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ABSTRACT

Effects of biopreservatives originated from food
microorganisms on food-borne pathogens and their

application into food

Kwon, Hye Ran
Adviser : Prof. Chang, Hae Choon, Ph. D.
Department of Food and Nutrition,

Graduate School of Chosun University

Lactobacillus plantarum AF1l, Lb. plantarum HD1, Lb. plantarum EM
and Bacillus subtilis SN7 were isolated from Kimchi and Meju. Growth
inhibitory effects of lactic acid bacteria and Bacillus subtilis producing
antimicrobial compounds on food pathogens were investigated using
co-cultivation technique; growth of the pathogenic molds and bacteria
were completely inhibited within 12~36 hr, whereas growth of yeast was
completely inhibited after 48 hr of incubation by treatment of LAB.
Reduction of E. coli O157:H7 cell growth (2 log CFU/mL) was observed
at 24 hr by treatment of B. subtilis. However, growth of LAB and B.
suptilis were not affected by co—cultivation with the pathogens.

When hyphae and spores of molds were treated with culture
supernatant of the LAB, the growth of hyphae and germination of spores
were inhibited. Growth of the pathogenic bacteria was completely inhibited
within 4 hr and reduction of yeast cell growth (2 log CFU/mL) was
observed at 48 hr by treatment of the LAB culture supernatant. When E.

coli O157:H7 was treated with B. subtilis culture supernatant, cell growth

- VIII -
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of the E. coli O157:H7 was not inhibited. After the hyphae and spores
were treated with the LAB supernatant, they were inoculated into the
culture medium (MEB), and then their growth was observed. None of
growth of hyphae or spore was observed after this treatment. When the
molds and bacteria were treated with the LAB supernatant, outer cell wall
of the mold was shrinked or damaged and cytoplasmic space was empty.
Moreover, deformation of cell shape and empty hole in cytoplasmic space
from the treated bacteria were observed by SEM and TEM observation.

To investigate inhibitory effect of antimicrobial substance on £E.coli
O157:H7, salad was prepared using mix of Lb. plantarum AFl1 and B.
subtilis SN7 culture supernatant and additionally inoculation of £. coli
0157:H7 with 1~2 log CFU/g. Salads were stored at 37C, 15C, and 4C
for 1 day, 2 days, and 3 days, respectively. As a result, when the
antimicrobials were mixed and stored at 4°C for 3 days, the growth
inhibition of £. coli O157:H7 was the largest.

This study suggested an alternative to chemical preservatives such as

natural food preservative derived from GRAS microorganisms.
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anlAbEe] A3 S8l ek AAe] HAF smobyel wheh AT H/ /A v Ry
bl

Zo BT oA FRI 283 EAZ UTFEHIL 9

o] W}iE s ‘dﬂ&o] ‘%‘g“ﬁé} Atk ol & tiAlsty] fleke] A
4= AYs GRAS MAES Eeste] HA A5 BEAE NEetarzt o,

oA to AV T Lactobacillus plantarum AF1, Lb. plantarum HD1, Lb. pl
antarum EM, Bacillus subtilis SN72.2 X35 AIdS Fslo] 7 2 wFZEH
w2l - A EAI[12, 42, 53, 611, Lb. plantarum AF19] &3 54 36-bis(2-methy
lpropyl)-2,5-piperazinedion, §—dodecalactone® 2 19 Sl oW [54, 551, Lb. plantarum
HD19] &2+ &2 5-oxododecanoic acid, 3-hydroxy decanoic acid, 3—hydroxy-5-
dodecenoic acidZ T+ % 9 tH42]. 3 Lh. plantarum EMS] WitAd 2 Qg A
A, A A, 2d2EHE T3 o 543 ddEAI12, 561, B. subtilis SN
79 kHA B EA, &%, pHel tigh St A g Fol 17 = ATH30, 611

=
B oAFM e e FORTEH EYE fA B a2 o] AFEd
et Fetdde =AM H, ASsaed de Hojd s 2t g A A
ks él HHX[57]°11*1 Aheto]l Aol H&domn AA AF BEARAS THsA
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Table 1. Number of foodborne illness outbreaks and case by cause substance and year

4AE4 T 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 A
Pathogenic E. coil Outbreaks 38 62 36 37 28 32 31 31 38 39 27 399
’ Illnesses 2,832 1,945 1,278 1,671 1,926 2,109 1,844 1,089 1,784 2,138 959 | 19,575
Salmonelia Outbreaks 22 42 22 17 27 24 9 13 24 13 12 225
lllnesses 576 1,497 387 477 677 1,065 147 690 1,416 202 231 7,365
Vibrio Outbreaks 25 33 24 12 18 9 11 5 7 5 9 158
parahaemolyticus Illnesses 547 634 329 106 223 133 195 40 78 25 241 2,551
Campylobacter Outbreaks 1 7 6 7 15 13 8 6 18 22 14 117
Illnesses 53 449 73 405 380 329 639 231 490 805 768 4,622
Staphylococcus Outbreaks 32 38 15 12 19 10 5 5 15 11 0 162
aureus Illnesses 1,924 843 556 864 372 323 35 63 195 191 0 5,366
Clostridium Outbreaks 2 4 6 5 5 7 13 33 28 15 7 125
perfringens Illnesses 160 81 434 527 171 324 297 516 1,689 394 125 4,718
Bacillus cereus Outbreaks 5 1 14 0 14 6 6 8 11 6 1 72
lllnesses 59 50 376 0 401 98 111 112 49 22 16 1,294
Other Outbreaks 1 0 0 0 0 2 0 0 0 0 0 3
microorganisms Illnesses 5 0 0 0 0 20 0 0 0 0 0 25
Norovirus Outbreaks 51 97 69 32 31 31 50 43 46 58 25 533
Illnesses 3,338 2,345 2,105 568 1,994 1,524 1,665 1,606 739 996 502 | 17,382
Other Virus Outbreaks 3 2 1 0 2 3 1 1 4 2 0 19
Illnesses 33 32 26 0 8 21 22 2 102 9 0 255
Natural poison Outbreaks 1 3 2 6 6 4 3 1 1 0 0 27
Illnesses 4 22 50 126 33 27 13 16 5 0 0 296
Chemical Outbreaks 1 0 2 0 1 0 0 0 0 0 0 4
substance Illnesses 14 0 34 0 0 0 0 0 0 0 51

S 0 A Fo R bHA ATE SAALE. dAdedd/ARE AFE S 2016[59]
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B AR SR FREA AHTFY FAT 3FF DET 1F, 435/

v Y 5-S Table 29 Zt}.

2t 352 5 mL MRS (De Man Rogosa Sharpe, Difco, Sparks, MD,
USA) A vi=]ell 1% (v/v) HE3te] 30TANA 24215t A=A v gste] A3
of ARg-3t3d

Az 152 5 mL TSB (Tryptic Soy Broth, Difco, Sparks, MD, USA) <}
A Aol 1% (v/v) HEske] 37TCAA 24A3bE <t & wjeksto] Ao ALE-
sk Stk

(2) M+t

2AFE gl o g ALgH M T gram 247 E. coli O157:H7 ATCC
43895, S. enterica subsp. enterica serovar Typhi ATCC 194302 LB (Luria
Bertani; 1% NaCl, 1% Bacto-tryptone, 0.5% Yeast extract) HA] wjA] o] 1%
(v/v) AEste] 37CAA 2443 & wjFetAdth. gram ST S aureus
subsp. aureus ATCC 29213 TSB (Difco) A wi=]e] 1% (v/v) HE3te] 3
TCAA 2441 2F & wjFate] Aol AR5
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(3) &80l

A /5] Fadoll A fumigatus ATCC 96918, A. flavus ATCC 22546+
MEA (Malt Extract Agar, Difco) wj#]ol HZF 3t 30TCoA 3~4Y &<k nj%f
3t 3L, A. ochraceus PF-2%= PDA (Potato Dextrose AGar, Difco) wj X &
ate] 30TCelA 3~4Y &<t wigste] A3l AE-3sHATt

4) &%

Ko m AR Pichia kudriavzevii DY12 YPD (2% bacto-peptone, 1%
Yeast extract, 2% dextrose) A sl Aol 1% (v/v) AE3}e] 30TCelA 244 7k
e Feto] Aol ARESFATH
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Table 2. List of microorganisms used in the study

. . . Incubation
Group Microorganism Medium? Reference
temperature
Antimicrobial Lactobacillus plantarum AF1 MRS 30C [54]
compound Lactobacillus plantarum HD1 MRS 30T [42]
producing  Lactobacillus plantarum EM MRS 30C [12]
strain Bacillus subtilis SN7 TSB 37C [61]
Escherichia coli O157:H7 .
LB 37T [49]
ATCC 43895
. Salmonella enterica serovar .
Bacteria ) LB 37C [35]
Typhi ATCC 19430
Staphylococcus aureus .
TSB 37T [45]
subsp. aureus ATCC 29213
Aspergillus flavus ATCC .
MEA 30T [42]
22546
A illus firmigat
Mold SPErgliis Hmeatts MEA 30°C [42]
ATCC 96918
Aspergillus ochraceus PF-2 PDA 30C [42]
Yeast Pichia kudriavzevii DY1 YPD 30C [37]

MRS, De Man Rogosa Sharpe; TSB, Tryptic soy Broth; LB, Luria bertani;
MEA, Malt Extract Agar; PDA; Potato Dextrose Agar; YPD, Yeast extract

Peptone Dextrose
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FAHF 3% 5 mL MRS (Difco) oA wiHlol 1% (v/v) HE3h] 30Tl A
24A7F AA) MlFd F, A4 (8000 x g, 15 min, 4T)FA FAZ 59
mL TSB (Difco) A =] 1% (v/v) 5 &3kl 37TelA

2477 Qe wje F, A4 (8000 x g, 15 min, 4T)F #AE 359

AF% 9% 5 mL LB EE TSB (Difco) A iAol 22 1% (v/v) A
. ]

Foto] 37TolA 2473 & wiFe 5 A48 (8000 x g, 15 min, 4C)&}o]

BojFe 5 mL YPD Al wiAlel 1% (v/v) HESte] 30TIA 2447 2
gk 5, 412 E (8000 x g, 15 min, 4T)3ke] #AlE 3)5aHsic).

jus)

(3) AF&/Fote] 27 4T v A4

AT/ v ES] 271557k 10° CFU/mL o] dtell A= ot o] 2ol A
A wsh dojubA] 371 A =/5

o mAEe 27 HF FEE 10'~10° CFU/mLY W92 dAstnt. shAqt

Zxel A, =l A AAe] wF 4§ 2] Admane] w=rh of 107

CFU/mLY S 2AR st 27] HF %52 10°~10° CFU/mLe W= AAs

OLX]U]— 6]:3 /\115‘]4_ 71—1_ __,_;(ﬂ__eé 3]

E
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MRS (Difco) == TSB (Difco) 4A] wjx]o &wtsd AATTY 27 5%

7} F 60~70 log CFU/mLo] M2 AEalm ol7]d] AZFE/2aEs oF 20
~6.0 log CFU/mL #HZE3ste] 30ColA 0~24A1 sk AA] == 28 wjekshd

A AN Bt ed ATt AT s/l s S-S AT
4 AATFE MRS (Difco) =5 TSB (Difco) HaujA|o] =2alola, E
coli O157H72 SMAC (Macconkey sorbitol agar, Difco), S. Typhi+= XLD
(Xylose Lysine Desoxycholate, Difco) H&u|X], S aureuss= MSA (Mannitol
Salt Phenol, Difco) BaAw A, P. kudriavzevii DY1& YPD 3 Zujx|o] =3}
At MRS (Difco), YPD &A= 30Tl A, 2 9 wjxl= 37°Cell A w3t
th iz 2= MRS (Difco) 1= TSB (Difco) HA| wiAlel] sd AT
2 ¢ 60~70 log CFU/mL, 2% %/%3)i< ¢ 20~60 log CFU/mL7} %

= 77 HJFske] 30T = 37CeA GA = e wjket Aoz 53l

Gt AAF} AFT5/5F9 FFolE Table 39 =33} o] FEwlY

grEd ATTFY] FAE ArlE BRHoR Fgste] FHlek gl 2SS/
9 FFolo] ¥x+= dwA (DS-Ul, Nikon, Tokyo, Japan)¥} haemacytometer
(MARIENFELD, Germany)® 3%}¢] & <15ttt 5 mL MRS (Difco) <44
iAo FHEE AAATTF A 3FE 27 =7 ¢ 6.0~70 log
CFU/mLe] H=% HJFotaL, of7ld As=/5F3 F3olE 7] &7 oF 40
~6.0 log spores/mLe] ¥ X% HFsto] 30TAA 0~4817tE<t AR vl atH
A12A12F pA SR dEd AATEFY ATs/FH 3%l AdrE 54
Ak g Ed AATTE MRS (Difco) Hau Aol =atdar, A Aavuset
A. fimigatus= MEA (Difco) #IwjA]o] =3t o™ A ochraceus= PDA
(Difco) HaujA]ol] Z=dato] 30Tl A wf St ATt

B

O

N
w
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Table 3. Co-—cultivation condition of antimicrobial compound producing

bacteria and food pathogen

Antimicrobial compound
. . Food pathogen
producing bacteria

E. coli O157:H7 ATCC 43895
Lactobacillus plantarum AF1 P. kudriavzevii DY1
A. fimigatus ATCC 96918

Bacillus subtilis SN7 E. coli O157:H7 ATCC 43895

S. Typhi ATCC 19430
Lactobacillus plantarum HD1 A. flavus ATCC 22546
A. ochraceus PF-2

Lactobacillus plantarum EM S. aureus ATCC 29213

_10_
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2. ¥R =2 AAATEFY WG BRYR AF5/F nAE

7t FaEd AT S BAY (FEEE) £H

ikt 3%& 5 mL MRS (Difco) A si=]e] 1% (v/v) HZE3te] 30Tl A
24712 &t AR ste] Adujkstdoh dufFs 100 mL MRS (Difco) 4] i
Aol 1% (v/v) HEstaL, thA] 30Tl Al 24A13F 5
Iz 1EE 5 mL TSB (Difco) A wjAe] 1% (v/v) HE3ske] 37Tl A
Zlerste] dujekat et At S 50 mL TSB (Difco) A uj =]

ol 1% (v/v) BE3skaL, thA] 37Tl A 24A1 7 &3 Zul &3t T}

g s AAED (9950 x g, 15 min, 4C)3te] A2 A NS Fikit 3F
2 0.45 pym membrane filter (Advantec MFS, Inc., Japan), %32 0.20 um
membrane filter (Advantec) = A|3t3to] A& o] ALE-3FA T

[e)
FoF ol ol
)

o A (FFEA)D 4F5/RA T FEHYF

_11_
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o w34 (FE=D)H HTH/5FH 5809 T F

ATm/59 wdele A8 dALE A4 JFEd dAe] Ay, A favus
o} A. fumigatusi= MEA (Difco) 3R], A. ochraceus= PDB (Difco) 334l
A A Agk FFolo] TALE W FolZ2 Hol 5 mL MEB (Difco) =% PDB
(Difco) A wjAlo] HE3taL, 30TColAl 24X 7kE <t & v st vidd
AFZ sonication (VC 130, Sonics Inc., Newtown, USA)S Amplitude: 60,
Pulse: 2 sec, Time: 40 sec =702 Algsto] FAstsl Fof 5 mL wlg A
Hol| HF FFE 0057 H==F HFsk] 0~48A13F-52k 30TColA A=A vt
gt ASEE =A37] Yl 1247 A 22 Spectrophotometer (Ultra spec
2100 pro, Amersham Bioscience, Bristol, UK) Agooll A &3 =S =435}

EAE A7IE He R xAe 5 gl FHoll 5 mL M A A F3
o] 279 HZF F%7F oF 40~6.0 log spores/mL7} ¥ EF HFF3He] 30Tl A]
0~15d-5¢t AA wFert. AFE=E FAs7] Hd 39 HFe=

A3kt

=

Spectrophotometer (Amersham Bioscience) Agool A &3 =5

N\

_12_
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A2 A AZAE/ A 71H Fe

1. Wk gA (FREA) A 9 AFE/2H ZHRo|
A& A &

A FE/FA wgo] 3Fol uid vk AR (Fd=dA)e] A/t AES
gelstr] s wig A 5 mLelA 30T, 24A17bst Ae® A Aavus

ATCC 22546, A. fimigatus ATCC 96918, A. ochraceus PF-22] A} 2 XA =
3lgate] o]l A-gux]el MEB (Malt Extract Broth, Difco) @3] wi=]el] #j
AEstAdoh Aol A5 3laE dFS, A= #3019 27 FEE 6.0 log

spores/mLE HEg A oA 3lgd dFS MEB (Difco)ell HEedh o
= 5 mL MEB (Difco) 4A] wjx]o] do&2do] Ae=A e Fgo] #AL

(Agp=0.05) 2 ¥=} (6.0 log spoers/mL)E HE3 ZoZ 3t} o= 30T
A 48X ZE N wF F AL st S-S 7] S5 T

2. gt #&F (SEM/TEM)

A (e Al o3 ATE/Fa nAdEe oF 9 e ¥
gst2 W3E SEM (Scanning Electron Microscopy)® TEM (Transmission
Electron Microscopy) 2.2 ##3l7] 13 Kalchayanand ¢ WS 4 HY
g dA e HA4E A sk oH24].

100 mL ¥iF A e As=/F3 nAES HEetar 37CAA 2443 1E
kel 5 QAR (9950 x g, 5 min, 4C)3te] #AZS 3 FsAT. Lozl #A
= PBS (Phosphate Buffered Saline, GE Healthcare Hyclone, Korea)® 33] 44|

st & 2.5% (v/v) glutaraldehyde (pH 7.4, Sigma-Aldrich, Buchs, Switzerland)=
AN ZHs oY A ANA A ®@ A|EE pH 749 0.1 M sodium cacodylate
buffer (Sigma-Aldrich, Saint Louis, USA)Z AF-2o A 1554 W3l 33] =4
3k % 1% (v/v) osmium tetroxide (OsOs Sigma-Aldrich, Saint Louis, USA)E
Ho] 247 Bt FTuAEATY. tAl 01 M sodium cacodylate  buffer

=

EY

_13_
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(Sigma-Aldrich) = ZF-&ollA 1584 WX|ste] 33] FAg & 50%, 60%, 70%,
80%, 0%, 9% (v/v) &= &S o]&dte] FaAor 1024 i
AQ g HF 100% dee= g534gS 33 wEs

SEM Al8E wE7] 98] fert-butanol (Simga-Aldrich, Saint Louis, USA)®
1584 ZF 33] X33k of, desicatoroll Al 3HF &< AXZAHT AxH AEE
o] #®7] (E-1030, Hitachi, Tokyo, Japan)ZS ©]&3le] 34 efo]A] wWFo =
1007 #Z¥Y3 ¥ FE-SEM (Field Emission Scanning Electron Microscope
S-4700, Hitachi, Tokyo, Japan)© & 32 &}%t}.

TEM Al5& WE7] S&l Ae&s o] &ate] #1420 g+3A
) ¥4 8 Epoxy Embedding Medium Kit (Sigma-Aldrich)S o] &3Fe] 60T ol A
28A7Hse A ettt AlEE  ultra-microtome (Leica EM UC6, Bensheim,
Germany)S ©|-&3Fo] AH A2 3 uranyl acetate (Sigma-Aldrich)®} lead cit-
rate (Sigma)® A3k v} JEOL CXI Bio Transmission Electron Microscope
& ol&ste #FSH TR ASE/FY A=Y EFdoR 99 A

g A or AR sl

AR %, =

tlo

_14_
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A3 I (F RN HEHE

L w <k wjAo & FAT &4
AR AgR e AT 233 FFA TF 158 Table 401 A3k

5 mL MRS (Difco) =% TSB (Difco) A wj=]o] &4 A
(v/v) HEF3etaL, Table 49 =dgiE AujFatdeh. dwidds 100 mL MRS
(Difco) A iAo} Ak A guj Aol 2+z 1% (v/v) HEsto] wieks &
S YAEE (8000 x g, 15 min, 4TC)ste] A A AS 045 ym == 0.20
%

off

2 FAAZ (freeze dry system, SFDSM12, Samwon, Busan, Korea)st & Lh.
plantarum AF19] AA AL 20 mM sodium acetae (pH 4.0) 2+ZFg o] o] 5
53 WS 82 $H|8 9, B subtilis SN79 A AL 10 mM Tris-HCl (pH
75)l o =1k

o WG v A mE FTEZY FAT 4 FA
Al w2 ef s A gajx]el] wE FyEAL] £ cofi O157H7 tist &4
S ZASEAY. Al &9 542 spot-on-the-lawn test W [53]& AF-8-3)

ATt E coli O157H7E LB #3ujA o] 1.0x10° CFU/plate® = Z3Fo] +=1]39)
I gEA 10 uLE dlA 9 spottingdt ¥, 37ColA 15~16A17F widste] &4

_15_
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Table 4. List of microorganisms used in the study

. . . Incubation
Group Microorganism Medium? Reference
temperature
Antimicrobial . .
Lactobacillus plantarum AF1 MRS 30C [54]
compound
producing 5 ilius subtilis SN7 TSB 37°C [61]
stramn
Sensitive  Escherichia coli O157:H7 .
LB 37T [49]

bacteria ATCC 43895

MRS, De Man Rogosa Sharpe; TSB, Tryptic soy Broth, LB, Luria bertani

_16_
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2. FTED A& W& WA W E. coli O15THTS] B5A 3 &3}

7 e 44

5 mL LB HA wjAlel E coli O15TH7E #4741 log CFU/mL, 2 log
CFU/mL= AH=Fsla, /N A guix|olA w3t Lh plantarum AF1 ¥k A3
ol 3%, B. subtilis SN7 W] A A 1%E zt7 &= A3 AU, Lb planta-
rum AF1 W AN 3%} B. subtilis SN72| v A 1%E &35
Aelsta 37CA A wiFstdth olE 0~24A74A] 8AIRF FHA SR
spectrophotometer (Amersham Bioscience) AgpolA] TFZEE =AHTOoZH
E. coli OI57H79] AXEE sttt x72= 5 mL LB oA A<
coli O157H7E Z+7} 1 log CFU/mL, 2 log CFU/mLE HZE3 Aoz 3k}

ol

&

Y. gy #& (SEM)

Y EdY v e T3 A ot E .coli O157TH7 Mo FEjsts W
stE ##Est7] 98l Kalchayanand 59 WHS dF ¥y dxg AAHS A
x] SEM (Scanning Electron Microscopy) 2.2 3¢13}5 th24].

= Al A AR oA wj et Lh plantarum AF1 v F 37
B. subtilis SN7 vj%F A NS z}zy AVg31l 3, &3 A el Lb plantarum
AF1 3 A3 B, subtilis SNT7 44 NS 31 v &2 33t AFE3sITh A F
T 100 mLe] w1 AN (H=5/E3) el E. coli O15THTS HEe+ i, vz

= 100 mL LB A wiA|ol E. coli O157:H7S HF3te] 37Tl 24417+ R
g st dAe HAge BriE WH FAdekA Aldstelt

%

_17_
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3. A EZ HEo wE JAXAHY AFE W E. coli O157:H79]
A&AS &z

7h AdAR R E

A BF FAA G A9 HGBA PN FPF, 2olel, HA, A
A, FuF, BAA, e, 420k EFHIYE saladS FHH] AL§EHS
o 79

- T Y% salads B2 gxREol 28] AlHE ¥ o T o7 T &
)
)

G5 Fohay g7lo 50 ¥ 2%3te] gl M

et

4. ##ed 48

50 g9 saladdl E. coli O157H7S ¢F 1~2 log CFU/g o2 H=E3 5, N
A guf x| ol A WSt Lh plantarum AF1 W& 3N 3%, B. subtilis SNT Wl
o AN 1%E b= A3 7+ Lbh plantarum AF1 ¥j<F A 3%9 B.
subtilis SN7 Wi AN 1%E EFsto] A F7ro =2 vro] Wgetqit
EE AEE WYHRER 4T, 9454 g %21 15C, E. coli O157:H79] 4
ZEQl 37TCoA AFES A A7 Fetowm HEsA S w AA
3 AAEE |te R AAEt] 4T+ 3Y, 15T+ 2¢, 37C+= 1
A=A AZsATE ETEE 50 g9 saladel E. coli O157H7E °F 1~2 log
CFU/g A3 A3 50 g9 saladll E. coli O157HTE °F 1~2 log CFU/g HFE
T 71E A REA T Ul F4L 1% AT Aew ik

th. E. coli O15T:H79 &K= &3

50 g9 saladell ¥4 25 mLE 7Fst ¥, #& 7] (HHM-600, Hanil, Seoul,
Korea)E ©]-&3ato] 123t w3 2
mLE FHsto] Hu 9 mLel @A A sttt SMAC (Difco) 33wl 2zt
Al 849 100 uLe E=WEtal 37Col A 2447 wlFs 5 J2e ASsk g

o
4n
i)
BT
)
N
[N
Hoq
>
ull
f
N
e
o
>
oo
ofo
2
—
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A3 AL H nF

A1 A Fsugel A3 AFT5/5F9 nAEY A5 A
23

1. ¥ =2 L=

XS
1>
of¥
It
~
dr
£
=)
)
i
o
of
offt
=
o5

7L daed AEFS ASE/FATY TS

2kt 3% (Lb. plantarum AF1, Lb. plantarum HD1, Lb. plantarum EM)¥}
Az 1F (B subtilis SNT)O) A g 5/F-allwto] tigh A5 A3 &5 =Abet
AoHFig. 1~5). FAHt 3T 5w 5 1He] AFo] zko]l glo] ¢
90 log CFU/mLZ %& A5 UL, a1z 1§ E3 dsujda) &
Sl kel Ao Aol §lo] oF 80 log CFU/mLe] A= e AT

P. kudriavzevii DY1Z ©H5uleF A o AJgbe] Aato] whe} o] F7ta)
o Wl 4841k Hul ASE (65~6.7 log CFU/mL)E YE oY, Lh.
plantarum AF13} 5w St A3} P. kudriavzevii DY19] 2.0 log CFU/mL,
3 log CFU/mL H%E T3 25 wlF 48A7boll P. kudriavzevii DY12] A 5-o]
kA8 A8 & A oh(Fig. 1.

E. coli O157TH7S Lb. plantarum AF13} B. subtilis SN7° tjsl Z+z} &5 u)
UGS ANASFA Y. Lh plantarum AF13e] F5ulgol A E. coli O157H7TS ©&
HiE Al wiE AIRES] A el whel o] FFste] wiF 24AI%tel Ho) S
(81~85 log CFU/mL)E YEetNS e Lb plantarum AF13 3Fw < A3}
40 log CFU/mL HZE Al vleF 20A]7kel] o] <bds] A=A, 50 log
CFU/mL, 6 log CFU/mL H& Al Wl 241 7bell E. coli O157:H72] A 5o] &
A3l A E A HFig. 2). 2elY B, subtilis SN7T¥ FFuje A= E. coli
O157H7S 5wl Al vk Alzbe] Asfel] wel 5ol S7kete] oF 9.0 log

o
N

o

ki
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CFU/mLe =2 AdFE XA, B subtilis SN7Z 5 A, E coli
O157:H79] 71 v %20 40 log CFU/mLZ HZF 3 F3tol A= AFo] &
A3 A A i, ol vl = 20 log CFU/mML A=v Z4ss Ay

e AT (Fig. 3).

S. Typhie @ F Al v AIZEe] Aol whe} ASo] Frhasto] ik 244
bl Adl %= (81~86 log CFU/mL)E YetWA o\, Lh plantarum HD1
I FEw A3 40 log CFU/mL, 50 log CFU/mL 3% A vk 204 7kel A3
So] &3 A=A, 6.0 log CFU/ML HE Al 8l 24413k o] A
5] A& = Ao (Fig. 4).

S. aureuse TEWF Al WEAIZEY] Aol whEl Aol Frhste] miF 244
ol Hd AS%E (8.0~85 log CFU/mL)E YeErW Ao, Lh plantarum EM}
e A BE HF bl A vl 2083kl S aureus®] Aol 413
ol = A THFig. 5).

il

PN
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ig

Viable cell number (log CFU/mL)

Time thr)

Figure 1. Growth inhibition of P. kudriavzevii DY1 with different
initial numbers by Lb. plantarum AF1

©®, /b plantarum AF1 (initial about 7 log CFU/mL) without P. kudriavzevii
DY1 inoculation
B, P. kudriavzevii DY1 (initial about 2 log CFU/mL) without LbA. plantarum
AF1 inoculation
A P. kudriavzevii DY1 (initial about 3 log CFU/mL) without Lb. plantarum
AF1 inoculation
O, Lb. plantarum AF1 (initial about 7 log CFU/mL) with P. kudriavzevii
DY1 co—culture
(1, P. kudriavzevii DY1 (initial about 2 log CFU/mL) with Lb. plantarum
AF1 co—culture
A, P. kudriavzevii DY1 (initial about 3 log CFU/mL) with Lb. plantarum
AF1 co—culture

_21_

Collection @ chosun



Viable cell number (log CFU/mL)

Time (h)

Figure 2. Growth inhibition of E. coli O157:H7 ATCC 43895 with
different initial numbers by Lb. plantarum AF1

@, b plantarum AF1 (initial about 7 log CFU/mL) without E. coli O157:H7
ATCC 43895 inoculation

B, £ coli O157:H7 ATCC 43895 (initial about 4 log CFU/mL) without Lb.
plantarum AF1 inoculation

A E coli O157:H7 ATCC 43895 (initial about 5 log CFU/mL) without LA.
plantarum AF1 inoculation

@, E coli O157:H7 ATCC 43895 (initial about 6 log CFU/mL) without ZLA.
plantarum AF1 inoculation

O, Lb. plantarum AF1 (initial about 7 log CFU/mL) with E. coli O157:H7
ATCC 43895 co-culture

L1, E. coli O157H7 ATCC 43895 (initial about 4 log CFU/mL) with Lb.
plantarum AF1 co—culture

A, E. coli O157H7 ATCC 43895 (initial about 5 log CFU/mL) with Lb.
plantarum AF1 co—culture

<, E. coli O157:H7 ATCC 43895 (initial about 6 log CFU/mL) with LA

plantarum AF1 co-culture
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Figure 3. Growth inhibition of E. coli O157:H7 ATCC 43895 with
different initial numbers by B. subtilis SN7

@, B. subtilis SN7 (initial about 7 log CFU/mL) without E. coli O157:H7
ATCC 43895 inoculation

B, £ coli O157H7 ATCC 43895 (initial about 4 log CFU/mL) without B.
subtilis SN'7 inoculation

O, B. subtilis SN7 (initial about 7 log CFU/mL) with E. coli O157:H7 ATCC
43895 co—culture

L], E. coli O157"H7 ATCC 43895 (initial about 4 log CFU/mL) with B.
subtilis SN'7 co—culture
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Viable cell number (log CFU/mL)

12 16 20 24
Time (hn)

Figure 4. Growth inhibition of S. Typhi ATCC 19430 with different
initial numbers by Lb. plantarum HD1

@®, b plantarum HD1 (initial about 6 log CFU/mL) without S. Typhi ATCC
19430 inoculation

B S Typhi ATCC 19430 (initial about 4 log CFU/mL) without Lb.
plantarum HD1 inoculation

A, S Typhi ATCC 19430 (initial about 5 log CFU/mL) without LbA.
plantarum HDI1 inoculation

€, S Typhi ATCC 19430 (initial about 6 log CFU/mL) without LZA.
plantarum HD]1 inoculation

O, Lb. plantarum HD1 (initial about 6 log CFU/mL) with S Typhi ATCC
19430 co—culture

L], S Typhi ATCC 19430 (initial about 4 log CFU/mL) with Lb. plantarum
HD1 co-culture

A, S Typhi ATCC 19430 (initial about 5 log CFU/mL) with Lb. plantarum
HD1 co-culture

<, S Typhi ATCC 19430 (initial about 6 log CFU/mL) with Lb. plantarum
HD1 co—culture
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Viable Cell number (log CFU/mL)

] 4 3 12 16 20 24 .
Time (hr)

Figure 5. Growth inhibition of S. aureus ATCC 29213 with different
initial numbers by Lb. plantarum EM

@®, .)b. plantarum EM (initial about 7 log CFU/mL) without S. aureus ATCC
29213 inoculation

B S aureus ATCC 29213 (initial about 4 log CFU/mL) without Lb.
plantarum EM inoculation

A S aureus ATCC 29213 (initial about 5 log CFU/mL) without LbA.
plantarum EM inoculation

® S aureus ATCC 29213 (initial about 6 log CFU/mL) without LA
plantarum EM inoculation

O, Lb. plantarum EM (initial about 7 log CFU/mL) with S aureus ATCC
29213 co-culture

[, S aureus ATCC 29213 (initial about 4 log CFU/mL) with Lb. plantarum
EM co-culture

A, S aureus ATCC 29213 (initial about 5 log CFU/mL) with Lb. plantarum
EM co-culture

O, S aureus ATCC 29213 (initial about 6 log CFU/mL) with Lb. plantarum

EM co-culture
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olo] t@ A% Asl AL 2AAAT(Fig. 6~8). FFEL AHET

23 2
E AFE/RE ggelste] FEMGe] FFS WA o} BEuF FEuY

zfo]l glo] wjeF 24~48A1 7ol °F 9.0 log CFU/mLe] A5 e
yodeh =3 A=/ F3o] 3T Wl Al wiAIzRe] Aol uhet A

Z7tsle= Ao ® vebykth a8y Lbh plantarum HD1# A. flavus ATCC
22546 EAE FEulg Al wlF 2441%F (4.0~5.0 log spores/mL FE Al)elA
362417t (6.0 log spores/mL A& Aol A flavus ATCC 225469 A5 73]
AN AL, Lb planatarum AF13 A, fumigatus ATCC 96918 ¥X~A& 351l
& Al A fumigatus ATCC 969182 v F 24A17F (4.0~5.0 log spores/mL 5 &
ADel Al 36417 (6.0 log spores/mL & Aol A&o] 3] A=At Lb.
plantarum HD13} A. ochraceus PF-2 EAE 35wl A v 1247 (4.0~
5.0 log spores/mL & ADlA 24A17F (6.0 log spores/mL HZF Aol A
ochraceus PF-29] AJ5o] 73] A3l = At
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Viable cell number {log CFU/mL)

Time ¢hp)

Figure 6. Growth inhibition of A. favus ATCC 22546 with different
initial numbers by Lb. plantarum HD1

@®, L) plantarum HD1 (initial about 6 log CFU/mL) without A. Aavus ATCC
22546 inoculation

B A favus ATCC 22546 (initial about 4 log spore/mL) without Lb.
plantarum HD1 inoculation

A A favus ATCC 22546 (initial about 5 log spore/mL) without LbA.
plantarum HDI1 inoculation

®, A flavus ATCC 22546 (initial about 6 log spore/mL) without LZbA.
plantarum HD1 inoculation

O, Lb. plantarum HD]1 (initial about 6 log CFU/mL) with A. favus ATCC
22546 co-culture

[, A Aavus ATCC 22546 (initial about 4 log spore/mL) with Lb. plantarum
HD1 co-culture

A, A flavus ATCC 22546 (initial about 5 log spore/ml) with LA plantarum
HD1 co-culture

O, A. flavus ATCC 22546 (initial about 6 log spore/ml) with Lb. plantarum
HD1 co—culture
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Figure 7. Growth inhibition of A. fiimigatus ATCC 96918 with different
initial numbers by Lb. plantarum AF1

®, b plantarum AF1 (initial about 6 log CFU/mL) without A. fiumigatus
ATCC 96918 inoculation

B, A fumigatus ATCC 96918 (initial about 4 log spore/mL) without LA.
plantarum AF1 inoculation

A A fimigatus ATCC 96918 (initial about 5 log spore/mL) without L.
plantarum AF1 inoculation

®, A fimigatus ATCC 96918 (initial about 6 log spore/mL) without LA.
plantarum AF1 inoculation

O, Lb. plantarum AF1 (initial about 6 log CFU/mL) with A. fumigatus
ATCC 96918 co-culture

[, A fumigatus ATCC 96918 (initial about 4 log spore/mL) with LA
plantarum AF1 co—culture

A, A fumigatus ATCC 96918 (initial about 5 log spore/mL) with Lb.
plantarum AF1 co—culture

<, A. fumigatus ATCC 96918 (initial about 6 log spore/mL) with LA

plantarum AF1 co-culture
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Figure 8. Growth inhibition of A. ochraceus PF-2 with different initial
numbers by Lb. plantarum HDI1

®, Lb. plantarum HD1 (initial about 6 log CFU/mL) without A. ochraceus
PF-2 inoculation

B, A ochraceus PF-2 (initial about 4 log spore/mlL) without LbA. plantarum
HD1 inoculation

A, A ochraceus PF-2 (initial about 5 log spore/mlL) without Lb. plantarum
HD1 inoculation

@, A ochraceus PF-2 (initial about 6 log spore/ml) without Lb. plantarum
HD1 inoculation

O, Lb. plantarum HD1 (initial about 6 log CFU/mL) with A. ochraceus PF-2
co—culture

[, A. ochraceus PF-2 (initial about 4 log spore/mL) with Lb. plantarum HD1
co—culture

A, A. ochraceus PF-2 (initial about 5 log spore/mL) with Lb. plantarum HDI1
co—culture

<, A. ochraceus PF-2 (initial about 6 log spore/mL) with Lb. plantarum HDI1

co—culture
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A RATFY WY FA AT HF /25 v P

of
offt
=
o2

7h g AAY (FEERA)H AFF/AHTY TEHE

A2kt 3% (Lb. plantarum AF1, Lb. plantarum HD1, Lb. plantarum EM)¥}
Lzt 1% (B, subtlis SN7) Wi A (Fd=d)e A=/t st
As A3l E4E& =AY P kudriavzevii DY12 @58 Al vl A 11
Aol wek Aysol Ha Frhste] vl 48A17e]l Hd AFE (69 log
CFU/mL)E Yt 3L, Lbh plantarum AF19] AR A3 ok A] wj ok 484]
b o]% = 2 log CFU/mL A% A= AHFig. 9). E. coli O157H7+= Lh.
plantarum AF12] A N3} B subtilis SNT A Aol t3t A& Asi= 7z 3
ANt AT. Lb. plantarum AF19] 37 3ol FFujdol A E. coli OI57THTS &
SHjQF Al wjFAIZES] A el met Kol Frhste]l Wik 24A1%te] Ho S =
(84~85 log CFU/mL)E YEMNA oY, Lb plantarum AF19] 737 A3} F-5 )
G Al uiE 4r bl Aol ks A el Avk(Fig. 10). L&Y B. subtilis SNT
I Fewgel A= E coli OI57THTS vl ey Al vl FAIZe] 7ol whet A
o] F7tste] wiF 24A17te] Ao AS%E (9.2~94 log CFU/mL)E YE A
i, B. subtilis SN79| 3 A3} FsuwfeF Al AFo] ks Asfj= A &, iz
To ¥3] 0.3~1.8 log CFU/mL A% #Astes 232 Jelldth(Fig. 11). S
Typhi & ©5u]E Al Aol A F7hato] wfjd 244t Ao A= (82~
84 log CFU/mL)E YWetWH AL, Lbh plantarum HD19| 7374 43} &-5ujeF A Hl
& AT Aol ks AsE AT (Fig. 12). S aureust TEulg Al Hl Gk
24712kl Al S = (87~89 log CFU/mL)E YelWA 3L, Lh plantarum EM
o A M Tt Al vl 4r[ ko] ASo] £ A &l = A oh(Fig. 13)
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Figure 9. Growth inhibition of P. kudriavzevii DY1 with different

initial numbers by Lb. plantarum AF1 culture supernatant

B P kudriavzevii DY1 growth (initial about 2 log CFU/mL) in MRS
medium

A, P kudriavzevii DY1 growth (nitial about 3 log CFU/mL) in MRS
medium

[, P. kudriavzevii DY1 growth (initial about 2 log CFU/mL) in Lb.
plantarum AF1 culture supernatant

A, P. kudriavzevii DY1 growth (initial about 3 log CFU/mL) in LA

plantarum AF1 culture supernatant
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£ 5
0 1 8 12 16 20 24

Time (hn}
Figure 10. Growth inhibition of E. coli O157:H7 ATCC 43895 with
different initial numbers by Lb. plantarum AF1 -culture

supernatant

B £ coli O157H7 ATCC 43895 growth (initial about 4 log CFU/mL) in
MRS medium

A, £ coli OI57H7 ATCC 43895 growth (initial about 5 log CFU/mL) in
MRS medium

@, E coli O157:H7 ATCC 4389 growth (initial about 6 log CFU/mL) in
MRS medium

(1, E. coli O157:H7 ATCC 43895 growth (initial about 4 log CFU/mL) in Lb.
plantarum AF1 culture supernatant

A, E. coli O157:H7 ATCC 43895 growth (initial about 5 log CFU/mL) in LbA.
plantarum AF1 culture supernatant

O, E. coli O157T:H7 ATCC 43895 growth (initial about 6 log CFU/mL) in LA.

plantarum AF1 culture supernatant
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Figure 11. Growth inhibition of E. coli O157:H7 ATCC 43895 with
different initial numbers by B. subtilis SN7 culture

supernatant

B £ coli O157H7 ATCC 43895 growth (initial about 4 log CFU/mL) in
TSB medium

A, £ coli OI57H7 ATCC 43895 growth (initial about 5 log CFU/mL) in
TSB medium

@, E coli O157:H7 ATCC 4389 growth (initial about 6 log CFU/mL) in
TSB medium

[, E coli O157:-H7 ATCC 43895 growth (initial about 4 log CFU/mL) in
B. subtilis SN7 culture supernatant

A E. coli O157:H7 ATCC 43895 growth (initial about 5 log CFU/mL) in
B. subtilis SN7 culture supernatant

O, E. coli O157:H7 ATCC 43895 growth (initial about 6 log CFU/mL) in

B. subtilis SN7 culture supernatant
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Figure 12. Growth inhibition of S. Typhi ATCC 19430 with different

initial numbers by Lb. plantarum HD1 culture supernatant

B S Typhi ATCC 19430 growth (initial about 4 log CFU/mL) in MRS
medium

A S Typhi ATCC 19430 growth (initial about 5 log CFU/mL) in MRS
medium

@, S Typhi ATCC 19430 growth (initial about 6 log CFU/mL) in MRS
medium

[], S. Typhi ATCC 19430 growth (initial about 4 log CFU/mL) in Lk
plantarum HD1 culture supernatant

A, S Typhi ATCC 19430 growth (initial about 5 log CFU/mL) in LbA.
plantarum HD1 culture supernatant

<, S Typhi ATCC 19430 growth (initial about 6 log CFU/mL) in L.

plantarum HD1 culture supernatant
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Figure 13. Growth inhibition of S. aureus ATCC 29213 with different

initial numbers by Lb. plantarum EM culture supernatant

B, S aureus ATCC 29213 growth (initial about 4 log CFU/mL) in MRS
medium

A, S aureus ATCC 29213 growth (initial about 5 log CFU/mL) in MRS
medium

@, S aureus ATCC 29213 growth (initial about 6 log CFU/mL) in MRS
medium

[, S aureus ATCC 29213 growth (initial about 4 log CFU/mL) in Lb
plantarum EM culture supernatant

A, S aureus ATCC 29213 growth (initial about 5 log CFU/mL) in Lb.
plantarum EM culture supernatant

O, S aureus ATCC 29213 growth (initial about 6 log CFU/mL) in Lh.

plantarum EM culture supernatant
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Figure 14. Growth inhibition of A. favus ATCC 22546 spore with
different initial numbers by Lb. plantarum HD1 culture

supernatant

B, A Aavus ATCC 22546 growth (initial about 4 log spore/mL) in MRS
medium

A, A favus ATCC 22546 growth (initial about 5 log spore/mL) in MRS
medium

@, A flavus ATCC 22546 growth (initial about 6 log spore/mL) in MRS
medium

(1, A Aavus ATCC 22546 growth (initial about 4 log spore/mL) in Lb.
plantarum HD1 culture supernatant

AN, A flavus ATCC 22546 growth (initial about 5 log spore/mL) in Lb.
plantarum HD1 culture supernatant

O, A flavus ATCC 22546 growth (initial about 6 log spore/mL) in Lh.

plantarum HD1 culture supernatant
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Figure 15. Growth inhibition of A. fumigatus ATCC 96918 spore with
different initial numbers by Lb. plantarum AF1 culture

supernatant

B A fimigatus ATCC 96918 growth (initial about 4 log spore/mL) in MRS
medium

A, A fimigatus ATCC 96918 growth (initial about 5 log spore/mL) in MRS
medium

@, A fimigatus ATCC 96918 growth (initial about 6 log spore/mL) in MRS
medium

[, A fumigatus ATCC 96918 growth (initial about 4 log spore/mL) in Lb.
plantarum AF1 culture supernatant

A, A fimigatus ATCC 96918 growth (initial about 5 log spore/mL) in LA
plantarum AF1 culture supernatant

O, A, fumigatus ATCC 96918 growth (initial about 6 log spore/mL) in L.

plantarum AF1 culture supernatant

_38_

Collection @ chosun



days

Figure 16. Growth inhibition of A. ochraceus PF-2 spore with different

initial numbers by Lb. plantarum HDI1 culture supernatant

’

’

’

&> N
B oo

’

HD1 culture supernatant

ochraceus PF-2 growth (initial about 4 log
ochraceus PF-2 growth (initial about 5 log
ochraceus PF-2 growth (initial about 6 log
ochraceus PF-2 growth (initial about 4 log

A, A. ochraceus PF-2 growth (initial about 5 log

HD1 culture supernatant

<, A. ochraceus PF-2 growth (initial about 6 log

HD1 culture supernatant

Collection @ chosun
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Figure 17. Growth of the inoculated A. flavus ATCC 22546 hyphae in

Lb. plantarum HD1 culture supernatant

A A flavus ATCC 22546 growth in MRS medium
A, A, favus ATCC 22546 growth in Lb. plantarum HDI1 culture supernatant
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Figure 18. Growth of the inoculated A. fiimigatus ATCC 96918 hyphae

in Lb. plantarum AF1 culture supernatant

A A fimigatus ATCC 96918 growth in MRS medium
A A fimigatus ATCC 96918 growth in Lb. plantarum AF1 culture supernatant
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Figure 19. Growth of the inoculated A. ochraceus PF-2 hyphae in Lb.

plantarum HD1 culture supernatant

A A ochraceus PF-2 growth in MRS medium

A, A. ochraceus PF-2 growth in Lb. plantarum HD]1 culture supernatant
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A2 A AR/AE AR F

1. W} A4 (F2ER) A 9F AFE/2H FH|Y
QA £

ot
o

Ed A/t AES rREetr] Hd ddEd AAdFT 2T (ULb
plantarum AF1, Lb. plantarum HD1)9] w|F A 5 mLalA 30T, 24475
oF Aej® F3o] 3F(A flavus, A. fumigatus, A. ochraceus)® A} % ¥A=
5 mL MEB (Difco) HA iAol AHFFste] i & AFEE a3 ohFig.
20). FEAo] AYHA ¥ FFo] FASH TAE HEI dERToAE B
of & yetwtoy FEd Ad & AHFTIE FFol dAeE A= Aol #

h=]
ZE A @kt ols T8 FHEEL wFol 3T AR B Al i Akt
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A. flavus ATCC 22546

A. fumigatus ATCC 96918

A. ochraceus PF-2

Control

After treated
with

Lpb. plantarum

HD1 culture

supernatant

Control

Hyphae

After treated
with
Lb. plantarum
AF1 culture
supernatant

Control

After treated
with

Lb. plantarum

HD1 culture

supernatant

Spore

Figure 20. Growth of the inoculated pathogenic molds in LAB culture supernatant.
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2. ¥Es3 #F (SEM/TEM)

ket 3F0] Wi A (FEed) Al o7 HFTE/A e FH
&

9 wskg wAS] skl AAY #4e AH SEMI TEMom Selshe

7t AFE AT

FAN Y A E coli OI57TH7S A xwo] vzl d wls, Lb
plantarum AF12] AN A2l Fo|= ME7} F=5Ho agdsr, AX 39
Aol &Aool HAE AT

AN g A S Typhid A¥X THS

Ao}, Lb plantarum HD19 Aol Hg] Fo|= AX7F A&HA 2#agts L,

A W WEzto]l HEE AT

g Ael A S aureusiﬂ A= Fo] wjizel e Jejrp v

S} Lb. plantarum EM®] 3 A Al o= Alxuto] gty xo] ALy §Eol
FEH AL, AE7L 9}01151% Aoz #EEJ(Fig. 21, 23).

43], A+ 24l cinnamaldehyde:= Al X9 ¢y E AE3lo] 2
TGS FORM E colist S aureus®l AEH £4 AL SIS o7
=

& WAt ®asksd

w
=
%)
5
ojfl
rlo
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LA T e T Tt B |
E 15.0kV 12.2mm x15.0k SE(M) 3.00um

3.00um EST 15.0kV 11.1mm x15.0k SE(M)

Figure 21. Scanning electron photomicrographs of pathogenic bacteria

A, E. coli O157:H7 control, a, E£. coli O157:H7 was treated with Lb. planta-
rum AF1 culture supernatant; B, S. Typhi control; b, S. Typhi was treated
with Lb. plantarum HDI1 culture supernatant; C, S. aureus control; ¢, S. aur-

eus was treated with Lb. plantarum EM culture supernatant
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SPFumi 15.0kV 12.5mm %9.00k 5.00um

_ s 17 ey

- - B . = . e P
SPOCH 15.0kV 12.6mm x9.00k 5.00um HO 15.0kV 12 8mm x8.00k 5.00um

Figure 22. Scanning electron photomicrographs of pathogenic molds

A, A. flavus control, a, A. flavus was treated with Lb. plantarum HDI1 culture
supernatant, B, A. fimigatus control; b, A. fumigatus was treated with LA.
plantarum AF1 culture supernatant, C. A. ochraceus PF-2 control, c, A.

ochraceus PF-2 was treated with Lb. plantarum HDI1 culture supernatant
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Control Treated

Figure 23. Transmission electron photomicrographs of pathogenic

bacteria

A, S Typhi control; a, S. Typhi was treated with Lb. plantarum HD1 culture
supernatant, B, S. aureus control; b, S. aureus was treated with Lb. planta-

rum EM culture supernatant
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Control Treated

Figure 24. Transmission electron photomicrographs of pathogenic molds

A, A. flavus control; a, A. flavus was treated with Lb. plantarum HD1 culture
supernatant; B, A. fimigatus control, b, A. fiimigatus was treated with Lb.
plantarum AF1 culture supernatant, C. A. ochraceus PF-2 control; c, A.

ochraceus PF-2 was treated with Lb. plantarum HD]1 culture supernatant
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A3 I (F FRW HEHE

1. 7 EZd H&o wE WA W E. coli O15T'HTY A5
A8 &3

——

Zh Wl wj A el e dAE 24

& wx]ol W& Lbh plantarum AF12} B. subtilis SN7°] A tste= &4
o] E. coli O157:H7°| W3t &3+ &4 S spot-on-the-lawn testE E3te] &<ls}
At

Al w1l %1 MRS (Difco)9t TSB (Difco)E& AHE$H dt&E2 A T2
& AN AL AEuAE A FaEd A o
A4S A A3 MRS (Difco)od Wt 2 8uiAE AMS3F Lh plantarum
AF1¢] ZAH2 E. coli O157T:H7] thsto] A3 &4 (800 AU/mL)o] “ERSE
a1, TSB (Difco)et 7e A8wiA & A&t B. subtilis SN72| A M E. coli
O157:H7el thste] sdatAl &4 o] YEtA] gt th(Table 5).

U, FFEd J&o wE H X W E. coli O157:H79 AH &3

Spectrophotometer (Amersham Bioscience) Agool A SFFE=E At It
B0 v = &3 Ao 9%t £ coli OI57H7Y AS A A4S FAH
3F9 tHFig. 25). 5 mL LB A siA]ol| E. coli O157:H7S Z+7 1 log CFU/mL,
2 log CFU/mL HEstal Ia=ds o5 e &3 Agste 37TColA A=A
HjFek A3, FdEde A AdsiA @2 dixTek Puds u, Lb
plantarum AF1 % B. subtilis SN72 @5 A2 S wro &3 A3k 4%

o E. coli O157H79] A50] 7 AsfH= AL

fu
-
o
oW
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Table 5. Antimicrobial activities of Lb. plantarum AF1 and B. subtilis

SN7 producing antimicrobial compounds.

Antimicrobial activity

Strains Medium
(AU/mL)
Lb. plantarum AF1 MRS 800
 plantardm edible media 800
y TSB 0
B. subtilis SNT
SubtHts edible media 0
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Figure 25. Growth inhibition of E. coli O157:H7 treatment of

antimicrobial compounds in LB broth

A, Growth of E. coli O157:H7 (initial about 1 log CFU/mL)

B, Growth of E. coli O157:H7 (initial about 2 log CFU/mL)

[1, Growth of E. coli O157:H7 in LB broth

x Growth of £. coli O157:H7 treated with Lb. plantarum AF1 culture supernatant
<, Growth of E. coli O157:H7 treated with B. subtilis SN7 culture supernatant
O, Growth of E. coli O157:H7 treated with Lb. plantarum AF1 and B. subtilis

SN7 culture supernatant

_52_

Collection @ chosun



dHsty #2 (SEM)

l;g ol

) Aol o8 E. coli O157:H72] A8 AsjE #2357

3 2
A& AH2 BAHES A SEMe 2 318k th(Fig. 26).

FaEds As AgeA FS dEz2FolAM = E coli OI5THTS] ME 3HO
Ao g wines BFo|lovy Lh plantarum AF1 ¥l AAAS dE
gt Ay dukAow Az gHo]l Y= dAbol #EEHAL, B osubtilis
SN7 i} AAAs @ A A, Axgdoel dF AFEHJOU, i
A FHE FAste Ao #FHAJY. a8y Lb plantarum AF13 B
subtilis SNT< &% AHelsk A3}, A% ®uoe] Two| 47w ME7}t oha)s
daol HEFAL ol fatwy nxFoRREH AR FrEHo] AxHe]
w AlEee] Fhxol AfAor Agsto] ME FxA b olY AlEH e
FoAgdel dFs T Aoz o AZIH46]
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3.00um

S T T (o
3.00um ASE 15.0kV 12.8mm x15.0k SE(M)

Figure 26. Scanning electron photomicrographs of E. coli O157:H7 cells

A, E. coli O157:H7 control; B, E. coli O157:H7 was treated with Lb. planta—
rum AF1 culture supernatant, C, E. coli O157:H7 was treated with B. subtilis
SN7 culture supernatant; D, E. coli O157:H7 was treated with Lb. plantarum
AF1 and B. subtilis SN7 culture supernatant
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Salad WollA gEde o5 = &3 A
F A& A4S ZAIA W (Fig. 27). S =2 Ao UM ofF AL A eA &
& salad® E coli O157:H79] ExE &3 Ay HEHA &dti(data not

shown).

50 g9 saladel E. coli O157H7S °F 1~2 log CFU/gl. 2 HE3 & it %
A& 95 = 23 Aeste] 37T, 15T Z8lal 4T AFstHA E. coli
O157H79] A4E SAHI Ay Be 2% gzd vld dtEAS A
2 gk salad®] E. coli O157H79] AJ5o] A= Aoz Yetwil, Jd=4dS
s Adls wWro & A Ago E coli OI57THTS] A5 A7t ¢
AA YESTE E. coli O15THTS] H A 2581 37Tl = A 1Y Aol oz
d dvEd &3 A Al 225~2.30 log CFU/g #4stda, 52 o

o WgeRel 4ColAE A% 32 Fol ol vl FHEd £ A A
1.33~248 log CFU/g #2389t} o= @2 A% 2xo] o8 hurdle effect®
% e A

o] 245 WETo=M AMYFE T FAok P Fel =
o
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Figure 27. Growth inhibition of E. coli 0157:H7 (initial about 2 log CFU/g) with

antimicrobial compounds in salad

[, Growth of E. coli O157:-H7 without any treatment (control)

A, Growth of E. coli O157:H7 treated with alcohol

x, Growth of E. coli O157:H7 treated with Lb. plantarum AF1 culture supernatant

O, Growth of E. coli O157:H7 treated with B. subtilis SN7 culture supernatant

O, Growth of E. coli O157:H7 treated with Lbh. plantarum AF1 and B. subtilis SNT culture
supernatant
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A &= /B )it o] A P. kudriavzevii DY1& Lb. plantarum AF13} &5 uj 9
Al ulSF 48AIZEell A So] kA S] A E AL, E coli O15T:HT> Lb. plantarum
AF13} Fsujek Al 27 HF X0l wat Zolzk ARk wjF 20~ 244 71
Aol b3l A Aoy, B subtilis SNT# &5l Al AFo] ¢hHds] A
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8 Fdmdo] ATE/5l v tiste] AlAEE HEhle Ae & 7

FrAbrel G Alit A4S bacteriocin B2 nonbacteriocin®l] 9@ e}
Holo &-2[22], Lb. plantarum®] ZJ2F8ki= bacteriocing! plantaricin Well 2]t
gram-positive A9 XS AWES W3l Silva 52[44], Lb. acidophilus,
Lb. bulgaricus, Lb. casei®] A+ &AL e pH 3o v YEelyy o] 3
T e A3 Gl B F Ao AT nonbacteriocin®! T X wFAke] & U E}
Wb Baskl

2 AT FAREE AdE Varma 52[50], Lb fermentum WHFH 3 wiF

ANl E. coli, S. paratyphi A, S. sonneis 35w %3t A3} Lh fermentum©)
Arbets dwldy s de ot ¥ AS A ¥y ol Lb fr-

mentuml 258 2% cell surface associated proteinsol] ¢]&] & A<l E.
coli®] ¥-Z5o] AsjES Bttt w3 Chang 5-&[10], Leu. citreum GJ7
3 A F=Fe E coli O157:H7, S. aureus, S. Typhig FEulUSo 2N Leu
citreum GJ7°] AAFsF= kimchicin GJ79] 2T 5ol ek A5 A& A} g+
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ER ATt
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T3 Lee 52[30], B. subtilis SN7-2 dtH| 2] 0418 Ao =zx HgaEed A

= Woll A B. cereus®] GFAE Bt oy} Lo ASTIAE A= Ao
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TEds &5 Agd saladel vls) &F A2g saladel A E. coli O157:H79]
A7y 7bd A vEd o, Seto 2 s u A AHE F de AH
NAE A7 2 AAgste]l At Ay 4ToAA 3d7HA AstdS we
E. coli OI5TH79 A% A7} 7bd aA vetwtt ol& E3f e=9 FdE4
9] hurdle effect7} 2144259 P E8HA b Ews F5 o= AlRHH

ol¢} W|<=3t AF=E Bari 527, L. monocytogenesE 5% 3k cabbage, broc—
coli9l nisin¥} pediocine %= Ti+= sodium lactate, potassium sorbate, phytic
acid, citric acide} &£g3sle] gt A3}, dtE2 7+ hurdle effectol] 2] L.
monocytogenes®| 50| A %

T fAE Y 27 AsEde] #e A+ A#=E, Jhan 5-2[23] red
bean®| W& Al B. subtilis®} Lb. delbrueckii subsp. bulgaricusE &3 &
3% red bean®] @4t3sle, YEY §aso] FHETI BHis o Ge o 9
StW[19], Lb. paracasei HD1-79] 3 NS A& s E. coli O157:H7, B. subtilis
of A5 A sl Lb paracasei HD1-72] bacteriocin®! Paracin 1.79] A4k
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