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SUMMARY

I. Title of Research

Development of kimchi inactivating food-borne pathogens using an

upper intestinal digestion model system

II. The Objectives

The objectives of research are to prove that fermented kimchi can
inhibit the growth of various food-borne pathogens to characterize the
component of fermented kimchi inactivating food-borne pathogens and to
develop kimchi capable of controlling the pathogens effectively by using an
upper intestinal digestion model system having the biochemical environment of

human gut.

III. Contents of Research

1. Kimchi manufacturing method and evaluation of kimchi fermentation
process
- Proving the effect of fermented kimchi on inactivating various food-borne
pathogens

- Physicochemical analysis of kimchi fermentation

2. Studying the factors of fermented kimchi inactivating food-borne pathogens
- The effect of fermentation temperature of kimchi on inactivating
food-borne pathogens
- The effect of raw materials of kimchi on inactivating food-borne
pathogens
- Potential factors in kimchi inactivating food—borne pathogens

- Quantification of the kimchi factors inactivating food—borne pathoges

3. Manufacturing and the use of human intestinal digestion model



- Manufacturing a human intestinal digestion model
- Evaluation of the human intestinal digestion model
- Selection of lactic acid bacteria in kimchi surviving the condition of

human digestion track

The effect of human gut microorganism on food-borne pathogens
- The effect of food-borne pathogens under the biochemical condition of

human gut

4. Development of kimchi inactivating food-borne pathogens
- The optimized condition of kimchi on inhibiting food-borne pathogens
- Comparison of developed kimchi inactivating food-borne pathogens and

normal kimchi

IV. Conclusion and Recommendation

Four brands of cabbage kimchi on sale in Korea were tested in this
study. This study found that kimchi had the highest pH and titratable acidity,
resulted in the greatest inhibitory effect on S. typhimurium ATCC 14028. The
pH of kimchi used in this study was between 4.4 and 5.0. Generally, the rate
at which the kimchi inhibited S. typhimurium ATCC 14028 was higher than
the rate at which it inhibited S. aureus ATCC 12600, L. monocytogenes
ATCC 19111 and E. coli O157:-H7 ATCC 43895. At least 6 log CFU/g of V.
parahaemolyticus was inactivated in 10 min after incubation in fermented

kimchi having less than pH 4.3.

After confirming that fermented kimchi can inactivate food-borne
pathogens, the characteristics of the kimchi that affected its antimicrobial
activity were investigated. The antimicrobial activity of kimchi was compared
at different fermentation temperatures. The pH of the kimchi was measured
during fermentation to monitor the fermentation process. kimchi fermentation
took longer at low temperatures than at high temperatures, for example,
kimchi fermentation at 0C took up to 2 months while it took only 3 days to
reach pH 4.3 when fermentation was conducted at 20C. There was a long

lag time before the pH began to decrease at 0C and 4°C. Titratable acidity in



kimchi fermented at different temperatures was also measured to find out the
relationship between fermentation temperature and titratable acidity.
Interestingly, although the final pH of the kimchi (4.3) was the same
regardless of fermentation temperature, the titratable acidity of the kimchi
was dependent on fermentation temperature. kimchi fermented at high
temperatures (20C) showed higher titratable acidity than kimchi fermented at
low temperatures (0C). The titratable acidity was in the range of 0.55-0.77

between fermentation temperatures of 0 and 20C at pH 4.3.

The total number of microorganisms in the kimchi was counted during
the fermentation process. The cell numbers and growth response of total cells
in kimchi was similar to that seen in the genus Lactobacillus. This shows
that the dominant microflora in kimchi were members of the genus
Lactobacillus. The cell numbers and growth response of Leuconostoc strains
in kimchi was different from that of the lactobacilli. This reflects an effect of
fermentation temperature since cell numbers of Leuconostocstrains started to
decrease before pH reached 4.3 when fermentation was conducted at 4C and
0C, while Leuconostoc and Lactobacillus strains both increased during
fermentation at 20°C. The cell numbers and growth response in Streptococcus

strains were also different in kimchi fermented at different temperatures.

In this study, S. typhimurium ATCC 14028 was the most sensitive to
kimchi of the pathogens tested and S. aureusATCC 12600 was the most
resistant to kimchi. More S. typhimurium ATCC 14028 cells were inactivated
in kimchi fermented at high temperature (20C) at pH 4.3 than at lower
temperatures, while L. monocytogenes ATCC 19111 cells were inactivated
more effectively in kimchi fermented at low temperature (0C). However, the
inactivation of E. coliO157:H7 ATCC 43895 and S. aureus ATCC 12600 was
not affected by the kimchi fermentation temperature. This shows that
fermentation temperature affects the antimicrobial activity of kimchi against S.

typhimurium and L. monocytogenes.



To monitor the activity of any bacteriocins that may be produced by
LAB present in the Kimchi, a crude bacteriocin was extracted and applied to
a lawn of L. monocytogenes. However, no bacteriocin activity was shown in
the kimchi used in this study. As bacteriocins produced by LAB are mostly
produced during nutrient depletion, the point at which the fermenting kimchi
reached pH 4.3 may not have been the most suitable point at which to isolate
bacteriocins. Alternatively, the activity of bacteriocins may have been present

in the kimchi at a level that was too low to be detected.

Finally, the effect of the raw ingredients of kimchi on food-borne
pathogens was investigated. Extracts of the raw ingredients were applied to a
lawn of L. monocytogenes, S. typhimurium, S. aureus and E. coli O157:H7.
The raw ingredient with the greatest antimicrobial activity was garlic,
followed by spring onion. However, most of the raw ingredients of kimchi did
not show any antimicrobial activity against the food-borne pathogens . These
ingredients could play a role in inactivating food-borne pathogens if there
was a significant amount of them present in the kimchi at the beginning of
fermentation. The amount of raw materials of kimchi is for increasing kimchi
fermentation is suitable to produce kimchi inactivating food-borne pathogens

in this study.

This study showed that pH 4.3 of kimchi is an important factor
inactivating V. parahaemolyticus whileas that was not applied to S.
typhimuriusm and L. monocytogenes.  Meanwhile, the being of LAB in
Kimchi is also an important factor inactivating S. typhimurium and L.

monocytogenes.

Leuconostoc mesenteroides was selected after screening microoranisms
in fermented kimchi onto low pH 2 and 1.5% bile salt in this study. When
this strain was added to kimchi (0.02-0.2% (v/w)), the kimchi fermented at
pH 4.3 showed better texture hardness and overall acceptability. And also this

kimchi could inactivate L. monocytogenes slightly better than untreated



kimchi.

To control food-borne pathogens, to increase the content of organic
acid in kimchi, various vinegars were added and kimchi was soaked in. Some
vinegar (apple and wine) was effective inactivating Listeria monocytogenes.
Apple vinegar did not affect any negative effect of kimchi produced in

sensory evaluation result.

This research showed that fermented kimchi can inactivate specially V.
parahaemolyticus and S. typhimurium. By changing kimchi fermentation
temperature, changing the raw material of kimchi, adding lactic acid bacteria
starter, adding organic acids, more food-borne pathogenes were inactivated in
this study according to the fermenation stage. pH, lactic acid bacteria, the
anitmicrobial materials produced by lactic acid bacteria such as organic acids,
and the raw materials of kimchi having effect of antimicrobials were the
factors contributing to the inhibitory effect of kimchi on food-borne
pathogens. Moreover, optimization of fermenation is really important to get
kimchi which can inactivate various food-borne pathogens. In addition, it is
necessary to show the process of digestion of food by using a model system
such as the upper intestinal digestion system of human in this study. More

various and specific food scenario needs to be applied further.

This reports showed that fermented kimchi can inactivate various
food-borne pathogens, therefore, when fermented kimchi is consumed with
meat or fish, food poisoning can prevented. And this study provides the
methods which can apply to manufacturing kimchi, which can inactivate
food-borne pathogens effectively. Finally, this study can be wused for
developing kimchi product and system maintaining the condition of optimized

kimchi fermentation.
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M2 &AMz 3 9

ot
[e)
[\]
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=
S
o
R
e
o2
A
oo g
=
[\]
Q1
=
S
filo
rlot
?L
ol
92
4
)
=
> o

= 3
g, "= 15 g, A% 04 goll HF Ae=rt AA0A 28%7F Hes AAAS F
[e=] =
AA L

7hetel M AxsArh R Folo WS o&sdrh Az A
100 g @9 & Turbovac A& ZEZA7|&E 289 HFAE Fo] ¥ EAso]
was QAR
2. 9%

A AN EE blender® Zo} W= A A8 1 g& FHal 1008 3] A&}

o] 73k (Toyo No. 1) o3l 10 mlE #H3F §& 2% potassium chromate 1 ml=
ol 0.02 N AgNOz= A Aste] ofgfo] 245 o] §ato] Atsision ojuf vk
= % (w/v)E Yetl Atk blank®=+ S/HTE ol &3dte] &do] AZo] Wal=
A Fol MZE vluste] AA AlHES Gkt

Ae FHF (%) =(A=ol AHH® AgNOsF - blanko]l £2%H AgNO;
F)x1.17

3. pH
AR ZE blender® Zo} 389 A=%E Ay F& AW &, F 20 mlE 3|

pH meter (Corning incorporated, USA)& =7 3}%15}.

4. ARZME
AAE blenderZ Zo} 379 A==z 48 F& AW F 01 N NaOH &
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902 pHrt 83 o B WA Aol &vlE 01 N NaOH $oje] & 45
stol Mg AR RAke] %2 obelo Mo AL

Acidity (%6)=(0.009008 x F x V /' S) x 100
F: 0.1 N NaOH ¢ 97}

V: The volume of consumed 0.1 N NaOH
S: The weight of sample

5. AXT AF

Leuconostoc spp.©= phenyl ethyl alcohol sucrose agar medium (PES)(5
g tryptone(Difco), 0.5 g yeast extract (Difco), 20 g sucrose, 2 g (NH)2SOy,
MgSO47TH20, 1 g KH:PO4 15 g agar, 2.5 ml phenylethyl alcohol in 1 1
distilled water)2 °]&3te] &7 jar (Oxoid)E °]&3le] Z7|4HS JA|5tL
30Co A 397k wjokaldt}. Streptococcus and Pediococcus:E  2,3,5-triphenyl
tetrazolium chloride (TTC)E #7}% KF streptococcus agar (Difco)E ©]-&3}]
37C 497 w%sle]  EHE colonies®  Streptococcus® 2 colonies:
Pediococcus® At} Lactobacillus A ES a4 Lactobacilli MRS agar?l
acetic acidE 419](745 g Rogosa agar (Difco), 0.3 ml acetic acid, 15 g sodium
acetate in 1 L distilled water)X 30ColA 347t wjstdtt. E <+ plate
count agar (PCA)oll 30TColA 3¥zt vjgstant. A F3 ol 873t Wl
BCP agarell 37CollA 2¢7F vjFets =4 colonyE Al ST,

6. A5 o WF

Gram-negative 255 wo& E coli O157TH7 ATCC 43896, Vibrio
parahaemolyicus ATCC 17802, Salmonella typhimurium ATCC 14028 (KFRI
00251)E A A3l Gram-—positive 55 T2 B. cereus ATCC 11778 (KFRI
00430), Staphylococcus aureus ATCC 12600 (KFRI 00240), Listeria
monocytogenes ATCC 19111 (KFRI 00799)2 A A&} th. Stock culture=A] B.
cereus= 30ColA nutrient brothell, E. coli O157:H7+ 37ColA trypticase soy
agar©ll, Listeria monocytogenest= 37ColA Brain heart infusion brothol 4],

Vibrio parahaemolyticust= 37ColA 3% NaCle 7} nutrient brothol A,
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Salmonella typhimurium®} Staphylococcus aureus= 37ColA nutrient brothol
A vj%k3le] middle of exponential phase? AEjol A glycerols H7}sle] -80°C
oA del B

E. coli O157H7S W37l $18l MacConkey solbitol agar (MSA)
(Difco)oll Al FH2 A2 A colonyE, Salmonella typhimuriumol = SS agar
(Difco)E  AFg&3sle]  FAoly  pink FL HFL& Ao #E,  Vibrio
parahaemolyticus= TCBS agar (Difco)E AF&3te] 37CoA 19 njdst & =
Mol #E MAY. Staphylococcus aureusolE Baird-Parker Agar (BPA)
(Merck)& AH&3ste] 3|A-HAgqor Feo] = BES53 A4 FgE5 73l
colonyZ, Listeria monocytogenesdl+= Oxford agar (Merck)E AF&3}o] colony
FHYol H24 HAHEo] U+ colony=, Bacillus cereusol Mannitol egg yolk
polymyxin agar (MYP) (Oxoid)E ©|&3to] 37ToA 2¢3F w3 F egg
yolk FA &l ol el A8l #2340 vid& A Joew AR Hx

& s A

AR NS 2587 Waring blenderel]l Zo} 3829 A=z=E AEY. 30 mle <
S B3 BAdF 12,000 gollA 303 A gt s dSs pH 72 A A
t}S Whatman No. 1 filter® A&t} Az &
skl HF FX7F 5% (w/v)ell o] 2Ewi7bA] AT A= A AL A
EL 3AMsle] vYEY AAAHAEE discHS ©] &3] Listeria monocytogenes

lawnell #-&3to] A% A7]E S5t

ammonium sulfateE %7}

rlo

8. A9 A FAgAA FHZYE HE A
A= el Az wF, Fo9 vis, A%, 1x7tRE Aol HAES Hlv|n
Waring blender(Model 31BL9, Waring Commercial®, New Hartford, USA)e| 90
Z7F #ZobA 37 At A=l filteringstitk. A2 &S 1027F 1,000 xgol
A AAEE s o] 045 045 m membrane filterel] Z vl Zhzbe] o okl A] o
107 cells/ml 100 wle] lawned 2 F 308 Fol 20 ple] zZHzte] FZof
loading 3t S}, 24A17F 37TColl A w0 A3l zoneol #7AHES A= AT

o
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0. 2%l EASE F A4

AR BER  Leuconostoc mesenteroides®t Lactobacillus plantarum<
ikl AU wABE R Streptococcus faecalis, Streptococcus facium 18]Il
Lactobacillus acidophilusE W &3t & A48t Mg A5ds W 247
10’ CFU/mIZ 253 1112 S typhimurium® L. monocytogenes®| WHS-A1A 7}
Zkel o] WstE A AT

I~

10. MAES 54
pH 432 T g% A& PES® MRS agardll 7]&%F 50709 colonyE 4
coloniesE oxidase, catalase, Gram staining= ©] %

API CHL kitE o]-&3to] #F 5439t

AsFe] purifications 3t

stol AAH o B

pul

‘TQ
TG

2 ol gahsitt.
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-

plating & 3}

HEFE OFES A= 2 Askes geld & AJrk SS, MacConkey
sorbitol agar, TCBS agardlA &= A3 wAEo] AEHA %93 Baird-Parker
agar, Oxford-Listeria selective agarol+= 10 cfu/ml "|¥te 2 y gt HE3H
o] Fo F7o] 107 cfu/ml o BlEkw I i o}F mlokate] FEW ]
Aol ok At o] gael GFS FA= FE HOE ARHIITH

Sl mtEA A W BaEo de AR HX 47HAE YEke] pH, Ak,
Aem A BaE AVEgY u7bA A9 pHEte 4-5 Aol It 1)
pHel AAo] AR 714k 3o BAE dotry] &) s SAHs AT
(£ 2). 07914 1.07HA trFeti o C AA7F 4744 A Foll pHe 7HE o

£ 1A% 429 pH

A B C D

I+
I+

pH 445 + 003 470 £ 013 440 £ 0.02 493 £ 0.08

A B C D(ZE A A])
Ol 099 + 006 077 £ 013 110 £ 010 095 £ 0.32
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pHOl #4115 C<A<B<D, #A 2= &Ae C>A>D>B A2
UERA Al A o2 pHYE B2 A A AR = YERR T ©]

S A4S et delA AFEEe WS AAel A getel A5
A

Salmonella typhimurium® 745+ 7AX C>A>B>D 9 &A= A 39
AE7t aA Jeldt. A8 = AEIC] exponential phase ZJEIQ]
S. typhimurium= JdAH o2 tE o] Hste] A= A7 ZA
L ER Sk

Inhibitory effect of Kimchi on S. ftyphimurium

g

—o—Kimchi A
——Kimchi B
——Kimchi C
—o—Kimchi D

log (N/No)

Time (hours)

a9 1. A A A9 Salmonella typhimurium® A3 &3}
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Staphylococcus aureus® 7459+ C>A>B=De| A= XA
Al s = A7 YERS:

Inhibitory effect of Kimchi on S. aureus

"o ——Kimchi A
§ —1+Kimchi B
\o/) ——Kimchi C
S 4t —0o—Kimchi D
_5 -
_6 L

Time (hours)

a9 2. Al A A9 Staphylococcus aureus A3 &3}

E. coli O157:H79] %ol A C>B>A>DY &=A4=Z A& A
AR 28y AslEE 45 1 log CFU/g 522 o nu|aty)
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Inhibitory effect of Kimchi on £. co/i O157:H7

log (N/No)

—o—Kimchi A
—+—Kimchi B
——Kimchi C
—0—Kimchi D

Time (hours)

a9 30 A

A3 X7V L. monocytogenesE
ofgfe} #rk Al 1 log CFU/g
D>C=A>B A== yeyuth 74 D7t
monocytogeness JAstE T2 o] H

.
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Inhibitory effect of Kimchi on L. monocytogenes

-+

2 -2 —o—Kimchi A
> 3 ——Kimchi B
o ——Kimchi C
o —4 —o—Kimchi D
-5
-6

Time (hours)

a9 4. AN A9 Listeria monocytogenes®] A3l &3}

3

REa

&
il

A3 A9 V. parahaemolyticus®| W3t A T HHA
2o Ag3Far 107 o]l selective agar®l TCBS agarol] plating 3%h
7 10° cells/g WSl =% Abdste] wjxol A s A ekokrl,
golst7] Y3ste] V. parahaemolyticus <=5 i, A X, 18]l V.
parahaemolyticus W FHq 2 A &3NS TCBS HH ] Agu) =]
plating?d 23 X 2 V. parahaemolyticus W H 1} 7% Egtolo A=
A8 o] AekA F%kevt V. parahaemolyticus Wi F Nl A= 2 A}
Ak AAe o

= =
5%~3% AEEA dE=Ee Aol AA ¥ AL

(
-—

e Y o
o,
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A
&

a¥ 5. V. parahaemolyticus® A& ZF R,
parahaemolyticus  WFN  a) b), HAl incubationdtilitt 2

parahaemolyticus c¢), d). 0-6: 3] A<=

< <

T
lo

Y9 A z2HAME= V. parahaemolyticus, S. typhimurium, E. coli
O157:H7, S. aureus, L. monocytogenes, B. cereus ¢ «=A 2 W&t E3
E. coli OI5TH7 &= 2-4A13F wWiFZA7MA = S, aureus BT Ao 7233l e
L 2443 Whg-Foll= S aureus® U A &4 o] WSkth B, cereus®l %= 719
A7y HA] ki g A= A Y. A2 Gram-positive bacteria’} 7

A= BEEC] =UES & F Utk
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Inactivation of foodborne pathogens in Kimchi A

0 Ci

—O=—S. typhimurium
—/—S. aureus

—>—E. coli O157:H7
—{1—L. monocytogenes

log1o(N/No)

Time (hours)

b)
Inactivation of foodborne pathogens in Kimchi B
)
= . typhimurium
~
=z . aureus
] . coli 0157:H7
8 . monocytogenes
_5 [
_6 (.
Time (hours)
c)
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Inactivation of foodborne pathogens in Kimchi C

0 | | | | J
( 8 12 16 20 24

log1o(N/No)
&

Time (hours)

d)

—O—S.
—/—S.
——E.
L.

typhimurium
aureus

coli O157:H7
monocytogenes

Inactivation of foodborne pathogens in Kimchi D

S

=z

~

=z

Y

(@] L

9 _4
_5 L
_6 L

Time (hours)

. typhimurium
. aureus

. coli O157:H7
—{1L.

monocytogenes

a9 6. AT Ao tgdt AF =] oA 2E (Kimchi A, a), Kimchi
B, b), Kimchi C, ¢) and Kimchi D, d)). 0, 2, 4, 24*|3F v 5o 2} 2] <A

2= 2o 2AYE FEEHUS. NNy where N is the number of viable

cells at time ¢ and Ny is the number of the cells at t.
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lo,
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We therat 8] 9

stol wjS Aol WE AL 0, 4, 10, 20TIA AFA WA pHeF A E
g mUHYSEA TR DS HAsn QY Feisk pH 430 HW SRS
x5 oA 9 B, ELES FeSE wEe o2k o
A Azro] Ao 3A-F) (29 7D FFAE 2 pH 430 o2
Aemol= e ko webM HF HA e ol nEA ugy
5, 98 2t e d AR grel ¥ o=dn (2" 8). o= A
of s A== F7IAke] TR Fol et A
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The pH changes in Kimchi fermented at different

temperauture

6.5
6.0

IQ5.5 i
5.0 r

——07TC
47T
—4—107C
--20TC

4.5
4.0

0 10 20 30 40 50 60
Time (days)

a9 7% E 2= mE A4 pH W3} (pH 43914 T2)

The acidity of Kimchi fermented at different

—-—0°T
47T
—4—10TC
—-—20T

temperature

‘I,

08 -
Z 0.6
o
204 |

0.2

0

0 10 20 30 40 50 60

Time (days)

a9 8 MR 2k mE AXA o Atk WEl (pH 43004 T8
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dutdg oz A9 fFr|atoe 2= HFEAA RIS ZE T2 lactic,
succinic, fumaric, malic acid’7} &% a1, 3‘4”” 7140 2= acetic,
formic, propionic, butyric, valeric, n-heptanoic acid &5°¢| #+# ¥t}

lactic acid’} Z7}gtthar 8191 o™ acetic acid®= mhso] ®o)
oA F7FeR T Husd ), vhg-2] 5 (1993) A b
e F7]ARS BASE Ay dbg A 7)ol A= FE malic, citric, tartaric,

pyroglutamic, oxalic, lactic, succinic, alpha—ketoglutaric acid’} += %t

o] H

aEAdY (FAA T 1984). LE7HF, viE, lﬂr7} ShrE x| ol A
2

o]

45 St &%7F woldo] wel lactic, succinic, oxalic, pyroglutamic,
fumaric acid= % 7}stal malic® tartaric acide A 3gthal H a138}Si T}
58] wE Fol acetic acid7t Wol F7bstal A & AX| oA v B
acetic acidZ7} AAHETaL B ustieh WY 3 5 (2003)0] Hargk wpol] w
21 Ax Z7]o+= acetic acid ¢} lactic acid’l ¥ TS
0CelA ead A+ malic acid?7t, 10TCNA Ta® A= succinic
| =gt A #HE Lxo wg AAH= FU1AHY TR
Qo i o] Ao AFNEAM BAHE [F7]4He] o] ES ST F 2

ol
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AAE 2420, 4, 10, 20TCA AFES st Z-zke] A 100g (AL E+7

blenderoll 1i7F Zo} it A== AE Ao middle of

exponential phase®| 67149 AF&E T2 44 1 ml¥ S AR A

S S vg i 0.85% physiological saline solution 1ml & A& 3% & 0.9 ml9

ol 0.1 mle] Zzbe] AT g FFskar 37Ce 0, 2, 4h A ko] A

A7} 21 F 5 19 inactivation®] WA= AEE 7ZF re] AdElafA]e] Zo} A

] e FYst7] Ao A5 ANyl Blulste] 2 Al mAd =] 5
N)E dof A& AHEEE S48

A= 747 20T, 10T, 4T, 0CollA L&Estal HA4 2a 2319 pH 4.3

] Fzbe] A E SAsta A EA e gAkt

I

7}
of Zo} ZAstslor ojue]l HAol A&7 Aip= ofef 190l

t}. (S, typhimurium> E.coli O157:H7> S. aureus> L. monocytogenes)

Inactivation level of foodborne pathogens in kimchi
fermented at 20C

—O=—S.typhimurium
—/x—S.aureus
——E.coliO157:H7
—{1—L.monocytogenes

Time (hours)

a9 09.20C AR 2R 27 A5t oA nA= &2



10C 2a AXdAHE e A 20CoA wa® X9k v=3k3
(S. typhimurium> E.coli O157-H7> S. aureus> L. monocytogenes)

Inactivation level of foodborne pathogens in Kimchi
fermented at 10°C

—O—S.typhimurium
—/—S.aureus
—>—E.coliO157:H7
—{1+L.monocytogenes

log (N/No)

Time (hours)

19 10, 10T A 2y 2=7F S5 Aol mA = &

a8 4ColA 2EE AXAAE 238 L monocytogenes?t 27] 24
kst 7Y Wol A AL 4AFe] A UM vE A} mpRA =
S. typhimurium® As¥ = FE7F A YERET o= 37TolA wMYEH= &
oF F43k akol Ao o3t S typhimuriume] AsE AR AlgET S
aureus$t E. coli O157-H7 iAoz A&zt @ wHo] Ao wg %o A
gJyeo=z 4@ wzst HFEmade]l  YyElyd. (L. monocytogenes>S.
typhimurium> E.coli O157.H7> S. aureus )

ol el Zhzh A " opel] vEusith Soldk He And
gt =2 2RdA 2ad A} HEGUs W wol AdfHANL (2E 13)
Yadgopt2 W2 2ol waE AAe wesidles wWl ®el AsjEA

L

(¥ 16). S. aureus (98 14)¢} E. coli O157:H7 (29 15)2 A8 o=z
250 A dgS o2 4= HAow e
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Inactivation level of foodborne pathogens in Kimchi
fermented at 4°C

—O—S.typhimurium
—/—S.aureus
—>—E.coli0O157:H7
—{1—L.monocytogenes

Time (hours)

a9 11. 4T AR &8 257 5579 A vx= &3

mpA o 7 0CoA WEE AXoAE 4Tl Tad #AA A5
of gt AAEH} v=eA vgkon AdA o R S typhimurium® A EHE
A=7F 7bg 9 A UERRT (L. monocytogenes> E.coli OI57:H7> S.

typhimurium> S. aureus )

Inactivation level of foodborne pathogens in Kimchi
fermented at 0C

-10 4h

f 2 —O—S.typhimurium
= -3 —/—S.aureus
~ 4 —O—E.coli0O157:H7
8 -5 - —{L.monocytogenes
_6 [
_7 L

Time (hours)

a9 12 0C #AA 27 2527 AF5de] Al mA

e
fol
=
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Antimcrobial effect of fermentation temperature of
Kimchi on S. typhimurium

log (N/No)

TIime (hours)

¥ 13 AR BE %7} S typhimurium® Ao m X =

——20TC
—{1107C
—/—47T
—0—-07T

Antimicrobial effect of fermentation temperature of

Kimchi on £. co/i O157:H7

=)

=z

~

Pz

3

—_— _6 L
_8 L

Time (hours)

aY 14 AAY HF L7t E coli O157:HT7S] Ao n A&

_86_

——20TC
—{F+107T
——47TC
—-0—-07T

of sk

[}



Antimicrobial effect of fermentation temperature of
Kimchi on S. aureus

O | |
C
3 20 ——20T
Z 4 L —1+10%C
\; ——4C
2 5 I —0—07T
_8 L

Time (hours)

adr)

¥ 15 AFY B7m 257 S aureus?] Al wxE

Antimicrobial effect of fermentation temperature of
Kimchi on L. monocytogenes

0 ‘§j=— ‘
5 %
3 2 —~—207C
Z 4 L —1+10%C
\; ——4TC
2 5 I —0—07T
_8 (.

Time (hours)

a8 16 AAY BE %7 L monocytogenes Ao m X & o3k
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A 4R HAFEFS dASE 2FE AXNY AR B
AT
1. pH

V. parahaemolyticus®] 745 AR @2 A5 wAE 55 AojE Az
10° CFU/ml W 1olA JebdA etttk (29 5). 29 5a3% 23 5be A7}
Sl V. parahaemolyticus plateo]™ Zx|of wj&Fs}Anlx}l 108 o] plating %
aHe a9 5t 29 5dol s E el Yk V. parahaemolyticus
A AXNE Fdoes A8 mAdE]l ZAepA FR7]od HFolA ARETH
NFE dFolA 7P ugs AFEdoes Wi A 9 AdxE Adsta
Z} skl oo Hbsle] pH 4.3 A E=e pH S = V. parahaemolyticus7} 1
AIZE oJUlZ 6 log ©l/de] AFEEte] platedl A AFd celle ZolE 4= §lolth 7
Aol olefjA AFEE Hl B g Qe v pHO FFS 4T AuES dAT

o

o
i FEolth a2y A M= 10 o, & ¥ APHA counting e & 73

F
—_
>
=
oX,
k1
i
(o3
9
%0,
o
o
Jet 2,
-0,
ol
ol
)
)
N
-
>
rr
]
jan)
o
fo
2
b
S
>
g
2

MpzloRe 4%S A et A (19 Doz e dd ul§ W
FE AL G F ANT A 2ol HA%E Aol 3G mBIeF o
# AFES AP b5l Be Aow ARFAT
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logioN

0 10 20 30 40 50 60
Time (min)

a9 17. pHel W& V. parahaemolyticus® A+ W3} [1; pH 6.6 ;5
pH 4.3

MpE ol Aol e pH Watel® Wzl gt the Qe
HFETO 4G pH =FlE JUHOR e MakE wold UA7} o
HFETL A= pH 099 e AxEo] geldty Uee FAF £
131w+,
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Effect of pH 4.3 on survival of foodborne pathogens

9 _

8 o °

7% A —
= 6 — = 0 |—C—E.coli O157:H7
ST —o—L. monocytogenes
g’ 47 —0—S. aureus
T3 r ——3S. typhimurium

2 [

1+

0

0 2 4
Time (hours)
% 18 pH 43914 o] AF=ae] A5 ws)

4

=

G0l AF=ato] oA =
5

=
T
S overnight culturedt %o

o =
.
N
2

>,
M oo
r 1
oX it

0.45mm= filteringsle] AAo A= VAES EF AASL o7
HEatel oA ZIE BluEdth pH 4.89 b=
Zy7y V. parahaemolyticus®t S. typhimuriumel %
Ao} 1A 2 AX7E ol wE AAlEte AE AfolE HluE Atk pHYF
|2 =2 A< pH7F 48 Ao HAdAM= A =X #5771 V.
parahaemolyticus®] Aol vz = gako] Aol AAHE 20 oA = 1
A sk (2 19). o]ol RbEto] AAIZE b w]aF GA|ke] A EH S
typhimurium®] 75-oll & ZHAakito] EA3A] Ze= AX Ao M= Ao AEEE
Ar7t glov ddiA o Aikytol EAstE AA Ao = & ztolE Heold
A 90%7 o] AdAE = AR AolE BT (19 20). o]& Fako]l Axde}
oF e & AAkto] EAlste Aol HAAA AAHE BRI &5 & F

AT

dooHl g X

A2
oo o
of
ol
2
Lo
>
-— =
U
S

H

i
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The effect of Lactic acid bacteria in kimchi on
inactivating V. parahaemolyticus

0.5
0.0
Z -0.5
=
5 1.0
°
-1.5
-2.0

Incubation Time (min)
—>—with LAB ——without LAB

¥ 19, AR BAe EA FFo WE V. parahaemolyticuse A

A% vl (pH 4.8, AF%= 58 7] o] &A])

The effect of Lactic acid bacteria in kimchi on
inactivating S. fyphimurium

0.5

0.0 ‘
S 0 —4h
£ 05 -
=)
5 1.0 |
o

-1.5 |

-2.0 -~

Incubation time (hours)
—>—with LAB —I1—witout LAB

a9 20, AR kel EA fiel WE S typhimurium® QA A=
H ol (pH 4.8, AF% 58 A X o] §A])
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B RERien s

AF
=

el

oo
<
o)

Gl

iy

el
o

oo

=
=

o 28y o

Rdlgto] = 4A1ZE Y

cells/mle] 2] o] AlHsle] WIS

ghol gl 2 g ofatoll

log °]’d9] o]

<M

AF
=

23}

I

BHAa (18 21), 2= o}

=
=

=i
=

Hojx Andz}

=
=

2A 7 ANZE wfEAlel 22 1 log ool Astagrel Ahol

=7
T

o] Al

=
=

7 ol

The effect of lactic acid bacteria in kimchi on

inactivating S. typhimurium
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The effect of lactic acid bacteria in kimchi on
inactivating L. monocytogenes

—O—Lm—without LAB
—— Lm—with LAB

logio(N/No)

Incubation time (hours)

a9 22 Ao Aakte] A FFel wWE L monocytogenese] A A
T M3 (pH 4.2, A% 9.7 X o] &4])

3. X g 2% 9 Ax
S. aureustt E. coli O157H7= A vtg %o upgl gx]ola oA
Hol| o]z} Aoz H&S At E coli O157:H7S 243k, 44 3¢

ofr

jus)
-

[e}

dagart & Aoz yYerwtl Salmonella typhimuriums =7 2 A<l A
Ao E2 2hdA Bas AALTE A= =7 2A HE s
W Listeria monocytogenes+= < koA Wi XA AlEEE Ax7}

A YerY Salmonella typhimuriumol| W& Jebd Axtel vkt 232 vely
ATk (17 13-16).
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X 54
1. AX ¥

B2 1000rpm, 10%, 4CE2 A7 stx, 45 NS 045um membrane filterZ A
w3ote] A5 =2 AFESETE S aureus s A 7FE Z SJHEHS Ry
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X4 7 AFs ool gigk A BAs A &4
Strains garlic Spring ginger cabbage . radish
onion pepper

B. cereus 70£1.4Y 1507  N? N N N
S. aureus 6 1.0£0.2 N
S. typhimurium 6 N N N N N
L. monocytogenes 6 N N N N N
E. coli O157:H7 4 N N N N N
V. parahaemolyticus 7.0+14 N N N N N
V. parahaemolyticus B
(0.75% PBS) 0 N N N N
V. parahaemolyticus (3% ~
PBS) 5 N N N N
S. cerevisiae 12 N N - N N

Ydiameter of clear zone(mm)
“No inhibition

2. FARE BB AZF AN 24
FolA wEd Wb Fad @ A4 AAdT v o
]

A=
4% dEd AAE & 53 o] Azl

E 5 Fd AA Azl e} miso S DG HAAY =24 (F
100 ol tiat Ad FEE FA)
o\ vk SRy 15% 15%
e A B C
3.1% D F
31% E G
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ots, of gho| e 20=0lA Y& E 4xlel pHH St

6.5
—o—1}0%/ 0}
6.0 0%
55 r —+ 1} .5%/
I = o
oY 0l=3.1%
5.0 r
—— T}15%/ 0}
45 - =31%
4.0
1 2 3 4 5
Time (days)

a2y 26, g} vhsel sk Wil wE 20%0 A wE AR P pHW

9 A pHet b= e] Wst #AE AuE a9 ofget 2o

Correlation between pH and acidity of Kimchi

1.0
09 [ ®o
0.8 - 0’
0.7 r

206 r "’. K

% 0.5 r * o

< 0.4 LA
0.3 ¢ . 03,0
0.2 r
0.1 r
0.0

4.0 4.5 5.0 5.5 6.0 6.5
pH
T 270 AA ] g AA T pHSE AHEo] Wsho] A
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FARE @ed A A pHY W3keh Abwe] #AE 20%olA TEE
A= vl dAs HJHS et ol & Tl S 7t EEE A
NAE FARSY W7t Hge] & JFS FAE Fa TE SEov 1-29 9]
AlZEe] ZbolE YERITE ey bt om JAmTE EortA @ A=
waol] @ Agte] AdthE AE sl ol& Fate] A9Ee Fo FAs
v HEE FAATE S dRlstAn 974 AETE wbE15%/9131%, vhe
15%/910% 18131 whE0%/30%w= Skal 1 €& 09 AERE YERRTh o]
Hlglale] Ardgto] &% & A Ao o g vttt (Data not

2]
S X3 AEjelA 22 pHelA

shown). & HA87F H7te 9 Ruys 28 s
E AU os Ax7E molxa Ardel o] AV F H HoZ Hop AR

=
FehEe folre] el AAE Amsh Ee AAAA At B Ar: W

sheld 4 99l (19 2811
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Inhibitory effect of Kimchi fermented at 20C
containing various Kimchi materials on S. typhimurium

=)
z —o— 0} 0%/ TH0%
?6 —1—0}51.5%/ 50%
5 -4 | —A—0}=15%/ TH0%
o

_5 [

_6 [
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a9 28 200 TE AR AACNA vhE kel whet pH 437b4] 2R
| gAe] Arde o A
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Inhibitory effect of Kimchi fermented at 20C
containing various Kimchi materials on S. typhimurium

>
= —o—0H=0%/ TH0%
% ——0H=0%/ 53.1%
S ——0H=0%/ TH31%
(@]

Time (hours)

Sy 29, vhE gl ARl she] Aol weh wrE WA pH 430 o
23 0 4Ede F oA 54

Inhibitory effect of Kimchi fermented at 20C
containing various Kimchi materials on S. typhimurium

4

=)
z —o—0H= 0%/ TH0%
\Zé ——0ts1.5%/ T3.1%
> a4 | ——0H=15%/ 31%
S

_5 [

_6 (.

Time (hours)

a9 30, vkt ko] 24 Rste] whel 204 2 EE A7F pH 4.3¢90

o2 g e Amdel oA 54
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I
& ol @4

7] vl etk (19 31-33).

Inhibitory effect of Kimchi fermented at 20C
containing various Kimchi materials on S. aureus

Time (hours)

—O0—0H=0%/ TH0%
——0t=1.5%/ 0%

—/A—0t=515%/ 1t0%

oy 31 vkE 2AE gEsta 3 glo] Alx" AX7F 0= wHaH

% pH 43 o2& W S. aureus A 54

Inhibitory effect of Kimchi fermented at 20C
containing various Kimchi materials on S. aureus

log10(N/No)
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% 32. vk glo] o A

KR
T pH 439 ol2%& vl S qureus A EA

—0o—0t50%/ 2H0%
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Inhibitory effect of Kimchi fermented at 20C
containing various Kimchi materials on S. aureus

—O—0t=0%/ 0%
—{—0t=1.5%/1t3.1%
—/—0t&515%/1431%

Time (hours)

a9 33, gk} vl S dElste] Alxzd A VF 20=dA4 HEgE &
pH 439 o235 S W] S aureus A 54
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UE2 20TolA 2R s fHAoA Zibkyte] WatE YB3t
MRS agarel counting?d Z¥%= ojde] AAAINAL vsiolstidtt ofgf L
Hol A ddnd vig3t 97F 5o7bA &2 AA = RV M iﬁiotq Bl
el Srbel b W2 Aol agEY WEEHES] Ak vhE0%H0% <
vE0%93.1% = "F50%931% <vhE1.5%/30% = vhE1.5%%31% = vE15%
0% =vhz 15%30% HAAZ detstth 5 3ok vheo] gl ARG 3o viha
of &% oW wad Zgo]l Hups AMES yERaL Sl

O
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Leuconostoc spp. in Kimchi during fermentation at 20°C
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Leuconostoc spp. in Kimchi during fermentation at 0°C

1.E+10
1.E+08 d 5_2 —o— 0} 0%/ TH0%

o +/ ——0}=1.5%/10%
= 1.E+06 A— A ——0}=15%/ TH0%
o / —X—-0}50%/T3.1%
2 4 E+04 X —X -0} 0%/ TH31%

Y —O—0OH=1.5%/ 53.1%
1.8402 —+-0H515%/Tk31%
1.E+00
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g AAE o m HA HaE HHE Fetal ojwf Zpzho] A FE el of &l
A GAE s BHE Qs vt 9o RS vE2A st Alx3 1A
0%oA BHaE A3PAZl & pHIF 439 o2 wl Listeria monocytogenes
AA = adE AHEAE PAAH 2 Aol §lATh o= A9 FAs &
o gxHlgotE AAst= &

7 oale Ao AP A% Aot Aee
=

S
AT, W exolA wEE AAA #zeelEel o4z} o @l
= E

2k

3}

4

S} = = T:I—

phEoly o] Adiel fAH= Aol obdrt sk F5E& s on A ©a
A4S Tl vhEe AL AAVE HFEds ARG A7) Hus 2E
g 83 HAAo 3 GHE vEs Zlo] AFTEa Al v gl
= Ades A HAT 53] vhEe] vhep @A HEe] AAET 108 W A
T ooE dAek 2 Aot fle Aow Ay Bid RAse ¥ v A
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o g %o wE ke S =t AT RS & YA Ze&r FAHSAC
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3 —X—0}51.5%/143.1%
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a The cell number grown in Lactobacilli MRS
depending on Kimchi fermentation temperatur
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MAE AATeR= A a7 AY fles skt (Data not

shown). ol W% FEANE welA @ FHAM HFmdR W
37 Qb Assl Aol A AomA, PR} BEAW
Aolup 4AHE 4 5 RE AR 44 NAE AR 2 2

stationary phaseel] ©]

OD and pH of L. mesenteroides and L.

plantarum
8
6 .
—— L. msenteroides
T |==L. plantarum
4 o .
—— L. msenteroides
5 —O— L. plantarum
0
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S
24
By
1o,
o
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ox
=
9,
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f
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T
E
Koy

2kt 9] growth mediumdl A 54 9 pHe ®W3IE EUHH
a; AR A ofHl FgFS FEA AR A
TF T A%S MRS WA (H 67) oA 71& AEelA

Eu] pHE =A% A}t L mesenteroidess 8A17F, L.

it

plantarum-< 7A1ZF 3-9] stationary phased] ©o]Z% o™ Twje] pH= Z+2F 5.15,
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9} 499 A=th. o] exponential phaseE A WHA pH7F Hrolx] 7] Al ZEL
A ] pHE HaA7]= AAZE Zakito]l Akl f7]4kel o gk pHe

HAZE E F Q& stationary 2719 pHZF pH 5 Wel¢l A& 711x9 A4 w
H

440 W8] FS HYS & F AP
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A9 A AA A= HEg A 4

AA e Azt Alzdle] EA flek 2o 2EHAE LT A= v
AA A Adstax B Aol Al x3)
o bile salt 15%014 4§50 %43
= A #FE FA 20CoA pH 43704 HE A2 A el A
A& plating 3F & o5 ¥ 97 sampleol Al MRS agarol lawng ¥

pH 291 HCI solutiong 20 ulE discoll #F3t Aold e 735 dx

4 K
N
Ll
Sh
o
2
o
[
=

=
lawnoll 1.5% bile salt& &E53}o] AolFe FF&

4t
v
o
Lot
=2
o
i
-

N
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gol AR a8k 9 Faol d4H9 48 dvh 9ES $EAL 2 9F
A, FUAHE, lecithin R P79 B¢ xdes ggeld JAR oF

05-0.8 LE #u|gtt}) AAe AA 37 S simulationdt A ZF A3} &7] ol A
= o

F I o] s

EAANE PIES P P

AR

IS S B st PH S g
¥ opdgtolA], #, lysozyme 7 1-2 L 10-30 min
£ $4F pepsin 1-2 1-2 L 2-4 h
A2 Hco?g’;;f‘ ’trfpil’qi; ff 05-0.8 L
invertase, maltase, lactase
Eags dipeptidase, aminopeptidase, 6.5 15 L 4-9 h

phosphatase

o]FolM A2dFrE 9ol pepsing XA pHE HAbe] FA Rl
HCIZ2 ZFE2 3. 2% o= trypsin® pancreating £33 &4 2 dta pH
£ 31715 NaHCOz8F AWl mld =] Aol dolgs  AeAE
bile saltE F8& factor® AASAT WAEY AF JFIFAAE T8 factor=
AAsto] A &8t & RS AASAL 2F7HA] Bg@d ATE do] HF5E
= dovlEg A% olst x7o AlaHle AEfeglon %
Kol

A sHA skth AlEd ol AA =1 ved 2o

Lo

B b
iy
ol
3R
ui

2. AU M AE AR

Y vAES 2ASE A A fele 77SE Alghe] A9 A E
Aol glom iAol ALE= 10°-10° CFU/ml AE9 Streptococcus spp. <t
Lactobacillus spp. 7} %< ©o|F3 Jupa Rixo lor 24 EA ¢

A EgEe FFE ALESC

32
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GF pumpl

HCl \ 1 pump2 pumpd ‘ NaHCO),

Kimchi+food

// pHijneter /\

borne pathogens

]

saliva

pump5 ‘ Biile salt
\jj—‘ solution

stirrer

collection
Water bath (37°C)

stirrer

2+ E &= 37C water bath® ©]

%
stirrerg® ©]€3te] 150 rpme £E= 7|

ol
£
td
i
i)
o

5 shgom Qolx Az wwn AE AED AR 99 4%
= 2
= =
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£ 8 A BW Axge] PA, FHY, WA, B §45
TF=43 = —
BRI B3 A 3R R4
Klmc.hl Kimchi juice 50
solution ml
Food
borne 1 ml of 10 CFU/ml 1 ml
pathogens
Saliva 6.2¢g NaCl, 2.2g KCI, 0.22¢g 50
CaCly,1.2g NaHCO3, 1L DW ml
=]
HCI 1N (pH 2) 1027te
=74
Pump GF(gastric 0.1g pepsin, 3.5g mucin, 39.6 fl%rufs at  0.33 ml/min
1 fluid) 85g NaCl, 1L DW pH 2.0 ml ’
150 rpm
gump GC-IC empty-transfer i;lfl fl?)rurzs 1.2 ml/min
Pump IF(intestin 0.1g trypsin, 3.5g 79.2  for 4 )
3 al fluid) pancreatin, 1L DW ml hours 0.33 ml/min
19.8 . 0.33 ml/min
03 M (pH 6.5) w7
Pump NaHCOs 1A 7F
4 01 M 94 A o
NaHCOs ml 3AIZF o myTin
0, 1
o bile o wgaze 15 ml A& 302 05 ml/min
Pump salt
0 2% bile 105 v =] 05 ml/mi
salt ml 35417 0 mymin
10° CFU/ml
Strept 4 hours
IC eptococcus Spo. 2 ml at 150
Lactobacillus spp. -
(MRS broth) D




53] mgEe] Afel 7}
A fk, VAR AhA w9E

= -
Ae AAS AL 2R 4A dgom F5e

oN

} Fo% A4 2%, pH, A%9F wud B
Eal

ﬁd
rlr
=
g
=4
Ir
rlu

i1
2
1>
o
1o,
it
A
F>
Ac)
>
)

[e]
Be o g

3 9. ZEAHFOl 10 cells/ge] E=AIE A So] Amdetel g ol

I
2
ofs
o

= A Oh 1h 2h

+

S. typhimurium |Streptococcus spp|6.27 + 0.02| 595 + 0.07 | 6.15 + 0.21

o W3t Lactobacillus spp |6.12 + 0.35| 6.31 + 0.06 | 6.31 + 0.08

+

+

L. monocytogenes|Streptococcus spp|5.31 + 0.10| 527 + 0.09 | 520 + 0.14
0.10 | 523 + 0.02

o5 W3l Lactobacillus spp [5.38 £ 0.07| 5.25

I+

6. AR =1 AR A% 4A 2 AF F&

Vessel 13} vessel 29| 7}7}e] BE 43t £ #& A2 3 F ™
T(121°C, 15%)3te T&3 dxAA =715 AAS b pH controller 71719}
AZAEo] ®stE REUH PR A Y TFEA] vessel 15 Y& xo=
7] 93t Saliva(NaCl 6.2g, KCl 2.2g, CaCl; 0.22g, NaHCO; 1.2g/L)®} Al
E L2 Hos $F oF 28 A% uwkste] 33 SAEo] Hol=s st ¢
= Ad & 989 xxom skFo F7] 9ste] vessel 1ol 0.IN HCI¥
GF(gastric fluid, pepsin 0.1g, mucin 3.5g, NaCl 85g/L, pH 2= ZA)E F=U3}
Atk 0.AN HCI2 91749 =105 7Fa 4 2l&ats stao F7] flste] Y&,
o]:= 102kl oF pH 20 ="38t=% alom, Azl pHE Wit Al H A=

(]

AU
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0.IN HCIl pump’} A5 o2 HEFA ®t} GF= 396mLe AlFste] 2417 F<t
FUAHAEE o, 243 st 9] 4stE W F A EE ImL F sk
plating 3= 3%tt},

Vessel 19] 2417 #A4o] &3¢ & AgE AF2 2 vessel 22 0] 5311
ol FAZFE 10% ollE® A&HTHA ol

1 H
salte A3 Aol wg ICoﬂ TmL —zrodﬂ Fow, Ztzte] FYFL IF 39.6mL,
4% bile salt¥ 37.5mLo]t}t. 0.IM NaHCOs 22749 pH 2S5 A&sHA 25
o] Fx 2R 10% olulel °F pH 659 =E3t=s stk ICE F3 23hd
Alg2E 2412 & ImL #3d}o] plating$ro 24 e

5
i
1o
rO
2L
32
i)

7. 3Rd AFEF JIFA ASF

T AAE AEske Al="e 27 2
AA NS FYstel pHE W3E RUE s 2E A<7]2 pH 433 #AA
= 2 AAE Ay 208 v pHZF 20 =E3Fal vessel 291 A2 Al
go2 Zo7kA 1029 pHe 2749 pHAl =493ttt (32 10).

Arde]l pH Wste] g AFEie] s ALeE dolry] fste] A=
42 PBS(pH 4.3)5 AFg&3le] PBS$ salivas 1:1 42 & o]7]d overnight
culturedt Salmonella typhimurium 1mLZE centerifugeste] wWIX& AA3I
0.85% A2l 2942 washingslte] R dol| 1% HFTsI=S v AR At
FYstel AAE A A3 pH WSt 59 207 ool pH 25 fAst3]
ERCp pH 6.59 =2sksieh HEsk7] A 04

T:
b AR 28 g JRA S 243 IC F 4X3Ee) At E ARSHE R o)

lle}

pic}

i —W'
]
LU
ol

oX

o,

[»

|m

Ll

o

=

2

o

pH ®3} Fol= thgat 2ol o4 pHolA =LA HoluA] skt 2l 2H
glolite] AES Lol Ay 0A7HY] 7.88 log cycled] =7} 2A1%F Fo AlE
HAa, Addgez 108 9= AdF SFAHS 2y 02129 7.90 log cycled]
TF7F 105 Stoll ApE&kint ol ArdelfoE 22 AyE Hol pH 29
ol A ] A5 o]l AFEEA T (Data not shown).
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3E 10, E A AL FREe] pH Wt
Vessell(9]) Vessel 2(4%)
A] ZH(min) pH Al ZH(min) pH
0 4.19 120 2.18
10 3.03 130 5.07
20 2.18 140 6.30
30 1.99 150 6.44
40 1.99 160 6.53
50 1.99 170 6.53
60 1.99 180 6.53
70 1.99 190 6.53
80 1.99 200 6.53
90 1.99 210 6.53
100 1.99 220 6.53
110 1.99 230 6.53
120 1.99 240 6.53

5|

11. AA e drdets 483 $o Fxd pH W3}

Vessell($]) Vessel 2(27)
A] ZH(min) pH A] 7H(min) pH
0 4.93 120 2.19
10 3.39 130 5.95
20 2.28 140 6.17
30 2.03 150 6.28
40 2.02 160 6.40
50 2.02 170 6.49
60 2.02 180 6.55
70 2.02 190 6.56
80 2.02 200 6.55
90 2.02 210 6.57
100 2.02 220 6.58
110 2.02 230 6.58
120 2.02 240 6.58
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HCl 5ol @op o] F7k50% phl 24
stet. o7 HFe] kg wl fstel AWAS AelE A g
%

= 2 Aol
A4 z/dE A & AR #& 2ol FUAF A9ud pHe paHE 4
e galu ot 20%o] Ak pHE 20 Fhrke]l EPEATH (E 12). AE
Agaol BA @3 FHe FAZ Aste] waste] Sol7bd AFe mEE

%12 27 A AE F 4 29 pH 34

Vessell ($]) Vessel 2(2%)
A ZH(min) pH A ZF(min) pH
0 7.20 120 2.24
10 4.20 130 6.16
20 2.20 140 6.48
30 2.15 150 6.61
40 2.13 160 6.69
50 2.12 170 6.72
60 2.11 180 6.75

70 2.10 190 6.76

80 2.09 200 6.77

90 2.09 210 6.77

100 2.08 220 6.78

110 2.07 230 6.78

120 2.06 240 6.78

gt o] AE oA E QA G B A" pump Y Al

238 F9 25 wFux dAsHube] Aol ol YRS FUL 5 ¢l

oA AA o] AASIE AFe] aHE A8 T S oA AA AF

Faje ogk AF UFo] EAlste ol Hiadw 2 XY AFES Zol A

Hstod Ao AA7HA =ad djo] BTl Aol FEStEAE e A
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A 11 A AXY HLYA A ABE Ao AH =40 44

Aol HEF pH7F Ui AE7E 28575 A AR 9o Agst A%
= o g3 A= F5 & 7 AU 1Yy AA e S Bavt fEst
Al AFEE A5 A FA 7 B FFEAo] "WolAERE HAg wge] A
ol a7En 2y AAY 25 Y Xl 37°CollA 1ol A HA
SHE FAG agla AT A R mgesd $3F AIe AASY 4
A A WA 7L AR A WY mAEe] gt v 2 2E# A QAR
Yakyl GFALe] FAo] glolk thEE 2 log reduction ©]A (99% Atd) ¢ &
AfE S typhimuriumel WA FJAE 5 Ay FoERUE V.

parahaemolyticus® el A4 Ha2 A= pH 43 A= ZHAX oA uvf
2 A9} vk ARl 6 log o] (99.9999%)9] A 7Fsbrl o] RS HE=

stlatsivh. A3Eel Ass ol EAL o 54 dose o] FLdHl AFHol AT

= AME S 133 6 log reduction o|F] AXE HFstHEA st A5=
Aol 85 HoFrs A4S ¢+ A

Atz g 2EEE 1% vl mEw 22 g pHep AR =2
2591 20°Ceol Al raw A9 A Wae] Ry 2l e 0°ColA o E
H Axe Af v 23 o] Atxe] W3k S typhimurium® 78§ A&
of wgd HXA7F Aole EHAUAS gkt A @ 2EeA dad A
e dddez v §714F e Rols Bt AL AFelA AFEH
S o}7|3}= Listeria monocytogenes®| Aol & 3pAHolojr g 2% uld}
A AA7E EEow Aod F e wol tES Fdstth @9 S aureus

o} E. coli O157'H79] 7% ¢a &%
7

e
e o
()
=
Q
B
R
=t
2
Q
s
=
Q
I
1))
B

Z1oll= AR AAANA AFHo] w2 Gram + AFETE Aojdd FARE 39
BAL o5 AT Alojo adE & ¢ USALE VdEdY. a8y HEvt
&yYd Gl o SA4T HAo] FHHS FARS] 2ARGE Akt T4,
gakgtol Aabsh= fr7]At, 2ear @ikl iy = AHd wE 2] dAwkm
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=
e
(e)
k1
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o
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o
frt
BN
=)
ol
g
o
it

8 AAE NEA BEES AT e
EE ol gate] Awdd Hol AoiHn gruokt e Aojetrldl A 1A
g Az AL ol Azt 2eHdHE e EA BE A P

R

32 24 24 AR A= Py
Budehsh gzd ol AolE M AvAow syt vhe 24S
whse Al A FA e 1-10% elul, kel EA L 1-20% ol Ul el W

1-
g FxstaL o] 5 Fote] 2R AN A= sHE THAZE & Utk

X

thest 2ol 4744 AAE AzdAGch FATEA 1% FEE H7} 2

29}, 20%0 A HEE 45 AT 4% A e Ao} vixuto R A g oA
23 ZAAe Leuconostoc spp.& 0.02% (w/w) 713k A2 A%t 4% 9|
A EgE A7IAA BEE JPA T A FE AoTs AA 43 B A ~E
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Ao pH Wk (1% FaAE H7 44 3 205 2E F 4

A B C D
pH control 1% #2E 20 Wg ket
1¢ 5.64 5.79 5.78 5.85
9 5.70 5.78 4.24 5.86
164 5.77 5.81 4.03 5.75
22 4.87 5.52 4.09 4.85
294 4.34 4.69 4.08 4.25
364 4.26 4.29 4.09 421

A B C D

Acidity control 1% F2E 20 g ZHA
14 0.30 0.30 0.32 .29
9d 0.38 0.34 0.87 0.33
164 0.33 0.31 0.93 0.33
22 0.51 0.38 1.09 0.49
294 0.74 0.65 1.08 0.77
364 1.35 1.10 1.74 1.30

et GRENS W ANdFE 4 29 BY A7 M 2k
a1 ggdl D, C, A9 AN B HF &3t Tavt A&E Azke] Wol
N 240 felsdon DE AAEL starters W& ASRA AT SolA
92 2t DE Adl ulste] 10w 7beke] byt 7 g | dH 7S
HES AA A= 2247 o] Hojyar oprtetatst= 5o AX AsE 2
= WU styzEA g8 S dSAoZ 7IdE A (Data not shown).

o] o] AFAMNA Fr A&ete] AFHd oA sHS AR 4

g0

= o 2o A9 Salmonella typhimuriuma 2o A 4% o] FrES
T3k 241%F At vessel 104 A3 o] e ol AR 9] 3179
A& 7 log CFU/g W 9lellA Aol o] fls Isttt (i 16). g4

Listeria monocytogenes2] 749-% control # Aol A= 441 7F ¥H-g Fof <10
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CFU/go] yEldd disle] 2 A starters A 78 Aol A= 4A 7 HES Fo

Aolbde  colonyZb WENIA kol Listeria monocytogenes?t A 7F ¥ Zol

O

olAfo] BF A Este] §E HwE ¢ gt wE Ao ArdEl A TS
BHolFAdoh thx¢ AA¢ 0.02% Leuconostoc spp.”t A9 AX¢ &g A
e gkom FAle wgd X9 pH ¢ At=% Aol7F ALl gldlt).

F 16, A BE A 2ES o] gato] HIER A B (Kimchi A)¢h
]

2B 0.02%5 F7hetel Alxdk A A (Kimchi D)o] 455 Ao 59

(

Oh 2h 4h
log10(N/Np)
S. typhimurium
0 N. D. (-7°]7) N. D. (-7°]4)
Kimchi A (4.55/0.650)
L.
(control) monocytogenes 0 -3.70 -4.54
(4.22/0.833)
S.
typhimurium(4. 0 N. D. (-7°]%}) N. D. (-7°]7)
Kimchi D 39/0.738)
(0.02% starter) L
monocytogenes 0 -4.32 -5.2
(4.21/0,845)

ool = A FEE 10l =eA HFsta HAC wA=
]

= 9
ARkt AR Zed w Tt A B SA A dFE Lot
B7] 98kl tjxeF A starter 0.2% H7Het AAE 447 e #5H
%= 0.6-0.8¢]

4484 3
Ao AA A Be =4 A2 QA ae] WA, AE WA, S, 3
S

_82_



whe] gk, 2, olvl, 2N by Azsl
Aolg uehilA @gith 41X BE 4

-
~1-
SRl WA, FEE WA, EU, e, A, 3EE w

ox I
3
o
)
r>~l
rE
2
o
N

Lo
>
=2
s
of

N,
ﬁ

o & Hy Hr 2 o
K Hz ox rlo

Bl
Wtk ey o, ©ut, sk ojn), A3 dANbA Sl V]
= 53 Ax 4 F oAV fadoez Fups

T & AolE HolA] &kt o] & F3] 1A BE starter?
A
(o]

’

X 17. 0.2%2=EtE] H7F Ao g2 HE el wel AAE #53
7F A3 (10C #3& A: control 38 %7], RA: control &3 &<
A7F g %7], RB: 2~EtY 7 48 A57))

i
2
>
N
oy
[>
o
)

kimchi  fresh green  moldy off hot salty fresh

flavor flavor flavor flavor flavor taste taste taste

A 6167V 7103 8267 2.333*  2500°  6233°  6.667°  4.433°
RA  9733" 8700 4.633" 3900  4.200° 7.667*°  7.900° 65007
B 6.333°  6400° 8233" 2533 3033 6.033" 7.033" 4433
RB  8800° 7.767" 5300° 3533 3.800" 6.833" 6567  7.633°

) overall
sour sweet savory bitter off i
texture acceptabil
taste taste taste taste taste "
1Ty
A 2267°  3767°  4966° 3067  2931° 8333  4767"
RA 8567 4433 6.000" 4500 4.300° 6.367°  4.833"
B 2.400° 4300  4.867° 3.400° 3.138" 8.100° 4.500°

RB 7.933" 5467 6.833" 3.933" 3.700° 8.567" 5.433"

A: control Kimchi, RA: ripened control Kimchi(A), B: Kimchi added in Leuw
mesenteroides, RB: ripened Kimchi(B)

V" Means with the same letter in each column are not significantly

different(P<0.05)
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4. F714 28 AR A=z
Salmonella typhimurium Al
A7k elAE e G ANE A gl %714 Zahe g9 v A
485 Bl P FA g
2 QARE Adstel RS Az AFSH Aol TIE Musch @
b A A o146l AAS B Ao FEsde S4A 457
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Atk 30EZE ArRdaats AXE A2 oo A3 Fo AojHE A=E £
=

1891 UERN LT 10 542 3

S YEelor 30837 ZF Az HEHAS rﬂ% Salmonella typhimurium <=
Atapa] zol A 71 =A Uely 9kl x e} Al %+ 5 log CFU/g 7H7ke] %t
A 3YE 13 A2 2= 585 log CFU/ge] UElY # 45 JAst=d ¢
stttk HlHEgl e o] B dFoA X gatuial Abdsle] A atike
HuE & 5 gl

¥ 18 R AR AHF gt Az H8&H T pH, = 9 308 A
L3590 %7 ¥l W3 Salmonella typhimurium <=2 W3}
sample pH Acidity | 30% %] logiy (N/Np) W3}t
Control 473 0.51 0.12
108 3]A &2 = 4.16 2.34 -4.94
onASE 454 0.48 0.03
108] 34 Al x 3.73 2.36 -5.85

WAL Aapell A pHO AF=7E ok Sols = et AbA xS 48

3w wute] ZaEo] NEE WelAE AR AAudg BsAow $5a7
Z 3]

Uelus Aoz AgE Aol Al ol @ A7 AAH 7SN =
A4S Adolx A== Salmonella typhimurium® 3202 AojstAA o
TEAS T e AAEA ARESE & 7 AT AHIY FAES AHE
o v euts glolHA AFHa Aosis WHes d8E F dS o=z Uy
Hr}
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¥ 19, A%=2 H71e wg 09 B EA

pul

control ofel Al = LRy S Aba 2 =
AaEe HA 56 59 7.3 8.3
KRR 11.9 10.7 6.3 6.4
F 3.2 3.5 49 3.8
o 4.8 5.8 4.5 3.7
o] # 79 8.3 3.9 4.5
by 4.5 6.5 44 3.5
ek Bt 5.3 7.3 4.2 4.4
Al 3.4 12.9 3.8 3.1
st 59 5.2 5.0 74
&gt 3.1 4.7 3.6 3.1
o] m] 7.0 8.5 3.9 52
=213t 6.8 7.7 8.5 89
AAAQ 75 E 3.7 2.7 4.7 51
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7}) Applied and Environmental Microbiology

~Inhibitory effect of fermented kimchi on food-borne pathogens.
(submitted)

) A (29)

~The effect of small, acid-soluble proteins (SASP) on spore
resistance and germination under combination of pressure and

heat treatment (to be submitted to International Journal of
Food Microbiology)

—H] B o3 Ao HUA 7} v A= 3k

-Effect of kimchi fermenation temperature on inactivating food-borne
pathogens (2005 6¢)

) A EA Lo

i

-Inhibitory effect of kimchi on food-borne pathogens (20043 11¥)
-Effect of diluent on survival of V. parahaemolyticus (20043 119)
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