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Abstract

The purpose of this study was to isolate lactic acid bacteria, useful in the fermentation industry from Hahyangju
Nuruk. Five strains were isolated, and identified as Lactobacillus based on growth inhibition by 10% (v/v) alcohol
at pH 4.0. Isolated strains were identified to species, and named Lactobacillus plantarum 1-3, L. sakei 1-10, and
L curvatus strains 1-8, 1-11, and L-12. Morphological characteristics, physiological data, carbohydrate fermentation
patterns, and 16S rRNA sequence data, were all used to characterize the bacterial isolates. L. plartarim 1-3 showed
the highest lactic acid productivity of all isolates, but grew only poody in the presence of 10% (v/v) alcohol at
pH 4.0. The other strains exhibited lower lactic acid productivity than did L. planfarum 1-3 and did not grow
in the presence of 10% (v/v) alcohol at pH 4.0. The optimal temperature and pH for lactic acid production were
30C and pH 6.0 7.0, respectively. The lactic acid productivity of L plantarum -3, L sakei L-10 and the three
L curvatus strains 1-8, L-11, and 1-12 were (% v/v of culture supematant) 1.55, 1.0, 1.06, 1.0, and 0.99, respectively,
at 30C and pH 6.0. While L plantarum 1-3 suffered growth inhibition in the presence of 10% (v/v) alcohol,
growth of the other strains was inhibited at 8% (v/v) alcohol.

Key wonds : Korean tradition liquor, Hahyangju, Nuruk, lactic acid bacteria

- x
M

Telvete] dE 9
Hofl AFH o= FE
ol st AXF FHS A
F2 UL J8E PEoX
o A, & 9r] g9 F77F ARH7E TR,
$elyele] 5o AR FoX 9 UL WL ZHE 2R
st 3M71A] 1 B EE I ARESte] A&
A2 G F Ad LIAA I TR FBel,
AR, Z40 a2ln didEe] Aste] BtEE #7
3 A G w2t 554 S JRtE ACtl). 75

2 =
of
ol
fr Ar
>,
s
A
o,
L
)
—r

WLCorresponding author. E-mail : betabio@empal.com,
Phone : 82-53-602-1823, Fax : 82-53-602-1898

= g ot FHo] ALA9t LEA
ol 75 Al waetA ok A2 gE 2719
ahe AQEle] 259 pHE ASAA Fate] 295 W
g B9 o2t Tkt 714 A slke] a o] Fuloll
2 S FAT AUzl 4he] AL Absle] d]le] €
F5 Q7] W Fel W&F LR Bitel #ElE ofF
Fo3ttn & & UTk).
ol2gt Hitel 890l E Bt AAZEA] 5
g AFe FE Tl TR JEHo H=d,
Kim#)3 Cho 5(5)& ZF A9Y F5F ARZ FE
Aspergillus<;:, Rhizopus<:, Penicillium3;, Absidia%s 71831
Mucords & 2 ¢, 83U, So 562 FEAA £
g | ABES o] 8ot MEBFTES AXS vt ok Ha ()

& F220 ARAIA gRE B, £33, Shin

- 188 -



@92 859 £, B4 R LR S AT d7E
FYPhe 5 FE %;—%olsﬂr FR| g d7e ol A
=o] FTH10-13). 75 kel g A7 Cho F(14)°]
FEOZRE lactococcus , Pediococcus<, Enterococcus
& 52 ®EHIIUL, Lee 5152 A= AA Y F5F
el Btes ol go) 4 AR SAel da
ATE FYIUCW  Lactococcus lactis, Leuconostoc
mesenteroides, Pediococcus pentosaceuss-& 733+ v 31o
U ol iA B At AEA 2eln e Aol

SRE U SAE /1Rl Aeleel ok 1%
N&E2 dgeld] RYRsl 152 ARl o0
BT} $22 83D, B2, IBE, e Aol
Ho} e AFFOI APTE AL/ vraste)
E217 o] Folv F7FHEHIT), SEFE R 57371
Zro] At} st WMAF(FRAME A= gt A
sl M FHIR 71sd et g8 Az 9)
HEHAol . AR A= oA € uprt gl

weka & Ao sk Al x| ol &H 1 e
Eo2HH Hite £, 543519 1 EAS st
A ST

A~ = O

0

NH

ME o

=

HAate] Belgo e A g Axd o] &1
AE F5& AHESIA I, ko] ol Lactobacilli
MRS(Difco Co., USA)H]A]|E Gram < A%ojl3= Bactident
Aminopeptidase(Merck Co., USA)E o] &3}l Th 1 gte
2E Aote BF AL AHadlel EAasich

Pl

r
e
it

o B

o M e HYF SR D A

2% FFoR BUE Askrdl AR F L W
Bafeld A2El B, hesh A2} oF 18 em, T}
ek 3 cm¥ Al A& sl H‘;{*‘Oﬂ/\i urg Z7]E 30-357,
%7] 35-40Ce| 3}, L7lolE 30CHFE 258 245k
o 15208 F= A LEAA AxSIAT LAV ¢5d
e A Az F uBeld] WRnH A A9
A&
Hyo 22

SFF AXE TRoEFEH A Jﬁ% E2jat7] el
BT T 1 g& BFsl Bgsin 1074 @A g4t
o F]A Y 100 uLE Rkt EEjuiR| o] =d3te] 30°CllA]
247F wiekstach RAlg EojujR] 2% bromocresol

purple(BCP) 0.02%E 3-8+ Lactobacilli MRS agar(Difco

A 4 % LA 54 189

on B o= Qs Fule

= We 48e Aoz 2 $esin 144 o 2ol
A1, L2l AaFe 28 ol A ML B3 &4

B2 F 20% glycerolol] HE
AHE-BFATH(16,17).

IxA o2 Feld gk A sE S st AH
ol HlmA $g T v Eejg t
Astsl TS 4%0]—7] ﬂa}oq pH 4.0 & o2& 10%91 A
A go] A HHA 2

€5} -80°Col| A E-‘/]'o]“ﬂ A

k.
NuNE XY

pelE 24kt A4S 5L Lee S99 WU S
S-g3te] 2Tk S0TAH HAY AAFE o] &3

o] 24217k ZHj¥E % Lactobacilli MRS brothell % &3}
307Coll A 24417 vt A 5o 242 v
8,000 rpmol| A 587F YA B3 T A5G o] &5y
=335tk 2 259 10 mLojl 1% phenolphtalein-g-2]-S
2-3%-2% 715tz 0.1 N NaOH g0 2 233 &
A ekof] AMAFE T3 3 2Hlactic acid)EF o2 v}

ERA AT

uml

22 Rude 53

ek A xE FEOERE Fold 2
Hal dArdez o JHe TS TN,
oxidase, catalase test, glucose = 2-E] gas AJA =
A5 4 gelatin A3bF Fof AeH 597 |k

a

(o)
o gozE A4 A9E FAEOH, ur) JE
A4S 98] B8 759 chromosomal DNAES 2|3 &
16S rDNA sequencingl|] A}-&% & Universal primer$] 27F
primer(5’- AGA GTT TGA TCC TGG CTC AG -3")9} 1492R
primer (5’- GGT TAC CIT GIT ACG ACT T -3)& o]&3}
o] PCR %% & ZEH PCR 2HES SAEA] 928t
Applied BiosystemsA}2| 3730XL Capillary DNA Sequencer
£ o] &3t FrIMES B, BAE EUAEE
o]-8-3}] NCBI9] blast searchE 53l 453 S 2AFSHA
Fed RS st

LEE 2045T7HA 5T

zAst] AWAASS vt s, LE 27] pHol| tigt
oﬂsh-o— ol y] 9J5ke] Z7] pHE 4.0-7.074] 10gHs] 2
zH st vmstgoh a8l 3L e WS AL
317] 918} vix]9] ethanols =2 2, 4, 6, 8, 10 & 12% HA
ZA 3+ & 2441 7F W okake] spectrophotometer (Ultraspec



190

e

2100 pro Amersham biosciences Co., Sweden)E ©] 83}
660 ol FAEE 2] e RS ZABAT:

Zdu Y nFE
Mo e
3l A 2§ FE 0 2 5 bromocresol purple (BCP)
E3+E MRS plate’doll A A AAdste] JEF97) =
Moz AR s FFE Ao E 3k 13 &
193, BelE FE uiaes AMEES ZAst] Ay
o]l -3 11a55 Adste] Aol AHEIATE dx
A o2 AT ANFE LHE 10%9 pH 40004 A5
| AAHHA 2P Fo] 8 TFolth2,15). E2lE
11 F5Z 0|83l ole|dt E4& HES 23, Table 13}
o] AL 10%A| A= L3, 8, 10, 11, 127FF7F A-&31A]
B3l a1, pH 40004 L-10 TFE okt 52 e e
o, L8, 11, 1235 AF3HA] Satnh 4 A4S L3
Z7} 1552 7HF =9kom, L8, 10, 11, 12 #FE 1.00]%
o7 ATl F5e Aoz Vet HE pH S
L3757} 38602 714 wigkow, 118, 10, 11, 12 #5+&
ok 4.12 YEhgth o] 29E uigo 2 FREH 5o
ok slvtn FeEl= L3, 8, 10, 11, RTFFE H = 23}
o 4< 39k

Table 1. The characteristics of lactic acid bacteria isolated from
Hahyangju Nuruk

Characteristics

Siwaint No. Growth on 10% Growth on  Acid production  Final pH
ethanol pH 40 (%, as lactic acid) (initial pH is 6.5)

LI + + 141 3.86
2 + + 1.54 384
L3 - + 155 382
L5 + + 1.51 3.86
L6 + + 152 3.86
L7 + + 151 386
18 - - 112 413
19 + + 153 386
L10 - +¥ 1.24 407
Ll - - 1.15 411
L12 - - L12 412

ZAENAGEEI A A14E A2E (2007)
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gl A2 vehytth 283 gam 94
23& dolrr] 95le] Bactident Aminopeptidase(Merck
Co., USA)E ©]&-3o] gram A A& &<l & A &5
G(H)Z eIt Catalase?} oxidase: 843 ©| %) 11, indole
M= gelatin H3tgo] glow, arginineo ZFE]
ammoniaZ A3 31A] F31aL glucoseZF-H gas A4 ¢l
© AoZ wol FRUWLEE 3= A2 vehdeh L3
8, 11, 12 #FE 10T ©]3te} 45T o)de 2E=ol|X= A5
3lx] gt e, L-10 75 40T A A& 317 23
o A& 259 H7F FA VEbsth NaCloll g d32
ol we} tha ztel= YA 7.5%0) ] NaClel| A &
A 584A ZetgthTable 2). B2l 2ibte] A8 542
Lee 5(18)0] {X|2HE Eel3t Fikre] QA S4%
St Uerg

Table 2. Mophological and physiological characteristics of lactic
acid bacteria isolated from Hahyangju Nuruk

Strains
L3 L8 L-10 L1l 12
Cell form Rods  Rods Rods  Rods  Rods
singly, singly,
Cell arrangement shot  singly  shott  singly  singly
chain chain
Gram reaction + + + + +
Mobility - — - — —
Gas from glucose — — - - —
Catalase - — - - -
Oxidase - — - - -
VP fest + - + + +
Formation of indole - - - -
Hydrolysis of gelatin - - -
Ammonia from arginine - - - - —
Growth at 4°C - — - - -
10T - - - - -
15C + 0+ + 0+ +
20°C + + - + +
45T - - -
50°C - - - -
Growth at pH 3.0 +¥ - -
40 + - +" -
50 + + + + +
80 + + + + +
90 + + + + +
100 + + + + +
Growth at 6% NaCl + + + + +
65% + + + + +
% + + 0+ + +"
7.5% — — — —

Symbols : +, positive ; +, weakly positive ; -, negative.

Symbols : +, positive ; +*, weakly positive ; -, negative.
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Table 3. Biochemical characteristics of lactic acid bacteria isolated
from Hahyangju Nuruk

Strains
L-8 L-10  L-11 L-12
+ — —

Characteristics

&
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L-Arabinose
Ribose
Galactose
Glucose
Fructose
Mannose
Mannitol
Sorbitol
a-Methyl-D-Mannoside

+ + + + +
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Maltose
Lactose
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Inulin
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Table 4. Identification of isolated lactic acid bacteria with
amplified 16S rDNA

Result of blast search

Samnple 5 > Identification
Primer(27F) Primer(1492R)
Lac. plantarum Lac. plantarum R
L3 (98%) (99%) Lac. plantarum 1-3
Lac. curvatus Lac. curvatus
L8 (98%) (99%) Lac. curvatus 1-8
Lac. sakei Lac. sakei .
LI10 (98%) (98%) Lac. sakei 1-10
Lac. curvatus Lac. curvatus
L1l (99%) (98%) Lac. curvatus L-11
Lac. curvatus Lac. curvatus
L12 (99%) (98%) Lac. curvatus 1-12
1)Primer(27F) . 5- AGA GIT TGA TCC TGG CTC AG -3.
2)Primer(1492R) : 5- GGT TAC CIT GTT ACG ACT T -3.
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Fig. 1. Effect of initial pH on the acid production by the isolated
strains.

@ : Lactobacillus plantarum L-3, O : Lactobacillus curvatus 1-8, W : Lactobacillus
sakei 1-10, v : Lactobacillus curvatus L-11, Il : Lactobacillus curvatus 1-12.

Titrable acigity (% )

lacubation temperature (°C)

Fig. 2. Effect of incubation temperature on the acid production by
the isolated strains.

@ : Lactobacillus plantarum 1-3, O : Lactobacillus curvatus 1-8, W : Lactobacillus
sakei L-10, Vv : Lactobacillus curvatus L-11, W : Lactobacillus curvatus L-12.
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Fig. 3. Effect of ethanol concentration on the growth of isolated
strains.

@ : Lactobacillus plantarum L-3, O : Lactobacillus curvatus L-8, W : Lactobacillus
sakei 1-10, v : Lactobacillus curvatus L-11, W : Lactobacillus curvatus 1-12.
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