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Physiological Characteristics and GABA Production of
Lactobacillus acidophilus RMK567 Isolated from Raw Milk

Sang-Dong Lim*, Kee-Sung Kim, and Jeong-Ryong Do
Korea Food Research Institute, Sungnam 463-746, Korea

Abstract

In order to develop anew starter for fermented milk, 2082 bacteria were isolated from raw milk. The strain that showed
excellent acid forming and y-aminobutyric acid (GABA) production (711.40 ug/g D.W) characteristics after incubation at
37°C for 18 hr was selected and identified as Lactobacillus acidophilus by the result of API carbohydrate fermentation pat-
tern and 16S rDNA sequence. L. acidophilus RMK567 was investigated for its physiological characteristics. RMK67 strain
showed good GABA production compared with commercial lactic acid bacteria. The optimum growth temperature of L.
acidophilus RMK567 was 40°C and cultures took 15 hr to reach pH 4.3. L. acidophilus RMK567 showed higher sensitivity
to penicillin-G, novobiocin, as compared to other 14 different antibiotics. However, it showed more resistance to kanamycin,
neomycin, streptomycin. It showed higher leucine arylamidase and [-galactosidase activities compared to 16 other
enzymes. It was comparatively tolerant to bile juice and able to survive at pH 2 for 3 hr. It showed resistence to Escherichia
coli, Salmonella typhimurium and Staphylococcus aureus with rates of 29.2%, 39.1% and 51.4%, respectively. Based on
these and previous results, L. acidophilus RMK567 could be an excellent starter culture for fermented milk with excellent

GABA contents.
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GABA (y-aminobutyric acid)= AtAA|o] EXE3h= HIT
A oluigle] UFo 2 I HFES M H EX)
she 47 A E4= oJeREo2e ¥ RE /)ds)
of He] AAaETHs S7IA HY tAF B o 8A
st 59 XEAZ ARE-E™, brain foode}ils 3} o]
N= AF FHFFol AHEet] Fo|ms2EQ] vz
G2 BHIE Alsta s A IS Y
18t Astad B olxad 53] HAVY 73d7] S
A El= B, 8, B 5ol tigh 21738 &7 59
A 7150] Joh(Stanton, 1963; Omori et al., 1987,
Okada et al., 2000).
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T TFIFY FETt FAgveE
et al.,, 1980). & T& =S
GABA 37} AslEo] Qti= AZRE GABA 2
73] &5 JAleke Aol s AR FFek Aok
(KEEFRED et al., 1997). T]2-°] Roy $(1991) 7|27
v 24 deF SR Y F GABA =7t 3
adkal S Rkt

sHH, GABAE AAkshe ZAHT o 2= Hanaoka(1967)
7} lactobacillie] AX FFol| A glutamateS ©71=2 5413}
sle] HEAEE GABASH CO S AASTh 3,
Nomura 5-(1999)°] Lactococcus lactis?| t3ll GABAE Y
Ash= 58S AR A3 L. lactis subsp. lactis 757}
o] ARS AAKSE BHA L. lactis subsp. cremorise AJAF3EA]
3Tkl Bauskn). ok - SR (1997)d w=
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A Xzl
S 71 %@ e
GABA-J FFS FA P
Ht“o}%iEPL skt
1‘& A= GABA A el g BitS ArollA
gatar Aiste] 7154 LER AFY] ZEEEA A
el Lolr 7] 93l L. acidophilus RMK5672] A2]3
730 sl A8kt

52 A9] GABAE 314 2ZA|WF GABA
ALgshe] "t RS Ad
=

AR Az A T

r-[n:

R

HEME
14% 71 A7), 75, W5 SIS A
F)ol 519} = HFLFE 738 Modified MRS
HHX] (Table 1)ol] 0.1mLA HHTHo 2 HE3F & 37°C
ol Al 48AI7F vkt 19 ohe, 7} ¥EhS Modified
MRS Ao A Ee] s}, i%h“ oz W3k 7S 3
A Zato g Adsigit. A4 E 75+ Modified MRS
Hj=lol] 33] Wigo]2 sreskingdt ¥ §_7l Hj ket &
Y silth & 228 d5= 10% ¥ 24 (Difco
Laboratories, USA)oll HZ3&}e] 37°Co| 4] 18117+ wjjoks
o SAARE IRISIAT. NS Kol pH 4.40]
Tdshe 1 86UNE Aeld GABA S 7331t

GABA M2k

7b. AlZo Mxa

Zhang=} Bown(1997)2] ®IHel uwle} eppendorf tubedl]
A& 01g% methanol 400 uLE ¥ & 4 the 60-
70°CE g9 water batholl A 2bd A1 (eF 308 AL
ZAtt. o17]o 70mM LaCl; ImLE 7}ske] 2+ 4931 13,600
(10,000 rpmA &)l A 5E-7F AR 3 A5 700 ul
2} 0.1M KOH 160 uLE eppendorf tubeol] 7}t T 3-

Table 1. Composition of modified MRS agar

Component gram/liter
Proteose Peptone #3 10.0
Beef Extract 10.0
Yesast Extract 50
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 20
Sodium Azide 0.25
Bromocresol purple 0.04

Agar 15.0

571 ettt Tl 13,600 527 94lEe]
A5l (buffer® /5 dilutiondle] ARE-$}) 550 uLS cuvette
o ¥t

L}, standard ZH| 2 GABA2| H&H
GABA(MM) 0 [0.005|001]002|005] 0.1 |sample| blank
D 1 mM GABA |0(mL)[0.005] 0.01 [ 002 005] 01 | 055 | ©
@ 05MK,P,0,| 0.75 [0.745| 0.74 | 0.73| 07 [065| 02 | 075
@4 mM NADP| 0.15 | 0.15]0.15]0.15] 0.15| 0.15| 015 | 0.15

@ 2.0 units
Gabase/mL

® 20 mM a-KG| 0.05 | 0.05|0.05|0.05|0.05|0.05| 0.05 | 0.05

0.05 | 0.05|0.05|0.05|0.05|0.05| 0.05 | 0.05

OQB@H-E EFste] 340 nmeilA] —E—ﬂ T Z=A(initia
A)f?}i ® a-KGE 73t Mz B2t A

3 340 nmof| A %ﬁ = ZA(find A)F Th EFFES
:LE]"’ =4 4= (find A-initid AYS tIYste] G
ZS T3l zaiur AA| GABATS 7% GABAX
(100/55-0.1 gl LaCl, 1mLE 7}8le] 700 uLs
Uzl 550 uLs FH 3 o= 2)x5(3] A ull<F)

= MRS HAfA] ol A 23] o) F
) % Aol Akt 3k
o] T4 Hammes %(1992)94 Rl olsto] ekl
o = E2lE w5 Gram @4, A} A, 5714 8
714 A%, Catdase A4, 15°C B 45°C oA <] AA,
glucoseZH-H 712~ A4, aginine®.Z5FE] ammonia A3/,
#n|7 B33} APl 50CHL kit(AP! bioMerieux, France)S
olgsle] 4059 F WE AW ANk gaktel
DNA sequence= universal primer 27F(5-AGA GIT TGA
TCC TGG CTC AG-3)%} 1492R(5-GGT TAC CTT GIT
ACG ACT T-3)2 28319191, Solgent EF-TagS ARS-
&ted PCRE 4] o}fiit} SEHPL 95°C, 158 ¢ &
95°C, 20%; 50°C, 40%; 72°C, 1%-30%E 308] Al3)3}
o 72°C, 5%-02 npLe)alytt. 984S PCR product
£ Solgent PCR purification kit2 73+ & ABI 3730XL
DNA sequencer® ARz 3}ict.

Hibro| ME

ZArhto] A S, pHE 5783t AFsHh
ATFTFE 10% SFADAF 200mLol] RHAHFS 50 uL
(9.6x10°/mL) HE3SF T 34°C, 37°C, 40°Co|A] 3AI3F 714
o7 2407 wjgRE 2 Al RS 0.1% peptoned-% 01]
3]4)3}lo] BCP plate count agar 3ol Fo] 23 & 37°C
oA 48AI7F i Fete] AlGatSict.
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ZAZO| CHHE] B3|

10% FLLAGE oPColN 3087 AFse] g
3= %XJHH A2 AHE-EFATE MRS —‘l‘XﬂHHXMW 184
HdE TS 1% FHE3skal 37°Col| viFsHA 0, 16
A7) Al2E AAFHSATE Hull(1947)) ¥PHol wet A
5 5mLE #3} 0.72N trichloroacetic acid 10mLe} 43
o] TE ¥ 1087F X3 th2- whatman No. 42 o]1}%]
of oJ7H A|REE THA] 5mL FH3}e] sodium carbonate-
sodium tetraphosphate solution 10 mLe} 2+ 418 oS
phenol reagent 3mLS T}A] 4o 58 Fo 2 EE59
2421 "RAA]Z] & gpectrophotometer(Hitachi model 200-20,
Jepan)E ©]-8-3te] 650 nmell X SA4E gk vle] wEol
A tyrosne standarde] ko 2 FAlksle] ke 3T
Tyrosine standard curve®] Yz}4]-2 y=0.9664x+ 0.02107
olm R%= 0.9893°.F Ll

o

S| LA

A WA A1E-S Tryptic soy broth(Difco, USA)S AL
&ate] 20f Al o) 1659 Aol ik L.
acidophilus RMK5679] H4~ A4S A&l T=(MIC, minimal
inhibitory concentration) X2 =43} c}.

S MRS gAuR]ol| A 37°C, 18A]|7FE<2t
i 45 *Mé} 4= 3]Aske] 10°-10° CFU/mML &
9o A8E 2AE T APl ZYM kit(API bioMerieux,
France)s ©]-8-5t 37°C°ﬂ/\1 BAIZE ket TS EAn

NS vashe] 05 5

EELHA
Gilliland2} Walker(1990)2] HP ol w2} 0.05% cysteine
o] g:E MRS AAH|A]el] 0.3% oxgalS- 3718t & liquid
paraffin oilS 53k T3 MRSHAH|A| A 37°C, 18%]
7t weksisict. wioke #5= 0.3% oxgale] H7Fe MRS
°“7'<4]HH?<]9Jr A7F A %S MRS HAiRol 22t 1% H
F3te] 37°CollA AIZPEE anaerobic jardll Al F7|x710
i v YFate] ODguaks S35t

pH LHA

Clark 5(1993)2] ol we} 37% HCIS FF<=ol 4
o] pH 2, 3, 4847} =724 pH 6.48HS Ax31%
a1, Az pHEY 10mLel] 0.05% cyseine®] g2 MRS
oﬂxﬂHHX]oﬂH 37°C, 24X vijFE ZH7ke] # = 1mLA
< 41& ¥ 3r°ColA wigstAA 0, 1, 2, 3XTE T A
TE 37°C, 48X F7Iekst o Alasksltt.

=

Gilliland®} Speck(1977)2] ®WHol w2} L. acidophilus
RMK567¢] 858 23S slgon, AMadt AAFS o
£ 437 (Escherichia coli, Salmonella typhimurium, Saphy-
lococcus aureus)©|t}.

XHL 7%%’4*%]@&( 371, 75, A5} SAHRISA A
Fr)ol o9 Jde ZAEH AFES EirH peptoned-Y
_g oA 8] A5}, Modlfled M s H| A& ARESle] =gt
A ks FAshe 2082719 9 wEhs EElskda &

Table 2. pH and GABA content produced after incubation at 37°C for 18hr in the 10% reconstituted skim milk added 1% mono-

sodium glutamate and 1% lactic acid bacteria

Strains Source pH GABA (ug/g D.W)
L. acidophilus? NCFM, Rhone-poulenc 421 32.50+0.89
L. acidophilus? Culture systems. Inc. 453 22.65+1.75
Sreptococcus thermophilus? Culture Systems. Inc. 4.32 30.53+2.50
L. lactis subsp. lactis ATCC 21053 5.81 5.91+1.21
L. lactis ARRL B-633 6.07 9.85+1.37
L. diacetylactis NRRL B-2356 475 6.89+0.41
L. casei ATCC 393 5.44 5.91+0.45
L. acidophilus ATCC 11506, IFO 3205 5.45 5.91+0.54
L. cremoris KFRI 00349 5.66 3.94+0.34
L. delbrueckii subsp. lactis ATCC 7830, IFO 3376 5.30 5.94+0.28
L. bulgaricus ATCC 33409 5.30 8.86+0.62
L. amylophilus NRRL B-4437 6.07 5.91+0.26
L. reuteri KFRI 00661 5.84 10.83+0.83
RMK 567 strain isolated from raw milk 4.30 711.40+17.06

YCommercial lactic acid bacteria.
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GABA MMTF MUt

Aol Eo® 2SS S E monosodium
glutamate 1%7} 7+e 10% SHIEA] ol 37°Col|l A 184
7+ w3t & GABA o] 711.40ug/lg D.WS AAakst=
5 ALsisict. Table 20914 R ule} Zo] 2|8
BVt RMK567 w59} A2kl GABA < Hl
w3t A%, ATl A9 tiF-Eo] 530ugg D.WS
UERNQIal, 3 ParkZt Oh(2005)0] mWam &g e
°] GABA 3teFo] 137.17 ug/lg D.WS Aol HmsjA =
RMK567 57} GABA AJ4d%o0] wl$- 94351t}

MekEl Hikro| S % DNA sequence

AE RMK5672] genuset speciess 243517 3k
A, Askerd A1ds sttt At RMK5672 Gram
s YEA @rlEe s #E Al rod FEHO TF
g gtoln, A9} AdEglo]l & AeaL, catalase
o} 54 540 E et 45°CollA AAdete Wi
15°Coll M= 23R ko, glucose?} arginine® 2%
B Z47b gaset PEUotE AAdsHA] ool genus
Lactobacillusdll <3} t). SpeciesE 37| 93l API
50CHL kit(Bio- Mereux, France)S ©]-&3}o] 49%
o] T g A|FS A3 Aul(Table 3) RMK5672- lactose
s 18T ERH A ARG 1 ZIAE ATB
identification systemel] 4= 3 A3} Lactobacillus
acidophilus2 W =12, 16S rRNA F32 F&&
universal primers ©]-8-3F PCRZ F3-35lo] A IE4A] 1%
THFig. 1). A€ A7IMES I0E ©]&3te] BLAST
searchdt 23} L. acidophilug(|.D. 100%) 2% 3= o]
Lactobacillus acidophilus RMK5672 3l

L. acidophilus RMK5672| A&}

Fig. 294 X+ nie} Zo] L. acidophilus RMK5672]
A PF2EE &7 98t 10% S| 200mLe]l
ZAHtS 50 uL(9.6x10%mL) HES F L= 347 2H
HOoZ 24NTWHA] wist A} 40°CollA 7S wikE A
FES Btk Fig. 3& 24rZ7HA19] pH WHsHE YERd
Z0F 34°C 9 37°Cel| HIs| 40°C7} 71 whE A A
< How, o] wf UEF] HA pH =210 pH 4.3
Egsh=d 15817 A8 FH AT Shin 5(1999)0] w2+
Lactobacillus acidophilus KY 2104Z -$-fuli=]ell 10° CFU/
mL A% HE, widd S v 247)7ke] At $ 50x10°
CFU/mMLS o™, o] wf pH7} 4.10]{tkar g ARt of

Table3. Physiological characteristics of L. acidophilus

RMK567
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 arginine -

Acid production from

Glyceral - Sdlicin +
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 + Starch +
D-Fructose + Glycogen +
D-Mannose + Xylitol -
L-Sorbose - [ Gentiobiose +
Rhamnose - D-turanose -
Dulcitol - D-lyxose -
Inositol - D-tagatose -
Mannitol - D-fucose -
Sorhitol - L-fucose -
a-Methyl-D-Mannoside - D-arabitol -
a-Methyl-D-Glucoside - L-arabitol -
N acetyl glucosamine + Gluconate -
Amygdalin + 2-keto-gluconate +
Arbutin + 5-keto-gluconate -
Esculin +

A Aol e AdE Bk

L. acidophilus RMK5672] CHHEl S5}

MRS A8 R]o A 18A)7F vl|%H L. acidophilus RMK567
1%E 10% SHAEAFoll HE3kaL 37°Col| vijFataA 16
AIRE F AEE AQFE AR FREE EFA0 o
A3l tyrosine =5 73 A3 A1 wf 0553+
0.0022 mgell Al 16A1%F 73 £ 0.810+0.068 mgs WERY
=dl, °]= Lim 5(1996)°] Lactococcus lactisZ -3+
A7} 011 mgelekar Bardt Aol vls)] A Eajjeo]
=90t} Table 5914 B trypsine]u} chymotrypsine] &
22 AT proteasert THA-S e SHA] U ALEE]

At
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Query: 2 cttagacggctccttcccgaaggttaggccaccggcetttgggcattgcagacttccatgg 61

RN AR AR R R R AR RN R RN RRRRRARRRRARRAAANY
Sbjct: 1452 cttagacggctccttcccgaaggttaggccaccggcetttgggcattgcagacticcatgg 1393

Query: 62 tgtgacgggcggtgtgtacaaggcccgggaacgtattcaccgeggcegtictgatccgega 121
RN AR R R RN RN RN AR AR RRRRRARR RN
Sbjct: 1392 tgtgacgggcggtgtgtacaaggcccgggaacgtattcaccgeggegttctgatccgega 1333

Query: 122 ttactagcgattccagcttcgtgcagtcgagttgcagactgcagtccgaactgagaacag 181
COVEEEEEEEETEET et e e e e e e e e e e e r
Sbjct: 1332 ttactagcgattccagcttcgtgcagtcgagttgcagactgcagtccgaactgagaacag 1273

Query: 182 ctttcagagattcgcttgccticgcaggctcgcettctecgttgtactgeccattgtagcac 241

CECEEEEEEEETEEr e e e e et e e e e e e e ey
Sbjct: 1272 ctttcagagattcgcttgectticgcaggctcgcettctegttgtactgecccattgtagcac 1213

Query: 242  gtgtgtagcccaggtcataaggggcatgatgacttgacgtcatccccaccttcctccggt 301
CECEEEETEEETEEE et e et e e e e e e e ey
Sbjct: 1212 gtgtgtagcccaggtcataaggggcatgatgacttgacgtcatccccaccttcctccggt 1153

Query: 302 ttgtcaccggcagtctcattagagtgcccaacttaatgctggcaactaataataagggtt 361
COCEEEETEEETEEr e e e e e e e e e e e e e e e
Sbjct: 1152 ttgtcaccggcagtctcattagagtgcccaacttaatgctggcaactaataataagggtt 1093

Query: 362 gcgctcgttgcgggacttaacccaacatctcacgacacgagctgacgacagcecatgcace 421

RN RN NN RN RN RN R RN RN NN RN RN RN RNNRRRRRAN RN

Sbjct: 1092 gcgcetecgttgcgggacttaacccaacatctcacgacacgagetgacgacagcecatgcace 1033

Query: 422 acctgtcttagcgtccccgaagggaactcctaatctcttaggatggcactagatgtcaag 481
COCEEEEEEEETEEr e e e e e e e et e e e e ey
Sbjct: 1032 acctgtcttagcgtccccgaagggaactcctaatctettaggatggcactagatgtcaag 973

Query: 482 acctggtaaggttcttcgegttgcttcgaattaaaccacatgctccaccgettgtgcggg 541

RN NN RN AR AR R AR R RN RAAANY
Sbjct: 972 acctggtaaggttcticgcgttgcticgaattaaaccacatgctccaccgettgtgecggg 913

Query: 542 cccccgtcaattcctttgagtttcaaccttgecggtecgtactccccaggcecggagtgettaa 601

CECEEEEEEEETEEr e e e et e e e e e e e e e ey
Sbjct: 912 cccccgtcaattectttgagtttcaaccttgecggtcgtactccccaggecggagtgettaa 853

Query: 602 tgcgttagctgcagcactgagaggcggaaacctcccaacacttagcactcategtttacg 661

CECEEEETEEETEEr e e e e e e e e e e e e e e r
Sbjct: 852 tgcgttagctgcagcactgagaggcggaaacctcccaacacttagcactcatcgtttacg 793

Query: 662 gcatggactaccagggtatctaatcctgtticgctacccatgcetttcgagectcagegtca 721
CECEEEEEEEETEEr e e e e e et e e e e e e ey
Sbjct: 792 gcatggactaccagggtatctaatcctgttcgctacccatgcetttcgagectcagegtca 733

Query: 722  gttgcagaccagagagccgccttcgccactggtgttcttccatatatctacgcattccac 781

RN AR AR R A RN R AR RN RRARRRRARRIANY
Sbjct: 732 gttgcagaccagagagccgccttcgccactggtgticttccatatatctacgcattccac 673

Query: 782 cgctacacatggagttccactctcctcttctgcactcaagaaaaacagtitccgatgcaa 841
CECEEEEEEEETEEr e e e e e e e e e et e e ey

Sbjct: 672 cgctacacatggagttccactctcctctictgcactcaagaaaaacagtttccgatgcaa 613

Query: 842 ttcctcggttaagccgagggctttcacatcagacttattcttccgectgegetegettta 901

RN RN RN R A R AR R AR RN
Sbjct: 612 ttcctcggttaagccgagggctttcacatcagacttaticttccgectgegetegcettta 553

Query: 902 cgcccaataaatccggacaacgcttgccacctacgtattaccgecggcetgetggecacgtag 961

RN RN AR RN RN R RN R RN
Sbjct: 552  cgcccaataaatccggacaacgcttgeccacctacgtattaccgeggcetgetggecacgtag 493

Fig. 1. A comparison of 16S rDNA partial sequences of the isolated RMK567 with L. acidophilus. Query means RMK567 isolate
and shjct means L. acidophilus.
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Query: 962 ttagccgtgactttctggttgattaccgtcaaataaaggccagttactacctctatcctt 1021
RN RN RN AR RN RRRRRRRRRRRARRAARAANI
Sbjct: 492 ttagccgtgactttctggttgattaccgtcaaataaaggccagttactacctctatcctt 433
Query: 1022 cttcaccaacaacagagctttacgatccgaaaaccttcttcactcacgcggegttgetce 1081
RN AR RN RN RN RN RRRRRRRRRRRARRAARAANII
Sbjct: 432 cttcaccaacaacagagctttacgatccgaaaaccttcttcactcacgcggegttgetce 373
Query: 1082 atcagacttgcgtccattgtggaagattccctactgctgectcccgtaggagtttgggee 1141
CECEEECTEETTEE e e et e e e e e e e e e e e et e et
Sbjct: 372 atcagacttgcgtccattgtggaagattccctactgetgectccecgtaggagtitgggee 313
Query: 1142 gtgtctcagtcccaatgtggccgttcagtctctcaactcggcetatgecatcattgecttgg 1201
CECEEEEEEEEE TR et e et e e e e e e e et
Sbjct: 312 gtgtctcagtcccaatgtggccgttcagtctctcaactcggcetatgecatcattgecttgg 253
Query: 1202 taagccgttaccttaccaactagctaatgcaccgcggggccatcccatagcgacagcetta 1261
FECEEEEEEEEEEEE T ettt e et e e e et e e et
Sbjct: 252 taagccgttaccttaccaactagctaatgcaccgcggggccatcccatagcgacagetta 193
Query: 1262 cgccgccttttataagctgatcatgcgatctgctttattatccggtattagcacctgttt 1321
FECEEEEEEEEEEEE TR et et e et e e e e e e e e e e e et
Sbjct: 192 cgccgccttttataagctgatcatgcgatctgcetttattatccggtattagcacctgttt 133
Query: 1322 ccaagtggtatcctagactatggggcaggttccccacgtgttactcacccatccgecget 1381
CECEETEEEEEE TR et e et e e e e e e e e e
Sbjct: 132 ccaagtggtatcctagactatggggcaggttccccacgtgttactcacccatccgecget 73
Query: 1382 cgcgtccccagcegtcattaccgaagtaaatctgetggttctgetcgetcgacttgeatgt 1441
FECEEEEEEEEEEEE e e e et et e e e et e e e et
Sbjct: 72 cgcgtccccagcegtcattaccgaagtaaatctgetggttctgetcgetcgacttgeatgt 13
Query: 1442 at 1443 1501
[
Sbjct: 12 at 11
Fig. 1. Continued.
10 7.0
O..
- ae R o5
el - e 3T
Qo 9
£ Q 6.0 X 37C
< g O 40C
o] g2 s 55
—
— 8
= 5.0
o / °
Q Q N 3400 45 e
) X—-37C X
L 7 o O =K
° X o—40C 4.0 —0
0 3 6 9 12 15 18 24
m
6 Incubation time (hr)
0 3 6 9 12 15 18 21 24 . . . . .
, , Fig. 3. pH change of 10% reconstituted skim milk during the
Incubation time (hr) growth of L. acidophilus RMK567 at various tempera-
Fig. 2. Growth of L. acidophilus RMK567 in 10% reconsti- ture.

tuted skim milk at varioustemperatures.

L. acidophilus RMK5672] &H4X| LiA

F7H ArdE 7ol A el 9] 7)ego] wolAA =

=, olelgh SHelA FAA] g WAL vie T8

AR BAow 4 FAAN] ey Zeujolod # @ 24w AL Y Aol A AZolA ol
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Table 4. Antibiotics susceptibility of L. acidophilus RMK 567

Table 5. Enzyme patterns of L. acidophilus RM K567

Minimal inhibitory

Antimicrobial Agents concentrations (ug/mL)

Aminoglycosides

Amikacin 160

Gentamycin 160

Kanamycin 1600

Neomycin 1600

Streptomycin’ 1600
B-lactams

Penicillin-G' 20

Methicillin 160

Oxacillin 120

Ampicillin 640
Gram-positive spectrum

Bacitracin® 50

Rifampicin 120

Novobiocin 30

Lincomycin 400
Gram-negative spectrum

Polymyxin B* 600
Broad spectrum

Chloramphenicol 80

Vancomycin’ 400

“units/mL.

£33 = F 1671K12] Aol th3l L. acidophilus
RMK567 571 WAool JA=AE Table 49 YT

Park 5(1996)0] w=m Lactobacillus & 5 i3t 3}
A WA AgollA] ampicilling 0.37 ug/mL, rifampicine
05 ug/mL= 73S YeRfRIch &3k Kim 5(2003)2]
Ao =™ Lactobacillus plantarum KCTC30999 gk
GAA WA APl ampicillin®  <lug/mL, srep-
tomycin2 <0.25ug/mL, gentamycin <4 ug/mL, vanco-
mycing <32 ug/mL o & Jehpick g vhd B o
T4 B3 L. acidophilus RMK567 T3 ampicillin
2 640 ug/mL, rifampicin® 120 ug/mL, streptomycin
1,600 pug/mL, gentamycine 160 ug/mL 53], vancomycin
o gk FAA e MIC EEE 400ugmLo2 L.
plantarum KCTC3099¢} Hlw &S w] =& WAS Yeh)
At

L. acidophilus RMK5672] A &M

L. acidophilus RMK5672] 434 A= Table 5004
Re nlkel 2 Leucine arylamidase®} B-galactosidase=
45 YRl aagAdo] = ek e, B-glucosidasedl]
M 38 UepH o 24 HluA & §48dS Y
o 53], 9= glucoses} galactoseZ Z3A7)=
el aadl p-galactosidase’t 45 UYERHOZAN BiHTO
2 Zgtslct. =3 benzopyreneS WM BAE A3

Enzymes L. acidophilus RMK567

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
[-galactosidase
B-glucuronidase
a-glucosidase
B-glucosidase
N-acetyl-B-glucosaminidase
o-mannosidase
o-fucosidase

oOoowkrkrMNoOONMNOORLRERLRMNOOLR

o

“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.

A7)l 4 EAQ B-glucuronidase®] F9-olle G484
o] 12 Yyeh vlwF ks ikt s & 7 A
Shin 5-(1999)2] Aol A% L. acidophilus KY 21049] &
28/gdo] B-gaactosidasedl] thaliX= 55 WERNRIAL, B-
glucuronidased] EiAE 008 <HAAS Hel Axbe}
AFsHaiTt.

L. acidophilus RMK5672] EH&ELHA

ol thek L. acidophilus RMK567¢] W23 Fig.
414 H= wpel 2o} 7A1ZE 52t vieF $oll O.D.gko]
0.3% oxgalS FH7}sHA] e8ks W= 1.511, 0.3% oxgall
S A7PEIES we 11272 o oAIE W)= U &
F WAl e AeF YERTE Shin 5(1999)°] w=W
L. acidophilus KY 21049] ©5s=d YA HisE =A
& A7}, 0.3% oxgall E=7HA] oFEd oA dido] 1
ol Bagk A3} FAakstdo

L. acidophilus RMK5672] pH LHA

ikt FAEAIREA SES V)5S TEEh] flsiMe
pH 3 o]&te] vt pH 219 3#E Sste] 7
2 sl AEslajolnt it (Booth, 1985; Mcdonald et
al., 1990). Akl th3} L. acidophilus RMK5672] W4 2
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1.6

1.4

1.2 —e— with oxgall
1.0 —6— without oxgall

Optical density (620 nm)-

2

3 4
Incubation time (hr)

Fig. 4. Growth of L. acidophilus RMK567 in MRS broth con-
taining 0.05% L -cysteinewith or without 0.3% oxgall.
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10 — — — —
£ ]
; 6 CpH2
(e}
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0

1 2

Incubation tirre (hr)

Fig. 5. Survival of L. acidophilus RMK567 after 3 hrsin HCI
solution (pH 2, 3, 4, and 6.4).

= Fig. 5014 B vRe} 2oh g2 pH 6.49] o5
oF vlawgh A3 pH 29} 3exe A& WPt Ao L
o] pHell thak Aol S-S Bt} ol Shin 5(1999)
of W2 pH 3.09] Z7el|A 241752t L. acidophilus
KY 21047} & A% 552 100074 AE3h= Aoz
Uehdom | pH 2.0014E 107 CFU/mMLAIA] 1.2x10* CFU/
mLeZ FFAslithe AfETE $538190H, Pak &
(2003)°] L. acidophilus KY 190975 pH 2.59] Z7
A AN ZFEer 223 & 6.8x107 CFU/mLoA] 6.5x107
CFU/MLSZ Yepsith= A7k} fAFsIS

L. acidophilus RMK5672| &3

L. acidophilus RMK567¢] 2]g=+tol] gl o= J=
A=A E S5t sl EFuiSS AAT Ade
Table 63 Zt}. L. acidophilus RMK567 25 %o
sl Ateo] 3k Ao ®E yEh=Tl, Escherichia
coliol] T3 29.2%, Salmonella typhimuriumel] T3l 39.1
%, Saphylococcus aureusdl] THall A 51.4%9] S B
Aok vl = pHel WSS BOES wf =} ASsat
L pH 6.65-6.68°|™, EH YA pH 4.93-5.04°]1c}.
o] L. acidophilus RMK5673} 2]5=32o] Shaj okt
oA AFE Bike] Fo T AAEHI} e HOE A}
F3™, Shin 5(1999)] w=™ L. acidophilus KY 2104
9} S typhimurium,, S aureus®] o] FAA 7HAE}
o] 5 log viable cells o] A|&o] YeltoH, E. coli
9] A= 2 log vidble cdls =9 AFIA|&S ATt
Aol vluwd wf 953 A4S B

.

.

2 ¢

2 d7e Il 4 A9 540 FAT Aol
EEg A S 2 monosodium glutamate 1%7}
A7 10% FHLE Ao 37°CoAlA 18A1ZF Hj st &
GABA o] 71140 uglg D.WE Akels 953 #FE
ket AAE #S Gram 44, roddEo] HEuE
o, F a3y} 16S rDNA #2423} Lactobacillus
acidophilusZ =%, L. acidophilus RMK567= ™3}
ot wa ol 23 darterdl®] 815ty] 98] AElF
EAXS ZARSIAY. L. acidophilus RMK567S vl oFe %=
40°CoN A WE AA-S B, pH 4.3 =gsl=t] 154
Zro] 2 H AT, 1652 YA T kanamycin, neomycin,
streptomycinel] ti3l] Uj/do] E=qkom, A oA
leucine arylamidase®} B-galactosidase®] A =7} =34t
G 7R 2Rre] 3RS Wigkont wgel tigh widel
U= ASZ YEPgow, pH WA AF A3} pH 204 &
W37} glaell ot Wakdol it e Algdxe
Escherichia colioll t3ll 29.2%, Salmonella typhimuriums}
Saphylococcus aureusel] ts] 242} 39.1%, 51.4%2] <A
g5 Btk olst 23E EE GABA A

o]

Table 6. Inhibition of pathogens by L. acidophilus RMK567 in MRS broth

Growth
Pathogens Pathogens® L. acidophilus RMK567" + Pathogens Inh(i;l ;ion
CFU/mL pH CFU/mL pH
Escherichia coli 1.8x107 6.65 1.3x107 5.04 20.21
Salmonella typhimurium 1.3x107 6.65 7.8x10° 4.93 39.06
Saphylococcus aureus 2.5x107 6.68 1.2x107 4.98 51.40

" Initial count of L. acidophilus RMK567 : 1.32x10° CFU/mL.
aDetermined after 6 hr incubation at 37°C.
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