} pH 9 A= EAIZE A1t
of mrel foFog Fastgon ArE foHoz FUt
SHe AT BY o)k AT el YKo B
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Table 3. Viable microbial counts (log;o CFU/ml) of soymilk fermented with W. koreensis KO3 at each temperature for 48 h.

Temperature Logio CFU/ml change
0 0h 6h 12 h 18 h 24h 36 h 48 h
15 6.09+002° 761+002° 831+001° 863+003% 877+006° 875+002° 8.61+0.07°
20 6.09+0217  800+004> 850+004° 865+003% 872+£0.02° 872+002° 882+001°
25 6.09+0.02*° 824+003° 865+001° 871+0.03¢ 876+0.05% 869+0.02°  867%0.07°
30 6.09+002°  850+001° 871+004° 871+006° 854+004° 864+002F  863%0.07°
35 6.09+002°  817+001°¢ 862+001° 826+002¢ 812+003° 6.10£0.09°  436+0.10°

Values are means of logyg CFU/ml in soymilk fermented with W. koreensis KO3 at different temperatures.
**Means in the same row with different superscript letters are significantly different (p < 0.05).
Values are means * standard deviation of three independent experiments.

6.5

63

pH

6.2

6.1

] 6 12 i8 24 36 48
Fermentation time (h)

Fig. 2. Change in pH during fermentation at 30°C for 48 h
with W. koreensis KO3. **Means with different letter are signifi-
cantly different (p < 0.05).

035
b
033 b i > & b }
I -
& I
g ox
2
5 o0 |
Q
< 02 |
025 : : - : : :
0 6 12 18 24 3% 48

Fermentation time (h)

Fig. 3. Change in titrable acidity at 30°C for 48 h with W.
koreensis KO3. *°Means with different letter are significantly
different (p < 0.05).

£ R714F AAbol| whet pHE 74T A= F7bstE
AT dAEAT. 53], A3 6X7F Ao WstEo] 7}
Xo* FAom 1 o] 3ol= pH ¥ A== ¢F 6.02, 0.33% F &=

sz0a o]ojzit, pH7]- oF 3.9-4.2, AHE L 0.64-1.12%
ol AP BraF5(36, 37190 HIFA T A A5
Zt7) fi2oll Rt ER9 A7t gle AE S & 4
rt.

32 o

Table 4. Proximate composition in soymilk fermented by W.

koreensis KO3. Unit (%)
Proximate Non fermented Fermented
composition soymilk Soymilk
Mositure 93.98 + 0.06 94.06 + 0.07
Crude ash 0.19+0.01 0.18+0.03
Crude protein 2.91+0.09° 2.7140.04°
Crude fat 1.17£0.02 1.16 £ 0.02
Crude fiber 0.04 + 0.00° 0.01 £ 0.00?

Soymilk was fermented by W. koreensis KO3 at 30°C for 12 h.
Values are means + standard deviation of three independent
experiments.

*bMeans in the same row with different superscript letters are
significantly different (p < 0.05).

Ta A da & 559 dudE-2 Table 40 Ut
4.06%, 23| 0.18%, AL
1.16% 2T A2 2.71%, 247 0.01%2 A 238, 2|4},
T2 Aol 7h QAR 2 AN 24 R0 FHEFES Aol 7t
AT TE T ‘3—‘11‘94 85 2.91%1 A 2.71%= 438}
L, 2452 F$ 0.04%00A 0.01%2 ZastAch 20
WA L frAte] TE e o BafjE o]

% peptide®} ofH|=AbSo] BAHEUS Aoltal Bz,
7\’\4 89 AL GAHF 9] AHAJAES A A (cellulase) ZH-g-o]
o3t Aoz ALRE 26, 40].

o
o
i1
gq,
ot
pi
o
£
[N

3L AT

Tagt FRehda A FRERHY 29 2 4T 2
I3F2 Table 59 Yer ict. dlzFof v]A FFL 7
9] ztol= gilo, TR, A, AY 5o &3k UG
2 0.062%0] A 0.052%= F 16.1% A3ttt o] a2}
ol frAkto] S HA FFdoR TUFE o853

mj2olghe Biet fASHATH36].
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Table 5. Contents of total and reducing sugar in soymilk
fermented by W. koreensis KO3.

Unit (%)
Total sugar Reducing sugar
Non-fermented soymilk ~ 0.72+ 0.032° 0.062 + 0.002°
Fermented soymilk 0.675 £ 0.026% 0.052 + 0.0012

Soymilk was fermented by W. koreensis KO3 at 30°C for 12 h.
Values are means + standard deviation of three independent
experiments.

*bMeans with different superscript letter within column are sig-
nificantly different (p < 0.05).

b AT e

W. koreensis KO3E o] €3l 30°Co| A 12A17F © & 3+
59 obuliett B AN A3t 3 275 oot
FEAEo] A h(Table 6). &a Aoj w3 Lo
SfUlAES fOH O F7h, FastE AFE e
o] P4 ofu]icAl Fo A Levalineo] 22.80 +0.80 mg/100 g
o2 7} E9kon Letryptophand AEE A gtk 18
3 GOk 7HR| = ofu]=AH33] 2.2 L-serine, L-glycine, L-
threonine, L-alanine, L-aspartic acid2 @8 A R} 7}
stglow 53|, glycine o ©oto] ZFstar ATt 4sadt

Table 6. Amino acid content of soymilk fermented by W. koreensis KO3.

(Unit : mg/100 g)

Amino acid Non-fermented soymilk Fermented soymilk
L-Threonine 10.00 £ 1.00° 14.00+ 0.50°
L-Valine 16.00 + 1.00° 22.80 + 0.80°
L-Isoleucine 9.00 + 0.95° 13.40 + 0.40°
Essential L-Leucine 13.00 £ 1.00° 9.00+0.10°
amino acid L-Methionine 6.30 £ 0.58" 490+032°
L-Tryptophan N.D N.D
L-Lysine 6.50 + 0.50% 12.00 £ 1.00°
L-Phenylalanine 18.50+ 0.50° 10.70 £ 0.64°
Phosphoserine 6.00%1.00 5.80+0.25
Taurine 2.00£1.00 2,60+ 0.53
L-Aspartic acid 19.60 £ 0.53? 26.50 £ 0.50°
Non-essential L-Serine 10.00 + 1.00° 13.50 + 0.50°
amino acid & . b a
derivatives Asparagine 4470+ 1.53 35.60+£0.50
L-Glutamic acid 42,00+ 2.00% 51.20+ 1.04°
L-o-Aminoadipic acid 5.40+0.53 590+0.12
L-Proline 11.80+0.76 13.30+£ 1.15
L-Glycine 9.20+ 0.25 13.50 + 0.50°
L-Alanine 26.00 + 1.00° 62.60+0.51°
L-Citruline 1.00+0.10° 7.800.25°
B-Alanine 7.50 £ 0.43? 5.20+0.76°
Non-essential DL-B-Aminoisobutyric acid 6.00+0.53 6.70+0.58
amino acid & y-Aminobutyric acid 55.00 + 1.00° 51.00 £ 1.00°
derivatives L-Histidine 10.70 + 0.64° 9.20 +0.267
L-camosine 40.70£ 2.08 41.00£1.00
L-Ornithine N.D 53.30£2.08
L-Arginine 9730+ 1.16° 1.00+0.50%
L-Tyrosine N.D N.D
Total amino acid 47420+ 0.78 49340+ 0.58

All values are based on dry weight.
Values are means * standard deviation of three independent.

*DMeans in the same row with different superscript letters are significantly different (p < 0.05).

N.D: Not Detected.

http://dx.doi.org/10.4014/mbl.1511.11008
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7} Atk €A alanine®] 7o+ 26.00£1.00 mg/
100 gol| A 62.60 £ 0.51 mg/100 g& 2 °F 2.48] Z7}3} 4
t}. 183 L-arginine, asparagine, L-phenylalanine, L-
leucine©] Zr4&3dto] AALFo] o] 3t Sglotu]| L AES A
U2 oot AS BT % AT

B, 28, HUE, 70§ ol 237} ok
or# A & ornithine[17, 28, 51]9] A< WF Mo
57 9FroL}, ¥ & 53.30 +2.08 mg/100 g FFL
o] 7|&0] gl Edo] f& Fitd A& el 4=
gt 2 AFO arginine®] 97.30 +1.16 mg/100 g A
1.00 £ 0.50 mg/100 g Zr4a3}+=d| o= ZAHF©] arginine
deiminase(ADI) pathwayES £3 arginined L33}
citrulline® 7-$-3}9 ornithine, COy, NH;= AHAISICT L &
24 glew[6, 8], ornithineo] HH Rz Hol 2 HY
#+5 7} ADI pathwayS £ 3| ornithine2 AJAI 3t AY
Z+= k. o] @] o= W. koreensis] ornithine Al 5of &3t
a7k Q1o [59], FF ZAFY ornithined A4 T4 2
St Aol ot AARY 277 Baw Ao Az,

o K

Table 7. Sensory evaluation of soymilk ferrmented with
Lactobacillus sakei 383 and W. koreensis KO3.

- SUAINS | okei383® W, koreensis KO3
Beany flavor 3.73+£1.83 580+1.32
Roasted nutty 267%+1.23 6.53%+1.55
Sour taste 2.13+£0.74 6.40+1.63
Appearance 447 +1.68 6.67 £1.23
Mouthfeel 426+1.70 6.33+1.23
Flavor preference 2.131£1.06 5.80t1.61
Overall acceptability 2.86+0.92 6.00t1.36

All values are mean * SD of 20 replications.
*bMeans in the same row with different superscript letters are
Significantly at (p < 0.05) between two groups.

o whebA ol g B AA Ak} ohA] AAIg pH B A
T 83 §g oluk Al ZutE ETE B u] W. koreensis
KO32 Azxg HaFF= S82A Jsitta 4 AAH,
230 7154 HRel Bha B4o| o o] RelAthE A2
Qee] 1477)5 480 B 71sAo] Uk Ak

o OF
L =

&2 AFA = A FaFFoAY Au]-o]HE HAA]
717] 8l g AL aAEe AAZEE A4S £
9 S4el ot $elH 8950 FF F T4 LR A Abv]-
o|HE AA3HA ¥ 35 (Strain No. R53, R83, R84S
del= Releisict. A2, Fefehd U 168 rRNA §4
A @714 B3 2o ATy 24 dn HEHow 3%
O #F2 W. koreensis TR EH Ut HFTHLO=E o] 359 &
% 714 Al 0|2 HA A4ehs ACE BEEl: Strain
No.R8$3& A% A F52 Agetdon o 23E
koreensis KO3Z W H 34 th. W. koreensis KO3 0] &3}
o 24 FAESE Az on olshehy S4S Fobu
kTt 30°Cell A 1247t HEAFHE o) A7t 8.71 x 108
CFU/mlE 7} A&o] Hojgon, ojuf o] pHE} At 7}
7} 6.02, 0.33%F UEFHQITE Y¥HIEL =5 94.06%,
3 & 0.18%, 2T 2.71%, A% 1.16%, 24 0.01%=
25 A}, ofulieAt 4 23 27%2) ofv| ATt 5
So) SIEiSIch. ke P ofolAto 2 B serine,
glycine, threonine, alanine, aspartic acid o] =715}
A Aol HEHA 49 ornithineo] A4/ = ¢t
W7t QlojA e A8 TaFHo| vl&) BE FEoA
MNAE B7HE 2tk webi #5AAL pH 9 At 118
3 ofu| At XS ATE EU|Z B u] W. korensis KO3
B2 Az HaFRE SREA 7ol ok AZEm
FF AFE T 71548 AR M HohH 2L FH
of AZFAENEL 7|2 AR2AN TE 7H5T Aoz B

o},

e
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