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Abstract

This study was conducted to investigate the antibacterial activity of lactic acid bacteria isolated from traditional
fermented foods and to develop a new starter for fermented milk. The isolates were identified using 16S DNA
sequencing and named Lactobacillus plantarum A, Leuconostoc lactis B and L. acidophilus C. The activity of
these strains to inhibit the growth of food-bome human pathogens (Escherichia coli NCTC 12923, Salmonella
Typhimurium NCTC 12023, Listeria monocytogenes NCTC 11994) was measured using the paper disc method.
All these strains showed strong antibacterial activity against Li. monocytogenes NCTC 11994. The experiment groups
were the fermented milks with these strains, and the control group was the fermented milk with the commercial
starter (ABT 5). The change of pH, acidity and viable cell counts were measured during their aging time. All
the experiment groups showed a significant difference in their aging times compared to the control group. However,
the sensory test showed that the experiment groups can be used as useful starters for fermented milk. This result
suggests that L. plantarum A, Leu. lactis B and L acidophilus C have the potential to be developed as new starters
for fermented milk.
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Fig. 1. Changes of pH during the fermentation of milk by isolated
strains.
C; Fermented milk by ABT 5, LP-A; Fermented milk by Zactobacillus plantarum A,

LL-B; Fermented milk by Leuconostoc factis B, LA-C; Fermented milk by Lactobacillus
acidophilus C.

Table 1. Results of 16S rRNA sequencing of isolates from fermented food

Sirg Query Subject Score Identities
{rains
End Description AC Length Stat End Bit Raw EV Match  Total Pct.(%)

Lactobacillus curvatus gene for 16S

KL 5 o e e i NDOS AB6OO200.1 1531 17 1506 2737 1482 00 1490 1493 99
Weissella viridescens gene for 16S rRNA, partial

K8 sl et R S ABGROISO. 1503 1 1495 2687 1455 00 1491 1506 99
Lactobacillus plantarum subsp.

K3 1 1490 plantaum gene for 165 rRNA, partial sequence, strain: ABGOLIT9.1 1525 19 1504 2726 1476 00 148 1490 99
NiT29

K¢ 2 1430 Leweonostoc lnciis culire collection IMAUBOSIO 168 pnnserns 1 1476 1 1476 2706 1465 00 1475 1479 99
ribosomal RNA gene, partial sequence

Ks 4 1477 Laciobacillss acidophilus gene for 165 rRNA, partial  apeonyio | 1507 6 1497 2612 1414 00 1469 1492 98
sequence, strain: JCM 2121
Lactobacillus saker gene for 16S rRNA, partial sequence,

SI3 I ABX269.1 1568 1 1519 2791 1511 00 1519 152 99
Lactobacillus sakei subsp. carposus carnosus gene for

Gl 1 s et Hoai Nid ABG0I961 1534 17 1507 2739 1483 00 1491 1494 99

Gy 1 1498 [ediococcus pentosaceus gene for 165 rRNA, partial  ypsoggcs | 1533 19 1514 2748 1488 00 1495 1498 99
sequence, strain: Nilld4

cl 4 1507 Lediococcus subsp. NBRC 107250 gene for 16S tRNA, wpeersig | 1500 1 1501 2747 1487 00 149 1504 99
partial sequence

4 1504 Dnerococeus faecium strain IDCC 2103 168 ribosomal pysgniin g 1519 15 1506 2708 1466 00 1491 1501 99
RNA gene, partial sequence

03 2 510 Ledococcus acidiacticistrain Ugald6-3 165 rRNA gene, noyguoen | 1577 21 1521 2652 1456 00 1486 1509 98

complete sequence
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Z 2 AFE AHSsIeH, pHE 252 243 MRS agars:
1159 F2HtF2S B85 th(Table 1). 115
o] fAMTFEE HXA A B3 L curvatus, Weissella
Vzrldescens L plantarum, Leu. lactis 2 L. acidophilus 5%
NS-AANA L sakei subsp. 15, 1F7ol A L sakei subsp
2 PedJococcus pentosaceus 2%, A=Al A Ped subsp.,
Enterococcus faecium 2 Ped. acidilactici 35 2.2 16S
1DNA®] Q71X LS £ 5% vlaste] 248k Al
A Zzke] d e et B 97% o)’ YAlslt
(Table 1). Kwon 5(24)& ZAX|dll<= 30F o)A A=
o] Qo I F HFOE L plantarum, L brevis, Ent.
faecalis, Leu. mesenteroides®.Z H 113t th AZdFol<=
Lactobacillus 4:2] F2HTF(25), A7-21 7HEe] 7 $-ol=
Pediococcus 42 §AHTFF7 BE S FHC T B o]
Slor(26) & A7) ATGNE olel FALE AT}
s stk

) Aeslelet 21&401 715 4E vehath
I B Eo] JATH27). T WA 2 WEHEAS
g1t AZKTable 2, 3) WAL Leu. lactis7} O%ZE 717
ko, I Y-S0 2 L acidophilus, Ped. acidilactici, L.
plantarum, 2 Ent. fiecium®] ZYZ} 96, 95, 94, X N% =

Table 2. Survival rate of isolated strains after 2 hr in MRS broth
(pH 2.5)

Before incubation After incubation

Strains (log CFUfmL) (log CFU/mL) rSﬂl:;Vl(\%
pH 70 pH 2.5

K1" 74 37 50
K2? 47 35 7
K3’ 82 77 o
K4” 79 78 %
K5” 8.4 81 %
s19 76 67 o
G1" 8.8 57 o
G 70 53 0
cr’ 76 67 %
" 77 71 9
c3? 77 74 o5

lactobac]/]us curvatus isolated from Kimchi; ” Wéisselly viridescens isolated from
Kimchi; lactobaa]/us plantarum isolated from Kimehi; ¥ Leuconasfoc lactis isolated
from K]InChl Y Lactobacillus acidophilus 1solated from K1mch1 O Lactobacillus sakei
subsp. 1s01ated from salt-fermented shrimp; " Zactobacillus sakei subsp isolated from
Gochujang, ® Pediococcus penigsaceus isolated from Gochujang, ? Pediococcus subsp.
ﬁolated from Cheonggulgang, " Enterococcus faecium isolated from Cheonggukjang,
) Pediococcus acidilactici isolated from Cheonggukjang.
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Fig. 2. Changes of titratable acidity during the fermentation of milk
by isolated strains.
C; Fermented milk by ABT 5, LP-A; Fermented milk by Lactobacillus plantarum A,

LL-B; Fermented milk by Leuconostoc lactis B, LA-C; Fermented milk by Lactobacillus
acidophilus C.

=y
5(28)2 1 vErEl *‘FH Wikd 2 EE
3= —c@é JJrlﬂ FEAL BN atio] e Ro =
HiuEa glom, B Ao ARoMx 228 ikt
o YRS WkEAge BT YHgo] 943 AT
ZE A A %ﬂﬁi L plantarum, Leu. lactis 2 L
acidophilus 2HT5= 3% Yot} whehA] B AT HE

Table 3. Survival rate of isolated strains after 4 hr in MRS broth
containing 0.3% oxgall

) ) Beforg: ) After. Survival
Strains incubation incubation

(log CFUML)  (log CFUmL) '€ (%)
K1” 74 72 98
K2’ 47 41 87
K3’ 82 8.1 98
K4" 79 76 97
K5’ 84 83 98
s1° 76 7.1 93
61" 838 80 90
(e 70 6.4 91
cr’ 76 74 9%
(o 77 7.1 2
(i 77 74 97

Lactabm//u; curvatus isolated from Kimehi; ® Weissella viridescens isolated from

Kimchi, [actobaa[/u; plantarum isolated from Kimchi; 4lﬂzzcoﬂastoc lactis isolated

from Kimchi; * Lactobacillus acidophilus 1solated from Kimehi; ® Lactobacillus sakei

subsp. 1solated from salt-fermented shrimp; " Zactobacillus sakei subsp isolated from

Gochujang, ° Pediococcus peﬂtasaceus isolated from Gochujang, * Pediococcus subsp.

}%olated from Cheonggukjang, " Enterococcus frecium isolated from Cheongguljang,
Pediococcus acidilactici isolated from Cheonggukjang.
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1 2ElE] s Q8 AT 2 L plantarum, Leu. lactis
9 L. acidophilusE AR3IR o, Z47}; L plantarum A,
Leu. Jactis B 2 L. acidophilus CZ "33} th

Fobrel g #Y

A E FAAtF L plantarum A, Leu. lactis B 2 L
acidophilus C9| 3t &5 574317 et Z42he] 4k
TFE 1.0x10° CFUMLE AHg-3te] BAA vAE E coli
NCTC 12923, Sal Typhimurium NCTC 12023, Li
monocyfogenes NCTC 11994°] 3t gt &8 ZALSHA
UHFg. 3). B4 vIAE L monocytogenes NCTC 119949
3l L plantarum A, Leu. lactis B 2 L. acidophilus C=
Z¥Zy 20.1 mm ©]’ge] A3ES B 31, Sal Typhimurium
NCTC 12023 % E coli NCTC 12923 disir= L
plantarum A7} ZtZ; 10 mm ©]3}e] A3 $-S B G, Leu.
lactis B ¥ L acidophilus C= A 3| &o] AAAE A gkttt
Kaur 5(29)2 Ak 1714 H0, 59 #itsE4,
W2 A 59 23k tjAR ROl fralst o 53] e
vAES A)gtial Haskal glom, 7x|e] waaAy
= g 2 7)< Aeromonass:, Erwinia%s, Bacillus% 5°]
AZEH AT EE FH o|Fo= fFAkdwhe] A&, &
AR AE HFAX = AR 30€AY] AA=Z L
monocytogenes®l| W3+ @t EAJo] 43 FAHTFIF B
ZH Ao Z AEETh Lee?} NoB0)= HA| frafl fraktol
E. coli, Salmonella subsp, Li. monocytogenes®] 375 A
ghohal stglomn, 2 Ao oAME I o]e}t FAgH
A%5 yeiiglen, 53 BaAd vdE F L
monocytogenes®| 37 A3l&o] Fo} WA FAF Bk of
Ut 2% 9 SAHEF Hd mAE JAAR o]&
7FsAol =& ASE A7t

log CFU/m1

——C & LP-A - LLB ——LAC

0 2 4 6
Fermentation time(hr)

Fig. 3. Changes of viable cell counts during the fermentation of

milk by isolated strains.

C; Fermented milk by ABT 5, LP-A; Fermented milk by Lactobacillus plantarum A,

LL-B; Fermented milk by Leuconostoc factis B, LA-C; Fermented milk by Lactobacillus
acidophilus C.

Table 4. Antimicrobial activities of selected strains against
food-borne pathogens

_ . Activity
Indicator stain ) ) )
LP-A LL-B LAC
E. coli NCTC 12923 + +
Sal. typhimurium NCTC 12023 +
Li monocytogenes NCTC 11994 ++ S e

ULP-A; Lactobacillus plantarum A, LL-B; Leuconostoc lactis B, LA-C; Lactobacillus
acidophilus C

Degree of clarity of clear zone by growth inhibition: -, none, +; below 10 mm,

++;10.1~20 mm, +++; above 20.1 mm

T

AAE [FAFF L plantarum A, Leu. lactis B 2 L
acidophilus CE ©% 0% o] &3te] HafE AzsAe
o, 27 493 o5 ABT 58 A3t Hlwasich
B AT A, v, 79 9 FadE e A4
o] ¢1%lthdata not shown). A& A HA+-FF 2 4
2B E o] &3t a o] pHY WE 543 A7 L
plantarum A, Leu. lactis B 2 L. acidophilus Ci= 217} Hl| %
617k o]Wjoll pH7} 4.60.2 =235t om, 4AA e
of ¥l3)] wjF AlTte] 12A1F A% O 2d o= et
o} 448 2~eVElQ] ABT 5+ L acidophilus, Bifidobacteria,
Streptococcus thermophilus 352] frabto]l 3l = o]
Ao B Aol AHEE T T HlEAE w2 A
S AT Ao E AR ET O fRrEE AEE
AS Lee 531 L plantarums ©)-&3 & A ZA]
pH7} 44 A ZElEl ol HIs) frolstA 2A S = Aok
Hust¥on, ol L plantarum G50.F A3 Aol
olye} 442 w5 ST-BOL(St. thermophilus, Chr. Hansen,
Denmark) ¢} LH-BO2(L. helveticus, Chr. Hansen, Denmark)
& LL1E ARgSte] 2 ATohe Adolg 235 e
th B3t L plantarum® 2 RG-S Ax A FEOFE AR
g 739 pHE 4.08~4.30 7}A] YEthe AR IS}t T2 A
el o, o] & dAFtelA EeE Akt 540
71919 AR BRIt SpAI HAd TR SEEE AlE
Al 27 pHYll =23} X3l Z~EE R o]§ 715/d9]
wod viE) B ATl 22lE] WA 3FY A BT
6X17F ol E B3 pHoll E23te] WE 9 ~EFEE ARR-
7FeAdo] B Ao 2 AlgHTh Alwe] Wl BE Ay
ToA wjAIZre] SRS AMEe TSR0, it
T2 Wal= L plantarum A, Leu. lactis B 2 L. acidophilus

S ksl Az dafe 24wl 227 =
37} it} vl 62417 W) 2H2} 1.3x10%, 7.9x107 2 7.9%107
CFUmLZE S7}stdal, Q2 2EE ABT 55 A3
g fE w2 RE Fokske] wjk 6A17HA 2.5x10°
CFUmLZ Z7Vstt}. L plantarum A, Leu. lactis B 2
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L acidophilus C& S=2.2 H7}8190& 735 244 =&
E?] ABT 50| Hl&l] vhe S718-S5 Hola glont 44

sEEel B9E ARE TR Sol ABT 5o S5k
FAkEo) & AR & QS 240 © 02 B AT
AR E fraREe AAN BE fHEE A8g0.
A 39 ErEISRE MeRARYS] Rolrk 471 A0 AlR
Atk get] B AT A FATET 35 BEAA
22 993 2EE el W, aEY L Bad A%
A olaker EAo] $4rsin ZEbEI R o]§ 7hso] A}
ZJe} sere,

= —
O
>,
N

MEIE] RARFO| olE WERe| SsAAl
A E §2tF L plantarum A, Leu. lactis B 2 L

acidophilus CE ©|-8-3to] A|zx3t dE o #524 54
Table 59 YERNATE HZTZ= ABT 55 ©]83fe] A,
7], 227 3 2 AAAHQ V|EEE 5 HEHo=R
AAER e, ET= 47 45,45,48,45 L 45 2
YENST). L plantarum A= ZY7}+ 4.0, 38, 4.0, 40 2 422,
Leu. lactis BE 4.1, 4.0, 3.9, 3.8 ¥ 39%, L acidophilus
CE 40, 42, 42, 40 2 428 et #5734 23
tizTol] vlsl A, &F7), 223 gl AA AR 7S EE fre
A BHA SAHEHAOH, Lee 3D 7 R 7B T
54 Azt dojdtial Bastynh 2 A= dgE
AR 38 AR A Al ZEEE ARSSE] AgE 7]
ATE B Ao AME kTt XA EelE T
TFUS Abshd A, aF7), 227) 5t 2 JA42 7s e
7F A9A 2EEE ARSSE o2 diH] 80% oo =
P8 o] 2EEIR o] & 7F5Ado] & Ao E HoAH
WA 5EAS =ol7] Sg Bl gk A7t
7oz "ad Ao FAdHTl H3) Dedios 5(32)
FE A+ Azl Qo] ikt g ko] WA vAEY
AA| o} G AldZFol AN T3 28-S ste=
Aol 2ty Buslg, 3% FEAY mdS
L. plantarum A, Leu. lactis B 2 L. acidophilus C2]
YAl W3 59 7164 A7t TR 8% 3o
2 AZd

B 5

(g N N 2
o

olN

o off 1>

71

o, offl

=

Table 5. Sensory characteristics of the fermented milk (n=15)

Ttems ¢’ LP-A LL-B LA-C
Color 4510397 402046 413072 4.0:031
Flavor 45046 38073 401031  42:064
Texture 48073 40:031 391025 424061
Taste 455037  40t067 381077  40£031

Overall acceptability 451037  42+051 394035 42063

1’C; Fermented milk by ABT 5, LP-A; Fermented milk by Lactobacillus plantarum
A, LL-B; Fermented milk by ZLeuconostoc lactis B, LA-C; Fermented milk by
Lactobacillus acidophilus C

"MeanSD

2 AFdXe FYSH LER starterS WA3H] 2180
5 ibts 2y B s ol&
|3 it Ha T 294 B probiotics£41¢] 7Fs
= AHgstaAE A ST
, A B ARl el WA
T 11F0]H, o] T Wi 2 WEFdol 3 L
plantarum A, Leu. lactis B 2 L acidophilus CE 18]35}
rgA B HERAE AEATE AT 3FY o
Zo gt B HAd vABEQ] Li monocytogenes
NCTC 11994l 3l & ddAdS Bk 84
o] A& 3T MHITE ARESt MERE AxT A3
z7<1 ABT 5EtH= wA=82 B o]gsh4 wstrt
oA o g Aole wovt IsAL A A, 37, 233
ot @ AAAQ] 7|5 =7t g2 giH] 80% o deE T
TFIE A 58 B2 54 7 A, F
5 B3 542 w07l A% EdFd g A+t
F7H o2 P HEF ZEHEA o] & 7 A
b

o] & Aoz et
zAtel 2
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