Food Engineering Progress
Vol. 14, No. 1. pp. 65~74 (2010.2)

AMERVIE daN JHEsE ¢

A2 - A
e eta 2

st

—

2. R

=T, Y EREAE,

TR

Food Engineering Progress

Of= WY Fihrol i =A

S - uped At
Rl tol 2.

Culture Conditions of Garlic Resistant Lactic Acid
Bacteria for Feed Additives

Yu-Jin Kim'?, Seo-Jung Jang'?, Jung-Min Park’, Chang-Uk Kim’, and Young-Seo Park'

!Department of Food Science and Biotechnology, Kyungwon University
’Korean Culture Center of Microorganisms
*TJ Bio Co., Ltd.

Abstract

Culture conditions of L. plantarum TJ-LP-002, the garlic resistant strain isolated from pakimchi (green onion kim-
chi), were investigated for the use of feed additives. Acetic acid, citric acid, lactic acid, and tartaric acid were
detected in the culture supernatant, and especially the concentrations of lactic acid and acetic acid significantly
increased during cultivation. The antimicrobial activity of L. plantarum TJ-LP-002 was not affected by proteases,
calatase or cellulase, which showed that the antimicrobial activity might be due to the production of acids rather
than proteinaceous antimicrobial substances. L. plantarum TJ-LP-002 was resistant to neomycin sulfate, spectinomy-
cin dihydrochloride, and lincomycin hydrochloride, sensitive to streptomycin sulfate, and intermediate resistant to
ampicillin trihydrate, chloramphenicol, erythromycin, tetracycline hydrochloride, and kanamycin sulfate. The opti-
mum initial pH of medium, fermentation temperature and time for the cell growth and antibacterial activity were
pH 7.0, 30°C and 24hr, respectively. The optimal composition of culture medium for the cell growth and antimi-
crobial activity was 3%(w/v) glucose as a carbon source, 3%(w/v) yeast extract as a nitrogen source, and manganese
sulfate and ammonium citrate as inorganic salts. The combinatorial supplementation of these inorganic salts, rather
than sole addition as an inorganic salt, resulted in better antibacterial activity.
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Hhse Bl e} Bule] R8T, 2% WEu R
SH3-3laL 1.2, cysteine, histidine, lysine 52 24~ 0]-1:’]
=2+ linoleic acid, linolenic acid, arachidonic acid 52
A WAke SR8l thHwang et al, 2004; O]%zé,
1983). vl=2] 3 AECSZ+= allind allicin®] &&HA U
=4, alling allinase®th= &42] ZF&-9) 2]3}] allicin® =
A2, allicing ¥ 53 o8 T/ Fstdesol I+t
28 5ol AgAdE AU AUTHWI, 2003).

U= Aerobacter,  Aeromonas,  Bacillus,  Citrella,
Citrobacter, Clostridium, Enterobacter, Escherichia, Klebsiella,
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Lactobacillus, Leuconostoc, Micrococcus, — Mycobacterium,

Proteus, Providencia, Pseudomonas, Salmonella, Serratia,

Shigella, Staphylococcus, Streptococcus, Vibrio 521 P Aol
FgEe Uetlie] F2ES ATy BuEoH
(Shokrzadeh & Ebadi, 2006), *8-973 Al+ol] tist 524 <A
&o| fraktel thgh F2 JAEE T E3(Chung et al,
2003), At SoNX = Lactobacillus mesenteroides} L.
plantarum©)] N3 =2 IS Yepfl= A0 2 HIES]
THKim et al,, 1998). s F=E9 52 IAHNE &
skal mhs FEEC] A7 wiAelA A& 7hse v W
A -ﬂ_}\};{-o] ;ﬂ%%}i/\]Jo 71;] )\71- 7(]—0}};] TH
Az ofs] F2]E vF JTHKim et al., 2009). THA,
FEEY fFadtel Ao gt
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Al oA Fo e A nAdE 43S A
2 = dosle MAE HT7HE
deith, A= HLA Aol & ol FaEe 2s
FaE WA Al A
o= o]gste WA Ate F24& AT THFuller,
1989; Hinton et al., 1991; Shahani et al., 1976). %3+ 3}
ket f71%h Rl o4l o] A EEe s
AL, fAbst e f71AE Aol ol 4l pHE A EHAIA
HAA 7] S-S JAAFIH(Dary et al.,, 1971; White et
al, 1969), HY3=2% A4S FEste Gl AAAAE
AFARORA gl UF APHL F/HIAY
(Perdigon et al., 1988).

o] Fof Ao] Abro] ol §RE E1, A £7,
ol ek W75 B, falEel S4oA, AAke 7
9 Rl wEel), o, f57kne A4 oAl 59
& vehin, A% Al BAL HE A AT S
e ero A AFA Fart A2 Fhsa Ao
(Chang et al., 2000; Francis et al, 1978; Hong et al,
1996; Lee, 2008; Yoo et al., 2007).

& A= Adstel] dojA F-& o] B3 2
2k ofuyg}, 2 A )R] o] ko] 5 g sjtt. WA &
Hgell o] &5 wiA] Aol A Ade #A4E &8
Sthstell vX= Y, Al AR AL 289 =
tistell miAl= F3F, 8 FF] Lol v o] A=A
SR ELERE REDEEL DS E DD
A8t s 29l izl vAE A Fo] 2ALH o]
o} 3th(Bae, 2008). M ¥ A Jka Ao vlw 3z 7t
2o fARe 543 o8 7129 5, #A ¥,
o] 34 S0l nel tARES] Aol Aol7k i §
ko] SAo wet fakire] @A AR Y
o FFL VA AR} WFEAS) hEF 2APL B
23,

B AT E ABATLE o iz} YaAle] £
3§ ZAE A B 5 Qe WS AR AR
SAste] Phso] Fel e APHL 2 FAES B
st om, AAAEA L o8 7Fs/dol ¥ Laciobacillus
plantarum TI-LP-0025 A 2 543 tHKim et al,
2009). = AFNAM = ALl A FFS QlEA L
plantarum TI-LP-0029] FAYS Aol FFS n
A w2 A=A S A
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AtBTE 3 HHK|
B Ao AR e dEEaAEd A, 3, A
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OMHZHE FE|F vis WA ikt T AAH 54
-4 L. plantarum TIJ-LP-0025 A3t A3ttt

(Kim et al., 2009). A1 FARF2] vz HHujx) 24 &
ol 4%l H|WH|A|Z Lactobacilli MRS broth(protease
peptone No. 3 10g/L, beef extract 10 g/L, yeast extract
5¢g/L, glucose 20 g/L, tween 80 1 g/L, ammonium citrate
2 g/L, sodium acetate 5g/L, dipotassium phosphate 2 g/L,
magnesium sulfate 0.1 g/L, manganese sulfate 0.05 g/L)S A}
B3I, 37°CollM 297 BRI R wi sl &
4E4E SA7 AT HAAHAITEE Aeromonas
hydrophila subsp. hydrophila KCCM 325862 nutrient
broth(Difco Co., USA) HE3te] 37°CollA 197F 3714
o2 uopate] Ag-3l]

TT- (=R —
W7 farire] AAkekE 7104 BAE) 9stel 44
ko] e Fel-S MRS brothdl] 2%(viv) HE8te] 37°C

N 24A17F wiFe = vl AE Ao {1 FHS
HPLC(ACME 9000, Young Lin Instrument, Co., Ltd.
Anyang, Korea)g ©]-&3}o #4331 th. HH -2 Shodex
RSpak KC-811 (8.0x300 mm)S A&, HA2-&=
40°C, ©]5S 0.1%(W/v) perchloric acid, <& 1.0mL/
minZ 3RO H, A= 10 LE FY3te] AE7](RIT50F)Z
=489ty #F712F EFEZE L acetic acid, citric acid,
lactic acid, malic acid, succinic acid, tartaric acidE 0.1%(w/
v) perchloric acid &l HF FE7F 1%(wh)7H HES
Ao, AA fFAFe] WY Fed2 045um
membrane filter=2 o3 sle] AMESIAY. XEEE 9
retention time3} peak area® ©]-83to] t]22+<2] MRS broth
o A frakt wiF e F714F S mgkg T

2 Arksli.

Ot F£=°| =0l CHEE M AL

AR fraktol vhse] gl A S Z2H=AE g1l
3t7] flste] A FAES FAbE B5H1T Lactobacillus
plantarum KCCM 12116, L. acidophilus KCCM 32820, L.
delbrueckii subsp. lactis KCCM 11357 wjYo] Ztz}
1%(v/v) 5Z% MRS agar 99l paper discS AF&3}e] n}
5 FEE5 0, 10, 20, 50, 100, 200 pLA HZE3}e] 37°C
o A 24117k v g3t § Al S FA AR5 HlaLskA Tk

o
A farol Adteles g 239 Rl VA
o) G s Aske] 4P FAE Y P50

g 2
20%7} HE= H7FskaL 37°ColA 2447
A F AR A hydrophila KCCM 325861 T3t

S 13 ATE Trypsin, proteinase K, protease
VIII, lysozyme, o-chymotrypsin 50 mM Tris-HCl %8
A (pH 8.0), cellulase®} catalases= 50 mM sodium phosphate
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A==gH (pH 7.0)0 0.1%(wWh)7F HES TS FH] 8l
AHE-SFAT
SN e AL

AR FARFC] OD=0.140.01 FAITE FEE mueller
hinton  broth®]| sulfate, trihydrate,
spectinomycin dihydrochloride, chloramphenicol, erythromycin,

neomycin ampicillin

tetracycline hydrochloride, streptomycin sulfate, kanamycin
sulfate, bacitracin, lincomycin hydrochlorideE 5= E3|3}
of z¥zb A7Fsk 3 37°Col A 24A17F vkl oRe A
7F AFEA R A T E Flskh A9 A
A $]= National Committee for Clinical Laboratory
Standards(NCCLS)2] #4713 vaste] ZAA st
(Shryock et al., 2004).

BHRE A7, 7| pH, S0 ofet FHAS U SIREN TAL

A ko] AR ST FEAded TS A= bl
oF 7L 3Holaly] 9k MRS brothel] A4 &AH7 A
HiFH S 2%(v/v) FEFAL I AR S-S FH 3|
A A S B A S SA sk v A7kl 9% ¥
3= sttt 7] pHel 23k Wsl= 1N NaOH<}F
IN HCl &8 AF&3l9] MRS brothe] pHE 4.0-10.02

2 At vk, Wi 2=l oJF viskE gls)
7] 9k wlF 222 25, 30, 37, 40, 50°CE 23}t
HjoFet & ARSI FHEAES vl wetgith AASS
625 nmellA ¢ FFEE S50, FHES AAAT
Q1 A. hydrophila KCCM 32586°] 1%(v/v) %% nutrient
ARgEte] ikt i 100 uLE
As| ko] HAS &

1

agar 919l paper discE
AZ3le] 37°Co|A] 484 7F Hlj kst &
A ste] VrEh ATt

PH

EtA

A

1l

o 7/ H =0l 2fet |
frakte] A 9

A 2AE &elstr] flste] ©9E A71g MRS broth
ol rhamnose, fructose, glucose, galactose, mannose, xylose,

maltose, lactose, cellobiose, raffinose, starch,

oZi I'ﬂE
r> 0

sucrose,
cellulose, pectin, dextran, mannitol, sorbitolE Z}Z} 2%(w/
VA A7Esar, AR ikt A S 2%(viv) HE sk
30°CoN A 2407k vl et & AN S Ft S S S5t
Atk 7P e AANSH S el = w4
450, 1, 2, 3, 4, 5%WN) T2 H7bste] A4 2k

Al g 2%((vivyE HEs
A5 2
o 7 U =20 95t #AHM= 3 shreh
AL A A3 MRS brothol] beef extract, casitone,
malt  extract, meat peptone, neopeptone, peptone,
polypeptone, proteose peptone, soytone, tryptone, yeast
extracte} 72 718 ALY urea, Ca(NO,),, KNO,,
NaNO,, NH,Cl, NH,H,PO,, (NH,),HPO,, (NH,),SO,} %
T8 A2aRSs 7HzF 2%(wihvyR Arsta, AA Ak
v FA S 2%(viv) FFS] 30°CoN A 244 7F v k3t
ARSI G ST 7P e 7A
A gL HElE 2AY9S 0, 1, 2, 3, 4,
5%wiV) 52 JA7Iste] AA Fikt Au A 2%(viv)
£ HJE3IaL 30°Col A 24A17F v Fst & ARSI S+t
5 S5

+ov r:u rlo

m&&lm

FU1GR0| 25t PAHds ¥ ety
A ST gl 7 Bt Fado] ot

% wj Aol MRS brothe] F7]18F<l

sodium acetate, magnesium sulfate,

dipotassium phosphateE Z}7t @502 A A, A4 &

bt g 2%(viv)E FEste] 30°CAlA] 24417 vl

‘8}033} Zﬂﬂ Alell B

ammonium citrate,
manganese sulfate,

SI1a i S
A 2t L. plantarum TI-LP- 0027} vyels &g
Z AAste] A fAkto] st A4S 48
HPLCE ©]§3F] MRS brothe} *dzé AR B
o] {714 S B wE A th(Table 1). HETZ A}
€3k MRS broth= #3l%5°] fl= a2 Jefol A=, 1y
Al Wol tartaric acid, acetic acid, citric acid, lactic acid2]
TOo2 f7l4ke] ojn] EAlE At A FAHFS MRS
brothol] 24A17F v kst v A5 Yo=
citric acid, lactic acid, tartaric acid7} -2 HOZ FA}

o,

—_—

o

|

¥

> 4

om':ﬁ

O:

acetic acid,

Table 1. Organic acid content in culture supernatant of L. plantarum TJ-LP-002 (mg/kg)
Acetic acid Citric acid Lactic acid Malic acid Succinic acid Tartaric acid

Control (MRS) 3,425 2,264 286 868 D 13,318

TJ-LP-002 17,628 2,939 43,739 - - 6,900

) Not detected.



vEo] .

68 A2 A -

HoH, o] F lactic acid®] o] 43,739 mgkgS = o
%72 MRS brothe} Hlawate] oF 1500) FE& FA F7}
sted A Akt wmol ofal lactic acid7t vHF A H

A& = AATE Acetic acid®] FHE 17,628 mgkg S
=0} thz72 MRS broth?] 3,425 mg/ked} Bl s}
F sul 718t AL ZE YEsT) WEH, malic acide}
tartaric acid= W & A4S A02 ey, o3l
AR Fake] f714E oA Fg ol 93] marlic acid<}
tartaric acidZ24%-E lactic acid’} AAE IS Ao E F=H
TH AR, 2001). ol gk Fakre] AF A4 Sl whet
A7 fraktre] dgdadol A Al o pH AR <l
gt Aoz 5% F vt JH4EAE el 8 &
714kt thFet AT Rt e, GC-MSE 4t
o] AT frat T2 Y-S #A AL, 7F f714e] &
+EAE ZAF3Fe] 20H-isocaproic, phenyllactic, 4OH-
phenyllactic acidell 213+ H. pyrori®] 3] & 3ol tha]A
BuE v Q) om(Park, 2003), L. pentosus K347} 2743}
= phenyllactic acid®] w2l gk A+ BRI 9
(Lee, 2005).

2 i o of
o o 2

[¢

Ok F&=2| =0 st Med

A k] vhse] gl e A e s
Sstel A At il BEAFEC] 44 $3E
#jxle] whs FEES 0, 10, 20, 50, 100, 200 pL. §F3]
of Wi = Aset G4 RS Alet] vhs F=&
Fell gk AL vlaLskilvkFig 1) A4 &
L. plantarum TJ-LP-002= v F&=°] 71 wjA] oA

Fig. 1. Antimicrobial activity of the garlic extract against L.
plantarum TJ-LP-002 and type strains of LAB.

A, L. plantarum TJ-LP-002; B, L. plantarum KCCM 12116; C, L.
acidophilus KCCM 32820; D, L. delbrueckii subsp. lactis KCCM
11357; Garlic extract: a, O ul; b, 10 uL; ¢, 20 ul; d, 50 pL; e,
100 pL; f, 200 pL

A3 - e

Table 2. Effect of various enzymes on the antimicrobial activity
of L. plantarum TJ-LP-002

Enzyme Antimicrobial activity
Catalase +h
Cellulase
Lysozyme
Trypsin
Proteinase K
Protease VIII
a-Chymotrypsin

+ o+ o+ o+ o+t

D+, Positive activity.

HjgEo] Eelg ol 2R, 200 uLe] vk FEES A
Tl Aol A=A Fas IAL & AUApT L
plantarum>} L. delbrueckii subsp. lactis®] 7-5-°l= 2z}
20, S0 pLHEH Aol AdHE= AL = UL
200 ulL HE Aloll= F3leA Aol Asigds & + 3
AT}, L. acidophilus®] 735+ 200 uL 8 >
A gH-S Yeplidoh A8 fAHS A 2E4TE
H W3S o, vhs FEE9 Fagd Aol s
gl Ao, ntse] S wig Aol AS5o]
=] ol ARG HIHE AR A9 v fr
ael 44 FAkFe] F83 2RE sl ¥ ds
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4 4= AN THTable 2). T2 Ea) g 491
sin, proteinase K, protease VIII, a-chymotrypsin *] 2] ]
| e o] JeS WA ool A Fato] Arksi=
74 EZ 0| bacteriocind} 72 @ AA EZo| ofyA
S aae] G W] = e EFAY Ao

F4¥y. L paraplantarum C7 3 bacteriocine
proteinase K, protease®} - T AR g4 2] Alddl &
28] gEo g mEgAdo] LA HUAHLee et al, 2007),
B AFoas A4 fatkae dadde] duldRs|as
e A= a2thE A FH AT T3 catalasett cellulase
T lysozymeol] OJSiME A o] FFS WA o}
A AT gL s ay 93 AEE 28
o] ojd Zo =B FHHU

g

£ 0% 1o
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AatA oF A o] BE TS Felstr] flste] oY
7 A g WA S ARk A /A
o] &R & A TEE H YA T E (minimum
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Table 3. Antibiotic susceptibility test of L. plantarum TJ-LP-002
Antibiotics Minimum inhibitory concentration (plg/mL)
N 1 sulf 0 2.5 5 10 25 50 100 200
eomycin sulfate i i + 4 n ) )
Ampicillin trihvd 0 0.156 0.3125 0.625 1.25 25
mpicillin trihydrate 4 n n ) ) )
. . . 0 62.5 125 250 500 1000
Spectinomycin dihydrochloride
+ + + - - -
Chi henicol 0 1.25 2.5 5 10 12.5 25 50 100
oramphenico + 4 + 4 + . ) )
Ervili . 0 0.3125 0.625 1.25 2.5 5 10
rythromycin + 4 4 ) ) ) )
. . 0 1.25 2.5 5 10 12.5 25 50
Tetracycline hydrochloride N + N i ) ) )
. 0 2.5 10 12.5 25 50
Streptomycin sulfate
+ + - - - -
K 1 sulf 0 1.25 2.5 5 10 50 100
anamycin sulfate n n n n n ) )
Bacitraci 0 125 250 500 1000
acitracin . n n ) )
0.625 1.25 2.5 5 10 12.5 25 50
Lincomycin hydrochloride
+ + + + + - -

D+: Growth, -, no growth.

inhibitory concentration, MIC)Z A3} tH(Table 3). Al
o] Nx9 A4S At B-lactam AlE ] FAA|
ampicillin trihydrate= A7 fikto] AR5 =97
0.3125~0.625 pg/mL 2™, NCCLS &4 7|50l ¥ 3}
= o S WS YeERllh Alste] ribosomeel A8t
o] RNA®| A2 Aes Apdts] did S Aslsh=
Z+8-S 3= aminoglycoside A€ 2] A A2l kanamycin
sulfates 2945 EE 7} 10~50 pg/mLI 2, 57F WA
S YERNSI Y. Streptomycin sulfateol| = 2.5~5 pg/mLZ 7+

=
T4 YEAA, neomycin  sulfate?}  spectinomycin

dihydrochlorideol| = WS YEM Y. 2 9] ribosome?]
30S subunits®]  AF3E]  protein  IALE A=
tetracycline hydrochloride= 5~10 pg/mL, 50S subunits®l] 2
9t3ted  peptidyltransferase S ¢} A 3}  chloramphenicol-
125~25 pgmL 2 57+ WS YeplATh =3 508
subunits®ll A 33+ protein FA S <A SH= lincomycin
hydrochloride® = 12.5~25 ug/mLe] HAJA|F=HH=Z U
S el o™, erythromycine 0.625~1.25 ug/mLE %
ZF WS Ve S e o 92 2009 99
23U HE Ald st iR Hrbske FAEEAA 2

14 25 -7.0
12 o5
L20 £ [
£ 1] £
0 2> L 6.0
& 81 L 15 =
® ©
g 6 g L 55 T
© Qo
£ 4 (102
5 s lso
< 2 £
] 15
8 < |us
o_
. , . . . . . . —L o L 40
0 5 10 15 20 25 30 35 40
Time (hr)

Fig. 2. Time course of the cell growth and the antimicrobial activity of L. plantarum TJ-LP-002 in MRS broth.

- @ -, cell growth; - M -, antimicrobial activity; - A -, pH
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A o AHE7IES NF IASHA T e
A9 A A2009-10F, ‘09.09.23). LA]oE= w gALE Ol
A7 F e FAAES FAEE Jo, F EA4 F
7dAME AR8] A7F X E E oW FH 02 AlR &4
7] ke thekst Ao GAAE ARSI T e
2 AFAZ A8 Aol 8-S Yee A= A
FTEHE 1 st ARgslor & Zold, UdS vER
= FA = AH Akl Uigdel FitEA s o
sto] ARgsllok & Aol

B AlZI0l| 2J3t gt

HA fAEe] wjeF A7 ol% WsHE
of 47k Ao FANGT FRBAS
WA thFig. 2). W% 4217F o) FHE FAYFo] 7
Z7ste] 242170004 Fe) S eI, $E
FAY K VST 27 PP
HE 373 ASHOR Ak W] pHE

42 7F S E wet AstE et dAA Sl uhe

Aol egk Zle
213t L. plantarum AFIJ A=A Sl o 3zl

24 z2h Ao} v
A} 20474

BEoAA A5

= FRdrh 7120 B PR oA

ML rz

S o, S 8-122] 7k U7 E
A2 714 o] 241, A&l whet

pH7F 74281 pH 3.9 o|F ZUlE fAHH, g7 &
A EF 2007k A 242 Ykl ¥ agE 444
Aol o] vj5-

7‘:7[ pHg|. HHOI: <

TA 5

7] pH—EL AR s}

Ao,

7P =7 vebs

RisTais e

e e

Absorbance at 625nm
(-]

7

»
o
)

Initial pH

30

I 25

I 20

F 15

- 10

=0f

2 FaeY L AB G A 2 2

AR EH(Yang & Chang, 2008).

Sk

oI5k A&

$3td MRS brothe] %7] pHE

st FANS FFBH S ZA3ATHFig. 3). FANE
< 915k %4 pH WelE 6901, A pHE 72 vheh)
pH 5-8 WlellA] =k, pH 7914
pH 404 24 450] A=A
G 8S YERNAL, pH 8 ool

Antimicrobial activity (mm)

- 6.0

- 5.5

- 5.0

pH

- 4.5

- 4.0

- 3.5

Fig. 3. Effect of initial pH on the cell growth and the antimicrobial activity of L. plantarum TJ-LP-002 during cultured in MRS

broth.
- @ -, cell growth; - M -, antimicrobial activity; - A -, pH

12

10

Absorbance at 625 nm

25 30 35

Temperature (C)

40

30

I 25

I 20

I 15

F10

Antimicrobial activity (mm)

- 6.5

- 6.0

- 5.5

pH

- 5.0

- 4.5

- 4.0

Fig. 4. Effect of fermentation temperature on the cell growth and the antimicrobial activity of L. plantarum TJ-LP-002 during

cultured in MRS broth.
- @ -, cell growth; - l -, antimicrobial activity; - A -, pH
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AMe o] A wolth HA uYg 28 2
437 S8k MY 228 gl ste] aAANS f‘f}ﬂ%}*é
< £ 3 A= Fig. 4o YeR. AN S S
4 B 25-40°ClA] 1A EA] UEREo, 50"C°ﬂ/\1—‘:—
A S} Fedo] dASHA AstE AT FA S

SadA S A3 HHLEE 30°CE AT A
SRR A E TR Aol A &g Lo plantarum Y21

pH 6.5, 30°ColA At A S F+E4S Yepditia
B IEY O™ (Chin et al, 2001), FXu]olr X3
Lactobacillus sp. FF-32 pH 7.0, 37°ColA | &4
< Yepdtia Baste] 2 A7 A3} FAFSI ThPark et
al., 2003).

Table 4. Effect of carbon sources on the cell growth and
antimicrobial activity of L. plantarum TJ-LP-002

Carbon Cell growth Antimicrobial

=Skl éajr(Table 4), TAMSL maltose, glucose,
cellobiose =02 lﬂ?}ﬂfﬂ] ﬂq}%}*é% fructose, glucose,

galactose O 2 35

‘:—'9/] .'5:]—}}]‘ _Q_O]}H tﬂ 732-“}\‘] —‘(:S:-—Q— "712:]?—5]— uﬂ FJ—/\O_]_Q.
glucose’} 71 A &3t Aoz AL GlucoseE: 5%
HE AR A3H(Fig. 5), glucose®] H7FFo] S7Hddl w
2} FA S F7HFA S, 3%(wiv) H7FetlS o 7
e A BSES YERITH Fa842 2%(wh) ©]
7S W 7P ekt e ] Aok Ut
B S Aslete dFS T AT A7 Aoy
AT A AR 5% =& &

(Park et al., 2003), & Eo &
a9l FEOE 27 9% 94 % o lH,

.. H
source Absorbance at 625 nm)  activity (mm p
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Fig. 5. Effect of glucose concentration as a carbon source on the cell growth and antimicrobial activity of L. plantarum TJ-LP-002.

- @ -, cell growth; - M -, antimicrobial activity; - A -, pH
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Table 5. Effect of nitrogen sources on the cell growth and o Y =T SoA ARAA E2S L plantarum
antimicrobial activity of L. plantarum TJ-LP-002 SK1305¢] SFa-shidsl A4S 98t =g x| AR = 2

Nitrogen Cell growth Antimicrobial FRSES = urslolrl= H 77} 9o 1
source (Absorbance at 625 nm)  activity (mm) H Z;*‘i yeast extract= "— E‘o}Mq"b —Hi—‘— F e,
Beef extract 201 305 121 TEHE Salmonella l_yph‘zmurzum, fite_rla_mo‘zocytogenes,
Casitone 7.27 30.5 383  Bukholderia sp.ol Wit FvtHo] -3 G35 YERAT
Malt extract 0.73 25.0 4.68 3 B3 v 9lth(Bae, 2008).
Meat peptone 7.05 29.0 3.74
Neopeptone 5.40 22.5 3.89 27|20 o5t sk
Peptone 695 29:5 3.72 MRS brothdl]l 7= 574 F719F < ammonium
Polypeptone 423 23.5 4.04 . . . . .
Proteose citrate, sodium citrate, potassium phosphate, magnesium
peptone 917 265 3.65 sulfate, manganese sulfate Zo|* SH7Fx] A Td=Eo= F
Soytone 740 32.0 380 JIARE At A& Fadel N E IFS
apiene o e A FEw9RE US43 Tible 6149 2ol
c€ast extrac . . . _
Ur:a 0.15 D 641 AA Al 7P dFE Bol F= 7719 F= manganese
Ca(NO,), 0.09 ) 478 sulfate1 31, TF=2- 2 2 ammonium citrate®] 4 dFo| Zit}.
KNO, 0.46 - 4.55 Sodium acetate, potassium phosphate, magnesium sulfate<
NaNo, 0.13 - 649 AA AolE FAAST FRBYo] A FFE FA 2
NH,CI 043 : 447 g v AA Al 2AAET Faeel 2A G2
NH,H,PO, 0.33 A 344 & manganese sulfate®} ammonium citrateS 27t ©5
(NH,),HPO, 038 10.0 5.43 ! R = IR
Wk B WL M R9R BE 1S g9 o
(NH,),SO, 039 11.0 472 ;
D Not detocted & MRS brothol] Pl Z2-E Table 79 WEhH AT
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Fig. 6. Effect of yeast extract concentration as a nitrogen source on the cell growth and antimicrobial activity of L. plantarum TJ-
LP-002. - @ -, cell growth; - Il -, antimicrobial activity; - A -, pH
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Table 6. Effect of removal of inorganic salt on the cell growth
and the antimicrobial activity of L. plantarum TJ-LP-002

Salt Cell growth Antimicrobial i

omitted (Absorbance at 625 nm) activity (mm) p
Control" 5.61 22 4.70
Ammonium citrate 9.63 25 4.63
Sodium acetate 10.20 26 4.57
Potassium phosphate 10.31 26 4.73
Magnesium sulfate 10.44 26 4.75
Manganese sulfate 5.72 22 4.95

"Control, removal of all salts

Table 7. Effect of addition of inorganic salt on the cell growth
and the antimicrobial activity of L. plantarum TJ-LP-002

Cell growth Antimicrobial

Salt added (Absorbanci at 625 nm) activity (mm)
Ammonium citrate 5.14 22 4.86
Manganese sulfate 8.04 24 4.66
Ammonium citrate + 991 27 465

manganese sulfate

All added” 10.17 29 4.67
Control(MRS) 10.11 27 4.69

YAll added, ammonium citrate + sodium acetate + potassium phosphate +
magnesium sulfate + manganese sulfate

MRS brothHt} WA T hFed-2 ¥ =3k & 7 I3
om, 747} @mo g HIIEIS o <3
FFE HER 57 7714

MRS broth®} H]wsto] A5 do] R
Uebstth SRR FUdERe 95 %7]' Al KT}
A7 Al 2 FFE YR eH, AAEHJE w
S @o] = manganese sulfate®} ammonium citrate
| } st &bl Aol ARSI g8 P
& UJefli= Aoz eIEATh Aol fe
St L. plantarum SK1305 ®BiX] ZAel A Sal
typhimurium, Sal. gallinarum>t Bukholderia sp.©l ©3gt &t
dE&4 IS F= F71Y9FE= sodium acetate®] L
Listeria monocytogenes®| W3d FHF&dol= MgSO,,
Enterococcus faecalis®| tlst Fa&dol= FeSO,7t
3 9IS JeRd Tt B 25 A th(Bae, 2008).

i

rr rlo
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hydrochloride®] W3-8 UERN AL, streptomycin sulfateol]| =
S e o, ampicillin trihydrate,
erythromycin, tetracycline hydrochloride,
kanamycin sulfatel| = 57+ W3S YR AT}, L. plantarum
TI-LP-002E HlY2= 30°C, 27| pH 7.0, 24A17F2] B
271004 HA o] #AAST FHEAES UER S, B
292 glucose 3%(wW/v), BAaYUL yeast extract 3%(W/v)
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F+ manganese sulfate®} ammonium citrate”} -2/ ol
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