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Identification and Characterization of Lactic Acid Bacteria Starters
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ABSTRACT

Starters of lactic acid bacteria(LAB) were isolated from the commercial yoghurt products and the four isolates have been
studied on their identification and some physiological characteristics. For the purpose of identification, microscopic exam-
ination, API test, and 16s rRNA gene sequencing were conducted. Isolate A from a yogurt product of local dairy company
A was shown to be Gram-positive rod-shaped bacterium. All strains isolated were turned out to be as Lactobacillus para-
casei by using a API 50 CHL kit. In contrast, isolate A was identified as a strain of Lactobacillus helveticus based on the
16S rRNA sequencing data, and L. casei ssp. casei for both B and D and L. paracasei for C. All the isolates survived the
simulated gastric juice, pH 2.0 within 3 hours and sharply decreased in viability so that no viable cell was observed after 4.5
hours incubation. In addition, the four isolated strains were almost identical in antibiotic susceptibility to six different kinds
of antibiotics including erythromycin (15 ug), ampicillin (10 pg), gentamycin (10 ug), neomycin (30 pg), but rather resis-
tant to colistin (10 pg) and streptomycin (10 pg). It was noteworthy that four isolates were confirmed to produce antibacte-
rial substance against foodborne pathogens of Gram-positive Staphylococcus aureus and Gram-negative Escherichia coli
0157:H7 as test organisms based on the inhibitory zones on an MRS soft agar medium. At presence, the inhibitory factor is
unknown so that further studies are required to ascertain the active factor responsible for the inhibitory activities.
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ste] QA g ohedt -8 59E Lo En O
A ol-gA4o] wig- A3 @A) A7} F-E-§ probiotics
AFLs N3] A A77F SLsiA FHEHT ok
AF LR o] &EE VABE FolA ik o]l 7)
573 probiotic MIAEZA 7Y FEHT = Y5 A
T2 QAo gt FEFET Hrk ol Tt A
& 71%5S @33ty B a5 vk(Sanders and Huis in't
Veld, 1999). A MAZOF probiotics A7 ©]u| 2002-
2005 Akl 46.9% 437333, oA FAHE A 2010
7 32.6% F7} A3730] dPdE). $-elueloll = probiotic
A (Lactobacillus acidophilus, Lactobacillus casei,
Lactobacillus rhamnosus GG, Bifidobacterium longum 5°)
< o83l 715 RAIFS st AAF AEL 2
sAFlele 2§71 GA 79 Al X@sit). ua}
Al 8TEES e IEAFE AN T8 MAHE
o] A5 AFe 4 FFL vXE AZE 71X
2AEY ML vl u)r} 9o m(Suh ef al, 2006:
Kwon et al, 2004) ©]4¥ 7154 fiktg Addos
olgstHe =ge uitk Jujlal ojue) o=l HhE
U ZAME st A7) JYHT e Bok
o]th(Gilliland, 1984; Hayes et al., 2007).

Yy} FHEe] 7P AEshs AAE] STEES)
Azl ol&Ee FAAIE starterys FolA z}A
st FdH oz ARSE o7t Al ARRE Ao o
FE Christian Hansen(Z-#]©])X] x}8), Danisco AS(E-H)0]
A Ax) TH 2 79 Tl AH FUs
AREBIL Utk =] 7 QAINA Q= ol 9E
ke 7P 2 ol 9 e PAE o) & 4gelA )
% T%7) Y $7 922 98 4 3100, bacteriophage
of o3t wtg X w vE A 53 2o A7 A
IE A 5 ] Wi dgdd. 2 A3
1 HHAA B mUle] Fage € 2Er)eS A3}
Sl 714 ER AE AR Hdide dE0e
EE A AAFLE QAEE Fod Ak £0S 24
glo] o]F 44O R o] &3k Hkle] nlEAY Aot
webr B dAelMe 4 AlFelA ot EHoes
HiE e APRER AFY THE s 98t
o YUMo ol gt WY LR AL $UD
o el #5912 AEH 548 A7 gl

R

2TEE AR 7Y ¥ fikEe 22|

20074 69 ZUE ] ATAG ) Ba s
AZGA(A, B, C, DE E713hol4 Bejsln e dE
Hel APEg A 27 TG S 2
7] 3] 2 9FZE AFOERE ARE | mLA

st FA] 0.85% A2l Aol A B4sto] MRS
SR 124 T2 T 37°Co)4] 4821 AR
o} th=F AAS7} 10 CFUML o)A B v R] Al =}
& single colony® WFolZ xF T 17 G5t @0l
74 (Olympus model CH 663029, Japan) 7422 &
SN el

ool ulfjek

Ao ARE TR WY AR Staphylococcus
aureus KCCM 12103, E. coli O157:H7 ATCC 35150 A}
£33} ). S. aureust brain heart infusion(BHI; Difco,
Detroit, MI) HAIA|E A3} 37°Col| 12A]7HE<E Bl
F8V93L, Escherichia coli O157:H72 Luria-Bertani (LB;
Difco, Detroit, ME AHE-31) 37°Coll A} 12417H53t H)
R =

HXfs0|1E AR &2

MRS broth oA FFA 717k A&t ikt v gy
= 7,000xgol A 108 5<% AAEE FAHE 2o
0.1 M cacodylate buffercll @E3sl 208 &2+ W3S
o} I % 4% glutaraldehyde 8202 1A|7F 59+ A28}
3 A7) 0.1 M cacodylate buffer Zoll4] 20822 23] HhE-
At AFLAS AAF & 50% AN 1587 &
T 10% HESE FE & 7PHA 90%71A] 5LaE W
Ho =z st alA=oZ 100% AERS &N Fol|A]
158 5ot A2]d}a HMDS(1,1,1,3,3,3-hexamethyldisilazane)
o2 1584 23] §kE Xg5ith. o] AS stube] ¥ $
281 WFOF coatingdle] 12 kVell4] SEM(Hitachi
model LV-SEM S-3500N, $+=7]Z2812|AAE], £3) AL
S #Fstact

=2 #e 83

1) API testoll 23 F4. MRS HiA] Aol 2+ colony
£ ZA2HA 2133t API 50 CHL media(bioMrieux,
Marcy 1'Etoile, France)dl| #€38}al, 2 33 JAS
API 50 CHL stripel] F-r-8 o2 B33 th 37°CollA] 24
AIZE 2 48R ZEERE v kst & Zzte] & o] 84S Bin
3l4ct. & API 50 CHL kit £ IE 49709 €49
o] tidted 37°Cell A 48A]7F vl SR WIS F2)0] <]
gk o] W3} QR-E FFste 7 ©@Aag o8 oiE T
#3191 T4 ZI= Apilab Plus Software, Version
3.3.3(bioMrieux)E ©]-&3}] &It

2) PCR $4& 93 £ FE MRS qQAu)A] FoilA]
37°ColA 15A1ZF ZHH o2 3 Al wfgsiEod, md
3 dAEEe FAE 343 S genomic DNAE
DNeasyTissue Kit(Qiagen, USAYS ©]-83}] Ha]styoH,
29 DNATE -20°Col|lA BHA3AA Aol A3t
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16s IRNA E714g 24, §AH7 H2]39] 16S rRNA
gene- ribosomal DNA primer database(Wilmotte 5, 1993)
o 71%¥ bacterial 16S rRNA =Z-& forward primer F1
(5-GAGTITTGATCCTGGCTCAG-3") ¥ reverse primer R6
(5'-AGAAAGGAGGTGATCCAGCC-3") (Bioneer, Daejeon,
Korea) & AME-3I3TH PCR 23L thermoleycler (Model
PTC-100 TM, MTJ Research Inc. Watertown, MA, USA)S
ARSIt PCR AE 2408 TR o] =g 138 ¢
E3}utt. 27] denaturation 94°C, 2 min, TFS 94°C/30
sec, 51°C/30 sec, 72°C/1 min &2 40 cycle, Ppx|Zo &
72°Col A 10 mingt BF&AIZTE PCR & AAIE 1,498 bp
products= BigDye® Terminator V3.1 Cycle Sequencing Kit
& ©]&-% chain-termination dideoxynucleoside triphosphate
H(Sanger 5, 1977)©2 ABI 3100-Avant Genetic Analyzer
(Applied Biosystems, Lennik, Belgium) v E A}&-3}e]
71 9E Aslart. G714 similarityS 3¢15}17) 9)
3l Blast(Altschul, 1990) Z48-2 AA)5}40}.

ey A

agd AP Parret 59 WH(2003)S 2kt 543}
of Attt F, MRS IAWIR] Foll A P77}
A A Zb B2l vk 1 pL10%-10° cfu/mLye MRS
A Aol HESIAL 37°ColA 24413 wi s}, A)
el F7H F2e AAS7] 915k chloroform F7]
off oF 3087t =27l thS ZA] AT S, aurens KCCM
121037} 10° cfu/mL E0130= 55°C2 A% 3 mLe] BHI
soft agar(10% NaCl, 10% Bacto peptone, 5% yeast extract,
0 5% agans =3} 3. E.coli O157:H7 ATCC 35150
7F 10® cfumL 9+ 55°CE A9 3 mLY Luria-
Bertani soft agar(LB; Difco, Detroit, MD)Z AFR38le] ==
Shth 1 $fll EHE paper discE &8 T oS 7
22T WFAE 50 uA AHrpsiar 3027 WAg o
37°C°ﬂ/‘1 S T i FRPEA ikt g TR A
71 F5%k(clear zone)?] T2 A3}

Mo

SUEE Zi4 A

zy 22 fAke] FAA A AP Charteris 5
(1998)°] 7]&d Sl —,—3}0% AP =, MRS
BA wjA A B F I 7 BEFE 03 gL
cysteine®| H7}E soft MRS agar(0.75%, wiv) BlA|<} 2+
T3 F bottom agardll TF HAS TR F 1At B
QF HXEATE oy 6 9] FAYEA (ampicillin(10 pg),
neomycin(10 pg), erythromycin(15 pg), streptomycin(10
pg), colistin(10 pg), gentamycin(10 ug))©] % paper
disc(BD BBL™ Sensi-Disc™E 28] 37°ColA] 24471 )
%3t 3 digital callipers(Mauser digital 2)5 ©|-&8}o] A
7‘151'-4 A71E S350

M

olZe el =X

Q1 &F A (simulated gastric juice)?] FA] 2 AE5
(Corcoran 5, 2005)%] # ol wheba AAEE -
2] @55 15 mL MRS 9] =] Fol|lA 3154
71 \”4—~ 4000><goﬂA1 20 min?t LAEZ) AT}
7l FA= Eau 4°Cc2 Wzt A7) 5 m]f] PBSZ &
sl MiE digk 10-10° cfu/ml 302 2339
u}. Bel#E 1 mLe Q1FYd 1 mLe des gole
37°C=E 180%-7F 7P A Z183tAA 147t ﬂﬁ._i 4.57)
7F B¢t A8 E FH3HA, AFHT AE= A 0.85%((w/
v) A 2 de AE] 548t MRS gHHHIA] Aol
3 vjekstar 24417 ol vERE RS TR Akt
=

o >
R DI )

de rlo
4, OIN

Jut

S~

ﬁ).:

SH X2

dlo|ee] BARA 2 Fo)x} A3-L ANOVA(Statistical
Analysis System, SAS, version 6.03)y% ©]-83}$91L, p<0.05
FEAA freldE ARtsant

24 jl_l.
=2 22 83
Add FFEL dvjEoz A% A3 44 5% Gram
A, A FelE BEER o AYHOF Lactobacillus
& Ao g A= SR FE59 e, AsE)
2 EA-S Feotkslr] 18k API CHL 50 kit(bioMeriuex)
E A3 o] 8AdS AT Fig. 1 2 Table 1-2

=2

FAI3E vle} 2o)| 4 T Lactobacillus casei/paracasei
2 FAEAY. 28y £28F B, C, ¥ DolAE adonitol
o] positive(+)Z L]%X]‘ﬂ' A-?—Oﬂ/ﬂ-‘ft negative(-)= WFEP
ot SEMARR #3E 53l AL FejE S-S jotetd
CHFig. 3). B85 A= 2.3940.09 um(long) x 581.66+22.74
nm(width), BE 2.5240.16 um x 496.50+31.93 nm, C=
2231024 umx461.56320.73 nm, D= 3.0140.1 pum x 478.99
+3.08 nm ZAHAC} 47) Be]=E 3B, C, Dy= 168
IRNA -84 2923} Lactobacillus casei/paracasei ATCC
334(Mori 5, 1997, Makarova &, 2006)2] sequenceS} &

Adonitol

Ribose Ribose

Fig. 1. Comparison of carbohydrate utilization patterns
between LAB isolate A and B using API 50 CHL kit
(APL bioMeriux, Marcy 1'Etoile, France).
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Table 1. Carbohydrate utilization patterns of an Isolate A

Table 2. Carbohydrate utilization patterns of an Isolate B

Carbohydrates Results Carbohydrates Results Carbohydrates Results Carbohydrates Results
Control - Esculin + Control - Esculin +
Glycerol - Salicin + Glycerol - Salicin +
Erythitol - Cellobiose - Erythitol - Cellobiose +
D-Arabinose - Maltose + D-Arabinose - Maltose +
L.-Arabionose - Lactose + L-Arabionose - Lactose +
Ribose + Melibiose - Ribose + Melibiose -
D-Xylose - Saccharose + D-Xylose - Saccharose +
L-Xylose - Trehalose + L-Xylose - Trehalose +
Adonitol - Inulin - Adonitol + Inulin -
B-Methyl-xyloside - Melezitose + B-Methyl-xyloside - Melezitose +
Galactose + D-Raffinose - Galactose + D-Raffinose -
D-Glucose + Amidon - D-Glucose + Amidon +
D-Fructose + Glycogen - D-Fructose + Glycogen -
D-Mannose + Xylitol - D-Mannose + Xylitol -
L-Sorbose + B-Gentiobiose - L-Sorbose + B-Gentiobiose +
Rhamnose - D-Turanose + Rhamnose - D-Turanose +
Dulcitol - D-Lyxose - Dulcitol - D-Lyxose +
Inositol - D-Tagatose + Inositol - D-Tagatose +
Mannitol + D-Fucose - Mannitol + D-Fucose -
Sorbitol - L-Fucose - Sorbitol + L-Fucose -
¢-Methyl-D-mannoside - D-Arabitol - o-Methyl-D-mannoside - D-Arabitol -
¢-Methyl-D-glucosamine - L-Arabitol - o-Methyl-D-glucosamine + L-Arabitol -
N-Acetyl-glucosamine + Gluconate + N-Acetyl-glucosamine + Gluconate -
Amygdalin - 2 ceto-gluconate - Amygdalin + 2 ceto-gluconate +
Arbutin + 5 ceto-gluconate - Arbutin + 5 ceto-gluconate  +

Symbols denote positive(+) and negative(-) in sugar utilization
patterns of API 50 CHL kit.

X[t & A B85 Lactobacillus helveticus(Naser 5,
2006)9] 2AT FEASHA YXStA L. hebveticusE. S5}
Act.

ey A

Faed HFS ZAK] 98 242 LB B iR
ol BHI & %3t vlAE FBI8IaL E. coli(pH 6.7)= LB
soft agardll HF3t] FF319L, S. aureus(pH 6.7%= BHI

Fig. 2. Agarose gel electrophoresis of the PCR products of
the isolated starter strains from the commercial
yoghurt products. Marker: 100 bp DNA ladder (Takara).
Lanes: 1, Isolate A; 2, Isolate B; 3, Isolates C; 4, Isolates
D.

Symbols denote positive(+) and negative(-) in sugar utilization
patterns of API 50 CHL kit.

Fig. 3. Scanning electron micrograph of the isolated starter
strains from the commercial yoghurt products. Size:
A, 2.39£0.09 um (long) x 581.66+22.74 nm (width); B,
2.52+0.16 pm x 496.50+31.93 nm; C, 2.23+0.24 um X
461.56+20.73 nm; D, 3.01£0.1 pm x 478.99+3.08 nm.
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Isolate C..... L. paracased
Isolate D..... L. casei
[solate B... L. cased
[solate A..... L. helveticus

Bucillus subtilis outgroup

Fig. 4. Dendrogram showing the NJ tree of 5 LAB isolates
and Bacillus subtilis C4 (accession EU 195328, NCBI,
Bethesda, MD, USA) as an out-group.

soft agarll HEF3to &34}, oF 308
Aate] HjAE Z]) T HiF paper discE
o Zt EEFE 50 plA HE3)aL 37°Co) 24413 vl
ATk A2kt A 90 clear zone©) FAHEE AL
ERIEIGT). AATFOE AMERE S. aureusoll thste] 42t
AT 2.7 cm, BF 3.0 cm, CF 3.0 cm, D5, 2.7 cm@] A
AES Ho] FAo) 3 1% £49 E coli O157:H7
o thalode 242t A 1.8 cm, BE 2.0 cm, C3= 1.9 cm, D
F 1.8 cm®] AA1Z-E el thFig. 5).

S0 e 2N 55

A S 2418 YA MRS soft agar Bl A
o 4%¢) 207 2EhE] BElFA, B, C, DyE 44 A%
3laL F53F 3 YA paper disc(BBL™ Sensi-Disc™,
BD Biosciences, USA)YS AF&3t] &AIA 7rAIS HIW
319} 652] YA (ampicillin(10 pg), neomycin(10 pg),
erythromycin(15 ug), streptomycin(10 pg), Colistin(10 pg),
gentamycin(10 pg)E- paper disc WWHOZ FARRF A Fig.

Fig. 5. Antimicrobial activity of the isolated LAB starter
strains against Staphylococcus aureus KCCM 12103
(1) and E. coli 0157:H7 (2) (Isolate A (50 pL), Isolate
B (50 pL), Isolates C (50 pL), Isolates D (50 1L)).

Fig. 6. Antibiotic susceptibility test of the isolated LAB
starter strains from the commercial yoghurt products.
The disc impregnated with varying leves of individual
antibiotics were placed on a 0.7% MRS soft agar plate
with each LAB isolate as indicator organism and incu-
bated for 48 hr. Antibiotics: E, erythromycin (15 pg);
AM, ampicillin (10 ug); GM, gentamycin (10 pg); N,
neomycin (30 ug); S, streptomycin (10 pg); CL, colistin
(10 pg).

6ol YERhG nie} 7ro} 7 Ee]F= erythromycin(15 pg),
ampicillin(10 pg), gentamycin(10 Hg), neomycin(30 pg)
o thek 7448 Jehll= WA colistin(10 pg)} strep-
tomycin(10 pg)oll tiaide WS 7 A5< B9

Ao R AT farTe] ol E8ah) SisiAtE 9
b o 38 WS 7bder Atk Rusigt 9
245 sHoR ATANRL o] 8e)

-
=2
2

T B3 4% AT 2EE O ek
o gt WS 7438t THTable 1). Pepsin}
slo] pH 2.08] AFHNE A8 355 &
oF HiFAIZ] Ml 1 mL 7] AFAY 1 mLe T8

AL XSS R P B P P d i 4
A A}, 1.587F 3ol 4.5x10* cfu/mL, 3A)
"4 = 1.8x10' cfu/mLE YEREOL} 4547 o030
= RS IR Btk wEbA olE fikt &
BEo] AAZ oM AET 7lsAde] wig Be 3o
2
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Table 3. Survival of the LAB isolated strains in simulated gastric juice, pH 2.0

LAB Incubation time, 37°C pH of
isolates Ohr 1.5 hr 3 hr 45 hr gastric juice
A 5.1x10° cfu/mL 4.5x10* cfu/mL 1.8x10! cfu/mL 0 2.0
B 4.8x10° cfu/mL 4.2x10* cfu/mL 1.6x10! cfu/mL 0 : 2.0
C 5.3x10° cfu/mL 4.5x10* cfu/mL 1.7x10! cfu/mL 0 2.0
D 5.0x10° cfu/mL 4.3x10* cfu/mL 1.7x10! cfu/mL 0 2.0

Each isolated strains were throughly mixed with simulated gastric juice (see materials and methods), pH 2.0. During incubation with
slight agitation at 37°C, viable cells were determined for the samples taken at every 90 min.
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Ll

17+e] A Well= A% 1005 o3 v A&} 100
o vy o) Aol EAEI, oj#d taket nyE
< A3 Ae 95k Aoz AdH: Qo A
MARE e mABES R85 £3 2 AS
WY 4 3 o5 Y oA 8L fAlEE
o] QIA| Al 4Fe FES vk LHA Ut
A A AAReR 7184 Aol ZA ARen de
FAjol=2 7154 probiotics A1 ¥ 1 A1 Z)A
o] w9 Ztha BHATHRastall and Martin, 2002). Q&
o] 9ol FAANOZHE 400 HF9] AEo] J)5A
AEFOZ QIS Wgtem 1 gjRE-2 probioticsE g
3l I EH AlFo|rk(Saito, 2004).

fAkt¢] probioticsEA %] QIAE7] aiHE A
B8 Qb (safetyyS WIS o8] 71X ulgAd 271
Eo] sei=|ojo} gtch(Heller, 2001). IEN T E3), 4
Aol AMEER] @al YRS B3ste] AYE3}
4317 Y3 AFAAL 043 AFupyo]
AT fA7e) AR B5S Felsks He A

AHEHo] StohFuller, 1992). AAZ H2e] 9178 pH
= s g Bt ope) shiule] WE JFEs o
Bol 202 498t 4B AES AP A
o|Th(Vizoso et al., 2006). 1A2] $|8& pHA} 1.4-2.0 A
2 g vAES APEAZIAT HFHE 459
A28 o F sl pHO WL AAAM o= AL 1)
AE] AFES N2 % Yot 2 dF A} 9129
HApH 20004 = Fakt Fdo] 25 AAEsi o), pH
3.09] JAFHMoME EeFFol web] 2zt 2po)rt
U= Aoz Jehdtl I3y 2)Ed e AR o
A e pHY) FA) FFS omg AFyAoz A
3 Ao 2= A 53 A it AFEEER] B
3171 gt 7E°] At ATHCharteris er al., 1998;
Conway et al., 1987; Huang and Adams, 2004). &3} A}
AL Al Tigh ofs WAL AAIZ 7ol AE)
EE5t 4A ApEg 7ieAel wu stk oy ¢
ZEHE 7= EF AEFT o] AT e Al 9%

e oY ftE 2

fr
olr
M o
o

AVERERE BE o} AEgo] I3 AE Bz o
wETh

27 ol ZA3= @5 (bile salts) B A8} 8 A (pancreatin)
© fatEo] ZHlol @ & 3h}e) P8 220)THDare
, 1972). ¥ 2%42] pHE 8.0 X (Titus ef al, 1991)
2 &4HA o viEaEA 2548 (unconjugated bile salts)
H|E e FE EAJ3 stigte nAEY] F4S

233 A = Aok BuFHAT AlF 4L o
A= FFY 3 s=& A% A8 Gilliland F
(1984y2 03%2] FFito] WA mBES sk 7IE
FEeky Bush 2 ok viEe] SFoA 78
g ZHE AlF3s] H3lM= FF F-25 (colonization)©|
Z Q3 SR T (Havenaar ef al., 1992)7} o1}, A
A ARL FF ATE B3 viud ¢Aolr.

A L casers 1Y A BEAIE7)A (facultative) SE)|
2y AN HEE FPe ATSE FAE, SAE ¢
7}5 HhE(dough), AFYB] A (silage), SHFT 5 THFEH A
221X LAAT L caseis W) 509 o}F, = L
casei ssp. casei, alactosus, pseudoplantarum, rhamnosus,
D rolerans?t ROEQJTE It} Bergey's Manual of
Systematic Bacteriology(2001)9l A= 57] olFolA L
alactosusE L. casei= T3l 4790 2 AEF5F9H
198913 Collins 52 DNA-DNA fAMS 7|22 372
E5S vk 2o, 1991 @ Dellagio 5 paracasei <2
2A1E F45t9 . 3HA 1996 Dicks 52 L. zeaes &
AEolok 31 L casei ATCC 134% L. casei ssp. casei
2] new strain® 2 WHANOF 313l paracasei= AA|E} ok
Sy WA 1997%3 Mort B2 L. casei 16s IRNA
MEBE ZHE L zeae(L. casei E3V), L. paracasei(L. casei .
ATCC 334 X3, L. rhamnosus®] 37l oo g2 FEof
ok FAS vl o}, B ATl M= L. caseiparacasei
2 ZRIE o] et BYF7F AYGELs B &
& Ho] F(species)?] T E TES}] oAHATH
kx| o}F(subspecies) AFAANX T FAE FHEARE
A2} 16s rDNA sequence data® ©]-8-3F alignmentE 4=
gttt o AR 4 ZElE FolA el sFEE
2B V) L caseiZ FAEHJ 2, clustral WE o] &3

ot

ox o
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multi-alignmentE AA|$F A2} 270 L. casei ssp. casei®
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