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Physiological Characteristics and Immunomodulation Activity of
Lactobacillus fermentum 450 isolated from Raw Milk

Noori Han, Sun-Young Park and Sang-Dong Lim’

Korea Food Research Institute

Abstract

The aim of this study was to investigate the physiological characteristics and immunomodulatory activity of Lactobacillus
fermentum 450 isolated from raw milk. L. fermentum 450 showed optimum growth at 40C and exhibited immunomodulatory
effects on interleukin-1la, tumor necrosis factor-a, and nitrous oxide at concentrations of >2,500 pg/mL, >2,000 pg/mL, and
11.55+£2.95 uM, respectively. Of the 16 antibiotics tested, L. fermentum 450 exhibited the highest sensitivity to rifampicin,
followed by penicillin-G, and the highest resistance to kanamycin, followed by neomycin and polymyxin B. The strain
showed high acid phosphatase activity and was comparatively tolerant to bile juice and acid. Moreover, the strain displayed
high resistance to Salmonella Typhimurium (63.86%). These results demonstrate that L. fermentum 450 has potential for use
as a probiotic with immunomodulatory activity.
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Probioticst= 2] i FES) FHE ANLLEN & o AWA WAN2GH ASA F5AEL ST 49
FEgol )¢ fold &3S FE HoRlE FARE Y 94N WAL 2L 8, macrophaged] T4 S(phagocytic

25, g AE, dFFUHE Aa), AgAA 24 5o o capacity) =7} 2 natural-killer(NK) A & 24, IgA S} Alo] E
3t 58 YERN L 9l th(Sanders, 1999; Gill, 2003; Seo and Frele] A f5, G =2 2 A AN 27 58S 3
Lee, 2007). o]2]st <)t 2 A2 macrophage®} lymphocyte HAA| 28-S ZH 8| FTHArunachalam et al., 2000; Kim, 2009).

A, T-cellJJr B-cell =4, natural killer-cell 715 52 WY Kim 5(2004)2 L. brevis FSB-12 A2 HAAl, Ay,
7155 AFst AAAE ZATFOEN HAFT) Gt AEd 2 FA JRro7 47 By, AdHd gAS
71483 Tk =%t 23}, macrophage®] &4 5 o] ZFA|, AlxH, A 23
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oA ok vl e wf Hoh 41190744 TNF-a & A4t
A3, 10°¥mL FEll A= 888 7kA] IL-60] A4t ek, Fok
(1986a b)> L. acidophilusS} L. casei T3 o5
Foll FoI8 & macrophage®} lymphocyte 7do] Z715 %)
3, L casei®} L. bulgaricus =% 475 Fd AT T3 &
52} macrophage”}t ﬂ”ﬂ"ii‘m_ HI3 . AagE Aot
JE AR H)Tl ol 2 FAHHE F8&3
st S Ao A ETL Xhﬂoﬂ A= =2
st & o2 wE A7 24 shrh(Hirose ef al., 2006).
Hokto] ZEupo]| QY AZ A ] 75 UERN 7] flEiA
Abgre] Zshrl e A FW7EA A Ea oF 817 el
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HEakel gk M-S ZFofof gtk o]EH ZEupo] L
HAEA Y FF Al 7 W B dgsddl g o
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2 AE 7S AN
A F 8kl MRS iAol A
Bromcresol purple?} sodium azideE % 713t plateo] smeardt
&, 37°CellA 48417F v Fet ths @A) colony & 7171 &
T colonyE AR, TFEEE A3 MRS agarl
streakingdted L] 7 colonyE tryptic soy agar(Difco, USA)
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2. L. fermentum 450 &3

w2 - A F D205 75 MRS dAufA| A 23] o]
A vl ekste] AL =0 & AFHo| ARSI xq}\}ﬁ_g]
74> Hammes 5(1992)°] #goll ¢Jate] AAI8H3At &
2 H #5F = Gram G4, LA, 2714 2 §714 *ﬂ’f},
Catalase A4, 15C 2 45TlA 2 AA, glucoseZHE 712~
A arginine > ZF-E ammonia A S SAEROH, n
7 ##3} API 50CHL kit(API bioMerieux, France)S ©]-&3+

T IE AFE AAsHA T 3 4kFS] DNA sequence #4790

o 38

+ universal primer 27F(5'-AGA GTT TGA TCC TGG CTC
AG-3)9} 1492R(5'-GGT TAC CTT GTT ACG ACT T-3"& At
2319921, solgent EF-Taqs A3l PCRS A A3}t
TEIHGL 95T, 1582 ¢ F 95T, 20%; 50C, 40%; 72°C,
I 3025 303] Algjstlon, 72°C, 5Eo 2 w2l shith
Ag E412 PCR productE solgent PCR purification kit(SolGent,
Korea)Z purify$t & ABI 3730XL DNA sequencer(Applied
Biosystems, USA)Z A& #4315 th

3. M= sk

A Z v Al AHE-E Bl2]E DMEM(Dulbecco's modified Eagle's
medium, with or without phenol red, Gibco)S A& Th Hl
o Z8}2~4, 793, microplate(96-well) 5= FdH AFES
ol gstio, i 5 A7 FEL autoclaveol A 121TC,
15 boll A 15+ 7F 71t Het gk & ARE-shgith A &= 33k &
FTE £33 3 sterilized filter(0.22 um pore size)E & 73}
o 3k th3, 10% fetal bovine serum} 1% streptomycin-
penicilling 3 7}ste] o]-&&tom, Alx Al 9 Al vl F
Al 37CE FABHEA ARSI

A EE Mg Sk vhgol confluentdhAl A4ske o -
ZE MEE ) ste] o833tk DMEMe] &1 v &t
239 AMEE 747} 37C, 5% COE frA13HHA] CO, incubator
of| A vl 3} k. Anchorage-dependent 3t Al = 2] S A A
83 trypsin-EDTA(0.05% trypsin, 0.53mM EDTA - 4Na)S
37CAA 527 Agstdth ol AlxE 2 +, 1,000
pmol A SEZF AAEE S U A5 NS A AL, A Hj

o bl
A% dol 94 BeshE B S 39 wrE e olds) @
o) MEE WjHo] BN F AHT MESE B A}

g A xE freezmg% WA E H7tsle] -70C liquid
nitrogen tankell ¥ F ARE A Mo & Fate] wi st

4. 4138 ALZFE RH|S

96-well plateol AlF 20 pL % RAW264.7(2x10°/well) 100
uLE ¥ 48A17F E<F CO; incubatorol A 37CE FX 5l
A ekttt Wi F2] NO F%+ microplate assays
o] &3t FAsIATh WA 48A17F 5 vkt &
L aliquotsE #3}o] 7+S 829 Griess A1 2K(1% sulfanilamide/
0.1% naphthylethylene diamine dihydrochloride in 2.5% H3;PO,)
= 93 ALolA 1027+ vHAIZTE o] @l ELISA reader
(Molecular Device, USA) 2 540 nmol A9 S =& 743}

Atk NO9 #FEZZE sodium nitriteS AFE-3FA

37 50

5. Interleukin-1a £H|S

RAW264.7(2x10°/well) 100 pL9}+ A1 & 20 L= 96-well plate
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Hal5t Lactobacillus fermentum 4509| AH2|x EAdup 0oighy 95

o ¥o] 37T, 5%9] CO, incubatorol| A] 48A]7F &< vl &3t
3N S F3l A E7}F 4] 8= Interleukin-1a(IL-1a)
enzyme-linked immuno-sorbent assay(ELISA)E ©|&3}]
=78tk =, anti-mlL-la @49 28 A7} 7Y ¥ microtiter
plate(Mouse IL-1a ELISA, comabiotech, KOREA)®ll a}A] <]
H|5-o] 4l w35 WA8t7] 9138ke] blocking A1 9K(3% BSA
L wi)S 7F3F TS Tween 20°] 0.05%(v/v) T+ 0.01M
PBS(PBST, pH 7.4) Al 34 k&9 0 2 33] A H 33tk A F
3l platel biotinylated anti-mIL-la A& 50 uL ¥, 5%
IL-la v ¢ A5 Y-S 50 pLA wellol F438taL, 25C
oA 2A17F vl Fat it vl ke plates AMAHE SFHOE
oAl 33] M| A3, 1.5 pg/mL F%9] streptavidin-conjugated
horse reddish peroxidase 100 L% 7}38F Th-, 25Coll A 30%
HHSAIZ] & A3 S a0 F 33] At of 7)o &
A 714 -8-94(3,3°,5,5- tetramethyl benzidine)< 100 uL 3 7}3}
01 25CelA 3087 FA-SS A7 T 1.0 N sulfuric acid

€ 100 uL¥ 7kl wkg2 A ZTh ©] 21 ELISA reader
(Molecular device, USA)Z 450nml X 33L& A3l 2
A EF FAA IL-1a FFS AArstAh

o o 2

6. Tumor necrosis factor =H|S

Microtiter plate(Mouse TNF-a ELISA, Comabiotech)oll E3=
TNF-a = Wl gk Al5 9 2 biotinylated anti-mTNFE- 50 pL
A welloll F=Y3FL, 25TollA] 2417F vl k3 STh. 8l 3t plate
5 ML SEFq0F thA] 53] AFE}3L, HRP-conjugated
anti-mTNFZ- 100 gL 2o] 25°Coll A 30% w) %3k ok A58
gFAo g 53] AHSIATE 7] 714(3,3°,5,5 -tetramethyl
benzidine)—% 100 L A 7}ake] 25TColA 3087 dauke-o
A1Z1 % 1.0 N sulfuric acidE 100 pLA 78] 1k
T}, ELISA reader® 450 nmoll Al 358 S ste] A
EFE FAOAM TNF-a 35 AAsidoh

7. Ribpo| ME

L. fermentum 450 ﬂ—zrﬂ A7 A pHE 431 Al

atieh BEFe 10% BAET 150 mLol| 24k %SOuL
9.6x10° CFU/mL)E HES 5 34, 37, 40CNA 3
O Z 24AZIA v Fs 7+ AlEE 0.1% peptone Lolo 3
A13}lo] BCP plate count agar ¥ #ol|A] Ho] 31 F, 35T
A 48417 v oFste] AlstaL, S5 B AIZF HE pH HlE
ZA31 ) olul pHE pH meter(Mettler model 345, England)
2 Z43

8. &M M AlH
GAA A A" MRS AR L. fermentum 450 o+

£ HEslaL, 30Tl A 18A17F Bl ket 5 0.1% peptone £
o AYFL=E Atk 7t WAV 2 2 HE 2

tryptic soy I A] ] 10°~10° CFU/mL %22 HZE 3}
30°Coll A 48A17F w3t & Jto 2 deste] A of 7
ARstart A U S92 28] FAES AMESES
o, A 71 ¥ FEE MIC(Minimal inhibitory con-
centration) &2 2 ZAA3}ATE A A= Sigma(USA)ZFH
T sle] AFE-ElA T SR Al= amikacin, gentamicin, kanamycin,

neomycin, streptomycin, penicillin-G, methicillin, oxacillin, am-

Ty U A

picillin, bacitracin, rifampicin, novobiocin, lincomycin, polymyxin
B ¥ cloramphenicolS A&l AHg-31%1

9. EaEMd A

MRS A B =] A 30T, 18417 &<t Wl S L. fermentum
450 55 AT E 848k 10°~10° CFU/mL 52
A5 E ZAIS &, API ZYM kit(API bioMerieux, Lyon, France)
g o]&3le] 30CAA SAIZF mlekst oS & ARFS A AT
g 5‘% EFMGREE H3tS 0~59] FAE FAISHS
O, & ©]9]9] alkaline phosphatase, eterase(C4), esterase
lipase(C8), 11pase(C14), leucine arylamidase, valine arylamidase,

o fob

cystine arylamidase, trypsin, chymotrypsin, acid phosphatase,
naphthol-AS-BI-phosphohydrolase, a-galactosidase, [3-galactosidase,
B-glucuronidase, a-glucosidase, [3-glucosidase, N-acetyl-3-glucosa-
minidase, a-mannosidase, B-fucosidase &9 FA2 &A1tk

10. HEHEY 4™

Gilliland ¢} Walker(1990)2] 3350l wek MRS A uj 2] o)
A 37°C, 18AIZF Wk L. fermentum 450 45 0.05% cysteine
o] g MRS A A ol 0.3% oxgallS 713 v =] 9} o
ZTEA oxgalle H7F8HA %2 wiA o] MRS v 747}
1% HE3FA . 37T incubatordll A 7TAIZH7FA] 7] Hlj &
3lH A AJZFE 2 BCP plate count agar & Foll A o 9l
$ 37Tl A 48A17F 7] wiFe o Al

11. pH WA

Clark 5(1993)<] Wl whet 37% HClS SR/l 4]
pH 1, 2, 3893} 2T 2M pH 64 4L A=Z3A7, Al
Z4 pH £9 10 mLol 0.05% cysteine®] $H-f-¥ MRS )| 4)
A A 37C, 24A17F vl L. fermentum 450 +E 1 mL
A 4‘43 5, 37Tl A @71 wiFstdaA o, 1, 2, 34X 59
A #4E BCP plate count agar 3 #o| A Fo] 3 & 37T
oA 48417 7] Wi Fet ok AlTEiTh

12. #73 A

o
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Gilliland$} Speck(1977)¢] Wiell whel &+ Aol A
43t A A|#Ql Escherichia coli, Salmonella Typhimurium %
Staphylococcus aureus™ A FATUOZRE B Wk
ow, RAAFe ZAWRZA  Escherichia coli, Salmonella
Typhimurium, Staphyloccous aureus= nutriunt 2 A vl ] || A
371402 37T, 24A17F Wi Fatsieh. Sl B 2ol
AHEE BiA = MRS HAMIAEA Bk A A FS ZH7
A&t 37°CollA 24A17F v sttt el £2 Escherichia
coli<= EMB agar, Salmonella Typhimurium- Bismuth sulfite
agar, Staphyloccous aureus+ Baird parker agarS AFE-3}e] 371C
oA 6AIZF vl katATh Bakto] og AAIFe] oAl &>

=9 Aoz It

Inhibition (%) = (NZF2 #4 CFU/mML - &3] F9
< CFU/mLytl 2] ¥ CFU/mL

13. EAHI&M

AAe PR THAHSD)E e Y, BAEA-S Statistical
Package for Social Sciences(SPSS, SPSS Inc., USA)Z 2 A] 5}
Atk A= one-way ANOVARE %A A 2] 81912, Duncan’s
multiple range testsE AF&3l] Fo4d 5% oA AA St

ATt

=

[e) =

HES T, 37CAA 18/\]7P 2 24 A7} Y Ooké}oi L8 7
FE Mdel Az} 598709 g5 F AEE AT

H gFe My

HAA N Foshs AlZAA ErlHE S
wHlete] ot AoE A A ‘31

HAAM S B3t AAX NO A7 Abel E7191 9] & F

9l TNF-a®] A4S 2734 2102 UehgthPark 5, 2007).

L3 IL-las AR

Aol k. &2

37Tl A 2477k w

s

iil

]

B

9%, 44 Pl R Be) 2ol @
| BAFE TSR 10% A B0l A
S FF At BB

==
or
ol
ol
s
olo

S 233 AR, L fermentum 450 F59) IL-1a, TNF-a, NO
Zhol zHzt 2,500 pg ©14HmL, 2,000 pg ©1AH/mL, 11.55+2.95
uMO. 2 YEFSTHTable 1). Cho 5(2010)0 W= A5
Q1 L. fermentum ATCC 14931(10° CFU/mL)¢] IL-1a, TNF-a,
NO 7ko] ZFz} 445.21+19.87 pg/mL, 2,219.42+81.57 pg/mL, 6.52+
142 yME vepde] wal, 2 Aol A 228 L fermentum
450 #79] IL-1a, NO #hol Aol vls| EHlFol =2
Ao Z et

3. Mut 7o ™ Y DNA sequence

L. fermentum 450 7] genus$} speciesE 27317 938}
o A, Asteta] A @S stk L fermentum 450 45
Gram 35 YEMIRNY, Av)73 o2 # A] Rod &N hetero
olH, AFA e Adaglol & AL, catalase 9t
FAZ B E et 45T A & e, 15T A
= AA3A &%k oH, glucose arginine > ZHE 7}7}; gas
9} dHEYolE AR o} genus Lactobacillusl 43}
t}. SpeciesE A 317] $15Fe] API 50CHL kit(BioMereux, France)
£ ol &sto] 4959 T e A AAE ZIK(Table 2), L.
Sfermentum 450 5= D-ribose 5 13502 HH AHS AA s
Atk I AFE ATB identification system®l]l &gt A3},
Lactobacillus fermentum®°.Z HH= O™, 16S rRNA 7
1} -r—r% universal primerE ©|-§-3% PCRE S Z3to A&

Atk 4E 971 AEes IHE o83k BLAST

search?‘f} A3}, Lactobacillus fermentum(1D. 99%) 0.2 &4 &
3L, Lactobacillus fermentum 45022 315t}

Table 2. Physiological characteristics of Lactobacillus fermentum
450

Gram reaction +

Cell type Rod
Spore forming -

Motility -

Aerobic growth

Anaerobic growth

Catalase reaction -

Growth at 15C -

Growth at 45C +

Gas forming from glucose -

Ammonia production from alginin -

Table 1. Effect of Lactobacillus fermentum 450 on the production of IL-1a, TNF and NO in Raw 264.7 cells

Strains Dose(CFU/mL)

IL-1a(pg/mL)

TNF(pg/mL) NO(uM)

L. fermentum 450 10° (1,000 pg/mL)

>2,500

>2,000 11.55
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Table 2. Continued

Acid production from

Glycerol —  Salicin -
Erythritol —  D-Celibiose -
D-Arabinose —  D-Maltose +
L-Arabinose —  D-Lactose +
D-Ribose +  D-Melibiose +
D-Xylose —  D-Saccharose +
L-Xylose —  D-Trehalose +
D-Adonitol —  Inulin -
Methyl-BD-Xylopyranoside =~ —  D-Melezitose -
D-Galactose +  D-Raffinose +
D-Gluose +  Amidon(starch) -
D-Fructose +  Glycogen -
D-Mannose +  Xylitol -
L-Sorbose —  Gentiobiose -
L-Rhamnose —  D-Turanose -
Dulcitol — D-Lyxose -
Inositol —  D-Tagatose -
D-Mannitol +  D-Fucose -
D-Sorbitol —  L-Fucose -
Methyl-aD-Mannopyranoside —  D-Arabitol -
Methyl-aD-Glucopyranoside ~ —  L-Arabitol -
N-Acetylglucosamine —  Potassium Gluconate +

Amygdalin
Arbutin

Esculin ferric citrate

Potassium 2-KetoGluconate

Potassium 5-KetoGluconate

4. Lactobacillus fermentum 4502 A&t

Fig. 1914 B= vk} 7o L fermentum 4502 22 A3
LEE 97] 9159 MRS broth 150 mLell Zaka vl koS
10 L HE 8 5347, 37C, 40C HE 3717 A 0.2 244
W72 v ek AR S A3, L fermentum 450 4-5= 717

A 6A17F0] 2R E AT, 37°C, 40°ColA AL Bs=etA A
SO, 40°C7F oF7k whE AGES AT Fig. 2+ 244
7W7kA1 9] pH ¥ 3tE YERd AC 2 pH GA] 37T, 40Tl A
zpol 7t Al flRlem, 40C7F 71 mE AF S Helol
w2} 40°C7F H A& =2 e Lim 5(2011)°] /25
B B3 Lactobacillus fermentum LC272 57} 34, 37, 40C
o] Weloll A 3A7F 7+ 0 & 24X 7 v < ol A3} th47)
7HA] 6A17F0] AR W T, 37°C, 40°Coll A AL BS=ekA AR
g Aot dA s om, pH G2 40C7F 7Hd ke AF A4
< Hol& A9} dAath

Viable bacteria (log CFU/mL)

0 3 ] 9 12 15 18 24
Incubation time (hr)

. 1. Growth of Lactobacillus fermentum 450 in 10% reconstituted
skim milk at various temperature.

]
«Q

0 3 6 9 12 15 18 24
Incubation time(hour)

Fig. 2. pH changes of 10% reconstituted skim milk during the
growth of Lactobacillus fermentum 450 at various tempe-
ratures.

5. Lactobacillus fermentum 4502] SHAHH| LM
AT Solde Bl FAAE HHT AN
dAbat o] gFAA o) thet Ul A probioticsZ2A] E4% 9l
o|th(Havinaar et al., 1992). Wetr AlFoA o] &

Z 1671419 A el L. fermentum 450 o57F WA
A=A E Table 3o YERATE I 23}, kanamycin®l]
g A WA S MIC %7} 3,200 pg/mLEA 7H¢ W7 o]
E=9% 3, neomycin, polymyxin B 0]t} ¥+, novobiocin®
gk MIC 5%+ 2.5 pg/mLEA 7P 2473 o] =8k3, genta-
mycin, lincomycin, chloramphenicol 5% 7440 =2 Ao
2 Vel th Mathur®t Singh(2005)E 752 384 WAS
aFrth theFsiAl Jebdthal 8o ™, Zoumpopoulou T
(2008)> 7Hal 8l A=ZRE B2 Lactobacillus fermentum
ACA-DC 1797} 87}412] FAA| 5 streptomycin, teichoplanin,
vancomycin®l| tal 73t WS EATHA stlth =3 Lim
5011)S 9F2HE 228 Lactobacillus fermentum LC272
T 16742 gAAl tlsl] A3 E2lg A+, rifampicin

- TR

¢
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Table 3. Antibiotics susceptibility of Lactobacillus fermentum 450

Table 4. Enzyme patterns of Lactobacillus fermentum 450

Antimicrobal agents Minimal inhibitory

concentrations(ig/mL)
Amikacin 1600
Gentamycin 10+0
Aminoglycosides  Kanamycin 3,200+0
Neomycin 1,600+0
Streptomycin* 200+0
Penicillin-G* 100
Methicillin 200
[B-Lactams o
Oxacillin 8+0
Ampicillin 6400
Bacitracin* 50+0
Gram-positive Rifampicin 7.5+0
spectrum Novobiocin 2.5+0
Lincomycin 10+0
Gr?;;ﬁ”e Polymyxin B* 1,200£0
Broad Chloramphenicol 2040
spectrum Vancomycin* 6.25+0

All values are the meantstandard deviation of three replicates.
*: Units/mL

7} penicillin-G7} 147FA1 ¢] A Aol wlsl 2ol 7HE =
Ao 7 yehd vk streptomycin®l] th3k WA o] 71 =
Ao ® Uethal skeith
6. Lactobacillus fermentum 4502 §A&M
B8 T3 probioticsE ©]&3}7] Mol I Hojof 3}
T2 94 F 3ot Probiotics=
’J3tA] kotok at=Hl, o=
A 7= FLdFE 40l 7] w o] thBorriello ef al., 2003).
L. fermentum 4509 &4 &/ A3} Table 404 H= vke}
7t} Leucine arylamidasedl] T3] 2482 o] 5019037, acid
phosphatase= & 424 0] 45 YERN 1t} T3 naphtol-AS-BI-
phosphohydrolase”} 32 UEl] &48Ao] thE S4E0| H]
3l =A et o AnbF o R g 480l A o
Z YElsth Benzopyrenes A EFE AFA = T
F 49 B-glucuronidase] A-$-oll= E48A0] 002 §4%
dol gle AR yeh, kS S 4 AT Sanni
S(2002)2] AoNME oA glol HEaFFE FT A
(kununzakki) 278 2|8 L. fermentum K99 2487 2
3, leucine arylamidase, naphtol-AS-BI-phosphohydrolase$] &

Aol =A YEE I, B-glucuronidase= A8 0] §le= AL

$-A B-glucuronidase

Benzopyrenea wholA] £

B e
2 o;

Enzyme L. fermentum 450
Alkaline phosphatase 0
Esterase(C4) 0
Esterase lipase(C8) 1
Lipase(C14)

Leucine arylamidase

—_

Valine arylamidase
Cystinearylamidase

Trypsin

a-Chymotrypsin

Acid phosphatase
Naphtol-AS-BI-phosphohydrolase
a-Galactosidase
B-Galactosidase
B-Glucuronidase
a-Glucosidase
B-Glucosidase
N-Acetyl-B-glucosaminidase

a-Mannosidase

S O O O = O = =W RO O O O W

a-Fucosidase

*: A value ranging from 0 to 2 is assigned to the standard color: zero
represents a negative; 5 represents 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 nano-
moles, 2 to 10 nanomoles, 3 to 20 nanomoles, 4 to 30 nanomoles,
and 5 to 40 nanomoles or more.

2 Yety, 2 A9 Aok fAReIT

7. Lactobacillus fermentum 4502] HetEM

S5k AolA el A EulEE EEE Al AlxeS
gy ste] A4S A7) wlZol probioticsZ 2] 715 3171
AaiME "El tg WA AU dofok grk(Gilliand
and Speck, 1977; Saarela et al., 2000). L. fermentum 450 3~
o] g5 W AFE Fig 3914 B vheh o] 7A17F et
ik & AFFE ¥ws] R3S o, 0.3% oxgallS H7H3HA
ok o 73_?_9]. 7‘<47]—-8]- 9 ok7}o] o= olo%z]u]- B 223}
Bth AF4E 2.1x10° CFU/ML, 0.3% oxgall
21% o o] AF4E 1.2x10° CFUMLE oF7+ A

W7)1E ste @5 Aol e AL E yEbsth Cho
5(2000)> SO WA A & L fermentum YL-3 o
12A17F v st Fot At Hlws] BokE o 03% oxgall
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Fig. 3. Growth of Lactobacillus fermentum 450 in MRS broth
containing 0.05% L-cysteine with or without 0.3% oxgall.

Ao, AEA Q] A4S o] FATHAL sFSI T B8 Lin 5(2007)
2 A Aol A B3t L fermentum SG2 455 4N 7 F
oF vk & 0.3% oxgallS H7I8IAl e 79 Artet A
o] AFFE vlas] Boks o gEAtelA 100% AEES
HeloZn GFAitel thet Y vA v ACE ey
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k)
Rl
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8. Lactobacillus fermentum 4502 pH HA

Qo] pHE F419] 7% pH 0.78~0.900] A1 7H 242 A
HstaS A 99 pH7F 2.0~3.074] L7, 24 &)
A& B33t AZFS 2~4A1 7] th(Jacobsen et al., 1999; Lee
et al., 2004). ProbioticsZA41 2] &35 UeH 7] Y8lA+= pH
3 o]t A AEst 91E AAH & WE Egsto]of gt
(Booth, 1985; Mcdonald ef al., 1990). 2+l W& L. fermentum
4509] WA A= Fig 404 B wiek Z2oh di 2491 pH
6.4 9] #49 vlw s A3, L fermentum 450 4= pH
2004 0A17+Y W) 2.4x10° CFU/MLoIY Zo] 1A17F A3 &
1.7x10° CFU/mL, 2417+ A3 % 1.6x10° CFU/mL, 3A17+ 7
3} F 1.6x10° CFUMLEA ZAabd 71 33% 7ashes 2

o

9

~ 8N NTE

\ 0
3 :_ § §pH2
=z 4— § BrH4
E 3- § BHa4
: [ .

0 1 2 3
- Incubation time (hr)

Fig. 4. Survival of Lactobacillus fermentum 450 after three hours
in HCI solution (pH 2.0, 3.0, 40 and 6.4). *® Means
values with different superscript within same time are
significantly different (p<0.05). * Initial log count before
pH treatment : 8.40

Z Yersth pH 3914 0417+ o) 2.0x10° CFU/mLe1d A
o] 1A7+ A3 F 1.6x10° CFU/mL, 2A17F A3 & 1.5x10°
CFU/mL, 3A17F A2 % 1.5x10° CFU/mMLEA 22k 427}
25% Fadte ASZ Yehtou pH 49 6.4= zHzE 9%9}
8%2] 7S ®Hld] wat A2 Walrt §191t}h Zoumpopoulou
5(2007)° W= L. fermentum ACA-DC 179 #57} pH 2.5
o A 3A|7H = Abololtia 31919 ™, Strompfova 5(2006)
2 AF daAFolA 2 L fermentum AD1°] pH 394
1A17E o] %0l = 99.9%, 241 7F o] F-oll = 94.7%, 3A1ZF o] 5o
= 86.8%2] AEES HAT 3tk E38F Park 5(2013)
AR NA 22)$ Lactobacillus plantarum K74 757} pH 2914
3AIZE o] 5ol = 38.5% Hadhe Zo® JeRdTa shith

9. Lactobacillus fermentum 4502 &8

L. fermentum 450°] 2= tls] o A% A3l =
AE S35t 8 il dS AAIgE A= Table 59 2
th. L. fermentum 450 4 Salmonella Typhimurium®l o 3l
63.86%2A v WA =& sa¥S HQl WA, Escherichia coli
9} Staphylococcus aureus®l W3l o] Itk vl Y & pH

Table 5. Inhibition of pathogens by Lactobacillus fermentum 450 in MRS broth

Pathogens® L. fermentum 450™+ Pathogens Inhibition
Pathogens 0
CFU/mL pH CFU/mL pH 0]
Escherichia coli 9.8x10’ 6.41 1.6x10° 5.46 -
Salmonella Typhimurium 8.3x10° 6.40 3.0x10° 543 63.86
Staphyloccous aureus 9.2x10’ 6.49 9.0x10’ 542 2.17

* Tnitial count of L. fermentum 450: 5.0x10° CFU/mL
* Determined after 6 h of incubation at 37C
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