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Studies on Physiological Activity of
Bacillus subtilis JM-3 Isolated from Anchovy Sauce

Sang-Soo Lee, Sang-Moo Kim' and I-Shik Shin"*
Korea Testing and Research Institute for Chemical Industry
"Faculty of Marine’ Bioscience and Technology, Kangnung National University

In previous paper, we isolated the bacteria, Bacillus subtilis JM-3, with proteolytic and fibrinolytic activity for
candidate microorganisms that have rapid fermenting and physiological functions from anchovy sauce. This
study was carried out to search physiological functions of Bacillus subtilis JM-3, such as antimicrobial,
antioxidative, antimutagenic, angiotensin-converting enzyme inhibition, and anticarcinogenic activity in vitro. The
cell free culture of Bacillus subtilis JM-3 showed strong antibacterial activity against Listeria monocytogenes,
antioxidative activity with 87% of inhibition rate against linoleic acid, 50% of antimutagenic activity against N-
nitrosodimethylamine and N-nitrosomorpholine, and 88.9% of growth inhibition rate against SNU-1 cell line
(stomach cancer cell of human). However, Bacillus subtilis JM-3 did not show angiotensin-converting enzyme

inhibition activity.
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M B

F Hol @IS FYstel At Ba
&% o <jste] NEst Bol - SHE B A
HEoR, HEI gt Jgo] Fiated 2Ry 7
L AR ARG znE de AgEeld g
47120 F AR 7199 BaAgd ekl ojgTa
]

o oi¥ Hul9) pepiidez o] WA Frlg i
A ey okl we, B9, RBASAE Bl B
9374 ¥ A% Frd B4 5% 2 BN Az
47152 e AOR sk Yk ofd) BXYA &
4 F AAEE peplides] AT 5ol BH BE AT
Arise] RIH 10M, Lee SV BAAR) S0 B
o3k vlgEel S0 teldME Rys v k. ol
Uels] AEE BN VR APLEAT Fole 7]
A AABR 15e e AR T EATE A

*Corresponding author : I1-Shik Shin, Kangnung National Univer-
sity, 123, Jibyun-dong, Ganuneung-si, Gangwon-do 210-702, Korea
Tel: 82-33-640-2346

Fax: 82-33-640-2410

E-mail: shinis@kangnung.ac.kr

684

gout, ERAA AL AABE Boje) B
Hetzolme] Y 5o Qs 2 Fush &
FAo0lH, S4717ke) 7B ASHL A
Fax A AR AR Al €
gt glof, EX A AzAde] gr]Hel Hg
_old] z}y]ypb_ 23l AR &7

& AF7E JEEH A Tt &
* 1 7kl £4717ks d55k
./_":U]- u]xg%.g_ 217@ 27}
'}04 T E AT,
RO A2 'M‘Z‘i-% £9dE 2 A,

o z2E|R Yoy wodd e Agdrliee F

sl Al e "WxdAL x.]]zal- 2Hog AAdAHOF o
£ 7@ 715 EAAA AzE starters EE]3LA

SREATE Shuel ExYsozRY aud EBe)
Holwk o Ad ofgy BA 8@l 9% Bacillus
subtilis IM-3 58 2802 ™, B. subtilis IM-32] &)
ZIHOHKZLMJ,]_ aixi_g_c}]g-}do] tﬂxlon;ﬂ_,] ldhA o] odlcr);_,_‘_
NaCl 20% H7FolME A9 F47Hre] oF 60%°] Bd<
yelllo] B. subtilis IM-32] BAINZE starter24 ] FEE
o] 7Fs/3ol whstel ®ilgh = o

2
o

i«

Y

H
ok

5
OIfO

ko
by
]
32
fo &

oy
Ao
QL
N

ol
g

I TN rlg o O 4 o
o
bol
by
i

rZi rr Vo tile

oEE, L)

o it

)

O

2w
£ =
E&m
o

R

KA

‘..
ﬂl

—_—

p

J

ol

_.4

-



W)l o ZHE 82|35} Bacillus subtilis IM-32] B84 7)1 5ol Tk A+ 685

Mepd B =RodE dudl olo) AW F
2 Az BHoR AudN 2o
B. subiilis IM-39] 7@, GASEA, PAINBA, ACE

B. subtilis JM-32| BHHQF

HARO A X3 B subtilis IM-3Z DeMan, Rogosa,
Sharpe(®13} MRS, Difco Lab., Detroit, USA) brothol|A] 24
AIZE o4 wist ol mlFN T glycerolE 4:10] HA &
shel EE 2ml vial tubed] EFke] —85°ColA BB}
HA] Aol Akg-eisint. A& SN B. subtilis IM-
32 brain heart infusion(BHI, Difco Lab., Detroit, USA)
brothol]l HEsked 37°CollA] 2441 7F wiEEE & AA1E2)(5,000
Xg, 20min) &t AL A 3,000 dalton®] MWCO
3,000 Membrane filter(Amicon Co., Bedford, USA)E 3%+9)
o} F(Millipore Co., Bedford, USA)3}e] H2FF 3,000 dalton
ol Ael fAS 045ume Millix-GS filterMillipore Co.,
Bedford, MA, USA)Z o387 3lo] AJEE AME-5I5 )

e &3

T 34L& 4F 2 Y uiA: Fa8Y ddel A
4-=oJZ indicator microorganismE-2 KCTCS ATCCZ Y€
HoF wol ARE3IYo| Vibrio spa 3% NaCle]l 7t
o}z nutrient broth(Difco Lab., Detroit, USA), ©]& #|£]&
Ali#2 nutrient brothE ARS8t 37°CellA] 244]7F Huj &}
Aok ARFO 9= 30°C2] MRS brotholl A 48A17F Zi)
et Aol AR-EHGT

A8 By oA 23S agar diffusion methodZ
mueller hinton(MH, Difco Lab., Detroit, USA) agarE AlE-3}
of TR 7718 S WHoE AAE & 1x
Holxl MH agar plate] 28 =013 indicator microorgan-
ism 100uLE =9g ol oste] JEF F AF 5mme
TFHE Eol or|d AR S0uLE HESI Ay A3
T 202 wigEtAth. o HEZTEE Sunits®] pen-
icillin-streptomycing AME-SFAL, SAWERTE= B BHI
(Difco Lab., Detroit, USA) broths A|E9} 5% AM-stich

ghitstatd 3

gaksl BAde] 542 Hayase®t Kato™e] Wol| ¢fato]
e THE SAEY AR Ats AAE @)= eI
o &, J7EZE230 linoleic acid 1.0 g& F &8 & ethyl
alcohol 20 mLE 7Feted €3] Zolx 02M Q1AHehE8-o
(pH 7.0) 25 mLE 7Fet] £33 3, A& 1 mLE F7}sted
500CoN A 40 rpm/min®] A O R 24470 AF A3 )
= B4 R vy HIEENE BASY &4 diz

&tHo|d M F3
HA glucose IHAFAMA]: Vogel-Bonner #HHAE T
T agar 15g2 700mL FFo =91 A, glucose 20ge

o] 7, Vogel-Bonner 3 ZA:HiA] 100 mL

7y dasich dds WiAE 60°CTHA]
st 54 fas FaHoz Zitsted HyhijAE e
3, 297 Azt & Algel ARE-sisith

Soft agar: 0.5mM L-histidine3} 0.5mM D-bioting &
o Fgag THEol 10mLX A& &5k 121°C, 15

13 gk &, ahygsted WA REsHh Soft agars
200 mL &2 AztEetA00 NaCl 0.6¢g, agar 0.7 g, 5F
4 100 mLE W3 121°C, 1587 Batdeh AR Al
W#3} histidine-biotin & 10 mLE 37°CE 7+t soft
agar 100 mLol] H7tsted ARg-siict.

HolgEd: HYe AR Wloldl EdEE Kol of
%5 719 29g o A3 3-Amino-1,4 -dimethyl-5H-
pyridof4,3-bJindole(Trp-P-1 @ 2-Amino-3,8-dimethylimidazo
[4,5-flquinoxaline (MelQx) (¥ FLIKE B RUgzig
AFREE BOHE dimethyl sulfoxideDMSO)E 1.0 ppm=}
05ppm &g Ztz} T & AREAA ZF AgHe] 0.1 mL
A BZ3k9th 2850 N-nitrosoamine % WolHdAdo] =&
Aoz A7 N-nitrosodimethylamine(NDMA)3} N-nitroso-
morpholine(NMO) (Y- #EERI S AHES JT=HF
B 2ohe ZFF2 10ppmT 20ppm £94& Zh7h THEo]
U o AFeith

AN B subtilis IM-3 ¥k ] ol ¢EA-E prein-
cubation method®Z =33tk WA 0.5mLY S9 mix
0.1 mLe] Salmonella typhimurium TA 983} TA 100(2-E-
B s AHESR DPRFE 2 wdds AEs W
ol9iEdo| ojn Eo] e Al@Iel Wi & 42 F 37°C
oA 2087+ KMt o] 22 Table 1, 2, 3ol WEkd
AAY 2+ Aol YR AN MY F 2mLe] soft
agar2 H715lod HA glucose SHAB TRl F 37°Cll A
297 wjkste] A 57 colony TE 43T

iz SANRTEME HoldEZ A dimethyl sul-
foxide(DMSO, Sigma Co., Missouri, USA) 0.1 mLe}t A B
Al F5H<F 0.1 mLE H7BlEen, FuRTEAls Hol
FEE 0.1 mLe AE A FFF 0.1mLE FH7kste] #i9t
ez skt

HoloA ] AL WololAl & theel o) olste] 7

200 mLe} Sl =<l
Z 121°C, 1587 7z

0

O

Eo o3 BH colonyT
= AFEE A A9 54 colonyT

ACE Xaligat &3

Angiotensin-converting enzyme(ACE)$] ZA|: ACE(Sigma
Co., Missouri, USAYE Ther#t 22 dAe A& 73 A
S ZEALE AT B709] FHEFE 4L oME F
HEL 1o BAF 458N (pH 8.3, 400mM NaCl) 10 mL
2 7lsted 5°CollA] 24417F et 4E-2](6,000X g, 30
min)ate] A& A AS WE nAste] ARSI
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Table 1. Design of antimutagenic test for cell free culture of B. subtilis JM-3 against Trp-P-1 with S. typhimurium TA 98

Concentration of sample and adding volume (S9 mix+)

Sample code :
B. subtilis IM-3 culture (mL) D.W.” (mL) 1.0 ppm Trp-P-1? DMSO? (mL)

Negative control 0.0 0.1 0.0 0.1
Positive control 0.0 0.0 0.1 0.1
A 0.0125 0.0 0.1 0.0
B 0.025 0.0 0.1 0.0
C 0.05 0.0 0.1 0.0
D 0.1 0.0 0.1 0.0
Trp-P-1 only 0.0 0.1 0.1 0.0

"Distilled water, ¥3-Amino-1,4-dimethyl-SH-pyrido[4,3-b}indole, *Dimethyl sulfoxide.

Table 2. Design of antimutagenic test for cell free culture of B. subtilis JM-3 against MeIQx with S. typhimurium TA 98

Concentration of sample and adding volume (S9 mix+)

Sample code
B. subtilis IM-3 culture (mL) D.W." (mL) 0.1 ppm MelQx? DMSO? (mlL)
Negative control 0.0 0.1 0.0 0.1
- Positive control 0.0 0.0 0.1 0.1
A 0.0125 0.0 0.1 0.0
B 0.025 0.0 0.1 0.0
C 0.05 0.0 0.1 0.0
D 0.1 0.0 0.1 0.0
MelQx only 0.0 0.1 0.1 0.0

"Distilled water, ¥2-Amino-3,8-dimethylimidazo[4,5-flquinoxaline, *Dimethyl sulfoxide.

Table 3. Design of antimutagenic test for cell free culture of B. subtilis JM-3 against NDMA" and NMO? with S. typhimurium TA 100

(S9 mix+)
Concentration of sample and adding volume (S9 mix+)
Sample code
B. subtilis IM-3 culture (mL) D.W.> (mL) Mutagen Medium (mL)

Negative control 0.0 0.1 0.0 0.1
Positive control 0.0 0.1 0.1 0.0
A 0.0125 0.0 0.1 0.0
B 0.025 0.0 0.1 0.0
C 0.05 0.0 0.1 0.0
D 0.1 0.0 0.1 0.0
MelQx only 0.0 0.1 0.1 0.0

YN-Nitrosodimethylamine, 2N-Nitrosomorpholine, *Distilled water.

AY WY: B subtiis IM-3 W% w5de] Qs 4
€ Cheung®} Chehman®2] ®EO2 ACE 84 A aas
235t Yeiddn:. 3784 439 AMEH F9 A
E 100 Lo 0.1 M bekE-8- 200 uLE 71k - 20 uLe]
ACE Z38448 FA7sle 37°Celd 587 wxletgdoh. o]
Sl 7)d Hip-His-Leu, 2.14 mg/mL) 200 uLE 7}3 & o}
Al 37°CellA 30487 wkE- AIFISL, 1IN HCI 250 ulg 7hsted
HE3-8 FAAZL F, ethyl acetate 2 mlE 7}8b] 1557 &
sl 3t 2,000}ge] ZHOE 1087 FAEY 3 T A
AL 1 mLE FHslko 120°ColA 3087 Az oA
3 AzxHZ AHde] 1 M NaCl £ 1 mLe 718t &
A1 T 228 nmellA FEEE SA SN

sletery
SAE 2 oY 2A: B A7) ALgEHo)N PHEE 3T

AEF 2Po iy FAREH SNU-IAFES aME)e
BoF wol 10%9] fetal bovine serum(BBL, Becton Dickin-
son, Cockeysville, USA)°] 7}=eJZ RPMI 1640 medium
(JRH Biosciences, Lenexa, KS, USA)S ©|&-3}e] 37°Ce]
5% CO, Mg7loM dA o NEF=rt 2 d7ix] wjgsio
ARg-shTh

A W: B subtiis IM-3 ¥k s5do] YehlE oAl
Tol) et MESHS I ALY ARE Ao, AEE
4ol 24L& MTT(3-(4-5-dimethythiazol-2-y1)-2,5-diphenyl tet-
razolium bromide) assay® HAISF3ATE 96 well plate®] Z}
well & 9AIE vl 180 uL(1.0X 10" celVmLy® ¥F3}3L
Fadyel AEEHR T3 AEE 98 FEE A3}
o 20ul® H7KE & 37°C, 5% CO, w710l 96A17 wj
it skl gl S mg/mLe] FEZ AZI MTT
(Sigma, #M2128, Missouri, USA)& 20uLE #7155



)N A o ZHE B2)3 Bacillus subtilis IM-32] A2 24 7] 5ol Z3t A+ 687

0%

z7olA 3A1ZE B wjgst Sl o1& 2,000 rpmoliA 15
Arldg)etd AL A At Formazano] 84
Z} wellol DMSO 300uLZE 715k 3087 wuhdh 5
ELISA micro plate reader (Power wave 340, Bio-Tek
Instrument Inc., Vermont, USAYE 550 nmol|A] B2EE 24
3ath A4 g4 BX 9 Adriamycin(Sigma Co., Missouri,
USAYE e dzTR AMgskglon, sddETEE 9
¥ BHI brothE AME3IG ). 2 d52%5 B. subtilis ATCC
6633 HFE ARSI AlEet FUS Yl oste] A
ZHoZl vi¥ F50S Ag-sisich. dMES thet B. subriis
IM-39] Al EFH%ye oFefe] ARFAel olsled FEict.

2 e =
(RS

ARAA & (%) =
HETe] FRE - AEAeTe) FE
Hzre 3= e
R
ey

s

e B. subtilis IM-39] #8432 4 A
Table 4o YEMATE 2BFAMTF A, B subrillis,
Listeria monocytogenes L2131 Micrococcus lutes 59 St
B4 veillon, 28T Enterobacter aerogenes©l
iEfA Rt 8 Btk Ea B A3 AlgEA 2
F 2R getqre Fagde i daEds o
ERA #5 FolA AL WA M Listeria monocyto-
genes°ll W3 &et@Ado] Mg FsIATh olelgh Axks o
29| bacteriocin®] A B T FY] E53 MR
T2 ol TR FehEolx ghem, H: Lactic
acid bacteria”t A4Fsk= YR bacteriocin®] A|gHH o= 21
SAAM R Listeria monocytogenes®l 37&S JA It B
JL00hEs} vlarste] wf- fARE A2 B ¢ Ag Ao
o B. subtilis’} A2¥3l= subtilicin®] Al A A7
< 2E¢ 29 AP A shoer, < Mah TV
T ARZFE ZES B subnlis-4309] A B A
TFoME TS vET 1A, ERE AT

(6]
Frege HYths A W SolHel A9 & 4 9

oldel AxE F¥etl B wl, B subilis IM-37} A4St
o] YA WA o]

74 588 71 Aow oA

™, Listeria moncytogenesSt 7+-&

A aRHow AAY Qo gAY

ghatstary

Linoleic acid mixture®] B. subrilis IM-32] ]9 5390 (0]
st AlE) 1 mLE H7Fste] 50°CelA] Abshig AlZS w9
AFE Table 59 WERNSIT

FHT 1mLE #71e gz 4eE 2407 As4ts)
N#HE we] peroxide value(POV)7} 770 mL/g= #A&}A Z
7hidet, ol AR 240 so°cel] GR)ste] 48417 F
QF ethyl linoleic acid® AFs4ts} A1AL W] gkt FAREE =)

Table 4. Antimicrobial activity of cell free culture of B. subtilis
JM-3

Indicator microorganisms Clear zone
(mm)

Gram-positive bacteria

Staphylococcus aureus ATCC-25923 0

Bacillus subtillis ATCC-6633 14

Bacillus cereus KCTC-1012 0

Lactobacillus acidophilus KCTC-3140 0

Listeria monocytogenes 20

Micrococcus lutes ATCC-9341 16
Gram-negative bacteria

Escherichia coli ATCC-25922 0

Escherichia coli 0157, H7 ATCC-43889 0

Enterobacter aerogenes ATCC-13048 16
Salmonella typhimurium KCTC-2058
Salmonella entritides

Vibrio cholerae KCTC-0139

Vibrio parahaemolyticus ATCC-2210001
Vibrio vulnificus KCTC-2987

oo OO

Yeasts

o

Saccharomyces cerevisiae CBS-1200
Candida albican 17PL76 0

Table 5. Antioxidative activity of cell free culture of B. subtilis
JM-3 on oxidation of linoleic acid by oxygen method (50°C, 24
hr)

. POV" Index
Additive Na,S,0, (mLJg) (%)

Control (D.W.?) 38.5 770 100.0
Negative control (BHI broth) 36.0 720 93.5
B. subrilis IM-3 cell free culture 5.0 100 13.0

PPeroxide value, ?Distilled water.

ArslE 7y A erolnt, WA, AlE 1mL E7HsE A FolA =
POV7} 100 mL/g linoleic acid®] A-548E 80%°17d A
e A9 /IR E Ao JENT o mlg = Ay
A &2 Choi 59 AFA tixd ¥stE2<¢l BHA
0.05%2] FES GAB 238 HolF= Aot B. subtlis7t
gakst 249 AAETHE AL Choi Y93t HE UF
W AZ o g HE] AMAALE IS B subtilis DC25 &
gatiet olEo] Astshs AT dAkEES 7RIt
I BEIeh 3 A% 7hgely | Fo] A Acdet
ZA)5o] dMeless 7RIt o8 HIES F
B. subtilis IM-3 =3 wjoF & A EE A}
£ gisles e AR F5 Y F
o 22 A APEctH dd FASA R
& T3 7ted AR gdch

)
s
i
o

1

_OrL
2

R N
HO.
lo
i

1o |o o

o~ BB @

iR
N

ol

o
B3 B, subtilis IM-38] o)
Table 6 2 73 7t} gEdA o]

9ge 2 Aske
Aol Eeiuo)d

f

]

> et
o

it
q



688 Al EF}slE)R) A 35 A Al 4 5 (2003)
Table 6. Antimutagenic specificity of cell free culture of B. subtilis JM-3 against Trp-P-1 and MeIQx with S. ¢yphimurium TA 100 (S9
mix +)
Amount of His+ revertant” CFU/plate
B. subtilis culture Trp-P-1? MeIQx?
(mL/plate) Trp-P-1 only Sample+Trp-P-1  Negative control MelQx only Sample+MelQx  Negative control
0.0125 501 454 40 242 235 28
0.025 501 497 40 242 251 28
0.05 501 489 40 242 227 28
0.1 501 504 40 242 239 28

YColonies not required histidine, »3-Amino-1,4-dimethyl-5H-pyrido[4,3-b]indole, ¥2-Amino-3,8-dimethylimidazo[4,5-flquinoxaline

Table 7. Antimutagenic specificity of cell free culture of B. subtilis JM-3 against NDMA and NMO with S. typhimurium TA 100 (S9

mix +)
Amount of His-+ revertant” CFU/plate ;
B. subtilis culture NDMA? o NMO”
(ml/plate) NDMAonly  SampletNDMA  Negative control NMO only Sample+NMO  Negative control
0.0125 476 401 23 563 552 32
0.025 476 327 23 563 403 3
0.05 476 287 23 563 04 2
0.1 476 232 23 563 253 32

YColonies not required histidine, ?N-Nitrosodimethylamine, *N-Nitrosomorpholine.
y! p

100
—8— NDMA
L +O- NMO
80
3
<
2 et
«
e
=
g
2
2 40k
2
=
=
20 +
g . . . .
0.00 0.02 0.04 0.06 0.08 0.10 0.12

Amount of B. subtilis JM3 culture (mL/plate)

Fig. 1. Inhibition rate of cell free culture of B. subtilis JM-3
against mutagenicity of N-nitrosodimethylamine (NDMA) and
N-nitrosomorpholine (NMO).

q APE WA Fsle] B A3 RE ARA AAEHA
oA HlolUA] 9 Ao ® Vit EdelgdAe
Aoz FAHL

ol 7ZE 3l AFolu o8 /1E 2T o 2
She Tip-P-13+ MelQx, 223 N-nitrosoamine & ol 94
o] & Zow 4HZ NDMA ¥ NMOE E@Holgew
AREEE AEAH)YA AFA, B, subnilis IM-32] 8l %8
& Tip-P-13} MelQxoll tistoiA= gcldAde] gllovt
(Table 6), N-nitroso compound$! NDMA % NMOe°| &}
A oF 50%9] wWelolAl B4E Jeldlen, WA &
AL s v#ehs AeZ JYeldt) (Table 7, Fig. 1).
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Table 8. ACE inhibition effect of produced enzyme solution by
cell free culture of B. subtilis JM-3

Sample ACE inhibition rate (%)
B. subtilis IM-3 culture 90
Negative control (BHI broth) 90

ACE X3l

B2)dF B. subtilis IM-39] E7tsl 84S SHS A
= Table 83 7t}

B. subrilis IM-39] wioFsEed 100 uLE 78k ACE &
x4 Ae a5 2A A 90%9] ASEFHE
ehfilout, &4 72 AM8-8 E¢ BHI brothE H7igt
AYLAME 90%2) AsNEE JeR] A8 ACE &4
AA Fd= gl AeE Yeith &, B2dF B. subilis
IM-37) Bl & AAsle olARIEC] 9% ACE 94| &3
2 zh= Ao] ol BHI vixo] EAlsls o8 EEEY
zg-9l Aoz A £ g Zolth £ ACEE B84
&2l angiotensin-I2} CZT dipeptide(His-Lew)s Awtale] &
A&l angiotensin-IIZ AZAA AL FEAZFH FAl
AAWAA HUAAeEES 2 bradykining E3ste] B
A3} Ao zA et Yelem AR glon, o
H3t ACE 84 AsAEE casein 7FFESE, UdF A
peptide, Ol STHHAZHE) EE=o)7] peptide = <&
Ao RN ESC] dHA Ant olgf o] thFEe] ACE
AA L& TR EZ 0] dFe] JipRIAEEA E A
Fe] Az =3 BHI medium 59 A3 78 EAsk= 71
SR chaldolu} peptideE 9] zHgol 23t ACE 49|
743 AsE 3oz FEHH
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Table 9. Inhibitory effect of produced enzyme solution by cell
free culture of B. subtilis JM-3 on the growth of SNU-1 cell
using MTT assay

Samples Growth inhibition rate (%)
B. subtilis IM-3
1/16 dilution 42.6
1/8 dilution 419
1/4 dilution 434
172 dilution 573
Not dilution 88.9
B. subtilis ATCC 6633 528
Adriamycin
0.005 mg/mL 93.0
0.001 mg/mL 79.9
0.5 ug/mL 73.1
0.1 pg/m 343
0.05 ug/m 26.9
0.01 ug/m 18.2

AMEZ BAlAHN S

BE4F B. subtilis IM-32] GH T F2 oA 84S
3 AF= Table 99+ 2o}l B, subrilis IM-39] wiokE=
S 29 A ot M E A giE 4%
I Ad 0L H7MEE A 88.9%2 we A AdAES
eI o™, 123814 FxdMe 43 dAlgo] =9
Aulgol] visted w9 AA ApEG o, A A& 57.3%
2 1,018 TR fAske Ao® Jedt 174 o)ide)
sldA M= A A0 40% FEE FAEY =
A A=A e A ¢ 5 UYL AE

A7 A & IH88.9% )= A T

=42l adriamycin® 1 mg/mLe] %:EP/] 4244 A £ 7H80%)
Hox & 702 yYgyrh £ #5= ASAQd 488
E3t] o]7H starter® 7l RHERE o] E} Aulg-o) YA
AN 7R g AR AL ¢ 75 Jdisith

o

o
Tt o Y 12 A

Aeje] oA E

kO

ok
=

&4 28 ¥ 7eA BRYAL] Az AME e
| ABE starter®] 7S 521 _g ARA Ha)s chaa
e = @ﬁ%ﬁﬁ%*é o] 7P 48 Y B. subtilis IM-3&
243 YA M) Listeria monocytogenes®) W3 dtd
Aol 7P Zheks e, linoleic acid®] AHEANSFE 80%°14
AAE = Ftated S YUYl 2830 N-nitroso com-
pound?l NDMA 3 NMO°| thstedre= oF 50%<] wHololA|
AL VeEhI o™, SNU-1(AFE2] JehHl )0l thate] w)
F 9 20uLE HIMSE H9- 88.9%9 w2 A AAES
JeRl S 7154 EXAA A 2E starter2A Y] 7FsAdo] &
A=Ren, ko =z B 59| 754 HAAA starterEA 9|

F-IE fl

223} Bacillus subtilis IM-38] 2|84l 7)1 5 &5k A 689
ol &g Is}alr] Yeleir = Aol o SHA A
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A PAEFe] HES B8 gy 5 e 288 A
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