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Abstract

In order to develop a new starter for fermented milk, 1037 bacterial strains were isolated from raw milk. The strain that
showed excellent acid producing and angiotensin converting enzyme (ACE) inhibitory activity (88.6%) was selected and
identified as a Lactobacillus zeae based on the result of API carbohydrate fermentation pattern and 165 rDNA sequence.
Lactobacillus zeae RMK354 was investigated further to study its physiological characteristics. It showed strong ACE inhib-
itory activity compared with commercial LAB starters tested. The optimum growth temperature of L. zeae RMK354 was
40°C and it took 10 hr to reach pH 4.3 under this condition. L. zeae RMK354 showed more sensitive to penicillin-G, baci-
tracin, novebiocin, in a comparison of 14 different antibiotics, and showed most resistance to polymyxin B and vancomycin.
1t showed higher esterase and leucine arylamidase activities compared with 16 other enzymes. It was comparatively tolerant
1o bile juice and able to survive at pH 2 for 3 hr. It showed inhibitory activity against Salmonella Typhimurium with the rate
of 60%. Based on these and previous results, L. zeae RMK354 could be an excellent starter culture for fermented milk with

high level of ACE inhibitory activity.
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19773 ACEQ] 7333k A& AR captopril(2-D-mercapto-
propanoyl-L-proline)e} 7WEE$1 1. ©]F enalapril, benazepril
T 459 ACE AaliAl7t JEsts o] 18}t AsAZAM
o185 glovt e, A4, Plztold, B,
87 D2 5 2% BR8] BrokBR, BAMIE, 1996).
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St peptideE AAASIIATr SFHL™, Lactobacillus
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S-Hage] ~efEQl Ak A EEH Tl Fe) g
At S Rt wixolA] YR peptide
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W& 4 QICHGilbert er al, 1997). Peptide= “}H]
ol BT AMEER] &) wiFol] B o] peptide
7F g ol F8¥ctuillard et al, 1995). 2EFEIEA] L
helveticus®. A EH B FAFL in vivodollA 18t
B7do] ASHUKSipola er al, 2002). FHAAE g 9
Aol kg e a7 EAHT o, F8
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e FHEES ARl Eelsta sl 7 BE
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Fr)yl B0 e EZYRFE 743t modified MRS
Hlx|(Table D)ol 0.1mL4 FHHTLHo g HF3 & 37°C
ol A 48A17F ettt Wl & A" 4 HEgs
modified MRS BiX|o| A &850, =@M oz Wl
e A Adgor Misigoh A" F e
modified MRS ®jx]ol] wlZolg 38 streakingdt ¥ &)
Hjerele] e ik e EEE TFE 10% &
4 @R-{(Difco Laboratories, USA)ol| ZHE&] 37°ColA]
18A]7F Hjgsle] SaoR-E E]lalgty. P& B
ol pH 440 sk #5E5 gyt
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. Whey fraction Z=X|
HEF F SR ACE JABANS 2H37) 98t

Table 1. Composition of modified MRS agar

Component gram/L
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

10% skim milkell 22t 1% HEate] vy doixl
ZIEE 6,000 pmoll4 10827 A4ES g AE59 e
whey fraction®. 2 A8}

Lt. ACE dxEy SHY

Cushman¥} Cheung(1971)2] ol F3lo] AT
NaCle 03M &5 0.1 M sodium borate buffer(pH 8.3)
o] 714 Hip-His-Leu 2.5 mM& 519 50 uL, ACE 50 L
9} whey fraction 50 s &350, 27 whey
fraction Al S5/ 50 uLE Hristal 37°CollA 3087t
HHSAIZ1 [N HCI 250 ul 718 vhe-2 ZxA1Z 0.
ThA] o37]e) ethylacetate 1.5 mLE 7}8}e] 1557+ wukgh
¥ 3,000 pmollA] 57 GARHAA AN [ mLE F
ek o] AL 121°Col A 3087 71hste] 4]
AZAZ § F5F 3mLE 718te] 834171 TR 228 nm
oA FBEE 245t ACE A3)&-S 7314

(§-5.0)

A& ®)= 1~ =5

x 100
S: AEY T

5.C: NE Uzl T3¢
C : blank®] Fo%

C.C : blank®] U7 &4

MEE FFo| SF I DNA sequencing
B - AAE 24 352 MRS GApjAlelA 23] o)

A jeksled 848 590 & A3 ARl 2
Aol BA4-L Hammes $(1992)] 3Pl o3t AlAlst
Aot o5 FEE o= GramPA, I, 5714 4
714 AR, catalase A, 15°C E 45°Co| A4 e] A A
glucoseZHE] 7k A, arginine© £ XFE] ammonia’i A,
Hu]7 #23) APl S0CHL kit(API bioMerieux, France)E
olgale] 400 ¥ WA AW ANsHTh Wik
DNA sequencer™ universal primer 27F(5-AGA GTT TGA
TCC TGG CTC AG-3)9} 1492R(5-GGT TAC CTT GIT
ACG ACT T-3)5 AFZ3}32H, solgent EF-Tags AHE
3t PCRE AAIEITH FHAPE 95°C, 1588 ¢ &
95°C, 20&; 50°C, 40%; 72°C, 1830%E 308 X85}
on 72°C, 582 vhFE At HEEAL PCR
productE solgent PCR purification kitZ purifydt 3 ABI
3730XL DNA sequencer® AZEA dtqct,

recA 81Xt SZ& 2|8t PCR primer C|XI2l

recA AL FE317] AE primer TIARRIE 938}
X & (Lactobacillus sp)2] 16S IDNA A8 24 AnE &
g2 diif 575 A3k 16S (DNA E71ME 24
Ay}, WA 752 Lactobacillusts L. zeae$t L. casei’} &
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A 99%2) nucleotide 4 EA-E BT} o] 27E &
)2 NCBI GenBank(http://www.ncbi.nih.gov/)Z5E L.
zeae(Accession No. = AJ286121)¢} L. casei(Accession No.
=NC_010999)°]] t&t recA T34 F7IMES L& F H]
W3k PCR primers TIARRIBHATE HAIRIE primer A
22 & 2

LrecA-F : 5-GAT GGA TCC GAA GIA TGC GGC-3
LrecA-R : 5’-CCA AAC ATC ACG CCA ACT TTT TC-3"

recA REXte| PCR &, FH & ¥7IMLE &Y

recA F3A2] PCR £E5 9%t 3 DNAT i o
FZ8E] SolGent Genomic DNA prep kit(SolGent, Korea)
£ 0|83} manualll A|AIE WHOZ genomic DNAE
285ttt vh&ol 25 uLell 100 nge] genomic DNAS}
0.625U¢] EF-Tag DNA polymerase(SolGent, Korea), 2t}
5 mMe] dNTP mix(SolGent, Korea), ZL8]3l Z} 10 pmole
9] LrecA-F$} LrecA-R primers 713F &, 95°C, 20%/
58°C, 403/72°C, 1830 cycles)?] ZHCE PCR HHg-&
359t PCR 528 AHe2 1% agarose geldllA] &
7198 E o83t Rttt &ld FF =
SolGent PCR purification kitZ ©]-8-3}4] manualol] #|A]
#H abow AASHT. AA" PCR 2HE-2 BigDye
Terminator Ver. 3.1(Applied Biosystems, USA)S ©]-8-&}o]
H71MYE BAS 9% vhe-S 319, ABI 3730XL DNA
analyzer(Applied Biosystems, USA)E o] 83} H7|XE
o] BAHATE QAR recA FHAY] F7IMEE BlastN
(http://blast.ncbi.nlm.nih.gov/Blast.cgiy 43S 53l *3E4d

A Sasict

Ribde| WE

Zato] AL A4, pHE S5t ARt 4
TTE 10% SLEAF 200 mLol] Z4HFS 50 uL(9.6x10%
mL) AEE F 34°C, 37°C, 40°Co)A 3AZ HHo = 24
ANZ7HA] WoksE 2 A 82 0.1% peptone&-2Yol] 343}
BCP plate count agar Bl Hof 23 F 37°Col|A] 48
AIZE vt Alesket.

EHN| LHA

A WA Al tryptic soy broth(Difco, USAYE Ak
g3l 2] APl o3l 1652 FAAll thel L. zeae
RMK3542] #2 44 A3 H=(MIC, minimal inhibitory
concentration) #LL.2 EASIAT

SAEN
283 AHLe MRS AAEiR|A 37°C, 1841752t
gt 55 AeldgaZ 8]4ddted 10°-10° CFU/MmL 5~

29 N85 ZA3 ¥ API ZYM Kkit(API bioMerieux,
France)Z ©]-83}a 37°Col|lA] SAIZE wl| kg ohs &4tk
$ AT a2 RENYEES varste] 0-59] 3

Z Vel A

EEUHY

Gilliland®} Walker(1990)2] *}Hol w2} 0.05% cysteine
o] 357 MRS BAWIA 0.3% oxgalts: H7}8+ & liquid
paraffin oits £33+ & MRSHA XA 37°C, 184
7v wieksldet. vikE 752 0.3% oxgalle] F7HE MRS
ARul A9} HrHE A ke MRS AA)x]e] 242t 1% 3
Z3le] 37°C| A AJZPEE anaerobic jarodllAl 71270
2 wjgste] OD ke A3 AT

pH LHA

Clark 5(1993)9] Wl e}t 37% HCHe SR/l 4
o] pH?2, 3, 4 §N3} 2T ZX pH64 £XE A=Z314
a, AZE pH €9 10mLel 0.05% cysteine©] -2
MRS A=A 37°C, 2417k wjokE Zkzbe) 75 1 mL
Ao e & 3704 wjokstEA 0, 1, 2, 3AZ 3o A
TS 37°C, 484171 8 7] wiekst ok A1)

sme

Gilliland®} Speck(1977)8] *'Hel Wt L. zeae RMK354
of e AL eH AT AXNTLS HEgEd
Escherichia coli, Salmonella typhimurium, Staphylococcus

aureus ZO|Ch,
An Y o

Hitdeo| 2a2) 3 Mu

A 71 AN A7) A5 A5 SATAAT
Tyl ol e 5 ARE EdH peptonedd o
Z GAB 4511, modified MRS M| X & ARE-3led @)
Ags FAske 1,505709] 9l wEhe sl 2
FHoz giktolR}t st oF BelE dF= 10%
B A fell HESI 37°Co A 18A]F viFE & &
T RE FolElgitt. AFAdRkS-S Koo pH 4400 ZHE}
= T SIVEE AAEsith

ACE SNgy 3 M

Afolir Ejd g} 498 At 1%E 10% &
A froll 37°Co)A pH 440 =2 wj7hA] vjekst o
L 7}z A Holx F-HOE ACE Asi&-2 =43 25
+ Table 29} 72t}

Hel® 3kt RMK354 752 ACE A3l&°] 88.6%
¢l ukA AFFFe]l ACE A& 44.3-84.8%= LIEhY
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Table 2. ACE inhibitory ratio in the 10% reconstituted skim milk added 1% lactic acid bacteria at 37°C

Strains Source ACE inhibitory ratio (%)
L. acidophilus" NCFM, Rhone-poulenc 55.4+5.6
L. acidophilus" Culture systems. Inc. 53.1x3.4
Streptococcus themophilus® Culture systems. Inc. 44.3+5.4
L. acidophilus" NCFM, Rhone-poulenc 48.7+2.1
L. lactis subsp. lactis ATCC 21053 63.1+3.4
L. cremoris KFRI 00349 62.6+3.3
L. delbrueckii subsp. lactis ATCC 7830 73.1£7.6
L. bulgaricus ATCC 33409 84.8+3.4
L. amylophilus NRRL B-4437 74.5+4.6
L. reuteri KFRI 00661 82.5+6.3
L. zeae RMK354 This study 88.6+1.8

YCommercial lactic acid bacteria
pH of fermented milk incubated : 4.4

a1, T3k Ashari} Chand(2003)7} ACE AA|& Z3 o Table 3. Physiological characteristics of L. zeae RMK354

2 in viro’d A 22789 FARFL Miste] ol = Gram reaction +
Lactobacillus delbrueckii subsp. bulgaricus®} Lactobacillus Cell type . rod

. . o Spore forming -
helveticus whey fraction9|X ACE A|&°] 72%9} 78% Motility i

2} & Ao vlWI A= RMK354 757} ACE A30& Aerobic growth +
o] wl-e 225t} Anaerobic growth +
Catalase reaction -
Growth at 15°C +
MuEbE Jik2o] 4 % DNA sequence Growth at 45°C +
AdlE] RMK3542] genusQ}- speciesS AAs] Y5t Gas forrping fromlglucose . -
2], sk AEe stae). AutE RMK3542 Gram Ammonia production f'rom alglm.n -
FE ety FelAe T B Al rod Feh) homo | Acid prodcion rom
. - +
ole, et dBgle] F AFAL, caulasest & DV ot
- o = rytnrito - 10S€ +
T2 SH0E Yebath B 15°Ce} 45°ColA st D-Arabinose - Maltose +
Ko™, glucose®} arginine® ZRE] 247} gase} gE Lo} L-Arabinose + Lactose +
£ AA3IA] ool genus Lactobacillus®l| <:3FTE. Species Ribose + Melibiose -
£ A3}7] $18kd API S0CHL kit(BioMereux, France)S ~ D-Xylose - Saccharose +
olgstel 499 T WE AP HAF AK(Table 3) Vo © Trchalose *
- = oo HE AL AAE Adonitol - Inulin -
RMK354= lactose 5 2082 27H b= A5 B-Methyl-D-xyloside - Melezitose +
1 ZAIE ATB identification systemoll &3+ ZA} Galactose + D-Raffinose -
Lactobacillus zeaeZ HBEROP, 16S rRNA F3x ¥ D-glucose + Starch -
-5 universal primerE ©]-83 PCRE FFslo] NEF- g';rucmse * ib;cofe" -
. . Mg lo|a]elo olas -Mannose + ylito -
= o}ﬁ’iﬁ‘r(Flg: D 248 97IMES IH= _ 183 L-Sorbose - B-Gentiobiose +
BLAST searchdt 23} L. zeae$} L. casei’} 53] 99%2] Rhamnose N D-turanose i
S Btk 28\ Lactobacillus®] FA44 A% & Dulcitol - D-lyxose -
o= 168 DNAC sk G771y B4 Azpiiol ol Inositol - D-tagatose -
2t recA AR G7IMES o83l @ Rl ol& glagfuul)l * ?‘ffucose -
orbito - -fucose -
= Aoz o o) ; . ani
= Ao g 44 UckShim and Lee, 2008; Torriani et o-Methyl-D-mannoside ] D-arabitol )
al., 2001). ©]°ll 16S DNA°IM 71 %2 54d& =l o-Methyl-D-glucoside - L-arabitol -
5 Lactobacillus 70 ™3} recA 3R} G714 EE 4] N-acetyl glucosamine + Gluconate -
wate] AR primers o]gste] thA TFZHEE] Be]  Amygdalin + 2-keto-gluconate -
® genomic DNAS| Tie] PCR 5% 2}, efgshs AU * Shketogliconate -
sculin +

350 bp Z17]19] PCR 5% 42H=8 <18t A€ PCR
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Query: 5 ATACATGCA-GTCGAACGAGTTTTGGTCGATGAACGGTGCTTGCATCGTGATTCAATTTA 63
EECEEREED THEEEEE T e e e e e e e e e e e e e
Sbict: 24 ATACATGCAAGTCGAACGAGTTTTGGTCGATGAACGGTGCTTGCATCGTGATTCAACTTA 83
Query: 64 AAACGAGTGGOGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAGTGGGGGATAACA 123
RN RN NN R RN RN RN RN AR RN AR AR RN R
Sbjct: 84  AAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAGTGGGGGATAACA 143
Query: 124 TTTGGAAACAGATGCTAATACCGCATAAATCCAAGAACCGCATGGTTCTTGGCTGAAAGA 183
R RN RN R AR RN RN AN R AR AR R AR AR RN
Sbict: 144  TTTGGAAACAGATGCTAATACCGCATAAATCCAAGAACCGCATGGTTCTTGGCTGAAAGA 203
Query: 184  TGGCGTAAGCTATCGCTTTTGGATGGACCCGCGGCGTATTAGCTAGTTGGTGAGGTAACG 243
RN RN R AR N AR RN AR NN AR R AR AR RN
Sbict: 204  TGGCGTAAGCTATCGCTTTTGGATGGACCCGCGGCGTATTAGCTAGTTGGTGAGGTAACG 263
Query: 244 GCTCACCAAGGCCATGATACGTAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGA 303

RN NN RN RN RN RN R R AR RN RN R RN RR
Sbict: 264  GCTCACCAAGGCGATGATACGTAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGA 323

Query: 304  GACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGT 363

FEVECEEEEEEE R e e e e e et e e e e e e e e e e e
Sbict: 324  GACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGT 383

Query: 364  CTGATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTGG 423

RN RN NN RN R RN AR A R A R RN R RN AR RAR RN
Sbjct: 384  CTGATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTGG 443

Query: 424  AGAAGAATGGTCGGCAGAGTAACTGTTGTCGGCGTGACGGTATCCAACCAGAAAGCCACG 483
RN RN R AR RN R RN AR RN R RN R RN RN

Sbjct: 444  AGAAGAATGGTCGGCAGAGTAACTGTTGTCGGCGTGACGGTATCCAACCAGAAAGCCACG 503

Query: 484  GCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGATTTATT 543

RN RN AR RN RN AR RN AR RN AR RN NRNRARRRRN R
Sbict: 504  GCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGATTTATT 563

Query: 544 GGGCGTAAAGCGAGCGCAGGCGGTTTTTTAAGTCTGATGTGAAAGCCCTCGGCTTAACCG 603
RN NN NN n N RN R RN RN RN RN AR AR A
Sbict: 564 GGGCGTAAAGCGAGCGCAGGCGGTTTTTTAAGTCTGATGTGAAAGCCCTCGGCTTAACCG 623
Query: 604  AGGAAGCGCATCGGAAACTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTG 663
RN NN N R AR RN A R R NN AR RN
Sbict: 624  AGGAAGCGCATCGGAAACTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTG 683
Query: 664  TAGCGGTGAAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCT 723

R RN RN RN AR NN R R NN AR RN AR R AR AR
Sbict: 684  TAGCGGTGAAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCT 743

Query: 724  GTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGTAGTC 783

FEEEEEEEREEE R T e e e e e e e e e e e e e e e e e el
Sbict: 744  GTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGTAGTC 803

Query: 784  CATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCGCCCTTCAGTGCCGCAGCTA 843

R RN RN RN R R RN RN RN R R R AR R RN RN RN
Sbict: 804  CATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCGCCCTTCAGTGCCGCAGCTA 863

Query: 844  ACGCATTAAGCATTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGAC 903

RN RN RN RN RN RN R RN RN RA RN RRR AR RN
Sbjct: 864  ACGCATTAAGCATTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGAC 923

Fig. 1. A comparison of 16S rDNA partial sequence of an isolated RMK354 with L. zeae. Query means RMK354 isolate and Sbjct
means L. zeae.
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Query:

Sbjct:
Query:

Shijct:
Query:

Sbict:
Query:

Sbjct:
Query:

Sbjct:
Query:

Sbjct:
Query:

Sbjct:
Query:

Sbjct:
Query:

Sbict:
Query:

Sbjct:
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Fig. 1. Continued.

GGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTAC 963
CEEETERETEEE T e e e e e e e e e e e e e e ey
GGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTAC 983
CAGGTCTTGACATCTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGA 1023
AR NN RN NN NN AR R RN RN RN RN RN R RN
CAGGTCTTGACATCTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGA 1043
CAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACG 1083
AR RN AR RN R R R R R R AR RN RN RN RARRA R
CAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACG 1103
AGCGCAACCCTTATGACTAGTTGCCAGCATTCAGTTGGGCACTCTAGTAAGACTGCCGGT 1143

RN R RN R R RN RN RN RN R A RN AR R RN RN
AGCGCAACCCTTATGACTAGTTGCCAGCATTYAGTTGGGCACTCTAGTAAGACTGCCGGT 1163

GACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTA 1203
CEEEEEEEEEET TR e e e e e e e e e e e e e e e e e e e e e e

GACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTA 1223
CACACGTGCTACAATGGATGGTACAACGAGTTGCGAGACCGCGAGGTCAAGCTAATCTCT 1263

PECECREEET R E e e e e e e e e e e e e e e ey |
CACACGTGCTACAATGGATGGTACAACGAGTTGCGAGACCGCGAGGTCAAGCTAATCTCT 1283

TAAAGCCATTCTCAGTTCGGACTGTAGGCTGCAACTCGCCTACACGAAGTCGGAATCGCT 1323
RN RN R RN RN R R R R R R R R RN AR R RN RR RN RRRRRRRARERY
TAAAGCCATTCTCAGTTCGGACTGTAGGCTGCAACTCGCCTACACGAAGTCGGAATCGCT 1343
AGTAATCGCGGATCAGCACGCCGOGGTGAATACGTTCCCGGGOCTTGTACACACOGCOCG 1383
AR NRN AR RN RN RN RN RN RN RN R RRRRERRRRERRRANAERE
AGTAATCGCGGATCAGCACGCCGCGGTGAATACGTTOCOGGGCCTTGTACACACCGOCOG 1403
TCACACCATGAGAGTTTGTAACACCCGAAGCCGGTGGCGTAACCCTTTTAGGGAGCGAGC 1443
AR AR RN RN A AR AR RN E RN RN RRRRRRARE RN
TCACACCATGAGAGTTTGTAACACCCGAAGCCGGTGGCGTAACCCTTTTAGGGAGCGAGC 1463
CGTCTAA 1450

RERRRY
CGTCTAA 1470

A2 d7AE BAEl BlastNg o]&3fe] B4 4
F L. zeaeQ] partial recA(AJ286121)} nucleotide =5=0]]
A 94%2] FEdE Bl BHA L caseic 83%F VFERY]
At @l 16S 1DNAS recA 2R tigh 714 E
BA ARE ZAZ ) FFE L zeaettl BEE]
Lactobacillus zeae RMK3548 HE313c},

L. zeae RMK3542| 4%

Fig. 20014 B3 ule} o] L. zeae RMK3549] 7 A
Aew 2 4r) 98k 109% SUDAE 200 mLol) BAF
£ 50pL9.6x10%mL) AEH F 2EBE 3R HHS
2 24AZAA BlFgE A3t 40°ColA T wE ARE
£ Bt Fig. 3& 2477449 pH W3S Jepd 2
o2 3¢4°C 2 37°Ce] ®lF) 40°C7F 7P whE AR S
Hyor, o] W HEFO] HA pH 272 pH430 =2
she=d] 1047 28 AN

10
ggmﬁk————i
9 &
—t
£
T
& 8
g —O0— 34°C
—
7 —X—37C
=~ —A—40C

0 3 6 g 12 15 18 21 24

Incubation time(hr)

Fig. 2. Growth of L. zeae RMK354 in 10% reconstituted skim
milk at various temperatures.
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0 3 6 9 12 15 18 24
Incubation time(hr)

Fig. 3. pH change of 10% reconstituted skim milk during the
growth of L. zeae RMK354 at various temperature.

L. zeae RMK3542| &H44x| LA

A8 FHo2 HHE Il s Zaulo|E F
F7F APEE el A oM ZleAde] gelAAl =
], oligt ZHeA] FAA ] ek WAL vl F8
gk 242 AT e dFolrh wEhA] AlFelA o
£571 = F 1671x2] GAA] 8l L. zeae RMK354
757 WAdo) IEAE Table 40) JeRRIT)

Park £(1996)°) W& Lactobacillus & T30 8} &)
A WA AEelA ampicillin® 0.37 pg/mL, rifampicing

Table 4. Antibiotics susceptibility of L. zeae RMK354

Minimal inhibitoryy

Antimicrobial Agents .
g concentrations (jlg/mlL)

Aminoglycosides
Amikacin 1.25
Gentamycin 1.25
Kanamycin 100
Neomycin 12.5
Streptomycin® 50
B-lactams
Penicillin-G* 0.156
Methicillin 160
Oxacillin 75
Ampicillin 20
Gram-positive spectrum
Bacitracin® 0312
Rifampicin 30
Novobiocin 0.312
Lincomycin 20
Gram-negative spectrum
Polymyxin B* 1200
Broad spectrum
Chloramphenicol 10
Vancomycin* 1600

*units/mL.

0.5 pg/mlLE Z53E Yt =8 Kim 5(2003)9]
ATl wEH Lactobacillus plantarum KCTC30999) thst
A A Aol A ampicillin® <1 pg/mL, streptomycin
2 <0.25 ug/mL, gentamycine <4 ug/mL, vancomycin
< <B32pg/mLoE YERIT T B Hhid 2 A7
Al Bel3 L zeae RMK354 FF ampicilling 20 ug/
mL, rifampicin< 30 pg/mL, streptomycine 50 pg/mL,
gentamycin 1.25 yg/mL. £3}, vancomycind] i3t &
A JAdel MIC % 1600 ug/mL2Z Lactobacillus
plantarum KCTC3099%} HIn g ) H& WAL veh)
k.

L. zeae RMK3542| SA&M

L. zeae RMK354¢2] §48A A= Table SOIA He
H}2} 2t} Esterase®t leucine arylamidase: 32 Vel
& g4 vlE) 22 g8 291 9, §38 glucose
9} galactose® E-8lAI7E FFESH A4S B-galactosidase
7} 15 UepdoEZA gagsge] ozt mlekeldn). ¥
benzopyreneS 3 EAE AT LgELY B-
glucuronidase®] ol E4A8Ado] 022 Yeh} oA
H s & 7 ASTE Lee 5200609 A7tellA
X Lactobacillus plantarum NK1819] &840l B-
galactosidaseo)] D)8 48 ER) AR} vjefslA)

Table 5. Enzyme activities of L. zeae RMK354

Enzymes The value assigned”

o

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
o-glucosidase
B-glucosidase
N-acetyl-B-glucosaminidase
o-mannosidase

OO DO D000 DO W DN W

o]

o-fucosidase

*A value ranging from 0 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 libera-
tion of 5 nanomoles, 2 to 10 nanomoles, 3 to 20 nanomoles, 4 to
30 nanomoles and 5 to 40 nanomoles or more.
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Tt B-glucuronidaseol] ThallAs= 022 QHPAIS Wl A}
s} ARIICE
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@50l 3t L zeae RMK3542] WA A= Fig. 4904
He vk 2o 7217 B 9l Fo 0.D.gkeol 03%
oxgall& H7}slA] et W= 0.250, 0.3% oxgallS H7}
RS W 02522 Ao} JFL U] FLowH GE
o] e Aoz velgth Kim $(2003)0] w=w
Lactobacillus plantarum KCTC30992] G54 3} gt
SAE FEE WIlE 2% A, wjg 2403 A
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19 AR 955 29E 1Yo

L. zeae RMK3542| pH LA

ikt P AEAZAN T8 752
pH3 ©]3}9] @& pH X719 AFHE Exste] 27hy

2 st AEsladolet sth(Booth, 1985; Mcdonald et
al, 1990). Akl tIdt L. zeae RMK354¢] WA Z3= Fig.
5914 He whel doh diz7Ql pH 649 @49} Hlwdh

] e

0.30

0.25 |

—&—with oxgall
—O—without oxgall

0.20

Optical density (620nm)
o
o

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

Fig. 4. Growth of L. zeae RMK354 in MRS broth containing
0.05% L-cysteine with or without 0.3% oxgall.

Table 6. Inhibition of pathogens by L. zeae RMK354 in MRS broth
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Fig. 5. Survival of L. zeae RMK354 after three hours in HCI
(pH 2, 3,4, 6.4).

A7} pH 29t 30l A= AZE2] Wdlt Aol glo] pHe o
g Wdo] S-S HAh o]& pH3.09] ZAolA 244
V&<t Lactobacillus plantarum KCTC30999] AJ-3-<] w3}
£ I8 4 ok Kim $52003)0] A7d3e} S48}
et

L. zeae RMK3542| &7

L. zeae RMK3547} 2155710l 3] o= F= JAsh=
A% 2457 98 EINFE AN Ao Table 67}
2t} L. zeae RMK354v= Escherichia coli®} Staphylococcus
aureus®) &l LA o] I\ Salmonella typhimurium
o 3l 60.0%2] F7es BAct wid & pHY W3S

BHokS of t279) AS5H-E pH 6.55-6.560]0, &3]
B2 pH 5.64-5.760|t}. O|= L. zeae RMK3548} 2]
=] TGN BAE Zake] dFgoz A&
W7k A i AeE AlRE

1]

ok
=

e B SAG Afol
iy Eﬂ’a_i 10% BLUER]Frol] 37°Col A
Y A s e 2o 2ol

O F ACE A&& 59% 27 88.6%% 53 FF
Adsidot. H4E 78 Gram %A, rodFE]9] homo
, & waddal 168 rRNA H’“é-b]— Lactobacillus

Growth
Pathogens Pathogens® L. zeae RMK354* + Pathogens Inh(i(l;i)tion
CFU/mL pH CFU/mL pH ’
Escherichia coli 9.2 x10° 6.56 2.3x107 5.64 -
Salmonella typhimurium 1.45%x107 6.55 5.8x10° 5.67 60.2
Staphylococcus aureus 3.2 x10° 6.55 7.7x107 5.76 -

*Initial count of L. zeae RMK354 : 3.8x10° CFU/mL.
*Determined after 6 hr incubation at 37°C.
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