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Physiological Characteristics and Tyrosinase Inhibitory Activity of
Lactobacillus plantarum M23 lIsolated from Raw Milk
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ABSTRACT

in order to develop a new starter for fermented milk, Lactobacillus plantarum M23 was isolated from raw milk and inves-
tigated for physiological characteristics. It showed good tyrosinase inhibitory activity compared with commercial lactic acid
bacteria. The optimum growth temperature of Lactobacillus plantarum M23 was 40°C and cultures took 17 hr to reach pH
4.3. Lactobacillus plantarum M23 showed more sensitivity to Penicillin-G, Oxacillin, Novobiocin, Chloramphenicol in a
comparison of 12 different antibiotics, and showed most resistance to Vancomycin. 1t showed higher leucine arylamidase
and B-galactosidase activities compared to 16 other enzymes. It was comparatively tolerant to bile juice and able to survive
at pH 2 for 3 hours. It showed high resistance to Escherichia coli, Salmonella typhimurium and Staphylococcus aureus with
rates of 77.8%, 86.5% and 83.8%, respectively. Based on these and previous results, Lactobacillus plantarum M23 could be
an excellent starter culture for fermented milk with high resistance to melanin.
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oJSHAIY 34E QAlNAE melanin Y AHAS A5}
7] S8 Be A7t o] FolA|aL lom, AF7HA] U
A tyrosinase?] A|AZ hydroquinone, 4-hydroxyanisole,
ascorbic acid, kojic acid, azelaic acid, corticosteroids,
retinoids, arbutin 3-°| oL}, HFE b, AF A
59 BAE AgE ¥t AR-E 2IFH(Ando ef al, 1993;
Duckworth and Coleman, 1970; Masuda ef al, 1996). &
3], Hol) P eisled AT (Lee et al, 1997), &
HIAHKIm er al, 1998), 7+ (Lee et al, 2003), ZXHNo et
al, 1999), A}o](Park and Chang, 1997), <%°](Woo and
Yang, 2003), X|AHKwak et al 2004), ¥ (Kwak et al,
2001), 35(Hwang et al, 2001) 5 HIEZHE] tyrosinase
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o, $59] o EAsks v e FAY £ o)
oF SICKGilliand et al, 1980; Fuller, 1973; Lin and
Savage, 1984; Morishita et al, 1971).

B ATE tyrosinase B4 As)so] S5 ANFL 9
oA E2elsia At 7158 daf A 2EE
A ARA] golr 7] 3 L plantarum M239] A
A 540 dial I8t

Mz Wy

HEN=E

A= 71N B (7], A8, A8 2AR5AR)
el B9 e 5F 985 4731 Modified MRS
HjA] (Table 1)0] 0.1 mLA FAETHOZ HE3F & 37°C
AA 48717 vjkBIAT. 18 v, 72 S Modified
MRS HjR|o| A 4-Eelslal, oz WEk gEhs &
A Aikto g Adslitt. AAE @5+ Modified MRS
HjR]el] 33] Wi5o) R streakingdt ¥ &7] wjuBle] 44
2] st o BolE #5 e 10% S 2A4-(Difco
Laboratories, USA)ell Z&3}e] 37°Col|lA] 18417 mlj s}
o STAEE BT FAHRS-S Ro)n pH 4.49)
Ll oI5 17905 A3t tyrosinase B4 A&
<

=359k

Tyrosinase & XSz}

5 1% AE3H pH 440 28 10% LA 5
£ 4°C, 27,216xgell A1 1083 4] 83199t o A
S8-E 0.45um PVDF syringe filter(Whatman Co)Z
I+ & tyrosinase A A3JE-E =435} Matsuda S
(1994)2] el F3ld 67 mM phosphate buffer(pH 6.8)
o] =<1 8.0 mM L-Dopa 120 uLé} Al 40 uLE 96-well
microplate®]] €Il 490 nmol A FFE(S)S &AL F
tyrosinase mushroom(125 unit/mL)Y&4-S 40 uL F7}5}A

Table 1. Composition of Modified MRS agar

Component gram/liter
Proteose peptone #3 10.0
Beef extract 10.0
Yeast extract 5.0
Lactose 20.0
Tween 80 1.0
Ammonium citrate 2.0
Sodium acetate 5.0
Magnesium sulfate 0.1
Manganese sulfate 0.05
Dipotassium phosphate 2.0
Sodium azide 0.25
Bromocresol purple 0.04
Agar 15.0

o ALoA 1087 §FAIZl = Ad¥ dopachrome]
%S microplate reader(Emax, Molecular Devices, USA)Z
ARSI FRE(S)E S8 AERE WA ¥
A B84 10% BLEA T lactic acidE 718 pH
442 B3 & daReslel dojdl A5e Wleln &
A FAE(C,, C)E T 22 24| gJgte] Z47he]
tyrosinase B4 A3 E(%)yS AT

(C,=-C)—-(5,-5))

x 100
(C,-Cp)

A3E(%) =

o] uf wWabd AMAAE F2 tyrosinase B4 A& =3
Al Mouse F-2¢] Hapd ABAAETS] Melanoma B16
-2 Fuller 5-(2000)9] WHol| &3l 10% FBS(Fetal bovine
serum)®t 1% Penicillin-Streptomycine -3 DMEM
(Dulbecco's modified Eagle's medium)oll v A7l )L
100x tissue culture disholl 2k 5x10°7]9) celle] EFH A
TS HEE F 37°C, 5% CO, 2N FE3}A
ZHAl = vl A A A tyrosinase buffer(80 mM PO,
buffer + 1% Triton-X100 + 100 pg/mL PMSF)E 37|38}
259 38t 12500 pmoll A 1587 YAE-E]5)
QojRl HEAg D E A T 7} vhgF 150 g &
WEde gAhgNoz I

MEE 5o 83 ¥ DNA sequencing

e - 44" 3 FFE MRS GARIRA 23] <]
Al w848 52 F A A3 3
2ol 4L Hammes 5(1992)9] o) oJsle] AA)a}
At &4 £l TF = GramEA, IAA, 3713 2
#7174 A, CatalaseY A, 15°C L 45°CoA XS] A,
glucoseZHE 7} AJA, arginine® ZHE] ammoniaty A3,
#n)7d #23} APl 50CHL kit(bioMerieux, France)S ©]
|3l 49%9] & A HEE AT 22ke] DNA
sequences= universal primer 27F(5-AGA GIT TGA TCC
TGG CTC AG-3"9} 1492R(5'-GGT TAC CTT GIT ACG
ACT T-3"2 ARE3191.9H, solgent BEF-Tag2 A}831e] PCR
S ANFIAT SEAFL 95°C, 158 3 F 95°C, 20
F; 50°C, 40%; 72°C, 1& 30%E 303] Algs)om 72°C,
5a0 = vhg stk A/ 8842 PCR productZ solgent
PCR purification kitZ “§A|gt & ABI 3730XL DNA se-
quencer® AFEEAS9TH

Hitme| Wa

Zabto] e Aia, pHE S431 233t A
TFE 10% XA 200 mLoll HAFS 50 pL9.6
x10°mL) FE3 T 34°C, 37°C, 40°ColA] 3217 780
2 2N w3t Z AR S 0.1% peptoneR-Ho] 3]
235}] BCP plate count agar E3}ol] FHo] 23] & 37°C
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HMAKZO| CHEl =3

10% BLEARE 90°C A 3087 stsle] ez
aiE %HHX]E *]-9“3}9\31‘:} MRS A A4 18A]
Zr g #E 1% FESk 3790 wieksiaAl 0, 164
7ol NE8E zﬂ%o}%lu}. Hull(1947)¢] "hgel w}et Als
5 mLE F3} 0.72N trichloroacetic acid 10 mL%} 4]
E£E T 1087 AX3)F thS whatman No. 42 &J7}x]9)|
oA7E AFE TA] 5 mL F8} sodium carbonate-sodium
tetraphosphate solution 10 mL®} Z+ 42 T2 phenol
reagent 3 mLE T}A] 4JojA] 53 ot & B5o] A
A7 & spectrophotometer(model 200-20, Hitachi, Japan)
€ ©]83t] 650 nmoll Al ZA3 ge vE pEoix
tyrosine standard®] FFo = FALSle] e F3 T
Tyrosine standard curve®] Y2412 y=0.9664x + 0.02107
ol R%= 0989302 el

S| LHA
A WA ABL uyptic soy broth(TSB; Difco, USA)
£ ARgSte] 2l Mol o) 1652] Al gk

L. plantarum M232] 4 AS A3} T MIC, Minimal
23T

inhibitory concentration) ZtS =

284 AL MRS AAERAA A 37°C, 1847hERE
wjoksl 52 AP A4E 3451 10°-10° CFU/mL <=
9o AN8E ZAS T API ZYM kit(API bioMerieux,
France)E ©|-&38}d 37°Col|lA] 5A17F wljoFst o2 &4t
S Atk B2 RRAYRE st 0-59 A
2 YehA

==
Gilliland9} Walker(1990)2} ®Holl w2}l 0.05% cysteine
o] 6% MRS HAMIA 0.3% oxgaltd H718+ £ liquid
paraffin oile 33+ U2 MRsOﬁiﬂuﬁx] ol A 37°C, 184]
7t vfekstg ). vitE 5 0.3% oxgalle] 371 MRS
°“iﬂHH119‘r 7 A ke MRS AA IR ZHzt 1%
23te] 37°Coll A A|ZPHE anaerobic jarol|A] F7|Z2AC
i Hj ¥t ODgats SA3IAT

Table 2. Tyrosinase inhibitory activity of commercial lactic acid bacteria and selected lactic acid bacteria

Tyrosinase inhibitory activity (%)

Strains Source
in mushroom in melanoma B16
L .lactis subsp. Lactis ATCC 21053 224+ 8.58 28.2+1.64
L. casei ATCC 393 37.7+ 8.83 29.7+3.03
L. cremotis KFRI 00349 31.2+ 6.19 17.8+4.06
L delbrueckii subsp. Lactis ATCC 7830, IFO 3376 169+ 7.38 8.1+0.91
L. bulgaricus ATCC 33409 11.7+ 543 4.1£2.23
L. amylophilus NRRL B-4437 7.5+ 2.57 17.5£1.29
. L .reuteri KFRI 00661 239+ 349 19.6£1.95
Commercial ) g Rhodia Inc 373+ 581 17.220.79
strain ) e T
NCFM? RHONE-POULENC 24.1+ 2.40 13.7+3.66
ABT-D RHONE-POULENC 25.0+ 2.13 18.0£1.94
ABY-2D? Rhodia Inc. 41.3x 4.30 12.2+0.69
BBLY RHONE-POULENC 15.5+ 2.96 12.8+0.36
ST-1% Culture systems. Inc. 0.3+ 1.59 5.6x1.76
ST-5 Culture systems. Inc. 9.0+ 4.73 17.4+2.99
L. acidophilus Culture systems. Inc. 17.1x 3.02 22.7+1.34
A a company 45.8+ 3.83 23.5+1.50
B b company 185+ 1.24 22.4+3.77
Fermented milk C ¢ company 44.4£10.11 13.9£2.67
D d company 50.3+ 2.87 21.6+2.60
M23 strain isolated from raw milk 52.1+ 347 32.0+0.97

YCommercial mixed culture composed of Lactobacillus acidophilus, Bifidobacterium longum, Streptococcus thermophilus.

BLactobacillus acidophilus.

ICommercial mixed culture composed of Lactobacillus acidophilus, Bifidobacterium longum, Streptococcus thermophilus, Lactobacillus

bulgaricus.
“Bifidobacterium longum.
SStreptococcus thermophilus.
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pH LHA

Clark 5(1993)9] el W} 37% HCIS SH<roll &
o] pH 2, 3, 4 §47} 212X pH 64 §N& Zﬂis}
G, AZE pH €94 10 mLol| 0.05% cysteine©] g9
MRS BA|ujR|ol A 37°C, 24412t wiFE Zbzbe] FF 1
mLA S 4#8 F 37°CelN wjFsPEA o, 1, 2, AT &
o] AAFE 37°C, 48117t F7|get vk AlS3iATt

&

Gilliland®} Speck(1977)¢} o whel L. plantarum
M239} et S Silor AR AN TS HUdTE
(Escherichia coli, Salmonella typhimurium, Staphylococcus

aureus)®| T,
Z% o nE

MAFRO| 2| of Mut

A= 7S AR B2 7], AR, A5 ST
Tl 019 e 54 ¥ YRS ETH pepone Ao
2 913 A3}1, Modified MRS HjAE ALgale] gkl
AFE JAsH= 2,081 @l s B 5}9\9@— 4
Ao Fihtolgt FUTE oF el o5 10%
fﬂ*?_ ELX]%"“ AE3L 37°ColA 18A12E HHOL_?_

& I, FIHe-g Holy pH 4.4 4—23}
5"—7— 179705 A81e] mushroomel|A] 323t tyrosinase
01% 3}od tyrosinase BA AdMS-S A3 A7 M23

F7k Mg S50 ek,

I—J

r:!,J il r{r ﬂ

Tyrosinase &4 X5z}

Table 204 K= Hpe} o] Fejd it M23 o
o 3l tyrosinase B3 A3-&-S S43 23}, Mushroom
ol F=3} tyrosinaseol A= 52.1%, Melanoma B1694]
FZ3) tyrosinased| A= 32.0%% UEREoH, Aago] A
AT} AE H‘i%ﬂl HIs EA| Vepgol we} tyrosinase
g4 Asaxrt 9 gz Adsinh

=3 3 DNA sequence

A8 L%]_ M239] genus$} speciess AA3}7] Y3l A
2, Aslsta A1g-g sleh Add M23S Gram 944S
e @r)E o2 #F A rod FEl9] homodolH,
Ao} AFglo] Z AAASIEI, catalases} £FAL
SACE YETE 15°CollA sk whE 45°ColM=
AFEA] ko, glucose?} arginine® ZHE] ZHz} gas
o} AR UolE AA3FA] o} genus Lactobacillusoll &3}
A}, SpeciesE A3k7] ¥3kd API S0CHL kit(BioMereux,
FranceY& ©]-83l] 49%F9] 3 & AFS AAgE 23}
(Table 3) M23L lactose 5 250 2 HE] AHS- XA

Table 3. Physiological characteristics of L. plantarum M23

Gram reaction +
Cell type rod
Spore forming -
Motility -
Aerobic growth +
Anaerobic growth +
Catalase reaction -
Growth at 15°C +
Growth at 45°C -
Gas forming from glucose -
Ammonia production from Alginin -

Acid production from
Glycerol - Salicin +
Erythritol - Cellobiose +
D-Arabinose - Maltose +
L-Arabinose - Lactose +
Ribose + Melibiose +
D-Xylose - Saccharose +
L-Xylose - Trehalose +
Adonitol - Inulin -
B-Methyl-D-Xyloside - Melezitose -
Galactose + D-Raffinose +
D-glucose + Amidon -
D-Fructose + Glycogene -
D-Mannose + Xylitol -
L-Sorbose + Gentiobiose +
Rhamnose - D-Turanose +
Dulcitol - D-Lyxose -
Inositol - D-Tagatose
Mannitol + D-Fucose -
Sorbitol + L-Fucose -
a-Methyl-D-Mannoside - D-Arabitol +
o-Methyl-D-Glucoside - L-Arabitol -
N acetyl glucosamine + Gluconate +
Amygdalin + 2-keto-Gluconate +
Arbutin + 5-keto-Gluconate -
Esculin +

T} 71 AF}E ATB identification system®l] 3t A3}
Lactobacillus plantarum 22 HHE 00, 16S rRNA F
A2} B-E-S universal primerE ©]-8-3F PCRZ 533}
AMEEA HATHFg. 1). #4989 97IMEE Tz o8
3} BLAST searchdt 23} L. plantarum(1D. 99%)2Z
ZA= o] Lactobacillus plantarum M232.2 H 315}
Lee 5(2006)°] wl=2m AzZoA E&lE L plantarum
NKI1812 &4t &4, sl &4 2 ZY2HE A58
71 9Jo] §-5+3F probiotic TF-EFL ST

L. plantarum M232| 4%t

Fig. 394 B nle} 22o] L. plantarum M232] & Al
FLEE 47 5t 10% FLEAHF 200 mLe)] BT
£ 50 uLO.6x10%mL) BEF T LxH A7} 7170

T =TT
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TTAGCGGCTGGTTCCTAAAAGGTTACCCCACCGACTTTGGGTGTTACAAACTCTCATGGT 60
GTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCG
ATTACTAGCGATTCCGACTTCATGTAGGCGAGTTGCAGCCTACAATCCGAACTGAGAATG
GCTTTAAGAGATTAGCTTACTCTCGCGAGTTCGCAACTCGTTGTACCATCCATTGTAGCAC
GTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGT
TTGTCACCGGCAGTCTCACCAGAGTGCCCAACTTAATGCTGGCAACTGATAATAAGGGTT
GCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGCAC
CACCTGTATCCATGTCCCCGAAGGGAACGTCTAATCTCTTAGATTTGCATAGTATGTCAAG
ACCTGGTAAGGTTCTTCGCGTAGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGG
CCCCCGTCAATTCCTTTGAGTTTCAGCCTTGCGGCCGTACTCCCCAGGCGGAATGCTTAA 599
TGCGTTAGCTGCAGCACTGAAGGGCGGAAACCCTCCAACACTTAGCATTCATCGTTTACG
GTATGGACTACCAGGGTATCTAATCCTGTTTIGCTACCCATACTTTCGAGCCTCAGCGTCA
GTTACAGACCAGACAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTTCAC
CGCTACACATGGAGTTCCACTGTCCTCTTCTGCACTCAAGTTTCCCAGTTTCCGATGCACT
TCTTCGGTTGAGCCGAAAGCTTTCACATCAGACTTAAAAAACCGCCTGCGCTCGCTTTAC
GCCCAATAAATCCGGACAACGCTTGCCACCTACGTATTACCGCGGCTGCTGGCACGTAG
TTAGCCGTGGCTTTCTGGTTAAATACCGTCAATACCTGAACAGTTACTCTCAGATATGTTC
TTCTTTAACAACAGAGTTTTACGAGCCGAAACCCTTCTTCACTCACGCGGCGTTGCTCCAT
CAGACTTTCGTCCATTGTGGAAGATTCCCTACTGCTGCCTCCCGTAGGAGTTTGGGCCGT
GTCTCAGTCCCAATGTGGCCGATTACCCTCTCAGGTCGGCTACGTATCATTGCCATGGTG 1201
AGCCGTTACCCCACCATCTAGCTAATACGCCGCGGGACCATCCAAAAGTGATAGCCGAA
GCCATCTTTCAAACTCGGACCATGCGGTCCAAGTTGTTATGCGGTATTAGCATCTGTTTCC
AGGTGTTATCCCCCGCTTCTGGGCAGGTTTCCCACGTGTTACTCACCAGTTCGCCACTCA
CTCAAATGTAAATCATGATGCAAGCACCAATCAATACCAGAGTTCGTTCGACTTGCATGTA 1442

Fig. 1. 16S rRNA sequence of L. plantarum M23.
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skim milk at various temperatures.
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Table 591141 B trypsin®]t} chymotrypsin®] 222 §l
2 20NA] miFstdtt. 11 A 3-6A1Z0ol Yl 7] X9 proteasert TS BaiEkA] ¥t AFEEH U
£ VR, 40°cel A 71w AE-S BT Fig.

45 2471771219) pH H3E YERd Ao F 34°C B 37°C L. plantarum M232| &-4H| LHd
o Hlsf 40°C7t 717 W b A RGow, o uf i g BHo7 AFAHE YAl Jsir] Z2njo|oE o
B HA pH 2191 pH 439 T=&@8h=d] 17217 & 571 APEE Z$oll AA lollAe] 7]54d0] Rolx|A =
253U =, o]y3 EdolA FAA ] digk ude wle- F&
3 24T AAFHI Y Aotk weba AlFA o
L. plantarum M232| CIHHE] 25} £53 Y= F 1671412 YA tis) L plantarum M23
MRS SBA|R| A 18A17F B FE L plantarum M23  TF7F UAo] A=AS Table 40 JERNSITE
1% 10% DS o]l HE3sm 370 wjdshar] 164 Park 5(1996)°1l WEW Lactobacillus % w5 et &
& ANEE AFS ARY FREE EFFA i) AA WA AFolA ampicillin® 037 pg/mL, rifampicin
3t tyrosine FEE T3 A¥ 0AIZFA o) 019100022 & 0.5 pg/mlE ZA3S RIS 3 Kim $(2003)

mgol A 16A17F A3 ¥ 0737:0.068 mgS UERAtEd, 9 APl WhEW L. plantarum KCTC309990 thek 3
o]& Lim $(1996)°] Lactococcus lactis= A3+ A7} AA WA AEolA ampicillin® <1 pg/ml, streptomycin
0.11 mge|2ki B3k Aujo] Hls] whild Raf=o] ). 2 «0.25 pg/mL, gentamycin <4 pg/mL, vancomycin
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Table 4. Antibiotics susceptibility of L. plantarum M23

Minimal inhibitoryy

Antimicrobial Agents concentrations (Lug/mlL)

Aminoglycosides
Amikacin 40
Gentamycin 10
Kanamycin 50
Neomycin 25
Streptomycin” 25
B-lactams
Penicillin-G 0.313
Methicillin 5
Oxacillin : 1.875
Ampicillin 5
Gram-positive spectrum
Bacitracin® 3.75
Rifampicin 3.75
Novobiocin 0.11
Lincomycin 3.125
Gram-negative spectrum
Polymyxin B 375
Broad spectrum
Chloramphenicol 1.25
Vancomycin" 1600
* : units/mL.

Table 5. Enzyme patterns of L. plantarum M23

Enzymes L. plantarum M23

s

Alkaline phosphatase
Esterase (C4)

Esterase lipase (C8)

Lipase (C14)

Leucine arylamidase

Valine arylamidase

Cystine arylamidase
Trypsin

Chymotrypsin

Acid phosphatase
Naphthol-AS-BI-phosphohydrolase
o-galactosidase
B-galactosidase
B-glucuronidase
a-glucosidase
B-glucosidase
N-acetyl-B-glucosaminidase
o-mannosidase
o-fucosidase

O WU B B O UBNWWOIODNRA WO - -

<

*A value ranging from O to 5 is assigned to the standard color,
Zero represents a negative; 5 represent a reaction of maximum
intensity. Values 1 through 4 represent intermediate reactions
depending on the level of intensity. The approximate activity
may be estimated from the color strength; 1 corresponds to the
liberation of 5 nanomoles, 2 to 10 nanomoles, 3 to 20 nano-
moles, 4 to 30 nanomoles and 5 to 40 nanomoles or more.

<32 pg/mLeE YERARITH HiE ¥hd 2 ATl
B&|$t L plantarum M23 T+ ampicillin®- 5.0 pg/mL,
rifampicin 3.75 pg/mlL, streptomycin< 25 ug/mL, gen-
tamycin 10 pg/mLO.Z Hwd & YL B &
3], vancomycin®] th3t WA WA MIC == 1600
pg/mLe 2 Lactobacillus plantarum KCTC30998} H] g}
< W & WS JeERiIT

L. plantarum M232| §4&H

L. plantarum M238] H434] A3+ Table 594 B
Hle} 2T} Leucine arylamidase, B-galactosidase, N-acetyl-
B-glucosaminidase= 55 YER BABA O] EA e
S, valine arylamidase, o-glucosidase, B-glucosidaseol]
M vy & §4A84S B 53], 432
glucose®} galactoseZ ¥-IA71= RFEHNEAL B-
galactosidase’} 5& UEPJOZHN Fitoz SIS
t}. T3t BenzopyreneS WA B2 A7 &
SE 4 B-glucuronidase®] g0l EALEA0] 0082
Uehd w9 PR RArdS & 401 U Lee &
(2006)8] AFANME L plantarum NK1812] EAEA0]
B-galactosidasedl] tHeiA= 48 YERNSIIL, B-glucuronidase
o dEiMe 002 S B2l A} fARIIT

L. plantarum M232| SHELHA

GEol et L. plantarum M239] WAZAI= Fig. 49l
Al B vkel ok 7A1ZE B2t 8l o oD#el 0.3%
oxgalts F7FetA] 23ke = 1.578, 0.3% oxgallS 3
718lE e 09122 7t JAIE wrle shv 25
ol e Aoz Jedth Kim $(2003)d w=wd
Lactobacillus plantarum KCTC 30992 ©FiAd] o3k
HRAIZE B F3s WskE % A, uild 24430

—&— with oxgall
1.5 —O— without oxgall

Optical density (620nm)

0 1 2 3 4 5 6 7
Incubation time {(hr)

Fig. 4. Growth of L. plantarum M23 in MRS broth containing
0.05% L-cysteine with or without 0.3% oxgall.
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OpH2
OpH3
HpH4
BEpHG.4

CFU per m! (Log number)
O = N W b OO N 0 ©

0 1 2 3
Incubation time(hour)

Fig. 5. Survival of L. plantarum M23 after three hours in HCI
(pH 2, 3,4, 6.4).

AT FHEN oxgalle WA B HETE A
a OD6107 O] 1. 12’ E—?_]. ‘ﬂ'g X%E]%LTE“C‘ ODmolyi}\-O] 0.5
Hzo 222 Uepllol, 95l 23] Asie wtm »
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Table 6. Inhibition of pathogens by L. plantarum M23 in MRS broth

Growth
Pathogens Pathogens® L. plantarum M23" + Pathogens Inhibition (%)
CFU/mL pH CFU/mL pH
Escherichia coli 1.15x10°% 6.46 2.55x10’ 5.02 77.8
Salmonella typhimurium 1.25x108 5.63 1.68x107 4.96 86.5
Staphylococcus aureus 6.59x10% 5.78 1.07x10% 4.99 83.8

*Initial count of L. plantarum M23 : 1.09x10’ CFU/mL.
# Determined after 6 hr incubation at 37°C.
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