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Three lactic acid bacteria (C-1, K-3 and T-1 strain) were isolated from Nuruk, and characterized subsequently. They -were
useful strains for production of lactic acid and their growth was inhibited at 10% ethanol, pH 4. These strains were identified
as Lactococcus lactis subsp. lactis NR C-1, Leuconostoc mesenteroides subsp. mesenteroides NR K-3, and Pediococcus
pentosaceus NR T-1, respectively, by morphological, physiological and biochemical characterization. Lac. /actis subsp. lactis
NR C-1 showed the highest lactic acid productivity. Leu. mesenteroides subsp. mesenteroides NR K-3 showed stable lactic
acid productivity and its growth was inhibited at pH 4. P. pentosaceus NR T-1 had lower lactic acid productivity than the
other two bacteria, but it could not grow at 10% ethanol, pH 4. The lactic acid productivity of these three strains in MRS
broth were higher than that in Skim milk media. The optimum pH and temperature for the lactic acid production of the three
strains were 30~ 32T and pH 6.0~ 6.8. Glucose was the optimal carbon source for the lactic acid production. In terms of
antagonism, Lac. lactis subsp. lactis NR C-1 showed somewhat inhibitory effects against some Gram positive rod and cocci
such as Lactobacillus brevis and Streptococcus mitis. And Leu. mesenteroides subsp. mesenteroides NR K-3 showed the
inhibitory effects against Strepfococcus mitis, but P. pentosaceus NR T-1 didnt show any inhibitory effects against tested
strains.

Key Words : Lactococcus lactis subsp. lactis NR C-1, Leuconostoc mesenteroides subsp. mesenteroides NR K-3, Nuruk,
Nuruk lactic acid bacteria, Pediococcus pentosaceus NR T-1
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Z phenylethanol sucrose agar(9, 10)E Al&3}9low, AA
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olgZxhdE o} FAK11)S AESY] Y3 glucose-NaN3-CaCOs
agar(1% tryptone, 0.5% yeast extract, 1% glucose, 0.02%
NaNs, 0.5% CaCOs, 1.5% agar, pH 6.8)2} MHM-CaCOs
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Table 1. Composition of MHM-CaCOs; agar medium.

Tryptone 100 ¢
Yeast extract 70 ¢
Beef extract 20 g
Glucose 50 g
Fructose 50 g
Maltose 20 g
Sodium gluconate 20 g
Diammonium citrate 20 g
Sodjum citrate 20 g
Tween 80 20 mL
MgS80, - TH,0 02 ¢
MnSO, - 4H,0 005 g
FeSOy4 - 7TH,O 001 g
Mevalonate lactone 0.03 g
Cystein hydrochloride 05 g
CaCO; 50 g
Agar 150 ¢
Ethanol 40 mL
H,0 960 mL
pH 54

i 78 MRS HjA=2 GH& =% F,
233 %7 (Pharmacia LKB-Biochrom 4060)E A}&3}a]
660 nmol|A FJE(O0D)E A3t BAYCH

2 MMM Hel

FEpFe BEe] d8 F5E BEe, 085%
A gd getstn 8)4ste] 2aAEAE A A8s
242} =@Ea, 30T oA 397 Fuegsiach 7 Adm
Aol FFE BElstel, ReFY MY H5E Bl
28] 0.04% bromcresol purple(BCP)7} #7}A Lactobacilli

MRS agare] FF3tal, ¥4 {75 st dHES
4, B89 EHFES 20% glycerol & He
Blod deep freezer(-50°C)ol] H#dlHA A 28 Avhuf
el gtk HelFTe SPRNLAG o
39 AEE Jay(12)9] "o #3911 glucose-NaNO;-CaCOs3
FHE X2} MHM-CaCOs 3HHujAE Ao EaTe
Bergey’s Mannual of Systemic Bacteriology vol. 2(13)$}
Bergey’s Mannual of Determinative Bacteriology (9 ed)(14)9]
Foe] AR

HAAskeke] 249 MRS HIA|GAH 30T oA 24470 &
dEd 10 mLo} 53¢ SRFE £Uska, o £
4 5 %(W/V) phenolphthalein 3482 7130k ¢
g 010 N NaOH=Z %3 AAsgch o] w &g
NaOH®| mLFE the2lg o)83e] 2% = FISIT(18).

74 L)* X 0.009%*
2%, W]V) = ——LISELEX0.009 X100
I Uk o D R B R Ea v
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Table 2. The characteristics of all lactic acid bacteria isolated

from Nuruk.

Characteristics
Strains Acid Growth on Growth on
production 10% ethanol pH 4

C-1 1.35 - weakly growth
C-5 0.65 - -
C-6 0.55 - weakly growth
Cc-7 0.60 - -
C-8 0.71 - -
C-9 0.69 - +
H-1 0.63 - +
H-2 0.78 - +

P-1 0.61 - +

K -1 0.63 - +
K-3 0.98 - -

T-1 0.95 - -

T-3 0.66 weakly growth -

T-4 0.60 - -

KU -1 0.73 - +

KU - 2 0.62 - weakly growth

Dextran MA==

Sucrose HJA|(15)(solution A: 3% casein, 2.4% sodium
acetate, 2% KyHPO., 1.1% glucose, 1% yeast extract, 0.1%
NaCl, 0.1% L-Cystine, 0.1% sodium thioglycollate, -
solution B: 10% sucrose, sol. A9} sol. BE T#oz2 &
sl pH 7.12 Z4) 5 mLo] BaFe A=, 30T
o 1~292F wigch wigds AR 459 0.1
ml 9} sodium acetate 0.3 mLZE Egsle], o] Eg ol
acetone 0.32 mL, ethanol 0.48 mL$} methanol 0.6 mL
g U= Yo s o $7E BIAY. AFD 3
7} BT EESAL, acetone APAT e dFEE AP

# £950] 94 1) dextrane] At BRAYT

= A
2SR wFY wgdo] tE wAES Ui I
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10 uL¥ #abgel paper diskdo® A Sk 2470 )
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Table 3. Morphological, physiological and biochemical characteristics of C-1, K-3 and T-1 isolated from Nuruk.

Characteristics C-1 K-3 T-1
Cell form coccei cocci cocci
Cell size 0.7~1.0 yM 08~1.2 uM 0.78~2.0 uM
Cell arrangement pairs, short chains pairs, long chains paits, terads
Motility - - -
Gram reaction + +
Facultative anaerobes + +
Gas from glucose - + -
Catalase test - - -
VP test - -
Oxidase test - - -
Formation of indole - - -
Nitrate reduced - - -
Dextran formation - + -
Hydrolysis of gelatin - - -
Optimal temperature 30C 25~30C 30T
Optimal pH 65~7 6.8 7.0
Growth at 4.5% NaCl + + +
6.5% NaCl weakly growth + +
6.8% NaCl - - +
7% NaCl . - - +
Growth at 4C - weakly growth
10C + -
15T + +
37C + +
40C + - +
45C - - weakly growth
Growth at pH 3.0 - - -
pH 3.5 + - -
pH 4.0 + - +
pH 4.5 + + +
pH 8.5 + + +
pH 9.0 + + ;
pH 9.5 - weakly growth
catalase 24 THLE 540l §li, ASFHHLEE 3 25
0Tol" X532 pHE 6.8°]30tE MRS HjA|X gasE
A ot BHLALMLEE SReZle® $5HT, sucrose 2ol
ZHE dextrang BAEA Edtal, gelating 7R SHA]
wagch $eE 3 #F F AL T1RFA 1RO o
9] NaClsgdA Ago] 7hs3tden, 45T A% 543} s
A %ol must JFsstah T-135E Sol8 pH 9 o
ool e A fow, Jg A - AneE Ny ©
o ¢Jsle] o] FFE Pediococcus$oE HAZHTE TS
o] FutE=e A)¥ o)A maltose, ribose$} arabinose ZHE ST
B AL AAsIEoY, lactoses} sucroseZREHE A A
AslA Bils 59 ENHORERE T-1d5F5 P pentosaceus 0, 4 o s 10 2 " 16

NR T-12 5439

OEt2 S0 IE MF Xl

Figure 1] el vle} 2], 8% olg2-olA Lac lactis
subsp. lactis NR C-175= Aol oF 30% 74T, Len
mesenteroides subsp. mesenteroides NR K-39} P. pentosaceus
NR T-1g5= 75% oe-&oA A-50] oF 30% 7HAHATH
82 10% NerLAE Leu. mesenteroides subsp. mesenteroides
NR K-37dF= ASo] 86% 74X R, Lac lactis subsp.
lactis NR C-1#3+ 77%, P. pentosaceus NR T-1dF+

Ethanol concentration (%)

Figure 1. Effect of various concentrations of alcohol on the growth
of the strains isolated from Nuruk.

The strains were incubated at 30°C for 30 hours, and MRS broth
medium (pH 6.8) adjusted various alcohol concentration was used.
Symbol: @, Lac. lactis subsp. lactis NR C-1; A, Leu. mesenteroides
subsp. mesenteroides NR K-3; W, P. pentosaceus NR T-1.

70% A&l FHAaFo] 3749 AL At 25 AFe] A A

dge Aow ey
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Figure 2. Changes of lactic acid production by the strains isolated
from Nuruk on the MRS broth(pH 6.8) and skim milk media.
The strains were incubaled at 30°C for indicated days.
Symbol : @, Lac. lactis subsp. lactis NR C-1; A, Leu. mesenteroides
subsp. mesenteroides NR K-3; [, P. pentosaceus NR T-1; <, L.
bulgaricus. —— : MRS brot ---- : Skim milk media
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22l 48 7579 2% ASY OiE exe 9Ue
ZAEZ Ax, 30~37Co\|A 37dF 5 Lac. lactis subsp.

lactis NR C-1 ) Leu. mesenteroides subsp. mesenteroides
NR K-3 ) P. pentosaceus NR T-1 202 2 AAFH] =

Ueldth. =3] Lew. mesenteroides subsp. mesenteroides
NR K-35 40C oA dAFo] A & A
E89 oy, Lac. lactis subsp. lactis NR C-1759F P
pentosaceus NR T-17F= 40CoHE & A YAz
Oehiol A4S 247 199 08%E Ve SeaT o)
Z170).

MW [ ac. lactis subsp. Jactis NR C-1
21 Leuw. mensenteroides subsp. mensenteroides NR K-3
51 M P. pentosaceus NR T-1

Titrable Acidity (%)
w

Control Glucose Maltose Arabmose Ribose Galactose Fructose Mannose
Carbon source

Figure 3. Effect of various sugars on the lactic acid production of
the strains isolated from Nuruk.
The strains were incubated for 30 hours at 30°C, and the basal

medium contained various carbon source (2%) was used.

AdeEel vX= 7] pH
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A¥EE Ueho] BT F MY 52 2 AdsEs
UERNA 2  Leu. mesenteroides subsp. mesenteroides NR
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Aae= e P. pentosaceus NR T-17FHT}F kb =4
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o Al glucoset 71T 4Egt del@ Aie &9 4=
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8 T4% 39 TS FF LR AEEA] £
LA Toon Je KR 5e Ade
AEs) 98 gREL AERD
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ANEAS GERIGT B3 SGEd, B G L
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364

Korean J. Biotechnol. Bioeng., Vol. 15, No. 4

Table 4. Antimicrobial spectrum of culture broth of the strains isolated from Nuruk.

Inhibition

Tested strains

C-1

Lac. lactis subsp. lactis NR

Leu. mesenteroides subsp.

. P. pentosaceus NR T-1
mesenteroides NR K-3

Lactobacillus brevis +
Lactobacillus plantarum -
Lactobacillus bulgaricus -
Bacillus subtilis

Streptococcus mitis +
Escherichia coli -
Hansenula anomala -
Saccharomyces cerevisiae -

a3E Vehilal, P. pentosaceus NR T-155 AASAINE
B2 JehlA Zalgrh(Table 4). AAFF} 9§ ahF#EHo
o pHe| o8] ASo] AHE Aoy B 5 g 3

X
=
dHEEY OF AsAsFgez: £ 5 A

o gin
4 BAL AAT Base] UFAh tgo] AYel A8
2 3709 BMiRe BAASEEY G8F 2% S
9 ks Ae ASASEANE & iAol o
$ =0T ALEdUh
2 o

ABERo Ry 23 A45ge] $ata 10% e
gl pH 4RZolAM A&o) FAHE iAd C-1, K-3 9
T-1752 28, 43¢ 293" C-19FE Lactococcus
lactis subsp. lactis NR C-12, K-37FE Leuconostoc
mesenteroides subsp. mesenteroides NR K-3%, 181
T-15FE Pediococcus pentosacens NR T-12.2 Z}z} 573}
SAth. Lac. lactis subsp. lactis NR C-1+52} P. pentosaceus
NR T-1& S3ZMEEE Z24ke AR, Lew
mesenteroides subsp. mesenteroides NR K-3& o]gzihdg
2 30 AAsYY AEad BF cell sizew 0.7~2.0um
271¢) o] itk

Lac. lactis subsp. lactis NR C-12 MRS HjA ¢} skim
milk A = ZA BAFHE dHepilen, 2
=A4E 37F 25 skim milk iR ARG MRS A4
A R AsEel 59T T LR 30~32T
g} pH 6~7%29 2N EeldF EF w2 A4 A
459e depigon, olF 2ATL gucosed )43
o g e AN AL YEUch

Lac. lactis subsp. lagctis NR C-12 Gram ZAJATS]
Lactobacillus brevis®} Streptococcus mitis®] A5, Leuw
mesenteroides subsp. mesenteroides NR K-3= Streptococcus
mitis®] 8L AsfP ;. 2 P pentosaceus NR T-1&
Age) A8 RE AFFE AglE T 3% v

AR ET
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