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SUMMARY

I. Title

Development of microbial additives for improvement of traditional fermented foods and

establishment of supply system for microbial additives

IT. Objectives and Significance of Research

The development of microbial additives for fermented food(kimchi and jeot-ga) to control
fermentation rate and to improve hygienic safety and establishment of supply system to
effectively distribute microbial additives for small and medium-sized manufacturer of

traditional fermented foods.

IM. Scope and Contents of Research

O Collecting the excellent microorganism resources for improving quality of traditional
fermented foods (without fermenting agents)

— Collectiong the excellent microorganism resources for control the fermentation rate and
hygiene indicator microorganisms from kimchi and salt-fermented fishery products

- Analysis of the characteristic changes through microbial community analysis
during fermentation

O The development of microbial additives for traditional fermented food

- Establishment of optimal ratio by micrioorganism combination

O Control of the fermentation rate using microbial additives

- Extending shelf life of kimchi using microbial additives

- Development of the rapid fermentation conditions of high-salted fermentation fishery
products using microbial additives

O Improvement of the hygienic safety using microbial additives

- Control of the coliform bacteria in low-salted kimchi using microbial additives

- Control of the hygiene indicator microorganisms(such as food poisoning bacteria) from

low-salt fermented fishery products using microbial additives

_‘IO_



O Development of optimum fermentation process for traditional fermented foods using
microbial additives

- Investigation into microbiological distribution of seasonal raw material and develop initial
microbial reduction technology

- Development of the activation technology and amount of microbial additives to be added

O Establishment of the management and supply system with for microbial additives

- Collecting related microorganisms, building conservation and management system

- Development of the microbial additive formulation and packaging technology

- Basic manuals for customized microbial additives

- Development of the supply system of microbial additives

- Providing ‘management guidelines (draft)’ for microbial additives

IV. Results of Research

1. Secure the microorganism resources for improving quality of kimchi

* Among the isolates from kimchi, Lactobacillus plantarum, Pediococcus pentosaceus,
Lactobacillus sakei are selected as indicator bacteria in sour kimchi, which are lower
the pH of culture medium

» Lactococcus lactis WKI11, Lactobacillus brevis WKI12 are selected, which exhibits

inhibitory activity against the bacteria associated with acidification of kimchi

2. The development of microbial additives for kimch

» Lc Jactis cultured in MRS broth were mixed with an equal volume of 29 alginate
solution, the final concentrations were 1% alginate. This lactic acid bacteria and alginate
196 mixed solution was coated with 0.2 mm beads, soaked with 1096 bean flour and

Iyophilized to 48 hours

3. Control of the fermentation rate using microbial additives
« Kimchi treated with ZLc. Jactis 1x10° CFU/g and 10% Lc. lactis culture medium(% of
kimchi) prolonged optimal fermentation period (pH 4.2, acidity 0.6 - 0.8%) up to more than

2 times
* Microbial additives prepared in the form of beads, exhibited a similar effect to that of
the addition of viable cells, may facilitate the formulated manufacture of kimchi with a

longer shelf life
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* Heat treated at 65°C-30 minutes with kimchi sauce or addition of lactic acid, have a

slightly effect on extending shelf life

4. Improvement of hygienic safety for low-salted kimchi
* The initial counts of coliform bacteria in non-starter kimchi and starter kimchi were
showed similar counts. However, depending on the fermentation progresses, it declined

rapidly in starter kimchi due to the inoculated starter bacteria

5. The development of optimal fermentation processes for traditional fermented food
using microbial additives

e Considering commercial antiseptic solution (100 ppm sodium hypochlorite solution) and
the case of pasteurized result, antiseptic solution has microbial reduction effect more than
2 minutes treatment and 5 minutes treatment was better. In case of pasteurization
condition of kimchi sauce, at 66°C for 30 minites showed microbial reduction effect

 The initial number of ZLc. lactis inoculated differently, 1x10° CFU/g, 1x10° CFU/g, 1x10’
CFU/g each, the kimchi adapted 1x10" CFU/g as initial inoculum level prolonged shelf
life. Futher, improve efficiency with inoculation method, mixed gently with -culture
medium, starter and kimchi sauce without additional aging periods at process for

preparing kimchi

6. Identification of the dominant bacteria in jeotgal fermentation

* Jeotgal or jeot, a traditional Korean salted and fermented food, is made by adding 20 -
30% (w/w) salt to various types of seafood. To develop a more complete overview of
the bacterial community present in jeotgal, 610 pure colonies were isolated from
Myeolchi-jeotgal and Saeu-jeotgal, the most commonly consumed varieties of jeotgal,
which are made with anchovy (Engraulis japonicas) and tiny shrimp (Acetes japonicas),
respectively. The bacterial isolates were identified by 16S rDNA sequence analysis. A
total of 104 species comprising 47 genera and 31 previously unknown species were
identified. Eleven genera were isolated from both jeotgal samples, including species in the
genera Staphylococcus, Bacillus, Halomonas, and Kocuria, with Staphylococcus spp.
constituting the highest number. The most populous genus detected in Myeolchi—jeotgal
was DBacillus and its relatives, while the most populous in Saeu-jeotgal was
Staphylococcus mainly identified as S. equorum. They may be the major organisms
involved in jeotgal fermentation and the future starter candidates.

* The bacterial community present in Ojingeo-jeotgal, which is made with squid. One
hundred twenty one bacteria were isolated and identified by 16S rRNA gene sequence

analysis. Among the 121 total isolates, the most populous genus was Baci//lus and then
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followed by coagulase—negative staphylococcli.

7. Selection of the starter candidates for Ojingeo-jeotgal fermentation which inhibit

the growths of Staphylococcus aureus and Vibrio parahaemolyticus

Six strains of Bacillus species inhibiting the growth of food pathogens, Staphylococcus
aureus and Vibrio parahaemolyticus, were selected from the 121 isolates from
Ojingeo—jeotgal. They inhibited the growths of both pathogens and showed proteolytic

activities on the media containing 6% NaCl and 2% skim milk.

8. Selection of the safe starter candidates for jeotgal fermentation

To select starters for jeotgal, the safety and technological properties of its predominant
bacteria isolates, which were identified as Staphylococcus equorum, were assessed. As
the result of safety assessments of S. equorum (antibiotic susceptibility test, hemolysis
gene identification, biofilm formation test, and enterotoxin gene identification), 39 S.
equorum strains cleared all of the tested safety hazards and were adopted for
technological property assessments.

Among the 39 strains, five strains (C4X11, C6037, KS1035, KS1039. KS2036) exhibited
protease, lipase, nitrate reductase activities and they did not produce four kinds of
biogenic amines.

Most of the strains could grow on the agar with 20% NaCl, therefore the selected five

strains covers the safety and technological requirements for jeotgal starters.

9. Development of starter culture application methods

Development of food-grade medium made with shrimp for the culture of starters

Evaluation of freeze-drying efficiency for the long-term storage of starter candidates

10. Evaluation of starter culture effectiveness in jeotgal fermentation

Culturable bacterial community analysis of Saeu-jeotgal was performed during ripening
for 135 days to prove that a wild-type strain can be used to accelerate and standardize
jeotgal. Thirty nine species detected at the day 1 were decreased to 13 species at day
135. The order of dominance in genus level is Staphylococcus, Salimicrobium, Kocuria,
and Psychrobacter. The proportions of Staphylococcus and Salimicrobium began 2% and
then became 39% and 36% of all isolates at the day 135, respectively. Both strains may
be the dominant of Saeu-jeotgal and were shown to grow at 249 salt condition. We
confirmed the effectiveness of Staphylococcus species for Saeu-jeotgal fermentation.

Proteolytic bacteria were isolated from Myeolchi-jeotgal and Saeu-jeotgal using

high-salt-content media and their growths in high-salt-content media were checked to
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draw the role of bacteria during the ripening of jeotgal. Among the isolates, Virgibacillus
halodenitrificans from Myeolchi-jeotgal and Halobacillus trueperi from Saeu-jeotgal
showed proteinase activities. Vb. halodenitrificans and Staphylococcus equorum, the
dominant species from Myeolchi-jeotgal and Saeu-jeotgal, showed growths at the
nutrient broth containing 25% NaCl. They may play a significant role in the ripening of
jeotgal and have a high possibility to be used as the starter.

11. Establishment of microbial safety assessment system

* Through this research study, we reconfirmed the necessity of characterization in the
functionality and safety of S. equorum for starter development because all of the tested
phenotypic characteristics were expressed in strain—specific manners. The methods
applied for the safety assessments of S. equorum will be a good example for the safety

assessment of starter candidates.

12. Development of Medium composition for microbial additive formulation

* Pickled cabbage juice solution by utilizing basic medium components, carbon source and
nitrogen source, adjust the trace elements

* Box-behnken experimental design and screening of nitrogen through the reaction
surface conducted experiments

« Nitrogen sources include peptone 4% (w/v) was added to determine the best formulation

13. Formulation Development of microbiological additives
 LAB starter can be liquid form, frozen form and powder form, liquid form is difficult
to keep it and to maintain quality in the process of distribution but powder form is
easy. Consequently in this study, in order to develop a formulation of the LAB starter,
 LAB starter(liquid form, freezed form, powder form) was evaluated during storage

period

14. Screening of cryoprotectants to increase survivability of lactic acid bacteria

* Improvement of ciability of freeze—dried lactic acid bacteria using good—-grade
protective agents

e The viability of freeze—dried lactic acid bacteria (LAB), including Weissella cibaria
SW1-1, Lactobacillus plantarum A-1, Lb. sakei 2-12 24 and Leuconostoc citreum 3526
was evaluated with food grade protective agents (e. g., skim milk, yeast extract, soy
powder and trehalose)

« Soy powder showed a strong protective effect upon the viability of both LAB species,

followed by skim milk and yeast extract.
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The wviability of LAB species was not dose-dependent with soy powder, showing the
highest rate of 92.7% for Lb. brevis A101 and 94.7% for Lc. Jactis CHJ10 when 109
soy solution was used as a protective agent.

Soy powder was best among protective agents, showing approximately 90%

15. Development of microbial additive mass culture technology

Improvement of viability of freeze-dried lactic acid bacteria using food-grade
protective agents

Correlation on pH and microbial growth characteristics of the culture

Glucose and yeast extract medium contrast selected _MRS broth MRS medium

compared to ensure afford ability

16. Survivability of powder type starter during storage period

According to the study, in case of Keeping the lactobacillus in -20C for 28 days, the
survival rate was best. Results suggest the possibility of producing freeze dried
powders of LAB starter with high viability for the food industry

During storage of freeze-dried lactic acid bacteria, those survival rate decrease rapidly,
reaching 0~19.1% in room temperature.

There was synergetic effect of soy powder to improve viability of LAB when
Ca-alginate beads were soaked in 102 of soy powder solution before freeze—drying. No
significant -rate was observed for both LAB

The highest survival rate was observed with 19 alginate solution, 10% soy powder

solution showing 95.196, 96.6% of survival rate right after freeze drying

17. Distribution system construction and supply management manual written by the

online and offline
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TE FHA A AT AP & A, 2F FETFoln 3y FAdEE 2
NS AT & AU B2 FakF9 16S rDNAS] d7|MES B8589y 1 23
5 T57F  Lactococcus lactis®}  Lactobacillus  brevis 2713 99.9% B L3}

Lactococcus lactis®} Lactobacillus brevis= 2472y FA o] =AU}

& agar-well diffusion assay WH< AL-&3}o]

AR T FE AN TT

A e dTEY "E%ﬂf‘fﬁ%“% SRASEAT. 30T AA 293 HfFste] A5 X&)
RS SASAT. g B4 A= Wl = A E clear zoned Z7|E SA3HA T
#9} Fig. 1-19] Yehd wle} 71=}°] E3] Lb. plantarum A-1, P. pentosaceus A-2, Lb. sakei
01540l thste] 73 FF+EAS JeER A
Table 1-1. B8+ SH4&4H =4
Indicator strains
Isolates A-1 A-2 A5 A6 B-11 20-10 Lb, sakei | Lb. sakei
(Lb. plantarum) | (P. pentosaceus) | (P. pentosaceus) | (Lb. plantarum) (P. pentosaceus) (Lb. plantarum) 0153 0154
Le ++ ++ + + + + + ++
lactis
Lb.
++ ++ + + + + + +
brevis

+, (12mm; ++, 12mm ~ <19.3mm

A
Fig 1-1. agar-well diffusion assay<
(1) Lb. plantarum A-1, (2) P.

B

o &3 Ftd

B

A ZA. A Lc lactis B : Lb. brevis

pentosaceus A-2, (3) Lb. sakei 0154




. el @3 Y g4
AA7 AL AT BAHE HE)e] pHE 42~45%, 44l

o AA Aol AL oyt FHOZA 7]Fo] AL 44 2 F 2
s

ol

_?L

£

@w N
i

2

i

of

e

o2 ZA3% MRS broth 3 mlol] 30ColA 48A1%F &<t vjeFstHA A TE BEs A4y
Lc. lactisd-5=% pH 3.59014 70%<} pH 404 102%<] WEE&S BRI Lb brevis 45
pH 3ol A 71%<} pH 3.5914 91%, pH 4914 95%2] AE&E HIY. ol F dF= T
o790 38 JI5AHS Bt
10
I Control
r — [ pH3.0
= — I pH3.5
E 8r 1 pH4.0
=
S 7F
o _
S 6
2 st
g
g 4r
T 3t
g 2
> L
A B
Fig. 1-2. #ag fF4tde Wikd &<l
A : Lc lactis B . Lb. brevis
% 28 279 WI4 B
SZug dutg A dxE 2~3% Welolth a3y AHF EAHow Qs By e
4= |32 ot 289 +57F AA 717<l°ﬂ A go] 7HEdAE dot

Z ASEgn B3 d%E 3%oA F 7F EF 108%, 103%2 *Lga Holw Fdo
Z29o &8 JtsAS WE‘H% o 24 TR FFE XAWH Lo lactis®y Lb. brevis ¥ TF
72 Table 1-2 o] YIS
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10

9 I Control

] ™ [ 1% NaCl
8 r I 3% NaCl
[ 5% NaCl

Viable cell number (log cfu/ml)
W

Fig. 1-3. B3 frabzel Wed 2l

Table 1-2. &2 o5 Feishz] 5 A3ishz &4 43

Characteristics ; Strains ;
Lc. lactis Lb. brevis
Cell form coccl Rod
Cell arrangement chain Single
Gram stain + +
Motility - -
Spore formation - -
Facultative anaerobic + +
Catalase - -
Growth at 4T + +
Tolerance at pH 3.5 + +
Tolerance at 3% NaCl + +

ol g2 27 4445 %
Lc. lactis €+ LD. brevis7t 78 &+ A4S H AA s FH AALQA Lb
plantarum A-1, Ppentosaceus A-2, Lb.sakei 0154E MRS brotholl wjj FslH A AHAYA

FASAT FFEA ol Holtd +F Lc lactis €+ Lb. breviss A & A A

4l
e
o
ol
o
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Aol AL Ao= Yeht X4 Hrlstuets A9 pHE ASIAIZIA] & AR 4
o=
Table 1-3. EaloF M5 <
Lactobacillus | Pediococcus | Lactobacillus | Lactococcus | Lactobacillus
plantarum pentosaceus saker lactis brevis
pH 3.77 3.91 3.91 4.46 5.30
A 2 - zx7] AFSHEFo OE v E HUMA JHUME AA

1L A3

7} A A7He MF A=

Lc. lactise MRS broth 5mloll HF3ke] 30T oA 24413 < 13 AvjFS AT 7]
124w Fell2 MRSell 0.5%(viv) HE ko] 30C oA 18413t &<t 23k vk st

U, A A=

Sl Addd e Fujstg oy, gz AR, 2YddS 656ColA 308 ¢ IA
2% A8, dYFdE 65ColA 308 T IXEd &, Lc lactis 1x10° CFU/gQ} ax 5
& 10%2] Lc lactis MlFAS H7Mek AR, AYFIES 65ColA 308 ¢ At F,

Lc. lactis 1x10° CFU/get X F 10%9] Lc lactis MRS A3 A8, dYddd s
5C oA 308 = IA8ld &, Lc Jactis 1x107 CFU/get 71X 2 10%2] Lc. lactis ¥
NS HIM ANEE FHlstglen, 92 S X = PE A Eetxyg Fo gol 273}

of 8T AgshEA AP S

o}, o35t 4

Az 479 AFT A

N5 S48 flske] 2 A 300

=g 21~ El(Thermo Orion 720A., USA)E
= mlE 0.IN NaOHS AF&3}e] pH 8.39]

FFH% o2 FA4kste] YER AT

~

=)
T

o
b
Red
i
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FT2H%)=a x f x F x5 x 3AF3(ml / A& =)

a : 0.IN NaoH £°2] AH] mls
f : 0.IN NaoH &9] factor
F : 0.IN NaoH &9 ImLol A93t= F713F Al (21 -5 0.009)

7} pH & 4t=9] W3}

AAE Azste] 8£0.5C AAarol] AAstA o529 pHeF At=9] H A4
ZattiTable 1-1, 1-2). @5 B¥ 9 pHE A fAeHAl vetston, A
A 308 EAEl &, Le lactis?y AR T 10% Le lactis WY H7F A FE2 pHZF A
7hgk tepol] HlEste] ol e AEFS BT A 7dates Addd S 65ColA 30E
dxe] &, Lc lactis®y DA TF 10% L lactis WiFY H7F AXFES pHIF A&7
glo] pHO| HAE FAsIIAoU, xadd ddFds 65Tl 308 A2 AA 4
¢ olH| 7‘4"7] & 9] pH B2oh 3A et 54 14datde AddES 65ColA 30

% 10% Lc lactis M FH H7F X ol A
T A7) *oEH«l pHE FAsta AU A= =3 pHe L3 AFS Uit &=
FYE TYIT AEE UEHlon, 4o 3yl me} xed dIdEFEE 65T oA
0% EAE AATY A AT MEA FolAle AEFS BAoH, A4 14dAtol= A
dokd g 65ColA 308 %ﬂﬂl % Lc lactis 1x107 CFU/gQ‘r X F%F 10% Lc lactis ¥)
FY HI7F AATAAY ATt M Ee BEFS Bk wEA B APS SeliA A
= A7tEe 2Ed AAE Azl wet 48T 7 AT EFS A ssl=,
JactisE 1x 10" CFU/g A7}8 7] A7yt E Ao 714 a77F s Aoz AsEo
2 APy 2de HF 552 AASATH

nQ .
rr‘
ok
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Table 1-1. P& H71ZS =283 71X 9 pH #H3}

Control B 3 5 7
0d 5.72 5.71 5.40 5.45 5.20
7d 4.43 454 4.82 4.84 4.74
144 4.16 418 414 4.22 4.36

Control: t1=F, B: AJFd < 65ColA 308 SA AA, 3
1x10° CFU/g9} 7
1x10° CFU/gs} 7

ot} OO]:L

S 65CoA 308 dx8 3, Lc lactis
HS 65CoA 308 gXE F, Lc lactis
1& <

2 |
=% 10% Lc lactis ¥iFd H7F X, 5 Ak
Ze AdPd e 65C oA 0% Ixe

10% Lc. lactis WiF H7F AXA, 7
1x10" CFU/g&} 71X =2 10% Lc lactis ¥y A7} 71X,

x|
1% dd , Lc lactis

Table 1-2. |AE H71ES @83 70x9 4 #H3)

4
Control B 3 5 7
0d 0.32 0.32 0.32 0.32 0.34
74 0.55 0.46 0.39 0.36 0.39
14¢ 0.77 0.68 0.66 0.64 0.59
Control: tiZ+, B: AUFFE 65T A 30 EAge X, 3 AYIFFE 656CA 308 X8 5, Lc lactis
1x10°® CFU/g®} AX % 10% Lc lactis ¥ A7b 71X, 5. "AYkdL 65ColA 302 Ex8 &, Lc lactis
1x10° CFU/g®t A=A =% 10% Lc lactis ¥k H7b 24X, 7. AYddL 65ColA 308 Ix8 3, Lc lactis

1x10" CFU/get A 5% 10% Lc lactis vk 7 7).

d

U Fd 9 fAEFY W)
Nz AX} AIAES 479 FH5e FAMFF
Table 1-3, Table 1-49} 2t} ZFHF

—

Lo

MEE AME ARe g

O

S o A5, e Bd= tixdl H& ddddS 6

5ColA 30& EAg7t o] Fwrt =/ Uehon, Lo lactiss HEdE 2dlst A

g3 =9 Tt JAFEF vldEt] =4 UEiEn. S48 bt E dfxzael W

sl AT 57 A UEbg oy, Lo lactiss AEHFS 2ElEtd A FEY

THTe AT Aol Holx AT ik o] WIE AYE 2, 35 Tl o

zwdl va) ddPdS 65T olA 308 A e o Fitdrrt e w2 FddFe EHA
o]

oW, Lc lactiss FEHFS 2ste AHEd #FE A

o
iy
N
S
i)
of

of
2
R
fr.)
ol
o

Hir
X

Gehgth AR geAE dzzel we AdATe fawsst w4 dehrod,
L lactis®: AEFE DSkl AT 2o faEse] Aol wolx sttt
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Table 1-3. W4 A712e Geid DA $24 W5

Control B 3 5 7
0d 7.4x10° 1.3x10° 1.2x10° 1.6x10° 7.9x10°
74 5.9x107 5.9x10° 6.7x10°8 7.8x10°8 8.5x10
149 5.4x107 1.5x10° 4.9x10°8 1.9x10° 1.6x10°
Control: iz, B: AYFES 65ColA 30 A 2], 3 AYFES 65ColA 0% -8 &, Lo lactis
1x10°® CFU/gs} X % 10% Lc lactis WF A7b 71X, 5. AYddS 65ColA 308 Exg] =, Lc lactis
1x10° CFU/ge} RA % 10% Lc lactis Wi A7t X, 7. AYFdS 65CoNA 308 Ex8 T, Lc lactis

1x10" CFU/get AA 5% 10% Lc. lactis W¥e) 71 A,

Table 1-4. M= HA7tES 283 AR FAbds W3t
5

Control B 3 7
0 2.3x10° 6.8x10° 1.3x107 2.0x10" 1.0x10®
74 2.8x10° 6.7x10° 1.2x10° 1.1x10° 1.1x10°
14 1.9x10° 4.4x10° 8.3x10° 5.6x10° 3.6x10°

Control: W&, B: AYAEE 65CoA 308 Ex]83 7], 3 AdIdFd2 65ColA 308 X2l &, Lc Jactis
1x10° CFU/gst A=A &% 10% Lc lactis Wik A7 7%, 5 AYddS 65ColA 308 dA8 ZF, Lc lactis

1x10° CFU/gs} X % 10% Lc lactis WFN A7F 71X, 7. AYFFdL 65CoNA 308 Fxg =, Lc lactis

1x10" CFU/get A 5% 10% Lc. lactis v A7 7).

AT, FET A
A3 Lc lactiss: HZE =l;
o H=A veiutth sAdE gt A Xt F

A 308 EA8 %, Lc lactis 1x107 CFU/ge} X 10% Lc. lactis ¥ A7 71X
TR A7) AHY pHE FAsta AAeH, =7t 7 WA vEst. mEls B
AFS TA S HUHES 2Ed AAE Azl w JA4TS v JHIEEFS 2A
Sholl Qlo] &E AA 7HE E3AQ Lo Jactiss 1x107 CFU/g HA7Fsh #o 23S AA

ST
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Al 3 A Lactococcus lactise ©| 83 FHAFA 7| A7 A

1. A8

7F. AR HAJME Wl A=
Lc. lactiss MRS broth 5ml ol HZE3F] 30T oA 24X 7 < 13k Awke st A7)
12} A S MRSel| 0.5%(vIv) HF 3t 30CANA 18AI1ZF &<k 22k vl <F sFH T

U AR A=
Aot ddFdS Fristd e, e A=, dYdd

2 65C ol A 30 &<k A
g3t A%, A

o
< 65C oA 30 5% 4

Z2o] 0.02%9 A4S A7V A7, dYokd
g F AR FH 0.02%9 S HAE NE, BYS $5FHF Lo lactis 1x107

= O

CFU/ge} X =8 10%9) L lactis WA S HA713 AR, Le lactis 1x107 CFU/ge 73
2ol 2%°] lactose, X T 10%2] Lc lactis WiFN S 713k AR, AYddS 65C

s

oA 308 Z¢F IXEd £, L Jactis 1x107 CFU/ge X F%F 10%9] Lc lactis ¥ ¥

o

S HUIRE A8, Le lactis 1x107 CFU/gel A F#9] 0.02%2] 24 A F% 10%9)
Lc. lactis MRS HEE A g, dAddS 65CoA 308 Fok EX83 &, Le Jactis
1x107 CFU/ge} 7= F#F9 0.02%2 AA, 7R F% 10%9] Le lactis MEFEA-S H 73
ANEE Evletden, g2 ST X = PE AAY Fgt2yg Fo "o} =33t 8C A%
StAA AgE FsATH

= IR

A z3 872 AT AR xR AAE ez 2k=e pHE =4 39d. pH 2
AEE FAE] fske] 4 A 300 g B F A=E o Fste 7]5‘]°“£ Al =3 .
243 22 100g< pH = E|(Thermo Orion 720A., USA)E o] &3l pHE A3 c) A
T 2 & A2 AAY 20 mlE 0.IN NaOHS AF&3}a] pH 8.39] 5]—‘1:—% 344 g
T, &2¥E NaOHZF S 24 FFHR) o= 3Hitste] Yetd A

F2H%)= ax f x F x 5 x 4589 (ml) / A= 3Hg)

a : 0.IN NaoH £°2] AH| mls
f : 0.IN NaoH &9] factor
F : 0.IN NaoH &9 ImLol F93st= 7713F Al (41 -5 0.009)




o}, genomic DNA & % PCR &

n Y E B o) AFEE FAErNS JAEE(13,000xg, 10 min)ste #AES FH3ta
A2 Ao A4S 23] AZ3E &, DNA Prep kit (Quiagen, Valecia, CA, USA)Z A}
of DNAS FZ3¢th. 329 DNAY 16S rRNA gene £Z$ 93t GC clampZ} #24
338F(5 *-CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGACTCCTACGGGAGGCAGCAG-3" )
2} 518R( ‘-ATTACCGCGGCTGCTGG-3* ) primerg ©]&3stth. PCR HE-g-A] Takara
Perfect Premix O 10 uplell DNA template (20 ug/ml) 1ul, forward®} reverse primer (1.0
uE 22 1w ¥al YAl SRS AJA7bstd & 5971 20 w7t =5 Alxs)
%At PCR %2 Mastercycler gradient (Eppendorf, Hamburg, Germany)©o.2 <~3§ 3}t
PCR WF$L& 95C oA 5% (initail denaturation), 94°C o4 45% (denaturation), 52°C ol A
45% (annealing), 72°C oA 1% (extension)& 30 cycles AAISRA L, 72CAA 583 HF

extension= A A5}t

e}
M
(i,

ofo
ol
i

(

v}, Denaturing gradient gel electrophoresis (DGGE) #4

PCR& o] &3le =25 DNAE Bio-Rad DCode™ Universal Mutation Detection System
(Bio-Rad Laboratories, Hercules, CA, USA)& ©]-83l 8% (w/v) polyacrylamide gel (urea
9} foramide®] H7}#FS 2al3d 30-60%2) gradient geD)S Y= kg, loading 3t 60V,
60ColA 164 H7|FE A ArV|dEse]l Ed ¥ EBr2  |Asta

UV-transilluminators ©]-83}e] DNA bandE <13}t

Al B5AHA

ST AR 7EEE HUEsH] st ARV A EHE eSS Lelactis
o

10" CFU/g ol Lciactis®] WS 10% H7FslFAd 158 Adst

=
% EH}?)]'-Q—E OO}:Lg%J}\Ha x/-lz—:]_-%]AHy O‘I%’ ‘E.LI'::]I"']:L ;%]_—gl‘a UH%B}’

ojm], HF2ALE, JAVEZE, 50 thalH 7TH AE=Hoz st
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2. 4¥4%

H % A4=9 ¥s}

AAE Azt 8£0.5C Aare] #7stA] o]59 pHEF 4= AAAQ Wt
&3ttt Table 1-10l4 B o] A=xg dHE I1FIHS] pHAE A UegtoH, &
U AR F3F 0.02%2 FH4ks H7Eg & 2FolA tizTol wiEl pH7F dA3] wropx
= As AT F A} 54 149 Tro] thxaS pHYF 416% oy, Adkd
65T Al A 308 A8l AXT TS 4.242 ol y oy, yw=A] AHElTdodA= AH<=7] pH
0] 4.3 Bt} 2 £X= Uelt. A4 49971 A% Lo Jactis 1x107 CFU/get 71X 5

N A7} AXFE, Le lactis 1x107 CFU/ged A 3 2%2] lactose,
A % 10% Le lactis MFY H7F AXT, ALSdES 65CAA 30 AT ¥, Lc
Jactis 1x107 CFU/ge} 7= % 10% Lc lactis ¥R HA7F ZAAT, Le lactis 1%
CFU/ge} A F3F 0.02% 24, AR F5F 10%] L lactis Wi Fd H7F AR, AL
< 65C oA 308 I F, L Jactis 1x107 CFU/get X FeF 0.02% 24, 71X S
10%2] Lc. lactis Wi A7} AX|Te] pHe= 4.29914 4.44 HLIZ H<7] X pH 4.3
Bt 58 AgS Bt ol AHywe #art NA9e & 4 AJa, o T Le lactis
1x10" CFU/get A S3F 0.02% 2, 1A F3F 10%2 Lo lactis MFd H7F DA,
JoFdS 65CollA 308 dxe] &, L lactis 1x107 CFU/gst A % 0.02% 24k
AR T 10%°] Lc lactis MY H7F AATY A9, 24 TELA 56Y3e Hao =
A&7 AEHE FAS AT 4 Ak =3 Table 1-25 S3) Atz HIE Ayn
A, pHe} A AFS Bk S3lu, AXE Ax3 G A=E AR, A F
Fo] 0.02%°] A4S H7M o BFolA thzatol HIs) pH A#et fARRE AdE s
7F oAl e AL ARIEIAT. 4 BYMAE AYFES 65CoNA 308 I F, Lo
lactis 1x10" CFU/ge} 2= F= 10% Lc lactis ¥Wi¥ 7}y 1A, Le lactis 1x107

okol =x

CFU/get A 5% 0.02% 34}, A2 S8 10%2] L lactis Wiy A7F AT, DS

N
N
he]

ol i

to X

—
()
=<

()
o

Ll

S 65COlA 308 I F, Lc lactis 1x107 CFU/ge} 71X F& 0.02% RA, 72 S
10%9] Lc lactis v eF] A7} AR 29 4=+ 0.77914 0.87 HYZ A&7 AA9 4=
21 0.7~0.9 9 el A& AFE AIFS BT olE AT TaEI) AAgE & F

AL, o] F Lc lactis 1x107 CFU/get AR F3F 0.02% 2, 12 F3F 10%2 Lc
lactis PRy A7} DA, AAFIES 65ColA 308 AAg ¥, Le Jactis 1x107 CFU/g
o} A FF 0.02% AAh, AR F%F 10%2) Le lactis Wi H7F AT AS, AF

TRUQ 564t HHoE HAxr] ZH Y AEE FATS FUAT F AU
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Table 1-1. 7S H7lsle] g2 71x ¢ pH w3}

Ie Le. Le. Le. Le.

Control B LA B+LA lactic lactic + | lactic + | lactic + | lactic +

lac B LA B + LA
0d 5.55 5.54 4.58 4.64 5.18 5.21 5.18 4.57 4.58
144 4.15 4.24 4.35 4.68 4.45 4.46 4.62 4.53 4.62
214 3.99 4.09 4.20 4.23 4.24 4.20 4.55 4.29 4.46
28 3.98 4.07 413 4.15 4.16 4.17 4.37 4.25 4.40
35 4.08 4.12 4.24 412 4.25 4.23 4.32 4.42 4.39
424 4.10 4.17 4.20 411 4.31 431 4.36 4.50 4.44
49 411 4.14 4.23 4.07 4.29 4.29 4.3 4.44 4.39
56 4.00 4.05 4.03 3.92 4.17 418 4.16 4.32 4.24

Control: thzw, B: AA¥IdES 65ColA 308 EA-Ee X, LA: AR F3F9] 0.02% 24 F7F AA), B+LA: A4
de 65ColA 308 dAz D B FF 0.02% A4 HB7} BA, Le lactis : Le lactis 1x10" CFU/ge} A &
10%9] Lc. lactis MY H7} 2|, L lactic + lac: Le lactis 1xX107 CFU/ge} 2x] 2 2%9] lactose, 71X &
10% Lc. lactis W% A7} 7R, Le lactic + B: AU d-S 65C oA 302 98] ¥, Le Jactis 1x10" CFU/get 7
X F% 10% Lc lactis MY H7} 7AX|, Le lactic + LA: Le. Jactis 1x107 CFU/get 22 2 0.02% 24, 71X
Z%F 10%9 Lc lactis MR A7 AR, Lc lactic + B + LA: AAYIE 65CAA 308 Exa &, Lc lactis
1x10" CFU/g¢} 71X =2 0.02% 24k, 71X F2F 10%9] Lc lactis ¥l¥e) A7t 714,

Table 1-2. T+ 78t @ X9 4= W3]

Ie Le. Le. Le. Le.

Control B LA B+LA lactic lactic + | lactic + | lactic + | lactic +

lac B LA B + LA
0d 0.18 0.18 0.30 0.27 0.23 0.23 0.18 0.27 0.32
14 0.84 0.59 0.62 0.41 0.52 0.62 0.46 0.57 0.46
21 0.77 0.77 0.82 0.55 0.59 0.73 0.55 0.73 0.59
28 0.93 0.93 1.00 0.87 0.96 1.05 0.77 0.91 0.82
354 1.14 1.00 0.96 0.91 1.00 1.05 0.82 0.87 0.77
56 0.98 0.87 0.96 0.87 0.82 0.80 0.91 0.57 0.73

Control: tz<, B: AYddS 65ColA 30 EAed A, LA A F2F 0.02% 24 H7F 44, B+LA: A<
38 65ColA 308 GA-E @ 70X FF 0.02% R H7Y AA, Lo Jactis - Lo lactis 1107 CFU/ge 22 =

10%2) Lc. lactis WY A7} 21X, Le lactic + lac: Lc. lactis 1107 CFU/g$} 22 Z2 2%9] lactose, 7= F&F
10% Lc lactis ¥y A7y A, Le lactic + B: Y F3S 65CoAA 308 X8 3, Lc Jactis 1x107 CFU/ge}t 2
X 8 10% Lc lactis ¥R A7} 2R, Le Jactic + LA: Le. lactis 1x107 CFU/ge} 71X 8 0.02% 24k, 713
% 10%9 Lc lactis ¥ A7} ZAX, Lc lactic + B + LA: AYFdS 65ColA 308 dAg %, Lc lactis

1x107 CFU/get A 5% 0.02% 24, AR 53 10%2] Le lactis WFES H7F A,

=

T

AAY T 87 T AT WHE AWE A3 FF5ol A
ol WIS Lo lactis® A7V ANRY FEFFt @A w2
L

¢ lactisst @A Azko]l HIRRE AT A thEad FARE &
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FE YEHAT o]& B3l 3k AR Qld #9o dFEIF A e AAEE S OS5F
T AU FA40] FPHol| MmE TS5 WHIE BES A, HAYSFEE 65T 30
B aAgg 7o A9 FHEF7 dEzTol vE =4 UEide Ads Bion, A4S
A7keE o] AS diEzTel vlal WA UEkes AEs Fal Ao 24k "I+
A7 FEFs HHS AT F A ol APl FTEHE H6Y T 47 F
ok TR AEE BYew, Lc lactisth HUbe w3 x2S vlugk A3, Lo actis R
7l A T ASHoE A UERon, olF F3 HUbsiE ol A Wl
ALEHo®E ZF FAHIL Y55 A5 + AU ATy WstE 4w A(Table
1-4), T FARE AF&Fe Bt @95 9L A Hla 23 tixae] vl
Lc. lactisg Z7FsE AT fFAbErrE dASA A4 UEsew, LS HIEeE 71X
T AS iz fFAEIAY @AEA ¢ AT TE UEYSY ol Fd ST
o Aafl e AbE Aol FAE T A Ee AES B ARYES A5 AT
S/do] ol & BE¥FOR,

Table 1-3. F7& Hrhstel w2 WX el F@5 W3l

Ie Lc. Lc. Lc. Lc.
Control B LA B+LA I ﬁ lactic + | lactic + | lactic + | lactic +
actc lac B LA B+ LA

g 8.1x10° | 85x10° | 3.4x10° | 4.2x10° | 2.6x10" | 3.8x10" | 2.9x10" | 3.5x10° | 3.3x10°

149 | 50x107 | 3.6x10° | 4.2x107 | 95x10" | 6.4x10" | 2.8x10" | 86x10" | 4.1x10° | 1.1x10°

219 | 1.2x10" | 1.2x10° | 6.3x10° | 15x10° | 5.0x107 | 4.9x10" | 9.9x10° | 6.7x10° | 1.4x10"

284 2.3x10° | 1.7x10° | 1.7x10° | 6.3x10" | 3.9x10" | 65x10" | 83x10" | 52x10° | 5.3x10°

359 | 3.8x10° | 3.0x10" | 1.8x10° | 1.9x10" | 58x10" | 4.2x10" | 3.9x10" | 25x10° | 2.9x10°

564 | 56x10° | 1.3x10°% | 3.1x10° | 88x10" | 2.6x10" | 3.6x10" | 3.9x10" | 3.8x10° | 1.3x10°

Control: Wiz, B: ¥ 656ColA 307 A= AA, LA X SFY 0.02% 24 H7F A, B+LA: A<

FdS 65ColA 308 Az 2 A FH 0.02% 24 A7} AA, Le lactis : Le lactis 110" CFU/geF A A

10% Lc. lactis W 7} XA, Le lactic + B: AL IS 65C oA 308 Ixg] F, Le Jactis 1x107 CFU/g

! =

10%9) Lc lactis Wik A7} 71X, Lc lactic + lac: Lc. lactis 1x107 CFU/g$} 22 2 2% lactose, A2 &
o}

Z

2 % 10% Lc Jactis MY A7y A, Le Jactic + LA: Le. lactis 1x107 CFU/ge 74X 8 0.02% 24, 713
=% 10%2 Lc lactis W FH A7} AA, Le lactic + B + LA: AJFdS 65CoA 308 A8l F, Lc lactis

1x107 CFU/get A &% 0.02% 24k, AX F3F 10%9] Le lactis M A7t X
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Table 1-4. $2<¢ A7bstel &2 QAo fards Mg

Le Lc. Lc. Lc. Lc
Control B LA B+LA J [} lactic + | lactic + | lactic + | lactic +
actic lac B LA B+ LA

0Y 57x10° | 1.4x10° | 1.0x10° | 3.9x10° | 45x10" | 29x10" | 3.2x10" | 35x10° | 1.7x10%

il

149 | 7.7x107 | 58x107 | 1.2x107 | 1.9x10° | 59x10" | 6.4x10" | 1.1x10% | 95x10° | 4.0x10°

219 | 36x10" | 2.6x10" | 1.8x107 | 2.8x10° | 5.1x107 | 56x10" | 9.1x10" | 1.3x10" | 5.3x10"

282 | 1.8x10" | 2.0x10® | 1.1x107 | 3.3x10° | 5.0x107 | 6.2x10" | 81x10" | 1.2x10% | 1.4x10"

359 | 1.1x107 | 25x10% | 6.1x10° | 1.8x10° | 6.1x107 | 7.2x107 | 52x107 | 7.6x10° | 2.6x10°

569 | 75x10° | 6.0x10" | 3.6x10° | 3.7x10" | 1.2x10° | 83x10" | 7.7x10" | 7.6x10° | 57x10°

Control: tZ&, B: Ad¥FdS 65ColA 30% A AA, LA 1A FFY 0.02% 24 H7F A, BHLA: A<
FEE 65Tl 308 AAE D AX FF 0.02% 24 A7 DA, Le lactis : Le. lactis 1x107 CFU/gsy AX 5

10%9) Lc lactis Wik} A7}y 71X, Lc lactic + lac: Lc. lactis 1x107 CFU/g$} A 2 2%9] lactose, 2] F&F
10% Lc lactis ¥y A7y A, Le lactic + B: AP F3E 65CoAlA 308 8] 3, L Jactis 1x107 CFU/ge} 7
X Z%% 10% Lc Jactis M¥Y A7} A, Le Jactic + LA: Le. lactis 1x107 CFU/ge 71X &8 0.02% 24k, 7213
e 10%° Lc lactis ¥ A7} X, Lc lactic + B + LA: AYFdS 65CoA 308 IAg =, Lo lactis

1x107 CFU/get AA S 0.02% 24, AR 53 10%2] Le lactis WS H7F A,

th. DGGE®Y el 93 v E =3 &4
Nz A A3 872 AR #3S 4351y
sty o, 1 ZAy+= Fig. 1-1, Fig. 1-2., Table 1-5¢} Zt}. DGGE A& F3 713 Le
lactis7} 338t A& AL, 45, 859 AHE FAAE HUIRE ol
ALHAE ALHA FAHIL JS B9 ol T2 A3t 5= AT F 2
Qok. T3 AX] waEA 7|9 A= do=Z IHF  Leuconostoc mesenteroidese:
Weisella sp. ©| Lc. lactis A7tollA HAHA RS AU F+ AJTH webA Lo lactiss
A7ystol we} Leuconostoc mesenteroides®y Weisella sp.o] T3-S Ao @2 g3= B
ol YttE AL H5¥ 4 Yvth Fig. 1-29) thetayc calculator® S #43 A=
phylogenetic tree® UEFW O™, Lo Jactiss A7Fe «3+e] #oldel A vehson, 2
S AVE FY o4 = =4 UERTh ol& 859 WAV FetAlA TUI

e e Sl & gt
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0wk 4wk 8 wk
L. e Le Le L. Lo e Le Le.

Lgv ihey:  Les
Le. Lactis | actis | actis Lactis Le, Lactis | actis | actis Lactis Le.  Laclis gactie | actis Lactis
M MHeg C B LA BelA lacfis +hc 45 1A +BelA C B LA BHA lactis +lac +B 114 sBelA C B LA BelA lactis +lc 45 s[4 +B:LA
— e s —
0 — —
- ) —
— —
—_— —_— —_ - = =
1 — a -_—
= CREY = -
[} e v — — ——— o — -
p— — —— A d—— - o dS -— —
d — — —— —
—_——— —
{ — — — —— ot
-

Fig. 1-1. DGGE®ell 23t mAd= o3 &4

Control: thZ%, B: AU dL 65ColA 308 A3 X, LA: 1A T2 0.02% A4 @71 7], B+LA: 2
FFE 65ColAM 308 DA D AX FF 0.02% 24 H7F DA, Le lactis : Le. lactis 1x107 CFU/gsF A 5%
10%2) Lc. lactis Wik A7} 21X, Le lactic + lac: Lc. lactis 1x107 CFU/ge} 22 Z2 2%9] lactose, 7x] F&F

4]

10% Lc. lactis Wi A7} A, Le lactic + B: AYFdL 65C oA 308 I ¥, Le lactis 110" CFU/get

2 Z2 10% Lc lactis MFY A7} 2K, L lactic + LA: Le. Jactis 1x107 CFU/get X 2% 0.02% R4F, 71X
=5 10%9 Lc lactis v} A7} AR, Lc lactic + B + LA: ALPFIS 65CoA 308 EX8 &, Lc lactis
1x107 CFU/ge} A T3F 0.02% R4y, AX FF 10%2] Le lactis W A7 XA,

Table 1-5. DGGE® el 9Jg v & &4

Band Closet relatives Accession No. % Sequence similanty
a’ Leuconostoc mesenteroides KF673539.1 99
b’ Lactobacillus saker IN851763.1 92
c’ Lactococcus lactis GU427920.1 98
d’ Leuconostoc gelidum KF577567.1 96
e’ Weissella sp. KF999720.1 99
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(A) (B)

Le. lactis + lac
Lc. lactis + LA

Le. lactis+B + LA
Lc lactis + lac

Le lactis + B

Le lactis + LA

Le lactis + B+ LA

m
+
]

c

o]
U

=

Lc lactis
Control
B+LA
LA

Lc. lactis
Contral
B+LA

338.23682 63938608

169.11841 26969403

57672815
28786407

{ 0o
6456.02905
278.01453

“anm

Fig. 1-2. Phylogenetic tree

(A) 05, (B) 85, Control: tzw, B: AU dS 656CollA 308 A3 A, LA A FF] 0.02% 24 A7t
A, B+LA: HAF IS 65ColAM 308 IAe 2 B FF 0.02% Z4k A7} QXA Le lactis : Le lactis 1x107
CFU/g®t RA F 10%9 Lc lactis ¥N H7} 71X, Le lactic + lac: Le. Jactis 1x107 CFU/get 22 8 2%9]
lactose, AX F& 10% Lc. lactis Wi ¥} H7} AR, Le lactic + B: A FEE 65CANA 308 X8 &, L lactis
1x10” CFU/get A % 10% Lc lactis MY A7y 2K, Le lactic + LA: Le. lactis 1x107 CFU/ge} A=A F&
0.02% Zzk, AA FF 10%2 Lc lactis MFY] A7 A, Lo lactic + B + LA: AAddS 65ColA 308 A

%, Lc lactis 1x107 CFU/g} X % 0.02% 24, AR F%F 10%) Lo lactis WSS H7F A=A,

9} AA7I7ro] AAH Le Jactis R wlgN S HAUE 7AXY T
1%] SAA 89 108E ez oJfgduA, A, ol F, LY, &
o, AT, w4l oln], HFeA R, AAVIsE 5 dis) 7 A

e Axt FHATEAA T tAZ L

T

et
P

fu
o
¥
e
o
N
N
il
i
32
kW)
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i
Mo
o
H

ol QL LAY
5
Mgk Az
=t B
Zag 2
2ot o}
e

m—— Control ==Tc lactis

Fig. 1-3. #5337}

Control: =, Lc lactis : L lactis 1x107 CFU/ge} 72 =% 10%9] L lactis Wik H7F 71X

_50_



A4 A APE FAA APE) B B3 B
1 A8

7k RAA A7 W Az

7] 17 Al MRS @ )%

Kot Aol A& v Aoz B4, 2F & AAES A8t A 4d 2%

B
iv), 253 1.0%WWE A7t & &, st ajFd oz o] &3t

o N
rlo
By
i

. Alginate beads A%

oA 23t vl vpxIIR 2 Le Jactise MRS brothell wjeFst 3 8000rpmell A 108
e ARt FAE wFst dAH FFY 2% alginateE HUtste] HFTHOo=E
1% alginate 89S A ZsATh olHT f4bd alginate 1% EFEH-ES 2.0 mme] H=
2 FHYst 10% &7 789 3 48ATE¢ FZ27dF F sodium citratedl]l B =&
&3 A4 8000rpm, 107 =<t HAAEHE T3l A A Azt #AE 1x10" CFU/gL.

= @A s s A6 Wrretg.

il

ot

of

=4

o

o AA Az

Aduj ot AdFdENdnl: F 316%, 1127 15.8%, THAl= 7.4%, B YA 7.5%, A
A 6.3%, vh= 5.4%, A= 4.7%, FI 3.2%, N3t 3.2%, DA A 3.3%, A1F 2.8%, Hl
2.2%, %3} 1.6%, A7 1.6%, 2 1.6%, 7t 0.9%, F4A 0.9%)S Tt on, iz,
Lc. lactis= MRS brothell HZste] 1x107 CFU/gH X F% 10%9] Lc Jactis WY S
A7V 1F, Lo lactiss wWiFFo| FEFst] 1x10" CFU/gd 2A F% 10%9 Lc lactis
kNS H7VSE 15, Lc lactisE MRS brothell H33le] alginate beads® Z B3t 2

Z ¥ 1x10" CFUIg®} A & 10%2] wigde A7t 2Fo= FASaY. 92 %
77X = PE AA9 Zet2E Fol Hol x4t 8T At 43S AU

il

2}, o35t &4

Azd 3179 A3+ AAS dza AAE ddez =9 pH

2 AEE =A37] et ZF X 300 g& B F AZRE o3t AX NS Ax3)
] 100gS pH mE|(Thermo Orion 720A., USA)ZS o] &3}o] pHE =A 35}
S AZ AAY 20 mlE 0.IN NaOHE AFE3te] pH 8.30] H == F

i
A
o
_o‘l
32
£
o)
T

N
dl

=)

Ly
a-

e F

At
AT

e g

r
)
£
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8274 @ ¥, 299 NaOHZFS 24 oo Fastel el

FAH%)=ax fx Fx5x 35 (ml / A& Hg)

a : 0.IN NaoH &2 AH| mls
f : 0.IN NaoH &°] factor
F : 0.IN NaoH §<4°] ImlLel 733}

rr
Ho
N,
£
=
>
)
2
o
|
(]
(]
L

el e F+, it 2 AT 45 Fdstaa 300g9
AR NEE FH3 F A blenderol FA Zol 25g8 225mle] " 2]H4ol A 2~
EutA o] ¥a 3% §¢ #E3 AHY sxFoR FM% H, T

petrifilm #|3% aerobic count plate®] 1ml% EF3Fo] 30T oA 48417t &<t vl st A
TR fAFAFS 3 HS thA] 2X MRS brothell 1:12 3]43}e] 3MALS] petrifilm A 3
aerobic count platee] 1ml#¥ EF38lo] 30T oA 48A17F T<F F71H o2 vt o5 A
3t AT =3 3MARS] petrifilm A|¥ petrifilm coliform count plateE ©]-&3}
of 1ml# "ojrme 30T oA 484Xt &<t vt H Alsstidth

. v AE HAUVIAVE 28 AXFEA =

AdeFdmEnl: ¥ 31.6%, 115=7FF 15.8%, TAIE 7.4%, BX YA 7.5%, A-+A 6.3%,
ubs 54%, A= 4.7%, F3 3.2%, 3t 3.2%, A A 3.3%, AF 2.8%, Wl 2.2%, &3}t
1.6%, A7} 1.6%, 28 16% 7+ 0.9%, IFAolA 09%)S Fuste] Fxz Uz, Lc
lactisE MRS broth 5Sml ol HZF3}] 30T oA 24A13F &<k 12 AujFA 71, 7] 12 A
i F S MRS o FHEshe] 1x10° CFU/gS HYokdol sl 2442 $A4A2 2152
2 TSI

2. 2434+

7v. Le. lactis®] H7PEEE 2813 7219 pH R A= W3}

AAE Axste] 8C AAarel] ARstHA o8] pHel At=o FAIAR] WHatE #F
Aot Table 1-1o4 B o] iz A<} wWlF=FoAlA wlFs Lo lactis H7F A Aol A
A 149 Thof] A <719 pHRI pH 4.3 o]t =238k, Le Jactiss MRS wjj &Ff ol njj oF
AR et vER Azt UM AATS txzd ARG BE IPS =5, F57] 7|3

ol
-

o Ay
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Y. Lc lactis®] HI7PPHE 22l 24X F9 W
Lc. lactiss A7PEH-S 2Elste] Hubgk A9 gz AXe T3

S AHE A3 @5 BYdde T Lo lactiss A7V A9 2T A

—
(

N
)
30
lo
filo
o

o Lc lactis®) AMAZE 28 AR F59 W
Lc lactis®) H7IA71E @l "elokdo] F4HEE 9l

= d%e Btk A= 94 54 14LA pHet A A=
A9 W=

2 Azt Hrke AA T gtxee

Ro Lc lactis
35 =zl

d AR, AT TS ST AFoAs E3H ZpolE HolA] st

F UNES $HAZ FAE 2T 5T FEOE 44

Table 1-1. v Y&

A7y el we pH asi(E @A)

(&$: CFU/g)

chinese cabbage
Control MRS o bead
juice
0d 5.75 5.38 5.70 5.36
144 4.27 4.89 4.35 4.66

Control: &%, MRS: AJoFd-S 65CoA 308 I8 %,

MRS brothell w3t Le JactisE 1x107 CFU/get #

X F%F 10% Lc lactis ¥l 37} 71X, chinese cabbage juice: A dS 65C A 308 DA g F, HjFFol

vl o3l Lc lactiss 1x107 CFU/ge} X S 10% L lactis ¥oFe) H7b 24,

Table 1-2. P|A= H7} Wl & Atx H3N(HFA])

(&1 %)
chinese cabbage
Control MRS o bead
juice
0d 0.23 0.23 0.18 251
144 0.66 0.43 0.68 0.48

Control: =, MRS: AejardS 65C oA 308 A7 3,
A % 10% L lactis W FH %

vl ket Le lactise 1x107 CFU/ge}

47}_
p

I
X

1
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MRS brothell w3t Le JactisE 1x107 CFU/get Z

chinese cabbage juice: AYPES 65Tl 308 Gz F, wjFFol

AX) 5% 10% Lc lactis W A7F XA,



Table 1-3. v|d= H7HEH

(&$]: CFU/g)
chinese cabbage
Control MRS o bead
juice
0 4.70x10° 4.80x10° 1.16x10® 1.60xx10°

Control: iz, MRS: YIS 65CoA 308 948 ¥, MRS brothol st Lc Jactiss 1x107
CFU/ge} XA &% 10% Lc lactis Wik # 7} Z1%], chinese cabbage juice: AU dFFE 65T oA 30&
A 3, vjFFol wFe Lo lactise R

Table 1-4. V] =

AP S ©

1x10" CFU/g¢} 7= =

== 10% Lc. lactis v

oFel A7t A,

b aAe] Sk W
(&¢4: CFU/®)
chinese cabbage
Control MRS o bead
juice
0 2.08x10° 5.70x10° 1.39x10" 9.70x107
Control: ™=z

CFU/ge} AR S 10% Lc lactis v H7F x|

A F

Table 1-5. M= H7PH<e 243

, MRS: AJoFde 65C A 308 Az 3,

A2 o)t

MRS brothell Hj <<t

, chinese cabbage juice: A< Fd
, Wi5=Fol W Le Jactiss 1x107 CFUIgs} 2x) 5% 10% Lc. lactis ¥

T W3}

Lc. lactisg 1x107

[e)

3 65T oA 30%

o 47} R,

(&+9): CFU/g)
chinese cabbage
Control MRS o bead
juice
0 1.15x10" 1.45x10" 2.05x10" 1.20x10"
Control: ™, MRS: A dS 65C oAl 308 &x8] &, MRS brothol v]¢¥3 Lc Jactisgs 1x107
CFU/gs} AXA T3

10% Lc lactis Wi F) A7} 71X

c
, chinese cabbage juice: 2 Y FdLS 65C ANA 30
%, viFFoll vi ¢

=Rk 1x107 CFU/get A=A &=

¥8b Le Jactis= =2 10% Lc lactis W H7F 71X,

=

Table 1-6. M|AAE HIA71S D)3 AAdod g

= =

o

T

(&+4: CFU/®)

Control

Lc. lactis

2441 7F

6.10x10°

450x10*

Control: th&F, Lc lactis AYF 3ol Le lactiss 1x10° CFU/g H7F 1A

_54_



Table 1-7. P = H7HA7IE 2813 Addd e FA=r

(&< CFU/g)

Control Lc. Jlactis

24X 7¥ 1.41x10° 7.45x10°

Control: A2, Lc lactis AQd kAol Le lactiss 1x10° CFU/g H7} A

Table 1-8. W& FA7MA7E 2l AdFde] g dTF
(&F9: CFU/g)

Control Lc. Jlactis

24X 7F 1.70x10° 3.05x10°

Control: &, Lc Jactis A F ol Le Jactiss 1x10° CFU/g A7t 24
3. &
n A& H7HA 9 %7}/\1719P A7F ol wE A9 wagS vusaa AT Lo

lactiss Z7PER = st Az AAE 8+£0.5C AAaro] ARstdA o]=2| pH, 4%,

= A~ [e] A~
T AT,

AN
o2l

s o
ax, St Fakds
A

49 wet 4g AT S5 2

o
1 2
&
N
i
Y
AW
o
L
o
2
o
e}
o

HATE TUR Fr :

ol mE Apole HolA FUTh Lo lactistt A S 10% wWiSd S A HIbete] &
Aol 3 AAE @ AAIFEANAE 57 FHe pHE dzT dinl 2 7|3 ¢
Azt dAer, A=rt 7 9HA dElgt B AdES SIA MAE HUPEE S 2Ee 1
A5 Azl wet vAdE &g o Zpolrt YEheEA FIstaat SRAIRE BF B2t F
o7 #waAd &35 el wEkA Lo lactiss AA o=

Wz naste] FA4A71G0] AgE ANE A% 5 =
AE AT e MARUEE wRo] Hete W F7hHel S4RA flol ANE w2
W Adel FE W7 WAL @ 4ol AXNE Axshe Zo| AANHOR HEALD 4

= o ARt
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A5 AuAE JAVHAIE o] &3 ALHAA LT Ao Ve

A er AR Az A AR FARA RS gl HAA oA A& A &

g golal/ & HEHS HAYT. oz U 7

of AA A7e PPN Fdel IF 2
Aol BHE 25~3% W9 Aol FHEol o) T HH A GROE s oY A &

| &5
#7] Asel WY vt glom, HAW AW, AP WAV, WIS 5 7H 40704
: of 4AE At s olE ol AU A
& ANl B Agsel BF AT B o

oA m ek AW AY AAe] TR AW AAe A EATL BAY 247} 9
o digEEel A wE APDFE gasel waE PN BAZL HA oy 9n
Z7ke] A§ 27 2 AWSIL ol FEol ol ol AUtk wEA B AToA

o <
o
cl
r
4l
&

2
2
oy,
fu)
o}
Bt
SN
)
[
kof
i)
i

o} ghet.

1. A8

7v AR H7F wjgy A=z

Lc. lactis 9 Lb. brevise MRS broth Smlol] HE3slte] 30Tl 2443 <k 12 Zn
S ST A7) 1A Aujke wiFFol 1.0%WIv) HF o] 30CoA 18A1%F &9k ¢
ST Adol ARES WFFHS WFE EHYE B, 3FAEF & AAGS AFEsH

2%V, =9 1.0%WWVE 7t 3 &, Este] v oz o] §&tint.

==
o
O

==
(o3
O

1>
g

u AR A=

= 2% ol PASH Y= 14% o5 AGYX AXE sl YR WFE T }EL

t

241g, k= 0.6g, A7 0.16g, 1257} 0.92g, & 0.215gC 2 3lH I AzH 71X
= 9F 2.0%¢} 1.4%E JeRNAT. BEdr $5FH Lo lactis®t Lb. breviss FX]
AA FFeol st wjFAS 2.0%Ww/v) H7FsIE T 2 SEAA= UYE+PES A4

o wob EASAL

ez ]
= =°l 33 AHst] 3~4A%F Dk wiguls g A YHis 100go] o
1



o

]

s

2 343 H, f4k+-S MRS Agaroll 0.2% BPB A A9F 1%S 2o A %3 MRS-BPB Hj
of =&ale] 30C oA 48417 FoF 37]F o7 w3t thg colonyS stk A
T 3MAFS] petrifilm A& petrifilm coliform count plate& 01%3}04 ImlA "Hojxy
TollA 24413 FF v et F A3t

N

—

2. 4343 9 1F

7h durzi R ¢t A EAAAZY] HAE 3 Pl &4

= 2.0% AR 95 14% ALAA 2HY S S-S ¥n 248 B Ay 9=
2% AR NM= Leu mesenteroides7t 10%= Hstal AR W cbarias 20%, Leu.
pseudomesenteroides’t  10%E AkAstal ATk ®FH 14% AYQ HAAAA = Lew
mesenteroides?t 84.22%, Leu. lactis’7V 5.26%. Leu. pseudomesenteroides 5.26%, Led.
garlicume)] 5.26%% 9H3tE Ao g YJeh} g% xztolo wet myE B3I} xHolrt 9l
= & T ANeH o= AA HE EA ol AR IdEFS WA AR AT

Yo

B [ euconostoc mesenteroides

EEE [ euconostoc mesenteroides 1 Leuconostoc lactis

[ Weissella cibaria I Leuconostoc pseudomesenter.

I [ euconostoc pseudomesenteroides [ Leuconostoc garlicum

Fig. 1. ¥=ol e n4s 73 2%

WX 14% AAS} GE 2.0% AR vlm
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AARA o] SO 42l 1Y 4

S A 9AS) AT G MSE AE A8 5 HUdE HET T4 @
B UBhIAAT 9K A7 AWPel Wk FRe AR HPTAA fRERT 1
Z&E%E7E A4 e ZloE Uehgth ot A1 wAEEe] Akl bacteriocin
5ol g BAol o2 UATEEL Aol Ao AmHM oS FwBA B4 o
Aol e FF AL ARG Folo.

—e— 2% Control
—O— 1.4% Control
15 F —w— 1.4% Weissella

Bacteria count (cfu/ml)

0 7 14 21 28 35 42
Time (d)
Fig. 2. < #7Iste] Azg AX 9 g+ #s} (4C)
9= 2.0% Control: WA =7, 4% 1.4% Control: AG A th=+

A= 1.4% W. cibaria : W. cibaria 27} 7A],
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—@— 2.0% Control
—O— 1.4% Control
4 —W— 1.4% Lc. lactis

—N— 1.4% Lb. brevis

—— 1.4% Lc. lactis+Lb. brevis

Bacteria count (cfu/ml)

Time (d)
Fig. 3. Tv< A7tek] A =3 A9 v+ W3} (100)

A% 2.0% Control: @532 thxw, 9% 1.4% Control: A FAA] T
1.4% Lc. lactis Lc. lactis 2.0% 27F 9% 1.4% 3 A,
1.4% Lb. brevis. Lb. brevis 2.0% 7} 9% 1.4% 7 A,
1.4% Lc. lactis + Lb. brevis. Lc. lactis 1.0%, Lb. brevis Z+2¢ 1.0% 3A7F 9% 1.4% X
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A6 A AREE Q- E2AZ vAE B XA

s - 9% Ao F2 Fdset BE VT S —‘?‘l‘c'?ﬂ/ﬂb e AALE =
29

1. 2484

7} ST W3 2 e RAR

AE Sl e ARuEE Ao e, ddeld e WE 253 uign
EdA BoRF TS MF 15S Bl A TMFE AP Atk e
Yol AET PAARE AR 3} DFIIE, vhs, A7, FE FFAU JE Y

MLES Aol TAskel el AgsaTh

. AHE HlA]

05 AL Y3l plate count agar(PCA; Difco A|%), 4td<== Lactobacilli MRS
agar¢} broth(Difco #|3%), &% % F#Fo]= potato dextrose agar(PDA; Difco #|%), tha+
T = 3MAY] petrifilm A =<1 petrifilm coliform count plate BjA]| S AF&3}A T

10%(W/v)9] N °—H°ﬂ* =

4N EFEAZAT Age FJA OF Fol 25g8 FHEte] 100mle] B A gt A A
¥ waring blenderZ high speedoll A 30%7r #&3 AT ¥, nts, A%, ¥ 2D 1271
= AA G217 A BHE g FEEE AAT & A9 2 iow #AAHH.
2 4 Qo) et A3 AR 34 spreading culture method “HH
2 o, AT, AR 9 F%0l8 AT #rE SA A

™

N

N
>
k
rlr
i)
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&, oF, A 47 g8 3 AHe] wWiF, ¥, vks A%, 9%, 127HFE 7Y

ol
£
P
N

7F W F

B w3 FF5E 168 x 10° cfu/goll Al 2.96 x 10° cfu/ge] Bl dlon, Hizo
2 23 x 10° cfu/gs Btk aAMFSFE 24 x 10° cfulg oA 5 x 10° cfu/g 9ol U
om HF 3.7 x 10° cfu/g oYk &% @ FFolE= 217 x 10 cfu/gell A 7.5 x 10 cfu/g
Molo] gdom, WFHoE 48 x 102 cfu/gol Utk AFEE 2 x 10' cfu/gel A 6.6 x
10° cfu/ge] Mol dRoem FH 3.31 x 10° cfu/ge]lAtHTable 1-1, 1-4). HL ol A<l
B w3 FF4E 49 x 10 cfu/gollAd 1.2 x 10° cfu/ge] H9lol dgon, HFzow
8.5 x 10* cfu/gs RYth S4FFE 2 x 10° cfu/goll Al 4.33 x 10% cfu/g Mol UdloH
Hit 3.17 x 10° cfu/g oItk &% @ FFol= 217 x 10? cfu/goll Al 7.5 x 10° cfu/g
ol ARem, HFHoZ 48 x 10° cfu/gelith. A FTE AEHA LAY 25 x 10°
Mo glglom, HFAo R 1.25 x 10° cfu/gelAtt. S w3 Z#4E= 8.00 x 10°
cfu/gell A 8.15 x 10° cfu/ge] W ol dRow, Hraoz 49 x 10° cfu/gs BRI 4t
#4139 x 10° cfulg oA 4.20 x 10° cfu/g Beolel 9om B 9.26 x 10° cfulg ©]
Aok &% @ FgolE= 3.05 x 10° cfu/gell Al 1.16 x 10° cfu/g Mol Yo, HFH o
Z 833 x 10* cfu/golith. TS AEHA FdtHTable 1-2, 1-4). AL I, 3
G U4 w3 2FE 1.60 x 10° cfu/goll Al 4.82 x 10° cfu/ge] Hel dlon, 7
Ao Z 1.02 x 10° cfu/gs BRIt FadsE FF 143 x 10° cfu/ge Jeidt &
2 9 FPolE AEHA &AY 3.6 x 10° cfu/g W ddon, FFF oz 82 x 107
cfu/gelAer. AT TL HEHA AU 7.5 x 10 cfu/gel Mol ARew HF 25 x
10" cfu/gs Jderiidn. Jdde dd AL wiFe FFFE 14 x 10° cfu/gell A 1.73 x
100 cfu/ge] W9lel Yo, BEH R 7.07 x 10° cfu/fge BATH §24FFE 1.4 x 107
cfu/gell A 3.8 x 10 cfu/g Mol ARom Ha 2.27 x 10° cfu/g oIAth &= = FFo)
= 16 x 10 cfu/goll A 1.05 x 10° cfu/g Helel gem, Baaoz 47 x 10 cfulg ©]
Atk WAFTS ASHA EAY 3 x 10" cfu/g Bl o, FFHo= 1 x 10!
cfu/g o]AtKTable 1-3, 1-5).

o] A FHFE 7.6 x 107 cfu/gell A 3.5 x 10 cfu/ge] MYl dom, HHFdo
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2 1.4 x 10* cfu/gs BATh 4752 5 x 100 cfu/gell A 1.7 x 10° cfulg B9l Ude
o B 7.12 x 10° cfulg oItk R 2 FFole HEHA Atk AT TS AEH
2 gAY 7 x 10" cfu/lg B Ao HF 3.3 x 10! cfu/g o] THTable 1-1, 1-6).
o8 Fo AL FFFE 220 x 10* cfu/gell A 4.40 x 10* cfu/ge] WMol Ao, HF
o7 356 x 10! cfu/lgs RYTh FAFFE 1.70 x 10 cfu/gellA 8.10 x 10* cfu/g B
of e HF 2.77 x 10! cfu/g oItk &% 2 FFol= 4.0 x 10! cfu/gell A 3.30 x
10° cfu/g W9l dRow, HFHoz 147 x 10° cfu/gel et tFdd+S AEEHA 22
thTable 1-2, 1-6). AL F A9 FF5E 5.7 x 10° cfu/gell A 1.02 x 10* cfu/ge] <]
o dRew, HFAoz 86 x 10° cfu/ge AT F4kdsE 5 x 10! cfu/gall A 7.7 x
10° cfu/g Bl dglem FF 2.81 x 10° cfu/g oAttt &% @ FFol= HE=HA &
At 1.5 x 10% cfu/lg MYl Idoen, HFAo = 6.7 x 10! cfu/gel et thATFTS 1.2
x 10" cfu/goll A 1.52 x 10° cfu/g W9l ARem H 6.6 x 10" cfu/g ©lAcHTable 1-3,
1-6).

o. vh=
=9 AL FdFE 113 x 10° cfu/goell Al 1.37 x 107 cfu/ge] Mol Ion, HFA
S BT f4HFSFE 134 x 108 cfu/gell Al 1.13 x 107 cfu/g H ¢l
ARom HF 7.4 x 10° cfu/g oAt &5 2 FFole HEHA LAY 1.67 x 10
cfu/g Mol Ao, FFHo = 56 x 10° cfu/gelth WA FTE AZF HA &
(Table 1-1, 1-7). & "l=9] P E W3t FF2 AEES 717 &2 FH s H
ol giith. 7+ ntso] A 7Y 2 VARG o3t o] R BE o]y g A
A3 FEHAHAA @S Fol 2dE F A3, AFES B FHAdA 5 T +9 A5
9 3

o] Yol Aoz WYL ABE Prksg TUSk APk 1 A%, FE

QRS
L2}

= 1.80 x 10" cfu/gell Al 1.86 x 107 cfu/ge] ®Hjol e, HF2 o= 9.93 x 107 cfu/g
S Btk fAFSE 2,90 x 108 cfu/goll A 1.37 x 10° cfu/g 9ol e HF 7.10
x 10° cfu/g o]tk &% 9@ ZFo]= 7.0 x 10' cfu/gell A 4.25 x 10* cfu/g Mol AR©
o, HFH o g 145 x 10' cfu/geldtt AT AEHA &7y 1.10 x 10° cfu/g
Aol dRem, HFAHog 3,67 x 10° cfu/ge] A tHTable 1-2, 1-7). A& vsd AAS
7hA e e mteS TSt A @ Ax FF5E 3 x 10° cfu/golA 6.3 x 107
cfu/ge] WY el dgon, HFHAoZ 52 x 10° cfu/lgs RYTh 475 E 7.5 x 10
cfu/gell Al 1.3 x 10 cfu/g Bl Qe H 1.02 x 10 cfu/g oYt &8 L FFo]
o} AT HAEHA GUrHTable 1-3, 1-7).
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2. A%

B A AS FAFE 74 x 10° cfu/gol Al 2.01 x 107 cfu/ge] Bl dgon, Hi
Hog 7x 10° cfu/ge BAth FAdsE AEIA LAY 8 x 107 cfu/g Bl I
om HHF 89 x 10° cfu/g oIt &® 2 FFol= 1.3 x 10° cfu/gel A 1.14 x 10° cfu/g
Hlol ARem, HHHoZ 44 x 10* cfu/gel At AT TL AEHIA AU 2 x 10!
cfu/g Bl Ao FHF 6.6 cfu/g oA THTable 1-1, 1-8). & AA2] A FdTE
2.05 x 10° cfu/gell A 5.20 x 10° cfu/ge] W9l JRew, HFx oz 1.98 x 10° cfu/gs
BAath A E 6.05 x 10° cfu/gelAl 115 x 107 cfu/g Mol e B 6.05 x
105 cfu/g o]tk &% @ FdolE 250 x 10° cfu/gell A 1.07 x 10* cfu/g Mol AR
o, FFZ o2 50 x 10° cfu/gelAtt. thAFTS AEHA AU 4.35 x 10* cfu/lg B
o ARew HF 151 x 10" cfu/g o]ATHTable 1-2, 1-8). AL AR A$ FFFE
1.68 x 10° cfu/gol Al 4.6 x 107 cfu/gel Mol ARom, FFAoz 238 x 107 cfu/gs
Btk A E 3.67 x 10° cfu/gell Al 9 x 10° cfu/g B9lel Ao HFE 6.34 x 107
cfu/gelth. &= @ Fgol= 2 x 10° cfu/gol Al 2.39 x 10 cfu/g Blol Yo, Fi
Aoz 1.3 x 10* cfu/geldtt AT HE HA &gthTable 1-3, 1-8).

L2l

BAd wo] FHFE 5 x 107 cfu/gell A 25 x 10° cfu/gd] 9ol don, FFzo=w
14 x 10° cfu/ge RHTh §4F5E 2.3 x 107 cfu/goll A 4.7 x 10> cfu/lg B dQe
™ B 343 x 10° cfu/g °IATh ER 9 FFolo} A FTS AFE HA LUTHTable
1-1, 1-9). oJ=3 wte] @5 880 x 10° cfu/gol A 2.78 x 10° cfu/ge] Wlel e
o, PEAos 178 x 10° cfulgs BT S4FFE 7.20 x 102 cfu/golA 141 x 10*
cfulg Wolol ARem H 511 x 10* cfu/g ol &% 2 FFol= 250 x 10° cfu/g
oA 950 x 10° cfulg Bl ALow W 3.58 x 10° cfulg o1%UTh WAFTL 3.25 x
10* cfu/gel A 5.95 x 10° cfulg B9l Aom HFE 4.98 x 10° cfu/g ) THTable 1-2,
1-9). ALH o AL =HF5E 112 x 10* cfu/gell A 1.47 x 107 cfu/ge] ol Ao
o, YT O Z 49 x 10° cfu/gs BA. FAFFE 2.3 x 107 cfu/goll A 4.7 x 10% cfu/g
Heol ARoem HF 343 x 10° cfu/g oAtk R P FFol= HAEFHA LAY 5 x
10! cfu/g Mol dPom, HFH o= 1.6 x 10! cfu/gelAtt. hAFTS AE HA &4t
H(Table 1-3, 1-9).

#7}

=
=
A zE Al IZ7HF A s

Rl

u}.
xd = HA 34 x 10* cfu/gelld Ha 6.78 x 10

&



cfulg® & AolE R, 54, 958, ALd & Hse dTh
HA kALY 345 x 10° cfu/ge) WIEZES Bgow, o
U 6.6 x 10° cfu/ge BH F4bd<FE 1.40 x 10* cfu/gol

o] & HEtHTable 1-10). o]# 3 AA=ZHE A|#HE 17t mAE #59 A=

%0 S8 & wpshRe] Az W AR 2dol u A H9W Ao BURYG

k< =
] dre AEHA A
Al 6.

& o

Table 1-1. B4 =7|4+ AIHFA]) (&¢1: CFU/g)

5 WE | AAdmE | ovhs | 43 N
T 1.40x10* 2.30x10° 850x10* | 8.70x10° | 7.00x10° | 1.40x10° 2.34x10’
Ak 7.12x10° 3.70x10° 3.17x10* | 7.40x10° | 8.90x10° | 1.72x10? 2.94x10*
R, t%] 2 2 3 4 2
23 o) ND 4.80x10 4.80x10 5.60x10° | 4.40x10 ND 2.10x10
= o

gt | 3.30x10! 3.31x10° 1.25x10° ND 6.6 ND 1.80x10°

ND : not detected

Table 1-2. A5H Z7|+F AINHTA)

(+$]: CFU/g)

5 Hl 5= nhs A7 v} A FETH

i 3.56x10* 4.90x10° 9.93x10" 1.98x10° 1.78x10° 4.15x10°

AR 2.77x10" 9.26x10° 7.10x10° 6.05x10° | 5.11x10* 1.02x10°

—?‘-E’— El 2 2 4 2 3 3
ol 1.47x10 8.33x10 1.45x10 5.00x10 3.58x10 3.45x10

o) Ao ND ND 3.67x10° 151x10% | 4.98x10" 2.00x10°
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Table 1-3. A&H =775+ AINHHFA)

(&9: CFU/g)

5 Hj 3= A5 nl= A7 v} AT
Z9F 8.60x10° 1.02x10° | 7.07x10° | 5.20x10% | 2.38x107 | 4.90x10° | 1.15x107
AR 2.81x10° 1.43x10> | 2.27x10° | 1.02x10% | 6.34x10% | 3.43x10° | 2.20x10°
5 = |l
%;_;(DT 6.70x10" 820x10° | 4.70x10° ND 1.30x10* | 1.60x10" | 6.40x10?
= O
AT | 6.60x10! 2.50x10! 1.00x10! ND ND 2.40x10°
ND : not detected
Table 1-4. AAYE w5 27|45 A3 (&9]: CFU/g)
T AR a9 T30 o) &t
SIS 1.68x10° 5.00x10° 2.17x10° 2.00x10"
H =)
E 2.96x10° 2.40x10° 7.50x10? 6.60x10°
A = 8.00x10° 1.39x10° 1.03x10° ND
oJ24d | A wjF 8.15x10° 4.20x10° 1.16x10° ND
= Ab Hl SR 5.75x10° 2.50x10° 3.05x10° ND
d ot wi = 9.90x10° 1.80x10? 3.60x10? ND
ALH | g B 1.60x10° 2.50x10° ND ND
=AF v 3 4.86x10" ND 2.10x10° 750x10"
ND : not detected
Table 1-5. AAYE HAAWF =714 A3 (&+9]: CFU/g)
ot A an 9 3o o) & -
e 4 2 2
4 o] j = 4.90x10 2.00x10 2.17x10 ND
B =n
- = AF 5 2 9 3
0] i = 1.20x10 4.33x10 7.50x10 2.50x10
3 o)
" 2 Eﬁ% 1.40x10° 3.80x10? 3.30x10? 3.00x10"
= L
Aed | 4 2‘15@ 2.50x10° 1.60x10 1.60x10" ND
. i%; 1.73x10° 1.40x107 1.05x10° ND
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Table 1-6. AldE F =7+ 23

(&9]: CFU/g)

FaT Ak gx 2 3ol o) gt -
AT 7.60x10° 5.00x10" ND ND
=5k 5 3.50x10* 1.70x10° ND 7.00x10*
ek F 7.30x10° 3.80x10° ND 3.00x10"
ERAa 4.10x10* 8.10x10" 7.0x10" ND
ERNEE 2.20x10" 1.70x10? 4.0x10" ND
A H 4.40x10% 2.08x10° 3.30x10? ND
AT 5 5.70x10° 6.70x10° 5.00x10* 3.50x10*
He2 g F 9.90x10° 7.70x10° 1.50x10? 1.20x10*
ook 5 1.02x10% 5.00x10" ND 1.52x10°
ND : not detected
Table 1-7. AAYE vlEs 27|44 23 (&+$]: CFU/g)
Fa T Ak R 2 3ol o) 7t ot
=4k vhs 1.12x107 1.13x107 1.67x10" ND
=3 A =y 1.13x10° 1.34x10° ND ND
w3 wls 1.37x10" 9.6x10° 5x10! ND
E R el = 1.80x10* 2.90x10° 4.25x10* 1.10x10°
A5d | T4 v 1.12x107 7.60x10° 1.00x10° ND
= 2F nhE 1.86x107 1.37x10° 7.0x10" ND
T b= 6.3x10° 75x10! ND ND
ALH | 39 np= 6.3x10° 1.3x10° ND ND
3l vhEs 3x10° 1x10° ND ND
ND : not detected
Table 1-8. AdE A3 27145 234 (2+9): CFU/g)
= Frakat a5 9 FEo o) Aot o
= b A7 2.01x107 2.60x107 1.14x10° ND
L A2 A7) 7.40x10° 8.00x10? 1.30x10° 2.00x10!
A A 8.70x10° ND 1.54x10* ND
=2k A7} 5.45x10° 1.15x107 1.07x10* ND
oq5d | F2F AA 5.20x10° 6.50x10° 2.50x10° 4.35x10*
SR A 2.05x10° 6.00x10° 4.05x10° 1.85x10°
793 =2k A7) 1.68x10° 3.67X10? 2.39x10f1 ND
R 4.60x10" 9.00x10? 2.00x10° ND

ND : not detected
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Table 1-9. AEE 2} x7|¢ A3} (&9]: CFU/g)

5 Ak E 4 3go] o gt
B 1.30x10° 4.00x10* ND ND
=3 R 5.00x10” 5.00x10" ND ND
ek 3t 2.50x10° 6.70x10" ND ND

R 2.78x10° 1.41x10° 2.50x10” 3.25x10"

AFH | = ¥ 1.68x10° 1.17x10* 1.00x10° 5.75x10"

B 8.80x10° 7.20x10° 9.50x10° 5.95x10*
Aot st 1.12x10" 2.30x10° ND ND
ALd | AF 3% 1.47x107 4.70x10 ND ND
A= 3 2.20x10" 3.30x10° 5.00x10' ND

ND : not detected
Table 1-10. AR u 37 2775 A (9] CFU/Q)

T Akt g 9 Fgo] o] g3

i%\}‘;ﬁ; 2.47x10° 5.80x10" 1.70x10? 5.00x10°

23 | ,%4- 6.78x107 3.01x10" 450x107 4.90x107

225 3.40x10’ 2.00x10° 1.30x10! 6.70x10'

CERK 3.90x10° 3.90x10? 3.45x10° 2.00x10°
S =k 7.35x10° 1.40x10? ) )
S 1.15x10° 2.53x10’ - -

S 3.30x107 6.20x10° 1.33x10° 6.60x10"

A& 1%7ﬂ$ 1.20x10° 2.00x10° 6.00x10° 6.70x10°
AEDE 4.00x10° 9.30x10" ND ND

ND : not detected
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A AR 2FFE ST Ao ZA YRARA WMF, DE2IT, 3, G, v,

B e we FEo UgEEel AL B HAh FAEAIA g4 olEo] 1 u
WEPY 8 A ZHo] Qof WS FaF JFL 1A 5 Yrlel, B AT A
FARQ MFE TIT AW AR 2715 AR Y =AY,

1 A3y

o S H =+ AAEE FAS v, AZIHFE, vhg, A%, Fe FFAU e UE

7. Ag8 n%‘— % 7 $AE
x4
o FU ARES FYste] Aol Agatn,

nfE A Huj=

L AHE HiA
5, AT S 98k petrifilm(aerobic count plate:3M A &), &% ©D Z3o)
+ petrifilm(yeast and mold count plate:3M A|3&), A FT 4 T3+ 3MAFS] petrifilm A &

Q1 petrifilm coliform count plate WX & A}&3}A T

o X2 A E F5 ¥HE
D - FAEY HAAE
AEriFo A5, 2LS doj ddstr] A FHE AR b5 ¥, 14 5
ot A £ 77 50g A=A 1T FHaAo HAwiFE dLdHeE A
10%(wiv)e] A& %) 3 3
~4A1ZE F’Lfr/\liiﬂ‘r. A5 HYE dEv T2 Fo AlHste Erletdal, A4+t
= FE =

& d8: 2%

blender¥ Al © Fo 25gS FH3be] 225mle] Wi 2
blenderZ high speedoll A 30%3t &3 AlZt} 31, vls,
7] A HHE gEo FEEE AAHT &, % 2
3t ARl 2 Alee oo wet AYE GAR 348k %—
o] ¢} AT FFE FATA
@) &2=F9 T 27|FF AE

A FAR AHE LaZFe AT Ausd

4 |
o 100ppme.& A zste] AHESIAT ZF ASES E25 = AAsIY Axg &=
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ol ZF 0%, 28, 5&&<t A
Q) Ao o4& 274 A%
7t ARES 528 B AAHS
atef 65C el StH R a2l A
@ X Fde A=
Zt AsES A3 & AU 838, LxVHF 3, F 3, wks 2.5, 47 0.8, 1 2.5,

= 44 V€2 Fde Axsta APT FAYT, &5 58 AT, Add A

T Ax g7 Ao FHE s o 100g¥ F
303t AAANA dAE s

2. 49 2% 3 1n 3

Table 1-16A4 2] 9 - FA = 2715 AzEsE ek /sy Ya At
MM TUT ABES 255 FA L AL e Agdtel MR wEe) B
FE HH#F o2 3.70 x 10° CFU/gH ol llen, fatd<sse H+ 175 x 10° CFU/gS e

Fn 9 Fgol= HFHo=E 1.15 x 10° CFU/g W9l ddon, gadTe A&

2 otk AFAY A5 58 Aol 7] AR 2 FFo| F7F 34% Azrs HAh
ALl Al W FFFE HFHOE 465 x 10° CFU/EE YA F4dFE 3
Wdth & @ ol HHF 155 x 10° CFU/g o3 A

il
Lo

F 4.52 x 10 CFU/g= v }e} gl
2 1.35 x 10° CFU/g W9l Atk AdA3 255 58 ATy 27 A, &2 2
TZol7t 242 31%, 100% A 73 = Ak

o] A% ZF4E P 410 x 10° CFU/ge RET $4kd4E JF 6.50 x 104 CFU/g ©]
Aty AR @ Zgol= WFHOZ 200 x 10! CFU/goloiE‘r gFEe BF 125 x 10°
CFU/g o3t AdAax A% 58 AyFolA %7 AT, 88 P F3Fo] 7t 42
22%, 60% A7rsl =k,

o] FF4E HEFoZ 3.05 x 107 CFU/ge Rtk f4-#5E HF 1.60 x 10° CFU/g
ol &x W FFolx H 1.35 x 10* o)Qx hFFTL AEHA LUt AdEH 25
T 5% ﬂﬁl?oﬂfﬂ z7] &8 9 F3Fo|F7t 22% A3 =HAo

W7ol AL FHFE WEASE 545 x 10° CFU/gE UYeTh S2atds H X
10° CFU/gela &% @ Fdol= FFH o2 1.05 x 10° CFU/gE YEUAT. a7 4
Z FHA FUth APAH 255 58 ATl 7] Ex 9 FFo] Ut 100% A3 =
At

o] A$ Fore BTHOE 278 x 10° CFU/gS RJth f4td<sEs HF 1.88 x 107
CFU/goldtt. &% 9 FTFole= 1.75 x 10° CFU/g el Ao, dad++S 1.35 x 10
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CFU/ge Rtk AAATY A=F4 58 AgTolr =7 AFE = 4% Ast=E oy,
g5 9 T3o] = FAHA Ayt

AAAZE AB 15712 A F45E F 1.00 x 10" CFU/g 93, §47F5E 1.92 x
10° o9ttt &R} ZFol= 345 x 10° CFU/ge 2 ZAHdon, hadF79 #5+= 4.00 X

10° CFU/ge Btk AREAY, 255 Aol o3 A%sh 4P 7Hssha ek,
BAROR 7 ARES WESe] FdL Axste 255 58 AT 1
£2 o]g3l WE FIL 65CoIN 0F ALl WEEH 2715
FFFE W 123 x 107 CFU/g o1 AL, F4AHFSFE 4.20 x 1000

=

i |

ok &2l FFolE 285 x 10° CFU/gez ZAHHAT oo L5445 58 A 2x, 27
g

b

O

w9 Bl $71 7% A7 HATL 65T, 0F ALAFAND 1FANA 7] &R B B
Fol 7k 2k7k 18% A%s HYoW UAET L AEHA Wk

YT AHEHE NBE AR5 ALAT AY F UME B W v]To] B
W AEge] % AF Eanthe AHF o AP At F HoE BUHIG
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Table 1-1. &5 Aol o3 =7 AZ3HH T A) (&+1: CFU/g)

i W% ERNE nhs A% s LFETFE
OF | 28 |58 | 0% |28 |67 | O0F |28 | oE | 0% |28 |5E | 0% | 25 |58 | 0% | 25 | 5% | 08 | 28 | 5%
e 410 | 260 | 610 | 3770 | 285 | 1.80 | 465 | 455 | 355 | 3.05 | 245 | 1.70 | 545 | 1.70 | 3.80 | 2.78 | 1.06 | 1.20 | 1.00 -
ST 10t | x10° | x10° | x10° | x10° | x10° | x10° | x10* | x10* | x107 | x107 | x107 | x10° | x10° | x10° | x10° | x10° | x10° | x107
o ALt 650 | 141 | 147 | 1.75 | 1.16 | 220 | 452 | 3.86 | 230 | 1.60 | 410 | 3.00 | 1.26 | 930 | 284 | 1.88 | 260 | 5.00 | 1.92 -
e x10* | x10° | x10° | x10° | x10° | x10% | x10* | x10* | x10% | x10° | x10” | x107 | x10° | x10° | x10° | x107 | x10* | x10% | x10°
gr g 2.00 | 550 | 350 | 1.15 | 950 | 1.20 | 1.55 135 | 150 | 1.63 | 5.05 175 | 430 | 3.25 | 3.45
- 1 1 1 3 1 2 ;| ND | ND 4 2 3 , | ND | ND 3 3 3 3 - B
3o x10" | x10" | x10" | x10° | x10° | x10° | x10 x10" | x10” | x10° | x10 x10” | x10° | x10” | x10
3.25 | 700 | 2.50 1.35 | 3.50 | 4.50 8.00 | 1.85 1.35 | 280 | 1.60 | 4.00
o] Aot 5 . .| ND | ND | ND 5 ) ,| ND [ ND | ND 3 5 | ND " 1 ) ) -
x10” | x10° | x10 x10° | x10° | x10 x10° | x10 x10" | x10 x10° | x10
ND : not detected
0F: AEE A5 HEstA] &2 IF, 28 ASE &5F7 285 HAAZ IF, 5 ASE &5F0 S5&&¢ FAAZ IF
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(2+2]: CFU/®)

Table 1-2. A4kl ¢

Hles |5 S
R R R

O._ ] Lo o Lo
o | = ©

K| |~ ©
Hﬂn Ne) <) o
L1888
r < > >
— 5 | o S
RS B R BT
ﬂu o — —
o~ © o
w22 S
—_— < > >

X o o Lo
s I B IR B

— | < o\

o

Bo

_A,__nl 1_,_m_ Mo

< I T ~

fo | o | B

y

o

: not detected

ND
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mannitol-&-

o

2. A5 9 ¥y

7L AR
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Table 2-1. A&l AL3 #F FY2E

R I R P R R | A P
] it insntingalindalnbnl ingal bl bl insel IS NS e
i ot g o g i S [ K
m112233445566778899NMHHW_H
. X
W — | X | - | N — | X N I |Ix | — | %
L I I I N s o I I S RO
K s N T B4 i ~ | B | N | A m,ﬂ e N+
N = mm HA = | | oo =
~

BRI R G
T fo | Mo | B | B || R ”ﬂ o+ &@ &M
RIS 8w o |2 | %2 || % |0 | 5| =

o | o | Mo e | R | R | R 63

N N

— N ™ < 0 © ~ co o ] = N

2 2 e
A 4T ALIH S4A2 %, pH 43 Uo7l HAL W, 7] PAAR

H
I

<7

o

A

2 ZAA

193, 0.1 ml® PES agar(Penylethyl alcoholsucrose agar;

qE

0.85% &%= 108] 3

=
=
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tryptone 5 g, yeast extract 0.5 g, sucrose 20 g, ammonium sulfate 2 g, dipotassium
phosphatel g, magnesium sulfate 0.244 g, phenylethyl alcohol 2.5 ml, agar 15 g/D.W. 1
LS MRS agar FelolEo] H3@ ¥, fuuz =gaic. 47 2AA8s} =g
o7} EHOlEE 30T 9 a2ujdr]olA 1d &+ &3 5, AAdd 279 Z22YE PES
agar?} MRS agar Z#o|Eo &4 HFsIAaL, 25CoNA 1L & widste] fabd 45
£ Helsle] MRS AM|ADifco, USAIE Agate] wWad & = wjopey
ZYAIE 25%(vIv)7F E Al H7reke] -80T oA Rt om Ay AEE H$- 5
MRS Al Aol HF3te] 30ColA 2443k WeFst & MRS AAwAo) 13 A chul o
3 Al MRS AR Aol 221 Althske] 30T ol A 24A13F w38t

Y. MDH gene X &<l

(1) Genomic DNA +&

k2] genomic DNAE G-spin genomic DNA extraction kit (iNtRon biotechnology,
Korea)& Ar&3ste] A =258 . 94 AHA} A4 ==& I8 F, A4S
= AAEEA02,000 rpm, 2@t FSd= AA”L F, A=Akl protocolel]  whed

genomic DNAE F&3}3th

(2) Primer #|2} 2 polymerase chain reaction(PCR)
PCR ¥®Fg-of= PCR machine(Eppendorf, Germany)E& Al-&£3t3o™, Z+7+2] primer 1 41
(40 pmol), 10X buffer 2.5x1, dNTP 241 (2.5 mM, Takara), Taq polymerase(5 unit/ ],
Takara) 0.1 wxlo] Z&H 25 xl EFHo] 1 ul template DNAS FZAZ Y. AHEE
primer= Cosmo Co.(Seoul, Korea)ell <]&3sle] A|Z3R o™ MDH primere] €714 <E-2
sense5’ -ATTAATCATGGAAGCACTTGTTCTAAC-3’,antisense 5’-GTCAGTCTAGATTATG
CCTCTTCGCCGCCAA-3'9t}. Z+ Hkg-& 95C oAl 587t predenaturationeS 13] A A g
5 WAL 95T oAl 18, anealingS 55C oAl 1%, extention& 72C ol A 1&7re] =gyt
S FAHES 308 HASHL wpA|E o2 extentione 72ColA 1083 O AASHA T
< & ZZ3g PCR 4= 15% agarose gel AolA ZH7FE5L A 5 Ge

Documentation System(Bio-rad, USA)S. 2 AR & #HFste] ZZFFE ettt

£

Og(:,"
ok

ol

32

]_
3. 434
A §5 F2 712 = AAAGH 2F57F 2 ARAES Leu mesenteroides 8 PES
agar®} Lactobacillus A& 913k MRS agarg ©| &3t colonye] Z7]|, B, A T Zo]d

uhel 242y 57 o #FE st & 120709 colonyE AdEsdth ols wFe B4 F o9

of 9&S F+= mannitol HAHTO] I FFE FASr] ¢sted MDH  (mannitol
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dehydrogenase) A4/ gened] Ef FF5 FRlst A3} 12079 45 F 727019 #F°l4 MDH
gene®| H-f7t A=A

sample | MDH sample | MDH sample | MDH sample | MDH sample | MDH sample | MDH
1-B-1 1-P-1 5-B-1 5-P-1 9-B-1 9-P-1
1-B-2 1-P-2 5-B-2 5-p-2 9-B-2 9-p-2
1-B-3 1-P-3 5-B-3 5-P-3 9-B-3 9-P-3
1-B-4 1-P-4 5-B-4 5-p-4 9-B-4 9-P-4
1-B-5 1-P-5 5-B-5 5-P-5 9-B-5 9-P-5
1-B-6 1-P-6 5-B-6 5-P-6 9-B-6 9-P-6
2-B-1 2-P-1 6-B-1 6-P-1 10-B-1 10-P-1
2-B-2 2-P-2 6-B-2 6-P-2 10-B-2 10-P-2
2-B8-3 2-P-3 6-B-3 6-P-3 10-B-3 10-P-3
2-B-4 2-pP-4 6-B-4 6-P-4 10-B-4 10-P-4
2-B-5 2-P-5 6-B-5 6-P-5 10-B-5 10-P-5
2-B-6 2-P-6 6-B-6 6-P-6 10-B-6 10-P-6
3-B-1 3-P-1 7-B-1 7-P-1 11-B-1 11-P-1
3-B-2 3-P-2 7-B-2 7-P-2 11-B-2 11-pP-2
3-B-3 3-P-3 7-B-3 7-P-3 11-B-3 11-P-3
3-B-4 3-P-4 7-B-4 7-P-4 11-B-4 11-P-4
3-B-5 3-P-5 7-B-5 7-P-5 11-B-5 11-P-5
3-B-6 3-P-6 7-B-6 7-P-6 11-B-6 11-P-6
4-B-1 4-P-1 8-B-1 8-P-1 12-B-1 12-P-1
4-B-2 4-pP-2 8-B-2 8-P-2 12-B-2 12-pP-2
4-B8-3 4-P-3 8-B-3 8-P-3 12-B-3 12-P-3
4-B-4 4-P-4 8-B-4 8-P-4 12-B-4 12-P-4
4-B-5 4-P-5 8-B-5 8-P-5 12-B-5 12-P-5
4-B-6 4 4-P-6 11 8-B-6 12 8-P-6 21 12-B-6 12 12-P-6 12

Fig. 2-1. MDH gene - &<l Az},

A 2 A vAE HJIHA AASE A WA =4 S
1 4% 53
S H7HA O wldrlE MRS Aste] A71E xRS st AX Aol A AX|

YA F WAHE AYNFERE B Ay Feo YT FFe

2 gujx o] dFg 2 o] gstuAl

1=
o
N
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2. As 3 ¥

7} Wd
D 1z ALulF FFHY A=
AXEFHozRE 3oy FYdFAH F DA dIduFE 1092 v F, 4-54

—|-‘

o AzE olgste] osfstel BEAAT. AF AFAL PF(21C, 15EA 1F
MEE 284 B AMEQC), 5 BA FEE 43S Amse] AASAL.
AT 23 A3} F7b A WF FHol thA o FolHok s waol gl FE Aol
3 g s,

HEF mugys TEE
oz} *

Ok24 x5 pre—heating o g2z

:Jeteld = HE4-58 | = |:80-90TC = | #EXE 6 | > | 121T15min
10min

N5 g =820 =+ =84 &M= AF¥Z HHE @

s M = 0 Al2t0l SHs 9| s A8 & R

& 20| ol = £ 43

2}
e ZEde] Eo F, vET BEA =4 442 FAEd w=d ajFo
a2

ol 93 Fgoz JAES do| o7 T

ol B Wyow AYE B
4L F5T 5 A9om, FEE ool dstel 44 AAT F Atk FYMF 7
A B7A pre-heatingH e ol Bwd B84 B AHS fEslel FwE
ARZe] A71E AL WASLA S
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@) "YW= FZAo)

A7 Az
pH 6.0~6.2,

HZ g FEF
a8 ste] pre-heatings 2

o )

Fig. 2-2. 22} A )

E
-.7'-/\6]

==

B 57

zZ5
Br

o

1__
=]

=]

@) A g A

BT e 80~90°c91 e

W

rlo

X%, NaCl 2~3%=
oF 75%% th.
el A gANA

HH O]ZOH_% xﬂ}_o}-%l\q_
He @42 TR %%q_
pre—heating ”
10min

Flg 2-3. 2}]- xé(gﬂ.ﬂ
A 15(]— ;‘ﬁ—c":]’HH*T‘

zZol HFS
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3. 4% 2%

7h 7Hhel o8 AAHE v olH AAE A% €F HZE

Ao 7tdA &9 olFH7E AR o]FH o M S A SRR Z&ol A
ofs FAY WY Z&o EAE oS F Ae AR AAHT olHE AAsLA
A wiFo A A wiF 579 olFTF dAS T st o7k v o] FH AA
stz GAErS F83te] EHE AASYE T &4 eHFintechno CP-2, Ajinimoto)S Hj
iR 2 ZE iy 5% H7F T 60C oA 1A 5o vkS & FxE o3-S AAEAT
A A2 vjF 7HEHE AASEH AFFHoE JYPFHAoH, S AfF AMEg
oA A} UErAH. 28y wiFa g AATE fAk g oz 8o A
of A7 Al L 7ol ml-¢ adFolgte AR 2ol wlF 7HEHE AASE 3Hol =
2% Zlo g AdEo], 7] FAL AT TS AzxolA &&35HA F7|E sttt

mlm

Fig. 2-4. &3 A% wj=.

. guFF3 MRS 3AE &4

D A3 534

A S5 FAT 84 AR o] 838t7] st 7]& FYgE& wiAIQl MRSe}F Bof gk
S B35t wiA] baseZ o] 7l A wiA] Ao ZJto| E&stua BT

2 234

AYul S FFN A= Y5 2GR Zo} 85T WjolA 1083 7193 &
AzZ ZEFsY 72 EZ o3 F 121TC A 1583 Adste] AFe3 o

(3) HPLCE o] &3 o 3tk 84 A

A 2ZEFA wix9k MRS wix|E 045 um membrane filter2 oI ohS
HPLCUASCO, Japamell 20 xLE FYstith. olw  AR&3F  columne  Asahipak
NH2P-50(Shodex) &1, &vl= oAIEYEY" : & = 75 @ 15, flow rate= 1.0ml/min,

detector= A=A AIRDE ©] &3t £FF S =2 fructose, glucose, sucrose, mannitol,
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maltose &
o] =

7 MRS

o =
=2

Agstnt AEg 2
.]

o
- =
Fakel AYM S AT F AP eA FelT I
3 f

ﬁ
=
Q
S
wn
o
rlr

Hepgl e

Table 2-2. Aol Ful <9k MRS WiA\o] & Shap B4
(mg/ml) Fructose Glucose
MRS broth 2.1706 17.8365
Kimchi cabbage 5.4925 5.0514
| 9
‘I Glucose
‘ ' Fructose |
T I MRS

Fig. 2-5. AJuj5 ZZEF A3} MRS wjx] 2] HPLC £+ A3}

o AgulF FEFAF diujz| eke] FA A HlaL

D243 53

A3 ZEFHI MRSHIAE ol &3t A fild ZFFF 250 did oA B4
= Aludo=n AT 2Fd e AR 2A e THed BAstaLAt ST

(2 4303

A3 2FA} MRSHiA O] 4t AFES RlasEY] 98t 2FEAF 3T
(KCCM 3505, Leuconostoc mesenteroides sub Sp. mesenteroides KCCM 3769,

Lactococcus lactis sub sp.)< ©]&3te] HEFHFL vj&Fd iy 2% (vivSE 3o, 3

0C oA 24417F v eksle] MRS agar plateE o] &3t 45 =AU
3 4g4d7

A 2FHI MRS Aol A o] A Fitdt e BT A= Azxd
Al F 2HEFH 100%2F MRSHi Al A o] A FAtd EFTF 35S wigste] oA 4



A AlwstaA stk ik A T4 e dduE ZAFA00° CFUmDRY of
108 A= MRSHIAI(10° CFU/mMDllA o o] F2ates 23S Bt ofwtz Aol
AENE A7 Ao 2ed dFHES EF XSt = MRS wiAEoE A%
o] o Ao qAdHAoY 1085 Aol7F U= Ao YEET. 10852 Aol
E o7l faiA AduliF ZFAE V2o R g, dilEY, vFEAE 5& A4S
H MRSHA B Th= A GetAnt AAE d&Fe vAA Ee AVFE wWiAE A &

91¢ zlolet wera

Log (CFU/ml)

A (L. mesenteroides) B (L. lacts)

Fig. 2-6. BYWlF 253 MRSHANA S HAFF 27 B,

. A5 AEFY A7 A3 A& =4

D43 53

Qw3 Z2EFH3 MRSHAI S o] &st] XA ket £FF 3T g oA 4%
< Plugo 2z dduF ZFde AEujAZA S JleA FAeA QFoRE T
A3 dads 2detod 77 AR vA= 9FS A S

2 2FH

- o]& #F

Auj S 2FA] Ao WE LS MRSHIA| Y f4td AAES} vudiRr] ¢

3%S(KCCM 40265, Lb. acidophilus : KCCM 3505, Leu. mesenteroides sub

sp. mesenteroides : KCCM 3769, Lc. Jactis sub sp. lactis)S ©)-&3sle] HEeFS iy
H] 2%Wv/Iv)oZ g o™, 30C oA 24A17F wieFste] MRS agar plateE o] &3la]
£ S5t

- WA g

AYulF HAFoe] Ao, il FHE Aste] EAY W2y, GLUOR ER
A7)0 FHHO~T 77 wAR U 1%2 Ao FaT A% el dFL v
AEA o B A7) $lste] HrhsreT
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® 282
A HAFAo) 7 1% EEr| 20 2

A=Al gk

H] 1%2 v &%

A EZo= myE o)

2 BuE.

A=

o
=

s

T A AolE HolA Fdnt.
A7k Zlo] Aol ¥FE UWXI ppl

7F obd, HjeFe iy 1~2% wiv

10

Log (CFU/ml)

A (L. mesenteroides) B (L. lactis)

_8‘|_

(L, brevis)

. RS
B A EY
-2 1%
CO2FaSA1%

%
N
o
il
et
N
N
i)
fo
m_|o{_:{

i 2] 9} MRSH| A o] A+t 4 H



A3 A AFFH JVHE FUHE 5T AdvlF AR AAFAE

A5 A3 HEE

1 243 24

RE Az® WFaAe] gad, dad 9 79 e £FY
2 Arletal A fabw P MRS broth £202 74 4% AES

doh AQF FFAoERE Axy AYNF WA SaUe TR 2 A7kl W

A AZATIEZ A AR HIE 58 1Hsle] ©@AYU0 24 glucose?t fructoseE XA &}

. Aa9
AP AFAozRe Axd YuF Aol AU FRe} 1 b WEE
Fol A fat MA MRS broth #2028 #4 A% AEE A8t Br)

AL 71U ((NHp-SO4, NHACI, (NHYHPO,4, Urea)} 7] (peptone, beef extract,
yeast extract, CSL(Corn Steep Liquor)< AJuF ZEFHE o] &3 Ao dLgdo= H

stel F3 A PAE Fe 2ASDA BT,

AoulF FEqonne Az NFNAc] dade] 5

o & o} I 7} WstE Fof
AgA ok szl MRS broth 202 74 A% AEES A3staxt o v+
@A 4 (sodium succinate, ammonium citrate, sodium acetate, magnesium sulfate

(MgSO,), manganese sulfate (MnSO,), dipotassium phosphate (K;HPOL)S HQJuj5 2EF

< o] 8% WAl PFdLE HTlste] EF AR vAs 9FES AbstaLa o

2. A8 3 Wy

7). Wy
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- glucose & =&

2dE viAIQl MRSHiA]of] Hls) Adui = 2FEAoA FZPA 2 glucosed] FFS
A WA Fojgiv] AZFo = stod(g/ml, wiv) ZH2F 0.5%, 1.0%, 1.5%, 2.0%E 3 7}3td
AAANA Fed F 7579 AFES HnE f5t 30CTAA 24417 v ¥, MRS
agar plateg °]&3sle #+E A3 A
- fructose®} glucose EF HiA

2dE viAIQl MRSHiA|of] M8 Adui = 2FEFAoA FZPA T glucosed] FFS
A Hg FIou] AFo 2 3td(g/ml, wiv) 2+ 2.0%E H7Mst AR A g

o AAFEES HIE 5t 30ColA 24412 vkt ¥, MRS agar plateE ©] &

-

AR NA B3 Leu mesenteroides$}y Lb. plantarumZ ¥ ald-FE o] &3+ th.

2180 % 7hed d4YE 7719 4F3((NHYoSOs, NHACI, (NHPHPO,, Urea)¥t 7]
(peptone, beef extract, yeast extract, CSL(Corn Steep Liquor))S ZAAdo g o] &3}
- Ao A

AorYge g 858 747 2%(w/v)e =2 Aduis ZFAFdo| Hriste] 2] A

o

223 7 FF9 AFES vnE {5t 30T oA 24413 #jFgE 3, MRS agar plate

- Box-Behnken experimental designe ©]&3%F A7}F =4

A2 132 screening™ Al ol 4] yeast extract, beef extract, peptonec] 7 X4k
of B3t Aade] FaJARE AddElon, 47 A e QAaEoe] A
2o mA= NEA FFER oyt A2 ZHAAE #ES}L BHFOERA olE
At Z; IAEe] AR A

ST B Aol = vk EHAHH © 2 Box-Behnken designg AH&33 o™, 7t
& 0%, 1%, 2%° k<= “+7, “07, “-7 9 oz yFo| F 1579 4P 2A s
FH AT AdE FAE SRl MRS broth(Difco)e] HAY wigte] shel &3
o] ohd peptone 1%(w/v), beef extract 1%, yeast extract 0.5%(w/v)o] &3t o] &
o] A& AS ARt A 1ak HAd HZEEoA Add 3F9 HAAHUY HEA Wiy
H| S ol vzt st AAYo gk 1z screening@ Ao Al yeast extract, beef
extract, peptoneo] XAk S0 #AZ AAYUY FaJAAE HEEon, 7]
Ao AEe] AAFA SA o PR = NEA FFED ofl e AMEe FaAd
AE dFsta FHFOEA o5 ZASIA 7 JAAEC] AXAFA S4 o 7 F&

=
I +Ee WS S

L=
A FH Y B 9FL MAE £ APFLA

|

-

FFS 1

Wi

rr
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3 " FdA

- AL F
AKX B3 Leu mesenteroides$t Lb. plantarumZ ¥ wFF 2 o] &35+

- AMERE W Fd A
2] 802 7153 mEFYdA F (sodium succinate, ammonium citrate, sodium acetate,
magnesium sulfate (MgSO,), manganese sulfate (MnSO,), dipotassium phosphate
(K.HPO)E ©] 8331t

- UFdae AL
MRS brothel] Z3+=o] 2
brothe] A4 3=k —’F%, peptone 1%, beef extract 1%, yeast 0.5%) 7] %7] 9
A 5Fo P FdAs st AASA, fFakt S dFE F= F4 AAE A

usl 17 59

Ao FF02 dA4U9S FLskA A3 FHMMRS

r1r

Table 2-3. #jA] z=Adl| o] &% &4, d4d, 57

T R
IS Glucose Fructose
Chmically
defined (NH4)»SO4 NH,CI1 (NH)HPO,
AxrY media
Complex Beef Yeast Corn Steep
‘ Urea Peptone )
media extract extract Liquor
Sodium  Ammonium Sodium
“?‘7] %_] . . MgSO4 MI’ISO4 KzHPO4
succinate citrate acetate
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10

RS

=0 He 7 & B
A HEE) O Dpen
T Glu05%

E Glu05%

E Glu 1%
 Glu 2%

Log (CFU/ml)

1 an
L. mesenteroides L. palantarum

Fig. 2-8. §Y 2= glucoseE =43 A5 2F wj x|k MRSHiA| & H&d 574 vl

RS

10 ‘

Hl VRS

[ Cabbage
B Glucose 2%
[ Fructose 2%

Log (CFU/ml)

1 L.l

L. mesenteroides L. palantarum
Fig. 2-9. Glucose$} fructoseE 73stst Adnl 3 25 df x|} MRSH| R o] A+ A

Table 2-4. AAHLEY w5 2D 3%, w/Vv)

Peptone Beef Yeast
+ 2% 2% 2%
0 1% 1% 1%
- 0% 0% 0%
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Table 2-5. 37}A] AAYES o] &3 AP E EF3E 21§ Box-Behnken design

RUN Peptone Beef  extract Yeast extract

1 -1 -1 0

2 -1 1 0

3 1 -1 0

4 1 1 0

5 -1 0 -1

6 -1 0 1

7 1 0 -1

8 1 0 1

9 0 -1 -1

10 0 -1 1

11 0 1 -1

12 0 1 1

13 0 0 0

14 0 0 0

15 0 0 0
3. 442
7h g@ad

Ao Aol A HduF vy nPE thn] 1% =F372=9 H7b=Fo] muH|gE Ao
2 @dEol O HUbES 1P EOH 2%71A HTrste] A ASAHEE dESA o

= S7tl mE FoA Q] Aol= yEUAl Fdth A HUMES AA A F
b Aoz std(g/ml, wiv) AEE FPsHF T glucoses} fructoseE 2%w/v(20g/ml)2]
SEE F7Ie ol mE AA A s A=E #FsAH. AU wx VIEe WA
st 71 RS 2%(WIVIZHA STRAABJAT, Sl k] e f4 !

Holz| et mebA, Al ZF ol glucoses Tl

SEE =
A AT Hade EFAAY G2 FUL o gdof T ol BuAT. A
A5 ol q o wol EANY fructosest MABe] GO wol TFHE gucosed] I
FE FAAA MR AR 24 A3 9 S AYuF AFANA 78 mA
go| 44 Wad A Aol7h A4 2 Aoz FAHUT o|2A AAMF HFY o
el 7 onz} gl Ao BuHo] FF AsnUT TIY 7 Aol FUY
28 A 2= AoE ARHAT. weA, YWF FFYe] FHHo Y= FeP
WoRE fad MARAY Bad FFL TR A0 BUHYC,
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U dade] A

At 8% HAAYUE 2%(wiv)el FEE HAdmF ZAFA wjH o Frlste] o]d wE
AAFAe s AEE BFsIAS. AA 9 g2 dFola AA &8 +F%U Leu
mesenteroides®} Lb. plantarum® A5ol| FFHOE IAHAJ aHE + EHE yeast
extract, beef extract, peptones AAsAT. F71d4UH FridLdow FEs] HH,

F71d o] AAFAE 40 Bo AR AFE Hew, I FoAME yeast

extract, beef extract, peptone®] % 7}7} Rt}

i
foi
i)
a2
o
fru
i
Auj
3
u

10

I RS
[ Cabbage
[ CSL
[ Peptone
. veast
EEE Beef
N Urea
1 NH,"s0,
. NH

Log (CFU'ml)

L. mesenteroides L. palantarum

Fig. 2-10. 87}A] da9s 3 Al 25 wj x| e} MRSHiA| o) YA+t

5\
o
i)
El

Table 2-6. tF3F AAUES o] &3 FHEA 9 Canonical Analysis

Eigenvectors
Eigenvalues Peptone Beef Yeast

-0.007878 -0.183802 0.877643 -0.442673

Leuconostoc
) -0.020626 -0.698346 0.200339 0.687152

mesenteroides
-0.078121 0.691759 0.435439 0.576076
0.024411 -0.586593 -0.194189 0.786256

Lactobacillus
-0.006069 -0.492137 0.856494 -0.155627

plantarum

-0.075467 0.643202 0.478236 0.597981
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Table 2-7. A4&93 FA9 A ¥hg oS 4
Critical Value
Factor Coded Uncoded Label
a 0.551576 1.551576 Peptone
Leuconostoc b 0.480441 1.48044 Beef
mesenteroides c 0.49722 1.49722 Yeast

Predicted value at stationary point: 0.723915

a 0.645078 1.645078 Peptone
Lactobacillus b 0.495 1.495 Beef
plantarum C 0.764892 1.764892 Yeast

Predicted value at stationary point: 1.604763

A7) HolE& 3% dAad HUbd nE AX A A PAs B v
2 Aztolt}y. Leu. mesenteroides R Lb. plantarum RS maximum point”7} il X7}
P SR H oA 3= saddle pointe] Fe|Z Vet o]9} e AdE wFo] B
ke Wl Leu mesenteroides= peptone 1.5%, beef 1.5%, yeast 1.5% H7IAZAS wl, HU]
ODZX(600nm)°e] 0.72°.2, Lb. plantarum peptone 1.6%, beef 1.5%, yeast 1.8% F7}3F
= w OD(600nm)°] 1.60°.= HUgS AT = AU 9 SA ASEAHAE HR R
St S ul, T AP HUMEFEOl FH 4.5%014S e, FUHA 25 7R d4ad
o) A7}t = dreo] WE Z71E Koty A Aol A saddle pointE UER 7= 1A
T 7kA AAade 2e 1X19 Ao 2 47 yro] HokS wj(oref 3xd =)

o

P 2ol saddle pointel 9o A7k F7el e A&AQ A5AE UehE 45
b itk w339 AaY 2 HZE ols)e] ©d BF AZF Ful BE X

(]
FAad AEAEE HAES Fo 7 FEZ dad J7l £5& s o
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e W FE2A =2 R HAYUE HolFeE A
& Beol o Aoz BRHUG. e, 8 Ao 35 AAZTAA Ge A3
(F & dadd AEF 45%)9F dade] @7hHR] SRS st peptone 4%W/v)H7HE
HA Wjgdog AARSIY, =3 B AFA AaE HAu|FE WS FL35to] fermenterS
1§37 uﬂow @ 75 fed-batchol &% A F7b aY A7} ol Fo] A A
oz FEI o diad FH7
Bet 9 5 9le Zow BudHAd,

A

10

]

]

[ ]
Il
FE¥E3

Log (CFU/mly

Beef Peptone Yeast

l-'J
Y

Fig. 2-17. A4 H7Vol W& Leu. mesenteroides® w5

il

Beef Peptone Yeast

Log (CFU/ml)

Fig. 2-18. A4 A7l W& Lb. plantarume] A5 #z
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A
< duFer Husted 54 =4 AA

of 7k & [ Fe A %A &L AS EFSaA siAth 5 rlEd A<
magnesium sulfate (0.01%, w/v)$} manganese sulfate (0.005%, w/v) 1) 1 &

nulste] @Al S & FFS HAA Fhon, 2) vAE FH & HAHAQ
AW &4 BHE 98 Mn, Mgrlk 24 849 Aoz 4#A Ut 3) Lb plantarum®)
73§ magnesium sulfate®} manganese sulfate A Aol W& FA F24 o] FFS F= Ao
2 Yerr] wEol magnesium sulfate (0.01%, w/v)2} manganese sulfate (0.005%, w/v)-=
MRS broth &9 H7t&Es FASHI=E Z2ASAT. AR Fibd S40 933 IS
Hols mFdazA gyt 7189 Xu& sodium acetate, sodium citrate 52 7]
=42 FJAFHAT

S

Hl | CABBAGE
3 Il | + peptone 1%, beef1%. yeastd.5%
B ) 1+ ANl minerals added

[ (¢ |l - Polysorbate

. C— 1Y (il - Ammonium citrate

E Bl Y - Sodium acetate

= B VIl - Magnesium sulfate (MgS04)

= I Y |l - Manganese sulfate (MnS04)

}'J 1 " |Il - Dipotassium phosphate (K2HPO4)
EIJ

L. mesenteroides L. palantarim

Fig. 2-19. vl a2 Aol watdel A& vA< 9

e
<t

AJvlFu) 2] o peptone 4%, magnesium sulfate 0.01%, manganese sulfate 0.005%% 7]

Euo]2~=2 3k Hol 7] nFdL 12 H2EAA DA FAT S 9FS F= AL
2 Aoy mEdA 2% sodium acetate, sodium citrate7} X Fo| W {74 W3}
Hol Jd

7Hd ZY succinate(Ztd A3@ Ad, A Zdo o wiF dEo] i
succinateZ} & 7|Zto] Aol wet 80%°l Y a4, 8l Ik F ol&EC] THA
=5)E sodium succinate®] FE|E H71st o™ FAlo 1 AUl wE HZAEES A
AT SASTEA zZ13S &893 duncan’ s multiple range testZ3} sodium succinate
1% 7Ve APt A Leu mesenteroides, Lb. plantarum R5 7V & FFO02 {2k

AE&AEE YeERATh webA sodium succinate 1%S 3WA nlZFdaz AA3A T

o~
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Table 2-8. WA w|FAFE H7IFd E f2bde] AR vx= IF

A4 A 57 v g E AV u] A E-(cfu/mb
Acetate 0.25% 1.58 x 10° bb
Acetate 0.50% 1.87 x 10° ab
Acetate 1.00% 485 x 10° a
Citrate 0.25% 2.01 x 10° b

Leuconostoc :
, Citrate 0.50% 1.73 x 10° b

mesenteroides

Citrate 1.00% 1.48 x10° ab
Magnesium Succinate 0.25% 2.28 x 10° b
sulfate Succinate 0.50% 9.80 x 10° a
Peptone 0.01%, Succinate 1.00% 7.75 x 10% a
4% Manganese Acetate 0.25% 1.01 x 10° bc
sulfate Acetate 0.50% 2.25 x 10° ¢
0.005% Acetate 1.00% 2.02 x 10° ab
Citrate 0.25% 1.32 x 10° abc

Lactobacillus :
Citrate 0.50% 256 x 10° a

plantarum
Citrate 1.00% 1.61 x 10 ab
Succinate 0.25% 1.51 x 10° ab
Succinate 0.50% 1.12 x 10° bc
Succinate 1.00% 245 x 10° a
10 — —
EEl Cabbage
=3 MRS

B Modified Cabbage media

Log (CFU'ml)

L. mesenteroides L. palantarum

Fig. 2-20. A28 AUl 2F wx sk MRSS] fabtel 4% via
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A 3 A wA= JA7HA AASE At WA =24 N

1 A9 =23
AR AAZPE BE QA faE T AN SARR AR 2 Gee FE 2% 7
£ olgdlal, 1ol g AKTAe Folg BAFo AR WPAE BAGTA SFYT.

2. A9 ¥

MRS 2 AdujFul =] o DX 2HE E2std Leu mesenteroides$}y Lb. plantarumS.Z &
AE 2% AAFAEE Wl thn] 2%V Z HESIY 30T ANA 247 1HF o2 AEE
AFH 3 Z-2Fe] ODAH600nm)Z MRS agar ¥ #ujdS Sdle] #45 =43

A o] AR=AdE OD# A Al Adss SAHs] 2HEUT. A4 23 Y
AlZbel mek HlRh FolE YEHSloH, 7] A3E HiEoR
2 W FAEE 164t ottt FF 54 22y oF 54 e s A4

=
7t Eag Aow AmrdA.

i

J[m

4 b Ahe aebes ST NS -
v B S
P
n
= i ——8—— MRS-L mesentercides
= 31 ,‘( o Cabbage-L. mesenteroides
= / ——-¥-—- MRS_L lactobacillus
> f" e ool e Cabage_L. lactobacillus
)
-}
~
-

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Incubation time (hr)
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A N 8"9
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Log (CFU'ml)

—8—— MRS5-L mesentercides

o Cabbage-L. mesentercides
—==-g-== MRS_L. lactobacillus
ol Cabage_L. lactobacillus

G 2 4 6 & 10 12 14 16 18 20 22 24 26 2B 30

Incubation time (hr)
Fig. 2-22. AW & o] &3 F5SHE T3 WiAE AZITA

AA A2 YEE o] &3 vAE HoA e &8 74
o] -70C W&t BREAZA Y

AEe APk Yok u}—;—-g— °]
s o,
2 ool MAYE FES AW REAZAY A5 s 5 4

A3
oGS M3
-

= 29
FaAA stz ?i:rL

st ook AwEol AzkE AgmAe] s A AR EuAe] YRR Astel o
Wb A4k WA LR 7)o of 5729 /L7 HAET ol sEe] AgmAE nash

5 o}¢lE= MRS brothe} ®lwsle] m gkl MRS broth powder 55¢& 1Lol o] Abg3ts Ly

o] WFLE 71FoZ A9-S uwl MRS broth solutione] ©7F= <F 9,6819/Lo] AES &
ATt o]ZA E AFA S wFui A7 RgE f4k 91A| Q] MRS brothe} 7FAZ Q1 ©

A 283 AAH 998 AT FASAT

_96_



A4 d Y= B AEE0] 2 UBE AA AL

1 4% 27

Jhel we wEzde deree] Wslde ge 04
O—Eg' %

z t A T8
A BYR 18 e @7 HaAF AAS Tles JNEst AR ‘i-l T

2. A5 5 d
7l AR
D AT+ 3 BE
1A= ALY F AXNZRE E2l® Weissella cibaria SW1-1, Lb. plantarum A-1,
Pediococcus pentosaceus A-2dFE AME3l9th A dF= 4k kol A3 MRS
broth(Lactobacilli MRS agar, Difco)oll H<E3}e] 30C oA 24A17F wijerste] A3t Azl
&, MRS agar plated]l HEst 4CoA 457 tAo 2 A wjdstus BAsAch A3
Fo] AV EAHOZE FPME JEEE 20%E UAYE FEAS A xste] - 70C 9
Aol A B E3FATH
@) ZAA 7 "B fE
- 70CAA %7 Rad A4d+FFE 10 mL MRS brothell 1 % (v/v)AEE3sE 30T ol A
24X 7¢ vjeksk T thA] MRS brothell 23 HZsle] maEo] A4S ZhA7 & AFLE
A TH.
Q) NPT A
MRS brothel] 0.2% Bromophenol blue(BPB) A Al¢F 1%E 3713t MRS-BPB wj X & A
lgch mAE Fekd 100 W2 =28ke] 30C oA 48417 =< wjokd TS mAE
Ao A& Asta

oft

Ml

3. 49 A+
7F A8 A AA A

FAbte AEES HEY 5 v A Ty AGAAE MWLty fste 4528
S & 4 d+= Ringer’ s solution @ buffer solutionS #8359 th. MRS brotholl A 244
v v FE W, cibaria ¥5E 3000 rpm 1083 A4 EE st FAE I FsAT. HdS
2 33 AHI T 10 ml BAA 2.2 x 10° cfu/mle] 27| EE 1At 5CoA A&
&S AU Lb. plantarum A-1 2 P. pentosaceus A-2 4% L3 FAHo=2 2
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58 AdPstFTt. A A AE W cabriad 271552 22 x 109 cfu/mLz nAST
284712 AEES ZAEIAT AR 39A 7 AEEL 80% ©l %X]Q‘;"ix]&

Z717ko] Aojdel wet F43 st 289 A F 28 x 10° cfumL FFLE %
gko] 13%°] mi-¢- A3 &S A,

_I_;

Table 2-9. 44& AA &4 =4

Control Ringer’s solution Buffer solution
Component | Content (%) | Component | Content (%) | Component | Content (%)
NaH2PO4 0.005
NaCl 0.85 CaCly 0.033
Skim milk 0.3
NaCl L2 Glycerol 02

Ringer’ s solution @ buffer solution®] 3¢ A& 3AA 80% oldel HE&S UeERA
H A 79A A2 5% 2 81%S] - AEEES Yol @713 AAStY #g 74
S AAEAT FAF FE 1 x 109 cells/mle 71#o2 1 L Ax8<S o Ringer’ s
solutione] v+ buffer solution®] A ZU 7= ZHz; 509 2 4009 FFo2 23S 93 A A
A< FRAY. AA fFATS HAUME e Ao dH 4olr] 49 AEHYAES
Btk 22y, AR 14474A &S0 g4 A At A 289 A F AEE

7} 23% W 29% WA gaste] 3718 AAZE APeA gt Bt

LY

rlo ml

J}L M

120

—@— None
100 + —O— Ringer's sol.
—A— Buffer sol.

80 [

60 [

40 |

Survival rate (%)

20 -

Time (d)
Fig. 2-23. ¥4 Ak AAY AA712vE AE&_W. cbaria
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A7hA zAEAT AP sl APEFE dgste FAAEE AN AF 10% v
Az AEES GERAAT, 5ARSAZ vk BHAL 5 ~ 20%7H4 AV A 20 -
UHHA HEEO] 75Tk AT, A7) FNB5E AEEL MO Fad)
o AA7|Zr 28¢ F wks A 5, 10, 20% AT 47 12, 29, 24%S AEES UE
o] A28 AAZE Haslz gokn BOsHh

60
—&— None
—O— 5% Garlic
S0 —8— 10% Garlic
—— 20% Garlic
I
é 40
]
g
—_ 30 [
<
2z
»
5
Z 20
10
0
—@— None
50 —— 5% Skim milk
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—— 20% Skim milk
_
S 40
N’
&
]
= 30r
2]
2
»
5 20f
»n
10 F §\Q\I\I
0 ; : : . .
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Time (d)

Fig. 2-24. 229 fakdt AAe AZ710E BE&_W. cibaria
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Aok A7 149 A & EX - 10% A2 Foll Al 44%2] #
o mbs MY AHYFERT FAF 2 BHIEEHE HESI
10% A FoNA 37%2 HESS 7|E51 F7]18 A

=

o 3Fd fAE AA A=

ey H3ARE EXF 10%, vts 2 Y 10%, AT 5% + vhs g 5%,
i 189 HlE&E Az HEEFS HASIY BoA T/ WE fitTy A&
AT 085% AT UFE d2TE AAsT - 20C YETA 45 B A4}
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A Aol deste] Wastas W BEVIE 7Y & W cbaria®l BEEL 3%
AA T, FARSA AHgFoAAe 30%°174e AEES YEHAT. 53], 10% vi=
Aok AEE A PN 247 49% B a%e] Mad e HEES dehigich
kol g SE W. cibaria®l HEEL HlHFoE HAsIT, A4 289 & BE
o Al 33% oldte] BEES YEIHo A7Y AAE APetA ¥oia ATE AT

Ao 7hsde
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100 - —@— None
—O— 10% Garlic
—¥— 10% Skim milk
. 80 —A— 5% Garlic + 5% Skim milk
X —l— Glutinous paste
A
2
s 60
=
2
Z
= 40
17}
20
0 T

Time (d)

Fig. 2-26. &8 2t AA S A28 BEE_LD. plantarum

A 7VA DI FF F Lb plantarum®) BF5E AAE RE Ay FA 7w
e AT ARz 79 F 10% vhs gl A FollA 45%] Ha A&
o FAE A TolA A7 7Y F 39%0] AEES V=3 T AEEC
Hol A% 28Y ¥ 27%9 HEES UYEAH. 2AHF 2 vis A o5 =
el Lb. plantarum 358 AAE A TARIAZ HAFSA gua AoEo] Ay
5o AEE L 4 NZ2L ¥5d FEERIAV S FEHAUTH

EE F2AXRsA A FoA P pentosaceuse] Bsd AA= M =2 AE=EAH S UE

RNoem, 53] A 7d F 10% vis A Y L FEE Aol A 60%eF 54%S A
&S e g gX 59 vks g =FolAM FARS Feade FEFHA Eok
o FEE ATl AR 149 FoF 289 & 47 49% H 43%9] ¢ AEES U)E
sttt FEEo] AXAx #F F AEVHF, ks, A 9 FA <
Folste] AujFol Fdste 822 olv AEH
Ao TARSE R S
o] 7hsd S It
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—&— None
100 —O— 10% Garlic
—¥— 10% Skim milk
—— 5% Garlic + 5% Skim milk
—_ 80 |- —— Glutinous paste
X
=
N’
&
s 60
=
2
Z
= 40
wnn
20
0 T T T T T
0 7 14 21 28
Time (d)

Fig. 2-27. 358 f4ta A AR08 =8P pentosaceus

2 s 4 2 AEEFEE -‘H@ H3A AA
A M= F7HAY Z7IRES et B dTodAe sAE YRS o83 B

g AA LS A= AA mAE AA AEE FEE st % 52

A Al g HFH = 21e =AY =T E@Ei%ﬂﬂ LA H o] E

FAFs7] sty SAESAE

=
Az 5 faEe] BEEE AT

22y AAE AT $EAZRIAZ AFHNET EAHF, vk 39, trehalose,
F ARFEE 52 A 121ToA 158 5 dHste] Hiads zASY
th FAFo] THE HEEs Had AYAdsE AZske] 5 mlel 0.3 M sodium citrate
golo] Y 943 &3 A7] &, MRS-BPB #] A o] =23t} 30C oA 48417+ Z<F uj
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Table 2-10. &R Y|o]E Hl=E37] @ AAH

Bead size Bead diameter(mm) Niddle size
1 0.8 30
2 1.5 24
3 2.0 18
4 2.5 16
AFH7tegwe 10% A+, 10% &R2F=E=, 10% F71F, 10% trehaloseE REA=E A4
st 0.9% AEAdsE HExTE ALt 2R3 a3E ALY 4345 259
2 = 7

A FITERE S
pentosacels®) —°r TAA=
Lb. plantarum®] 73 $-ANAX= Z} &
g7 Ae 60% T AEIFHOE dAF AT
trehalose A el7& AddFT EFolA 20% v 7H%
A2A AgstA goha AGEHAT I, SARISAE AsA KU
ol X wAEC] AFEE 10%0]8e] AEES YER AT

v S230x BEA =3 ©E AA nAE AEE HA
F A BAAZ AIAE 119 veE 259 JAFEE 0%/ HEF WM 3,
dxoe AYd v F2RE a7 5 10% F7HF AYTE VIeer A%t F
ARSA ZFel o3 fikd BELY FFEAE ZARAT APAF EFAA 10%
F7HE 95 Aot vaste] &L #3 FsaIdE dEHA FUAT, AFT =
A O—] JE,L‘ E

Bsaart d5stat. 53], Lb
FARTAZ 7RSS o, 84.5%2] A
J &S UEtH AT Trehalose A 279
VR 5o 2 BREAY 2FgsH

oA 40% o]l AM=LS e .
plantarum®) 7% gA 49t Zrr2E 23sho]
&< e 10% I7HF =
Ao BEOZ ALLIE A BT =289

oft

AA
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iuj
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ui

AL BRAAZE REA 5RO

BoA g4o] M 43 FUHEY FEE 0 ~ 20% TR FUbetd sAAdx ¥
A nAEe] HESS ZAEIAT W C]b&]‘]«] AL TAYTRT 453 =& y=
5 YEAIL, 10% 775 TARSAZ H7stAs o 7M=& AEE088%) UE
Wl F7h7e w27 15%U 20%2 S71skde o, AA e AEEL A7 5%
o} 72%= 23]H 7135\.6‘}9111}. Lb. plantarum? P. pentosaceus®| 7% F7HF s=o o
€ BREade W cbariast FA% o] #EH, Al 7HA AddF BT 10% F7HF
Aol A AEEo] =3 =AU
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40

Survival rate (%)

20
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80 |

H =
— o

60 [

Survival rate (%)

None SM YE SP T

Cryoprotective agents

Fig. 2-29. Survival rate of lactic acid bacteria (e.g., W. cibaria (A), Lb. plantanum (B) and P.
pentosaceus (C)) during freeze drying process, depending on cryoprotective agents.
SM: Skim milk; YE: Yeast extract; SP: Soy powder; T: Trehalose
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100

80

60

40

Survival rate (%)

20

100

80 [

60 [

40

Survival rate (%)

20 [

None SP YE+SM YE+SP SM+SP SM+T SP+T

Cryoprotective agents

Fig. 2-30. Survival rate of lactic acid bacteria (e.g., W. cibaria (A), Lb. plantarum (B), and P,
pentosaceus (C)) during freeze drying process, depending on the combination of
cryoprotective agents. SM: Skim milk; YE: Yeast extract; SP: Soy powder; T:
Trehalose
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100 -

80 b b

40 -

Survival rate (%)

20 -

Survival rate (%)

100 [ a

80 | b

60 -

Survival rate (%)

None 5 10 15 20

Soy powder conc. (%)
Fig. 2-31. Survival rate of lactic acid bacteria (e.g., W. cibaria (A), Lb. plantarum (B) , and P.

pentosaceus (C)) during freeze drying process, depending on the concentration of soy

powder.
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A S A BHE ¥ AEEC] 2 UABE AA AL

2. ¥ 3 A%

7t BRARS SAYE HE2 FARE F5aEH AH

LAY E v& 9 Z7]d W& REagHE A flete] HARIARZ 10% A
7b A7 mAES AU Eo 23 Hlg gy garo %@ﬂ H= 217 o] =7]
£ 243l Aol 0.8, 1.5, 20 mmel HI=E A|Z3PoH AU IES FEEF 0.5 -
3= ZAstH HlEY AEE AT dAUEY FEE 0.5%E ZHdte HEE
Az QS W, W cbaria®l BE&L 6% "5 $TFOZ H|EO] Alo]=o] AAYE A
S UYEHAT. SAUIES w571 1% ol dd o, HIE 27 1.5 mm o]’delA 50% ©]

e AEES JEAT 1 E-“ﬂ 21740l 0.8 mmE A ZHJS o dAUHNE F=9 A
#AFlo] 40% mvre] e HEES Uedo] A mAES §AUE 2TE Az A
o] Haghe] YAMYO|E FE9 M= AHAo] EAT ATEHUTE EAUOES] FE
2%% 2173 1.5 mme] HI=Eg X mAYES THII}PS W, 5EAAx 3T 86% ol 7+
=2 AEEES YeRN AT LD, plantarum®] 75 W. cibaria®l 7399+
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Fig. 2-32. Survival rate of W. cibaria after freeze drying process, depending on bead

diameter and alginate concentration.
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Fig. 2-33. Survival rate of Lb. plantarum after freeze drying process, depending on bead

diameter and alginate concentration.
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Fig. 2-34. Survival rate of P. pentosaceus after freeze drying process, depending on bead

diameter and alginate concentration.
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Fig. 2-35. Survival rate of W. cibaria after freeze drying process, depending on bead

diameter and alginate concentration.
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Fig. 2-36. Survival rate of Lb. plantarum after freeze drying process, depending on bead

diameter and alginate concentration.
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Fig. 2-37. Survival rate of P pentosaceus after freeze drying process, depending on bead

diameter and alginate concentration.

- 12 -



o SERZA EAFS nhE A 24 R SAV0|E 2R FERE Fouadg AA
=

G321 5% B b HHd S%E 2Fst HIARZ AR & LAYCER ZF5
TARS ”éﬁﬂri AAsAT Aol BE AgFolA 10% vh= ILHH HNe FARIAZ
83 A FERY 53 AESS V2P ew, W cbariadl S v¥lE A7 1.5 mm
A 1% GAYCIER #F5 EFT A FolA 65.2%] Hi *3—;%% YEt AT F 7t
A BEAE EFst LAUCE HlEo] EFeGS Wl REado] F5AES #EHA
ol FF A HAE A AEE S 2 ARV FEE s e BeA T/
=1} ool B3y Lb. plantarum 2 P, pentosaceusE A E

N

],
FE AHESY SRS deads 2AR AlE W abariast FAR S e
Atk Al 7HA Ao EES AT E A Aol UBuA &ton, EAFE
2 olE

HoA R AbEste] LAY H Eo 3 AgTolA 7t ¢4 e adE e
At s RS GEoT BHIAE AET AT TP RS AEES VIS8 &
AYolE HIES o] &3 TAAZXNY REAZA AgsA vt AdE ok

co)

(0

FS
<

Surviva] rate
w
[—]

N

WBY 0.5 ,
g) e e 0'0%9

Fig. 2-38. Survival rate of W. cibaria after freeze drying process, depending on bead

diameter and alginate concentration.
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Fig. 2-42. Survival rate of three species of LAB
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Fig. 2-43. Survival rate of lactic acid bacteria during freezing process at — 20°C, depending

on storage life. WC: Weissella cibaria, LP: Lactobacillus plantarum;, PP: Pediococcus
pentosaceus
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Fig. 2-44. &2 W& W. cbaria®] dAZF 4. Glu: glucose; Gal: galactose; Fru: fructose;
Lac: lactose; Mal: maltose; Ery: erythritol; Ino: inositol; Man: mannitol; Sor: sorbitol;
Xyl: xylitol

- 118 -



gor
£ ] b
[—] S
- C [V
— B B d
g = 4
S
2 e
S 40}
=~
S
=
=
L g
50 f fo
0.0 |—L‘

MRS Glu Gal Fru Lac Mal Ery Ino Man Sor Xyl

Carbon sources

Fig. 2-45. &Aool w2 Lb. plantarum®) TA=F F4. Glu: glucose; Gal: galactose; Fru:
fructose; Lac: lactose; Mal: maltose; Ery: erythritol; Ino: inositol; Man: mannitol; Sor:

sorbitol; Xyl: xylitol
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Fig. 2-46. &2 WE P pentosaceus®] A= &4, Glu: glucose; Gal: galactose; Fru:

fructose; Lac: lactose; Mal: maltose; Ery: erythritol; Ino: inositol; Man: mannitol; Sor:

sorbitol; Xyl: xylitol
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Fig. 2-47. A& W& W, cibaria®l A% d4. MRS: MRS broth; AC: ammonium chloride;
AP: ammonium phosphate; AS: ammonium sulfate; SN: sodium nitrate; BE: beef

extract; C: casein acid hydrolysate; P: peptone; SP: soy powder; YE: yeast extract
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Fig. 2-48. AA&el| W& Lb plantarum® A% ¥7d. MRS: MRS broth; AC: ammonium
chloride; AP: ammonium phosphate; AS: ammonium sulfate; SN: sodium nitrate; BE:
beef extract; C: casein acid hydrolysate; P: peptone; SP: soy powder; YE: yeast

extract
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Fig. 2-49. A& W& P pentosaceus® A= A, MRS: MRS broth; AC: ammonium
chloride; AP: ammonium phosphate; AS: ammonium sulfate; SN: sodium nitrate; BE:
beef extract; C: casein acid hydrolysate; P: peptone; SP: soy powder; YE: yeast

extract
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Fig. 2-50. Growth profile of W. cibaria in 50 L and 500 L pilot scale fermentation.
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Fig. 2-51. Growth profile of Lb. plantarum in 50 L and 500 L pilot scale fermentation.
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Fig. 2-54. Viability of lactic acid bacteria, Lactobacillus brevis Al01 during freeze drying
process, depending on different protective agents. SM: Skim milk; YE: Yeast extract;
SP: Soy powder; T: Trehalose.

Data were expressed as mean = SD (n = 3).
Different characters were significantly different (p < 0.05).
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Fig. 2-55. Viability of lactic acid bacteria, Lactococcus lactis CHJ10 during freeze drying
process, depending on different protective agents. SM: Skim milk; YE: Yeast extract;

SP: Soy powder; T: Trehalose.

Data were expressed as mean = SD (n = 3).
Different characters were significantly different (p < 0.05).
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4 1A ABAIERS $ARAS WA UAT YR FARIRAS AT
B BE AN FAREAE A8EA 2L m%iu} AEgol Z7HE wRE Uehy
13

F719F AEo sEARsES Hsol IA &‘%& o= ﬁ*qﬂoi 7y FARSA AES
ICPE o]&3t <ol FFs ZASIATH THESA TRE F79F FFoEZE soy
powder®] 7-¢ magnesiumo] &3} sodiume]£9] daFo] 2,495 mg/kg, 6,996 mg/kgo E THE

sARSAL P wws wte W s wA Uehgth mWeA magnesiumo] £t
sodiumo] £o] EARE E3e] 2 PGS ¥HS Ao BLHAT

Table 2-12. TARZA THFE TIIF ¢F (mg/kg)
sodium phosphorus potassium calcium Magnesium
skim milk 3,790 9,406 12,947 12,358 1,135
Yeast extract 5,256 10,219 32,759 980 986
soy powder 6,996 3,172 23,145 831 2,495
sodium
. 5,232 0 517 2,161 97
alginate

2t. Powder #1419 AA7|HE AyEE HA

AA A ZE & ikt S o]l 83ty RYFEERAN wE &4 A0S g8 aA &
DYoo 2 AxH i AAE A2, ¥, d5 =EHEE (-18C, 4T, 10C, 20C, 30C, 3
5C, room temperature) A&7|7te] W& AEES ARSI HAE HA7MAY E4d0] FA

42 242 FAFLA Gk B

rr

ret

F/NFE FHRIARZ ALY AxY ETY AAE EAAx A F 9 ARAr|EE
7, 14, 28, 56974A AEES AT Lb brevis A1019] 271 5= 1.2 x 10 cfu/mlz
27 el APAFE dEst] F2AXE AAT AF 10% vRke] 2 AEES
UEI AR, FZ2EIAE AMHES AHElFodAe 52d%x 2 & 95.1%9 AEES e
Ak -20C oA AZE AA A A7 7Y B Fo HEEL Uz AT Z
7y 74%, 935%= JYEPHAA, 149 A $o AEES dxT 2 AT HEEL 7.3%,
92.4%, 28% A3 ZFol= z+zt 4.9%, 87.6%, 56¢ A3 RS W 72k 2.9%, 44.6%= =LA
ZaE o 4=
4CoAA BAZ AA] A5
= Z

=T 2 AETre 28 A Fo] AEELS 43%, 68.9%=
eI 56 B3 Al zf

22y 1.9%, 34.1%= YERST 10C oA Bagk AA e 749 o
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ZT 2D AT 289 A ZFTo MEEL 4.1%, 65.7%= VeI, AA 569 A T
= 0.1%, 20.8%Z UEbgth 20CoA BEF AAS AS dzT 9@ HeTe 289 A
Fo] HEEL 37%, 55.1%% YEbEow, 569 AHFel= 77t 0.4%, 13.2%= UERRTH
0CoA BAg AA 28U A3 Fo HEEL 34%, 50.5%, 564 A Fole txTo
Aol 0.2%, HATANE 97%2 AR L5/t HET5H WE S0 FH3 gasts 2
= glstATh

BTANA HAZ A B¢ 79 A3 & thxzT9Y AEE0] 53%E 4L 524K
SAE AT AFTANANE FEE0] 2 13

76.5%% 71 A =
56200] ATsAm A2l TAAE 46.8%, 65%E UEo} 35CAA AAE AW A4S 56
Uol A3k Al AEEol WS olAE AS FAsGth metd, AF L7t FerE 5
3], -18CIA AR Zlo] AR7Ibel hE YELY Wt e AL 9

AFAH, @70 F7HETE AEES vEF R HAs)
AA el AFolMes BaAle axg s AEEo] vz &
A 2Ee 20CoAA AR Ao AESo] 7HE =4 YEY Fe A
Aggsttta AGHJY. L Jacis CHII0S ©] &3 £2d AAY 27l =s 16
cfumz F241dx 23] AE&E dxT % HYFY 8% 8.9% 96.6%= TARIAE
AREEE Ao &Ll ulg =A UENT 4 2= ATt AEES 4
I, -18C oA AT tzTo AEELE F2AX AT 9 A 7|2Het 10% #vke] o
S AEES U B FEESAE ARRRE e e Agole AR 79 BH Fo
AEELE 96.0%, 1493t 93.4%, 28D atoll= 90.9%, 56Ut AWEES 46.2%S YERA A
ok 4T oA B3 AA A AF 28Y 75?% Fol AELL 73.0%% ZAadgow, A
2 562 AT} To] WELLS 398%8 FAF 7FAEE Aow vEhgth 10CoA R#AF
AAL] H9 AR 289 A Fo] WEEL 66.2%, 569 HH Fole= 255%2 AT
20C oA Bt AA] A9 AT 289 A Fo AEELS 58.1%0A 56€ A &
o &= 15.7%% 7435t al, 30T oA B AA 749 289 A Fo HEELS 50.6%,
569 A Tl 85%= AEEC] ASEHAt 35T AA B AA ] H¢ 28Y€ HH &

o] EEL 483%= UEton 569 A Foll= 53%Y FE AEES BT H2A%
d AF TR BEESS 8LT%E YEFRIL, 28¥Y Aol 31.9%, S6YAtel= 0.1%=
564 =] AEES T3] A xsHA YERRT
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nl, Alginate bead2 EF 3 A AL AZA7|HE HE2& HAA
TANZE T uAE AEE FFRAE ZAE] et A0 Ready
W F7FF9} sodium alginateE o] &3t X f4bHS alginate bead <~ 3
AA S mofFFxdd e &4 RS B2 A 0.85% A ArE
stal FVFFE FARIAE AHE3 alginate beadE Ol%—fﬂ A A& %@Zﬂ?s 2 5 2 AR
ZIZVHE 7, 14, 28, 5697HA AEES ZAIAT. ke AAE AL, WA, ¥E 251
8T, 4T, 10C, 20C, 30C, 35C and room temperature)xixW]ﬂOﬂ 2 AEES FASH]
s H7HAle]l Zdo] fAEE HA 2de B@As LA ST alginate bead®] =
A7le 22 = A2 mE REayE AdE Faste. dgagE ol {453 bt
EA3A4e 2715 2dseo] 7o) 1.8+ +0.2mme] HI=E A X3 o LAY olE
g 1%2 A3 Wz AxE z™s|th. Lb brevis Al019] 271 EE 26 x 107
cfum& ¥=3}o] alginate beadE A Z3Att. 2720 "o beadES IR T A4
25 AAE 23 888%e AEES YUEtUo] beaddl ZHA ¥ thETY HEEHRG
E2 AEES YUY beadol 23 § FUHFE FHAERISAR AHESt] SHER T8
of MRt FAAR T AHFFAAME 97.9%2] AA=E&S Uehlo] 7|E2] iy AA
95.1%9] AEERT FFste ASs FstAh -20C oA A3 AAe] A5 A7z 79
A3 Fo] AELe txzTo AT 47 86.2%, 96.5%% UERAAI 4T BAZ AA
o S tixT 9 AHYTFY 28¢ FAH T YEELS 40.8%, 80.8%= EFIL 56 7}
Aol Z42F 28.9%, 52.9%%= YERSTE 10C oA HaAE Ao A-¢ 7 2 AH272 28
d A3 o] YELL 36.6%, 72.8%= L‘rE} 3, A% 569 A3 Fol= 27 25.2%, 40.0%
2 UetEtth 20CoA Bagk AAY A dzT 2 AT 289 A T AEES
33.3%, 61.0%=% UEelgFom, 56 Hi% OHE 2+7y 21.2%, 30.5%= YERSTE 30C oA B
g AAY ATl Ae 289 A Fo 2T AT AEES A4 29.5%, 53.9%,
56d A Fole dx2T A% 13.5%, A FAME 20.9%Z beaddl ZH3st FZ7
Z BoAo At Az BTy AA S A= A 25V AsdTs A&l F
A3 adte Ae ﬁol%} 3th 35C el Bagk AAe B9 79 BAH F x| HEE
A%lR A FARSAE A AdFFNAE AEE0] 795%= THAash
ANA Had F¢ 28Y¢ BH F iz AESES 36.9%, AT A
ol 71Ee] B2 AlAll Hlst] AHA7IZt] mEtA = A2 o
A713ro] A3}gtel] wpElA = sodium alginates} AKX SA o] 4
t}. Lc lactis CHII09) 271% =& 15 X 10° cfumlz %
L 84.5%, TARIA AHYTY AEEL I7.7%= L}E}Hloili‘r
Eixﬂ‘j& A Ao AESHET & AL Lc lactis CHI109] A $odAE el E
3?‘”31"/} —20C oA A A B¢ AZZIZE 79 A3 Fo AESS x2To
T 247} 83.9%, 94.3%% UEtRla, 289 A F 77 HEES 55.9%, 89.1%=E e}
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Wt 56Y A3 Fo Zhzhe] AEELS 29.1%, 43.4%2 AEES UEhio] 289 A3 o
SAHEDAE o] &7 20Tl AT Fatet zﬂ%ﬂ«l AEEC] W 5% AS A
AAT. 10C oA BHaAgE AAe] A et 2 A7 284 A Fo &2 49.1%,
75.7%% JERG I, A% 569 A ol 12.7%, 29.3%2 VFEFRETE 20T ol A B#E A A 9
A dzT 9 AT 289 AH Fof HEES 45.0%, 68.0%F UEFROM, 569 AHAF
ol Z2F 5.9%, 14.3%= et 30ColA Bug A AHel+e A¢ 28Y A T
7ot AT HEES 7 41.6%, 60.5%, 562 A} FTole tzTo A$ddE 0.7%,
A T e 105%E beado] At E=AAZ BEA AR s Azd B2y A9
BEAE AR 257t A5rs AEE0 9438 Faste e &UsAt. beadol E3]
o] BAAZZ AAY A Ao By & Ao HELe AF 289 4 F ozt 4
AHel o] AEEOl 7 45.9%, 59.3%F ML, 56Q A Fol 0.9% 9.3%% FA3 2
],

=
gttt 2o FE5EHAH &= HE 2897

J

=

2l

A3 AL 3 Aol A% AztelA REAE A
St AT A W, B, 10C oA AE&0] 247 93.2%, 86.4%, 83.4%= A= o] 9
A Lx A% A7) u¢ S5 AEEL YEE 249 Ao vyt
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Fig. 2-56. Relative viability of Lb. brevis A101 at -18°C. Data were expressed as mean + SD (n = 3).
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—— Soy powder + Microencapsulation
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Fig. 2-57. Relative viability of Lb. brevis A101 at - 4°C. Data were expressed as mean + SD (n = 3).
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Fig. 2-58. Relative viability of Zb. brevis A101 at 10°C. Data were expressed as mean + SD (n = 3).
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Fig. 2-59. Relative viability of Lb. brevis A101 at 20°C. Data were expressed as mean + SD (n = 3).
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Fig. 2-60. Relative viability of Lb. brevis A101 at 30°C. Data were expressed as mean + SD (n = 3).
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Fig. 2-61. Relative viability of Lb. brevis A101 at 35°C. Data were expressed as mean + SD (n = 3).
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Fig. 2-62. Relative viability of Lb. brevis A101 at room temperature. Data were expressed as mean
+ SD (n = 3).
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Fig. 2-63. Relative viability of Zc. Jactis CHJ10 at -18°C. Data were expressed as mean + SD (n = 3).
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Fig. 2-64. Relative viability of Lc /actis CHJ10 at —4°C. Data were expressed as mean + SD (n = 3).

- 137 -



120

10°C
100 -

80 -

Relative viability (%)
2

—O— None
—{— Soy powder
40 - —@— Microencapsulation
—— Soy powder + Microencapsulation
20
ot Q\Q—Q\D\Q
T T T T T
0 7 14 28 56
Time (days)

Fig. 2-65. Relative viability of Zc¢ /actis CHJ10 at 10°C. Data were expressed as mean + SD (n = 3).
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Fig. 2-66. Relative viability of Lc. /actis CHJ10 at 20°C. Data were expressed as mean + SD (n = 3).
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Fig. 2-67. Relative viability of Zc /actis CHJ10 at 30°C. Data were expressed as mean + SD (n = 3).
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Fig. 2-68. Relative viability of Lc /actis CHJ10 at 35°C. Data were expressed as mean + SD (n = 3).
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Fig. 2-69. Relative viability of Lc. /actis CHJ10 at room temperature. Data were expressed as mean
+ SD (n = 3).
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S HZ8 PAUME MY U 042 HWINE 0188 HZYE xE Ul Y
(S 7R : A7 ST, 0| FF)

Al1Ad AEE ¢ OAE AL R mAE HIHAE o] &%

AAnEg 2A7< N

THAZEAS, A3 R AERAZHLA3E ¢ vE AT

7} nGRLEAR, A5 R TH £YS FE 24 =2

D AL ANE 2 1HA WA= bacteria A

Bacteria 2|5 A% BAAG AR FAA A AHAIGANA 2011E 9o
dtRL, B3 A=E Ay B3 AZAEY AHE bacteria AT B AR B4
ARESEA T A4 NaCl w5 AF3do w2t 5465, pHE pH meters AR8-8}
o] %X%}Oﬂ\:‘r. BAAGN A AR 2 1T AFst] o3 oA o] pHE 5.6 7.4
2, d5= 27% Wit 22% (wivZ SAZA UG BXA9 d=7F A$Aoel vl =&

S 2 Yewa, A3 pHe TAHLE 7|Edd Bid & T/ Ade vls 4
< Ao g Ut A3 pHE 4S Ueds 4 F9 stuE Alegddd =
# calcium ion®] F2€ & 4 o [Evers and Carroll, 1998].
oH e HFg AP AFE o] &3l bacteriae] £V 7 FEZ 343 U,
AA R ] =2sle] 10T, 20T, 30C oA 48A1%F o] Hj kst #E3stR ). Bacteria
Balo] Ag3F viA = 1.8% (wW/v) 3-H-S 713 nutrient medium (Difco, USA)® marine
medium (MBcell, Korea), MRS medium-& AH83t3 a1, Qo weka] NaCle 15% (w/v)7F
HEE H7begd. 7Hsd tekdl colonye] ARES kel 7+ iAol A A3 colonyE
Z, B Z7], A, BY 5o FHEH S wef 7+ A & 10~307) A=< colony
E AstaiaL, colony AEAA R 5AI WA S ARt = Bt

oot >\‘

22 ¥ bacteria= 16S rRNA FZAHCDNA) 714 2ol ols] AFAYsHz
AstAtt. E8l¥ bacteria®] 16S rDNA S DNeasy tissue kit (Qiagen,
Germany)& ©]&3te] F=¥ DNAZ PCR 3dtAyY} colony PCRS o] &3t =33} Th
PCR ZZo Alg¥ primere ©Fgk v E2] FZo| ALEE = eubacterial universal
primer 27F (5'-AGA GTT TGA TCC TGG CTC AG-3)¢} 1492R (5°-GGT TAC CTT GTIT
AGG ACT T-3)& Ag3titHLane, 1991]. PCR ®¥F3-2 T3000 Thermocycler (Biometra,
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Germany)E AH&3l% 3L, 50 ul PCR ®Hg-Aldl= template DNA =+ 4%2] colony, 100
mM dNTP, 1 U 7aq polymerase (Roche, Germany), 20 pmol®] primerg& 3 7}st3th. PCR

L 95C oA 5EZF du7FE &, 95T oA 1837 WA, 57C oA 1& annealing, 72C
oA 1& F&WHgY AAES 303 vHE3sE AL, vpA|gtol] 72T oA 583 A Ed & whE-
S THAZY SZ % PCR 4HE2 PCR product purification kit (SolGent, Korea)S A&
st AR 3, FEFGAGoIGent ol ol F st HAVIMES AR AAE AVIAE
£ NCBI (http://www.ncbi.nlm.nih.gov/)¢} EzTaxon server 2.1 [Chun et al., 2007]¢] S
H d7IAME HERE UGS E nucleotide blast searchE F3ll AT T EA4S 3
34 th Databaseo] $5E¥ “FHF (type strain)et 7HE =2 45A4LS YHeEl= &

7L Y A7 LG sl YE= bacteria® A EA T

i

qmo;‘

-

(3) XA ¥&E #A bacteria®] ¥4

BAACZHY F 315 #FE &FEeste] 165 tDNA 71448 &4 o3 543
A3, 31F & 71E9 BFEY bacteria®t 97% ©]4+2] 16S rDNA A5A4S zHx] e 4l
THoR FAEL, UYHHA 284 #F= 285 67F 2] bacteria’lt A= Ao =2 UENY
o} (Fig. 3-1).
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Deinococcus radiopugnans T+ Deinococci
———— Rhodococeus gingshengii
— Microbacterium maritypicum
L Microbacterium foliorum

Ij Brachybacterium paraconglomeratum
Brachybacterium rhamnosum

T

Actinobacteria

Kocuria kristinae
Kocuria rhizophila i
Amaricoccus tamworthensis 4 o-Proteobacteria

Vibria litoralis
1 Vibrio pacinii
’—‘ Halomonas :
Hulomenas Imfm ('nm ificans
L Hulmnunus alimentaria
Enhydrobacter aerosaccus
Moraxella osloensis
—— Psychrobacter celer
—— Psychrobacter nivimaris
Psychrobacter okhotskensis
Psychrobacter faecalis
Psychrobacter alimentarius
Psychrobacter marincola
Psychrabacter maritimus
Paenibacillus lawtus
Paenibacillus borealis
Brevibacillus borstelensis
Bacillus aidingensis
———— Bacillus gingdaonensis
Ornithinibacillus californiensis
Gracilibacillus sp.
Oceanobacillus picturae
Oceanobacillus oncorhynchi subsp. oncorhynchi
‘irgibacillus halodenitrificans
Virgibacillus necropolis
— Virgibacillus sp.
Virgibacillus sp.
Lentibacillus sp.
Virgibacillus sp.
Virgibacillus sp.
- Lentibacillus salicampi
——————————— Bacillus hwajinpoensis
Bhargavaea cecembensis

Rummeliibacillus stabekisii
E Lysinibacillus fusiformis
Lysinibacillus sphaericus
Sporosarcina soli

— Sporosarcina aguimarina
Sporosarcina saromensis ¢ Bacilli

Rothia amarae
Kocuria palustris

r ¥Proteobacteria

Bacillus megaterium
Bacillus aryabhattai

‘ Bacillus marisflavi
Bacillus vietnamensis
Bacillus subtilis subsp. subtilis
r Bacillus pumilus

Bacillus stratosphericus
Enterococcus durans
T*aneum occus muriaticus

Bacillus thuringiensis
Bacillus psychrosaccharolyticus

—————— Weissella hellenica
L Lactobacillus sakei subsp. sakei
Lactobacilius graminis
Staphylococcus vitulinus
Staphviococeus epidermidis
- Staphylococcis hominis subsp. hominis
~ Staphylocaccus pasteuri
L Staphvlococcus warneri
Staphylococcus nepalensis
Staphvlococcus arlettae
— Staphylococcus equorim subsp. eqorim
L Staphylocaccus saprophyticus subsp. bovis
Staphylococcus saprophyticus subsp. saprophyticus

0.1

Fig. 3-1. Phylogenetic tree of the isolates from Myeolchi-jeotgal, showing the relationship
based on the determination of the near-complete 16S rDNA sequences (1407 nt) of the
isolates. DNA sequences were aligned with those of neighboring taxa based on secondary
structure information using the PHYDIT program. Evolutionary distances were calculated
according to Kimura’ s two-parameter model, and clustering was performed using the
neighbor-joining method. The phylogenetic tree was generated by a treeing algorithm
contained within the PHYDIT program. New, unidentified species showing similarities of less
than 97% with the closest type strain are presented in bold letters. The bar indicates the
number of nucleotide substitutions per site.
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2y 5A4E £ 284 759 19%2 AAS= Sporosarcina 40 7V & WEER HAE
S Qar, Virgibacillus 43 Bacillus 4°) 272 16%$ 10% =0l HE o|Urth
Staphylococcus, Halomonas, Kocuria 43°1 22t 9%, 8%, 5% W= Ut Enterococcus,
Lactobacillus, Tetragenococcus 42| f4ko]l 2 EFHAAT, & HFTES AR =

oSt

4) M$A 2q AE bacteria®] o

Ao ZHE F 295 #FE eFEaste] 165 tDNA @714 4d &40l o sA 3
A}, 304 53%F9 bacteria’}t EAEtE A2 Ve, WX A H}E= o2 bacteriad th
FAdS e tHFIg. 3-2). 714 =& WEE HEH bacteriax Staphylococcus 5202
141 #57F &850 AAY 48%E AARIL, 1L F 135 ¥F= S equoruml Z F3
A}t Staphylococcus 42 B0 2+ Salinicoccus < (10%), Lactobacillus <5 (T%),

Salinivibrio % (4%), Kocuria < (4%), Salimicrobium < (4%)°] 2] & At}

3

G EAAF N3 TE dE +HF

652 wAE o]&3 HAAY A¢Ae bacteria ¥ A A, 475 104F 9]
bacteria®] =A7} ¥r& H 3L, Kocuria, Microbacterium, Halomonas, Psychrobacter, Bacillus,
Enterococcus, Lactobacillus, Lysinibacillus, Oceanobaciilus, Staphylococcus, Weissella 4 ©|
TEHCE AEHUY F AZEREH MR w2 NEE AEH £ Staphylococcus,
Bacillus, Halomonas, Kocuria «°.2 EGTE "X ANA SHo = AZ= bacteriagl
Sporosarcina 42 2001'd Bacillus 2. 258 E2|¥ <ol|i, Virgibacilus, Paenibacillus,
Brevibacillus 5% Bacillus 2. 288 ARFH £So|th waha ExAe Hags g
Sl $HFL Bacillus 2 9449 bacteriaZ FAFHATE AN 7 we] HEH
Staphylococcus 42 M3 &S] T2 FHA Hil, o]EL coagulaseE A4S}
A gFol AFQSNF Staphylococcus aureusSt T-EE = coagulase negative staphylococci
(CNSE E7= 1, o]5°l gt s> Bae nvf ok
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Microbacterium imperiale 1
Agromyeces ulmi

— Micrococeus lufeus
Nesterenkonia halobia : i
Kocuria kristinae [ Aataphorting

— Kocuria palusiris

| — Kocuria rhizophila

{ Kocuria gwangalliensis
Salinivibrio costicola subsp. costicola 1
L Salinivibrio costicola subsp. alcaliphilus

Psychrobacter celer
4‘; Psvchrobacter marincola
— Psychrobacter faecalis .
Kushneria marisflavi © y-Proteobacteria
Cobetia maring
-Halomonas tacanensis
LEHﬂfﬂr!MJJMS halodenitrificans
- Halomonas subglaciescola
——— Camobacterium inhibens 1
' Alkalibacterium kapii
Marinilactibacillus psychrotolerans
Aerococcus urinaeeqgui
- - Enterococcus psendoavium
- Lactobacillus praminis
Lactebacillus sakei subsp. sakei
r Lactococeus lactis subsp. cremoris
L Lactococeus lactis subsp. lactis
Leuconostac citreum
— Leuconostoc mesenteroides subsp. mesenteroides
Weissella soli
—— Weissella hellenica
Weissella cibaria
Weissella viridescens
Seotgalicoccus psychrophilus
Salinicoccus halodurans

Salinicoccus roseus r Bacilli
~ Salinicoccus salsiraiae

L —

= Salinicoccus jeotpali
|| Staphvlococcus pasteuri
Staphviococcus warmeri
Staphvlococcus equorum subsp. linens
 Staphyvlococcus saprophvticus subsp. saprophyiicus
~Staphyvlococcus saprophvticus subsp. bovis
Lysinibacillus boronitolerans
Planococcus maritimus
Planomicrobium okeanokoites
Bacillus subtilis subsp. subtilis
Oceanabacillus piciurae

Oceanobacillus thevensis
Pontibacillus chungwhensis

— Salimicrobium flavidum
_‘ -Alkalibacillus halophilus
Alkalibacillus salilacus

0.1

Fig. 3-2. Phylogenetic tree of the isolates from Saeu-jeotgal. The tree shows the relationship based on
the determination of the near-complete 16S rDNA sequences (1407 nt) of the isolates. The bar

indicates the number of nucleotide substitutions per site.
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gAY FERBEQANAD) FHE A BN B $HF 52 2 JAAE AAE
3 AZEF ASANEY Be S5 25 A2

(1 A3 Fd A&

Bacteria l‘?‘ﬂi A% e AALLE 2011 9YE LA 24 AAIAT g upEA
7zt 1% dtAth Al® 60 goll TFe BHrE st #Ast & &, " A
28 Zaﬂﬂi ﬂc?/l'{} o NS bacteria #2] @ NaCl 5%, pH, @ 5= =Ho| A&t
NaCl 5= *—l%%%ﬂ"ﬂ w2} =493, pHE pH meter®, @ == refractometer
(Atago, Japan)Z Z=A3IAtt. ¥ Al59 pH, NaCl §%, == & Zo|7} i,
NaCl $5+ B 6.7% A== L3 AAs7 248 202 HRltKTable 3-1).

Table 3-1. The pHs, NaCl concentrations, sugar concentrations of Ojingeo-jeotgal samples

from a traditional market (A) and a super market (B) in Suwon, Korea.

Chemical index Sample A Sample B
pH 6.2 6.1
NaCl concentration (%) 6.6 6.7
Sugar concentration (Brix) 16.2 17.5

(2 viFHl o] & bacteria A&, &

Zt N oAdS A2 ds-E bacteriad] 27 7Hsdt &2 AR A7 v, 1L
A Al of] =ske] 30T ol A 4841 o] v kst A colonye] F4 2 e #HES
Atk okt bacteriael 5 ¢35l nutrient agar (Difco, USA), marine agar (MBcell,
Korea), MRS agar (Difco)¢} o]E HjA|o| NaCle] HF 5%7F 5% (W7l S =5 H7)sH
ZF 6T MAE AHgsiRa, SRS &S st skim milk (Difco)E 2%
(wiv) ZA7Fstgeh z+ iR oA S8 AFSE 10°-10° CFU/mMI &3 0.2 71&9] Az
A BaE drkAle] SAHA e A bEA Fuh 2 wjA| oA AR bacterias= =

7], 2ok, M2 2 skim milk &3l W& Frg3Hclear zone) A o Fol whe} Zb wix| T
107] A=9] colonyE A3l the, U3 HAE o] &3t &4 BEstn

o 2T bacterla«] R ”éili‘i 2 -3 F3 bacteria FH EA A ALEg

H Dbacteriad] YA & (genus) FEAA= 2 iP 17} UrE‘r‘Jer FUAIT, T
(species) &A= AlE B tdAdol &2 Ao=Z Yehgt (Table 3-2). f4tdS
MRS agar @ NaCl< 7}t MRS agaroll ATt ASE QA T, Bacillus &2 R+ H| X o) A
1E2A A=HReH, @ Ul wE FFo] AA vehA &skuk. Staphylococcus 49
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A%< nutrient agare} marine agarol A EA UERI, @ WG WAL AEo F
& Ao eyt

Table 3-2. Numbers of isolates from Ojingeo-jeotgal summarized at the species level.

Sample A Sample B
Species 0%* 5%" Total 0%* 5%" Total

Aerococcus viridans 1
Bacillus aerius 2 1

Bacillus amyloliqueraciens 1 1 2

— s W

Bacillus clausii 1
Bacillus atrophaeus 1 1
Bacillus licheniformis 1
Bacillus methylotrophicus 2

Bacillus pumilus 1

W o= N =D
w
—
NS
[\
—
o

1
Bacillus safensis 0 3 4
Bacillus siamensis 1 1
Bacillus sonorensis 1 1 1 3
Bacillus subitils 2 1 1 4 2 2 1 5
Bacillus tequilensis 1 3 1 5 2 1 1 1 5
Bacillus sp. 5 2 3 3 4 17 1 3 2 3 2 11
Brevibaeterium halotolerans 1 1

Carnobacterium
maltaromaticum

Corynebacterium variabile 1 1
Kocuria salsicia 1 1

Leuconostoc ) 1 2 3
pseudomesenteroides

Pediococcus pentosaceus 1 1
Staphylococcus equorum 1
Staphylococcus sciuri 1

Staphylococcus xylosus 1

W = = e

Staphylococcus sp. 1 2 3 3 9 2 1
Weissella confusa 3 3
Weissella hellenica 1 1

Weissella thailandensis 1 7 8

Total 10 11 10 10 9 10 60 10 10 11 10 10 10 61

Abbreviations: N, nutrient agar; M, marine agar; R, MRS agar.

aThe final concentrations of NaCl are indicated and 0% means NaCl was not added to the medium.
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Bacillus 4°] F A5 EFolA $Ho=Z HAEHJL, 7|EY ATdA EuHJA
Staphylococcus, Micrococcus, Pseudomonas, Acinetobacter, Aeromonas < 5ol A
Staphylococcus &7ro] B Ao HEHATHKIm et al., 1993]. Bacteria 2]l AH-8-3F
Hi ], i 2= R A5 Aol I dllS FHE F JAT, nHH FAHHS HES
71E AN EETFES vlud 540 AFHoAtE HAE 1A, HZo 48§

Ae AR A4 AApete zolrt vyehd JhsAdel Ao A ARl
NEB AolX = Weissella 40| Bacillus 9] HE ©IAXIRE, P PEANA FATE Al
Boll &A= bacteria®l & Staphylococcus 40 FHE oAtk fakHe
Carnobacterium, Leuconostoc, Pediococcus, Weissella 4:°] HZ% 1, A5 wel A=

= £ o] g2A4 yelgor, Alg BRET AdA E& NEE HEHJD AE A
ZRY 447t 11 #F9 4 577 B8 8 Weissella 43 Leuconostoc 48 AN & BZHH
+ Weissella hellenica 1 w+F%ro] &=, A5 wet ikt Staphylococcus 452
HlFo] 2etd & = 7FeAdol AAIEIA. Probiotics B 41#F8& T4 /Y-S HZHO=E
A& @l Lactococcus, Lactobacillus <& {74t w2]7F H¥¢la [Kim et al, 1997
Lee et al., 2003; Paik et al., 2003], f4tF2] 3
At [Roh et al, 2010], x4 ZAolA A&o] of

k]

i &
o

A@NME Bacillus <) BIetH 11 vlFo] IA & ZASE Hol Ao
Uzt 193529 s s & S PIAA G A 4o A Qe FHE &
Ast= Aoz FAHHH.

71& A7 [Kim et al, 1993]9lA AEH vt A= Staphylococcus &2 F+ ANE EFE
FE EYEAaL, NaClel 5% H7He wixolA $AsA HEdus de L8y,
Bacillus 4 T+
w23t Bacillus
Eol AFEA

=
dEAR, F

o

A B LA D A bacteriaZ FAHEC. 7+ A=

9 Staphylococcus 42 dH #FE2 16S tDNA H71A e F50]
ERAAE B3] 24 5 Qlo] T FF2AA4Y 3T AAHs]
ool FAHo] AAHYE HFE FolA= B methylotrophicus, B subtilis,
B =t} (Table 3-2). Bacillus 40 $H o2 HAEHAUA T, A&

2
A8l 7bs Aol = Bacillus cereuss AZEEHA &kt L8l E Staphylococcus < %ol Al

o
N

LU
AN

v}
RN

B tequilensis7}
S, aureusz AP TdF= SASHA ¥k, EF coagulase-negative staphylococci
(CNS)Eh+= T &3tk CNS+= #HY &7 AAA] BBAA F2 HIEE AEE
A, FHOREE AF W AEEHI o, TR AFE dHAo HiH Hie=

S tHMarty et al.,, 2012; Rantsiou et al., 2005].

wa

(4) FAT=HTE 2 AErigded ASAEE Bg 4F AT

B ATA B BAT 121 FFENE AZAAN BY b5l U= FUTEYT
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Y

2 Adnide ool g AsAEd B 77 AdS A= Ads 9
A A+ S aureus ATCC12692¢} V. parahaemolyticus ATCC17802+= Korean Culture
Center for Microorganisms (KCCM)ZHE FstH i, dAujekdt AAFFS oF 10°—10°
CFUmIs =2 3Hujx]e] 200 u1 =23dle] A=zAZ o, o 10° CFUmls=9] 43
TE WMgolE ol &l ATt 30T oAA 248 wilF F AsAAZ] AE F7F=
AESAN LS ettt BASEES AT A= F4Y AN S aureus
ATCC126929} V. parahaemolyticus ATCC17802¢] A 7o] =341 Vel nutrient agar<}
marine agargE AME39Ga, AZe AEE vy HFFE7F 5% == NaClS 3
7}k At

Bo #F F, 55 @57V S aureusol| thste] BSAN S S VYERNA AL, Bacillus 4
TFEo] o] tKTable 3-3). £&] W=y} =X+ SAv, BaE =8 B pumils,
B. safensis, B. siamensis, B. sonorensis, Weissella confusa #+F+ 4< Yedd. V.
parahaemolyticus?l W3l A= Bacillus 4 21 dFTo] ASANEAHE YE AL,
aureus ¥l &4 R #57Y AL gEo] A FUtHTable 3-4). 2 T/ e
o sty & Zt= FF= EF Badllus 0.2, 6 7 B HAT o] E FF9
A= A= NaClel 6% 7 wiAlo A= &Aool Yehes Ze® Hol
AL AN AFEd A7t 7hed Aom FAHATFG 3-3). F 3
7V B9 B pumilus$} B siamensise E5F T XSSl tiste A S ura}qqgi

Avk, EYE WA Yot F e AEAder Brierls IS, tiEEe] A
AL #F 5oldo= ‘/}E‘r”ﬁ}.

A Lag T M 2T 7
milkkE 2% 773k nutrient agaroll A &2l 2 Az}
A3 JAFA T, NaCl 71 wel &Ado] A3, colony?] ko] NaCle] &
W 3lehs elstohFig. 3-4). B siamensis RM502 w37} NaCle]l 6% 7&7} 1) 2] of

w5 9EAEEAEAS YUY HEHoE Add 6 77 ASAMNEEH
ARG S AFH R HwsAE XA, 6% FFEolA 4 JEd

)
of eAqRLe Az FRN AFHF ALASN D GHARABYS Yehd 5 91S

r9£

o{[‘
HU
k]
%)
SEI 1}
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Table 3-3. Numbers of isolates from Ojingeo-jeotgal showed the growth inhibition of

Staphylococcus aureus ATCC12692 on nutrient agar supplemented 5% NaCl.

Sample A Sample B
Species Isolates sAtggl\r; es Isolates Active strains

Bacillus aerius 0 0 3 1
Bacillus licheniformis 1 1 2 1
Bacillus pumilus 1 1 1 1
Bacillus safensis 3 3 4 4
Bacillus siamensis 0 0 1 1
Bacillus sonorensis 0 0 3 3
Bacillus subtilis 4 3 5 3
Bacillus tequilensis 5 4 5 3
Bacillus sp. 17 10 11 10
Leuconostoc pseudomesenteroides 3 1 0 0
Staphylococcus equorum 1
Weissella confusa 3 3 0 0
Weissella thailandensis 8 1 0 0

Total 45 27 36 28

Table 3-4. Numbers of isolates from Ojingeo-jeotgal showed the growth inhibition of Vibrio

parahaemolyticus ATCC17802 on marine agar added 3% NaCl

Sample A Sample B
Species Isolates Active strains [solates sAtigées

Bacillus amyloliquerfaciens 0 0 4 2
Bacillus atrophaeus 2 1 0 0
Bacillus methylotrophicus 2 1 10 5
Bacillus pumilus 1 1 1 1
Bacillus siamensis 0 0 1 1
Bacillus tequilensis 5 3 5 3
Bacillus sp. 17 2 11 1

Total 27 8 32 13
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Fig. 3-3. Growth inhibition of S. aureus ATCC12692 (A) and V. parahaemolyticus ATCC17802 (B)
by the isolates from Ojingeo-jeotgal at the NaCl added conditions.

Nutrient agar and marine agar were used for the growths of S aureus (A) and V.
parahaemolyticus (B), respectively. Isolates: a, B pumilus ANR7, b, B pumilus RM010; c, B
siamensis RM502; d, B. tequilensis AMSR3; e, B. tequilensis MAS04; f, B tequilensis MS503.
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NaCl 0% NaCl 2%

NaCl 4%

Fig. 3-4. Effect of NaCl on the growth and protease activity of isolates from Ojingeo-jeotgal.
Nutrient agar containing 2% (w/v) skim milk was used for the detection of growth and protease
activity. Isolates: a, B pumilus ANR7, b, B pumilus RM010; c, B siamensis RM502; d, B
tequilensis AMBR3; e, B. tequilensis MA504; f, B tequilensis MS503.
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2. A8 S 59 XA B 2 wBE JVHA AL

7h. A W& AHZF Staphylococcus equorum®) +RAAR Fr}

D d7-2 w73

BAA, A, LAARLANAN BF: HEHYA, A Bae AT Hed
S equorume ABALEE FHOE HEE w2 JheAS JHAL Jou, vl
AEFEoE AREE d7F flof XA BTl tid dade] AVEHAY. FHANE &

NA D &7 @ S camnosus, S equorum, S. saprophyticus, S. xylosus 52 CNS
bacteriaE TS =2 AFg3tal 2lo] [Berdague et al, 1993; Sondergaard and Stahnke,
2002; Stahnke, 1994], Atgol&E o ZHoA = Aol FRFERJTT & = Joy, 25
599 S aureuset FRAF & (genus)E BEFHEF I Jo], S UgelA FHOE AMESHY]
AWM= S equorumell thd A9 %—”é‘ol S99 fYuet A FoofErA
Ao Ae Ftol g 7lEol §lol, B dAFoAes T AR Brtel ik 7]Fol
AAE e #EH v=9 JES FHaste B A9 Fds Tt FERG S

2 FAEH WA H7}

20128 A FoFFLAA Amo st FUolA HEHE IdAE=-E WA bacteriad
o= ampicillin WA diAdwo= BRuEAct wepa eyt 25 = bacteria
oANM 71 =& HEE YHEd F e FAEE WA ampicillined] gk o= o4
Aok Ampicilline] 32 xg/ml H7t&8 T o] &3t & HAE TSt FEIS 185 S
equorum o g ASAN AP TP+ A7, 59 +F (31.9%)7F ampicillin WA &
e Tk Ampicillin WAL BRH3F JAA &S 126 S equorum w52 14%F A EZ
of ™3 WAleS HrIsk A= Fig. 3-53 £tk dAEZ WA HrME Clinical and

Laboratory  Standards Institute (http://www.clsi.org)®} European Committee on

mlm

Antimicrobial Susceptibility Testing (http://www.eucast.org)®] 7]&ol| <]sle] disc agar
diffusion o=z X PstAtt Ao A& FAYEZ disc 14F, amikacin (30 # Q),
cefoxitin (30 #g), chloramphenicol (30« g), ciprofloxacin (5« g), erythromycin (15« g),
gentamicin (10« g), lincomycin (15« g), linezolid (10 «g), ofloxacin (5« g), oxacillin (1
g), penicillin G (10 units), rifampicin (5« g), tetracycline (30 #g), trimethoprim (5 xg-&
Oxoid (Basingstoke, Hants, UK)ZH-& <435t}

Penicillin G (34.1%)°ll Wigt UAS H{FIF FF7F 7 ol AHEHUT
erythromycin (9.5%), trimethoprim (9.5%), lincomycin (8.9%), chloramphenicol (4.8%)2] <=
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o

o7 WAES B #FE0l EAste AR UeWt. HFAHoE 126 5 3, 6
F7F Aolx 3 TR A= U WS AL AR, 24 FFE 2T F ©l
GAHEA that WS 7R JAHTable 3-5). S equorum d4F52 FAE

& #F Eo]H(strain-specific) 0.2 o7 7}A] SO FE LERG
st eyl A ®EEld S equorum vFES FAAEE U
dufF FAAATE Jd= Aew UeEt AFokEdArE 2009 o
o] FAHEA BujHES oxytetracycline, penicillin, trimethoprime 38l sulfonamides,
erythromycinS 3238l macrolides®] 02 o5 FAYEA thak o] FHolA &

gdE S equorum dFEANAEYTG & WEE HAESHA

H
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o
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Amikacin
Chloramphenicol
Erythromycin
Gentamicin
Lincomycin
Linezolid
Tetracycline
Cefoxitin
Oxacillin
Penicillin G (43)

Ciprofloxacin (1)

Ofloxacin = (1)

Rifampicin (1)

Trimethoprim {(12)

] 10 20 30 40

Antibiotic resisitances (%)

B Protein synthesis inhibitor
Cell envelope antibiotic
Transcription inhibitor
Folate pathway inhibitor

Fig. 3-5. Antibiotic resistance of the ampicillin-sensitive 126 S. equorum strains from jeotgal. The

numbers in parentheses represent the numbers of resistant strains among the tested strains.
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Table 3-5.

Antibiotic resistance phenotypes of multidrug-resistant strains and resistance-gene-amplified

strains.
) o Phenotype
Strain Origin 1 I - v Genotype
C3x02 Saeu-jeotgal P T
C4X41 Saeu-jeotgal Te Gm P T
C5054 Saeu-jeotgal L T
C6018 Saeu-jeotgal P T
KM2064 Myeolchi-jeotgal E L
KS1025 Saeu-jeotgal A R
KS1026 Saeu-jeotgal 0 T
KS1032 Saeu-jeotgal E L
KS1051 Saeu-jeotgal P T
KS1054 Saeu-jeotgal E Gm
KS1085 Saeu-jeotgal P T
KS2020 Saeu-jeotgal Te P T
KS2030 Saeu-jeotgal E Gm
KS2088 Saeu-jeotgal Gm P
KS2097 Saeu-jeotgal Ox P
KS3038 Saeu-jeotgal E C P
KS3040 Saeu-jeotgal E C P
KS3097 Saeu-jeotgal L P
KM1031 Myeolchi-jeotgal E C L p InuA
KS1022 Saeu-jeotgal E L P InuA
KS1030 Saeu-jeotgal L P InuA
KS3044 Saeu-jeotgal L Lz P InuA
KS1086 Saeu-jeotgal P T pbp
KS3022 Saeu-jeotgal P Cp pbp
KS3083 Saeu-jeotgal P pbp

Classification categories based on reaction mechanisms: I, protein synthesis inhibitor; II, cell envelope

antibiotic;

I, transcription inhibitor; IV, folate pathway inhibitor.

Abbreviations: A, amikacin; C, chloramphenicol; Cp, ciprofloxacin; E, erythromycin; Gm, gentamicin; L,

lincomycin; Lz, linezolid; O, ofloxacin; Ox, oxacillin; P, penicillin G; R, rifampicin; T, trimethoprim, Te,

tetracycline.
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gt Ao R HUEI ot B AFo A= 7]Eef plasmid T+ transposonel EA|ske]
o] & dojues AeE AR 157 FAAY EAE PCRE 18] HEUth
[Colomer-Lluch et al., 2011; Lina et al., 1999; Luthje and Schwarz, 2006; Toh et al.,
2007; Xi et al., 2009; Zhu et al., 2013]. 9F<] IV EHD WA #A-Ho] A= 1570 FHA}
o] =Z2& 93 PCR primero] w3 HRE Table 3-6°] YebAT 1570 F44 =,
InuA®} pbp T3 TH#FE2ERE FZEHAY (Table 3-5). 7 #+F=ZHE TZH F
|MEZEEH 4 ofu| b ge 7|Eo| Buw Staphylococcus <
nuAd 2 pbp TR A= ofm4t D 97% ol s ds A AT o]
= 7180 §AA AR IAFD S equorum Mu2el FRA G EA5}A

2ol #FETo] lincomycin 2 Penicillin Goll ti3k AS YegE Ao 2 Ho}

Q)
F WA §RA7 228 Ao 24T (Table 3-5).
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Table 3-6. Oligonucleotides for the identification of antibiotic resistance genes.

Oligonucleotide ~ sequence (5’-3") Size
Class Antibiotics Gene Reference
Forward (5°—3") Reverse (5°—3") (bp)
I Gentamicin aphA GCGCGGATCTTTAAATGGAGT AAGCTGGTGGGAGAAAATGA 411 This study
GT AAAC (NC_017331.D
Chloramphenicol  cat CCAGCAAACTACGTATAGCAT GATGAAGCTGCAAGGCAACT 499 This study
TAC GG (X60827)
Linezolid cfr GCTACAGGCGACATTGGATT CTGCCCTTCGTTTGCTTCT 570 This study
(JN97096.1)
Erythromycin ermA GTTCAAGAACAATCAATACAG GGATCAGGAAAAGGACATTTT 421 (Lina et al.,
AG AC 1999)
ermB  CCGTTTACGAAATTGGAACAG GAATCGAGACTTGAGTGTGC 359 (Lina et al.,
GTAAAGGGC 1999)
ermC  GCTAATATTGTTTAAATCGTC  GGATCAGGAAAAGGACATTTT 572 (Lina et al.,
AATTCC AC 1999)
msrA GGCACAATAAGAGTGTTTAAA AAGTTATATCATGAATAGATT 323 (Lina et al.,
GG GTCCTGTT 1999)
mphC  GAGCTACCAGAGGAGCCTGA  CATACGCCGATTCTCCTGAT 940 (Luthje and
CG Schwarz,
2006)
Lincomycin [nuA GGTGGCTGGGGGGTAGATGT  GTTCTTTTGAAATACATGGTA 310 (Lina et al.,
ATTAAACTGG TTTTTCGATC 1999)
Tetracycline tetk TTAGGTGAAGGGTTAGGTCC GCAAACTCATTCCAGAAGCA 718 (Aarestrup et
al.,  2000)
tetM ACAGAAAGCTTATTATATAAC  TGGCGTGTCTATGATGTTCAC 171 (Aminov et
al., 2001
I Penicillin blaZ AAGAGATTTGCCTATGCTTC GCTTGACCACTTTTATCAGC 518 (Lina et al.,
1999)
pbp GTTGCTATATCTGGCGGACGT TGAAGCAGAACCACCAAGTA 386 This study
G (DQ413595.1)
il Quinolone norA GGCAGAAGTTTCACATCGTAT AGCCTTGCCTTTCTCCAGC 531 This study
GCC (NC_009782.1)
v Trimethoprim dfrA CGAAGCAATGATTGACCAGG TTCCCTTTTCTACGCACTAAA 185 This study
TG (NC_014369.1)

Classification categories based on reaction mechanisms: I, protein synthesis inhibitor; II, cell envelope

antibiotic; IIl, transcription inhibitor; IV, folate pathway inhibitor.

(4) Biofilm @A), A E3f(hemolysis), Enterotoxin A4 G2 &4 <l

frg 2 Edd= EFSAE 2 #8202 HAES AHgsiele 45, FAEE id 2 9
AT EAFA e 22 A gk 2AE 875
ol gk fafAxtoll gk &g Folrt flo], CNSo) hA
<= AABHA] At B AFoA= CNS F4dLE <,
Staphylococcus epidermidis®] <t H7tA F2 AHEHI
3, enterotoxin A2l EA1E F2lstHt [Otto, 20121

7 #-3l (hemolysis)2] 3 7}+= TSAel horse blood

a1, Staphylococcus aureus Newman o5 2 USA300-P23 ++&

AA =Y, Staphylococcus
kol Qlo] Al A&
71 gddos 4#HA

= biofilm A, EHE

23l

A 7Vste] AA s
xFoz ALY

%+ sheep bloodE
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o A ESS HILE 1269F =, o -hemolysis B4 S Uehd #FE EA A &3
, B-hemolysis &4 37F7F el ew, 87 +3F7} o -hemolysis A& JERAA
t}. B-hemolysis B4S YelA #FFE Z5 5 -hemolysis 4-& el (Fig. 3-6).

S. equorum S. aureus

c2012 c204 KS1044  KS1048  KS2042 Newman

o

Fig. 3-6. 4 -Hemolytic activities (A), ) —hemolytic activities (B) and biofilm formations (C) of

S. equorum strains. S. aureus USA300-P23 (USA) and Newman were used as the positive

controls for hemolytic activities and biofilm formation.

AR dd FAA] =) &S 9ty S aureus’t RH3Fal A+ @ -hemolysis,
G -hemolysis, & -hemolysis A} hla, hib, hid®} S. epidermidis7y B3t U=
SE_0613, SE_1760 A AZ PCRE ZZ3ct. AR #H FAA FZo) AL
PCR primer= Table 3-79] YeEtt. PCR =3 Z3}, p-hemolysis &3S Yebd S
equorum KS2042 #FZFE SE_0613 FHdAVF FZFFHQa, FZF4ELS S equorum
ATCC 12228 +#52] hemolysin FZ A2}t 99% F&S 7FA AL AT 126 45 F, & 1

N dFEHE SE_0613 FHA7 SFH S equorum dFEolA YERY= €313
o] Yole & & AT, KS2042 FFRHEE FEZH SE_0613 FAAE S epidermidis T
FERE Y 9 o|%(horizontal transfer)el] &3 A FAHT
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Table 3-7. Primer sets for the detection of virulence factors in S. equorum isolates from jeotgal.

Oligonucleotide sequence (5’-3") )
Target gene - Size (bp) Reference
Forward (5’—3") Reverse (5'—3")

Hemolysin genes
CTGATTACTATCCAAGAAA CTTTCCAGCCTACTTTTTTAT 209 (Jarraud et al.,

hia TTCGATTG CAGT 2002)
b GATGGTGGCGTAGCGATT ~ CCCATGGCTTAGGTTTTTCA s19  This study
GTAAG GTCAC (KC242859.1)
" AAGAATTTTTATCTTAATT  TTAGTGAATTTGTTCACTGT 11 Uarraud et al,
AAGGAAGGAGTG GTCGA 2002)
SE_0613 AGCTAAMAAGGGTGATCG  CCCACATTCACTCCAATATCA 166 (Eyen ef al, 2010
SE. 1760 AATATTGTCACGAGCCAAC ~ AACAATGGTGGCACATTAGA  p07  (iyen et al. 2010)
CTAA GTC
Enterotoxin genes
sea 88TTATCAATGTGCGGGT CGGCACTTTTTTCTCTTCGG 102 %gg)mtra et al,
b TCGCATCAAACTGACAMC  GCAGGTACTCTATAAGTGCC 97 (Becker et al. 1998)
AGATGAAGTAGTTGATGT (Mehrotra et al.,
sec AoAToA CACACTTTTAGAATCAACCG 451 e
sed CEARTAATAGGAGAAAATA  ATTGGTATTTTTTTTCGTTC 278 %g&rmra et al,
see égGTTTTTTCACAGGTCAT CTTTTTTTTCTTCGGTCAATC 209 %g&rma et al,

n gl Aabsks biofilme AF ARl s ddo] AR fsivd=o] A&

ojvf 8719 FH| FAbete] A% 3}%1 A8 AE 4o JtsAdel = mA
=°] microplate ol A% biofilme 0.1% safranin &} o2 FAst= = [Heilmann
et al., 1996]1& o]&3te] 126 759 biofilm A4S AEZ Az}, 37 #F7} biofilmS &

ke A2 YEyth

Staphylococcus 4°] 2y4}Fsl= enterotoxin (SE)= 4 g 7t A g 93] g4
st HA 7] wiol 2E4EGe o] AP 842 AAFHa gloem [Evenson et al,
19881, S aureus7} thEZ Aid o2 delA AT EEA CNS #FEA9 A=
BRyuxEy o [Valle et al., 1990; Zell et al, 2008], &3 stx o= SEA, SEB, SEC,
SED, SEE 5 &&7} &&lx At} [Bergdoll et al., 1959]. ¢]& 5% 2
PCR primerE T=3%}oj(Table 3-7), 126 #+52 tii o2 PCR =
AA= SZHA FUdh

2 A4 9] Biofilm ¥4, d7&3lithemolysis), Enterotoxin A4 Fxxte] &4 &
NS Tt o8 EAL EF #F SolFoE Yeds st HFHoE FA4
=4 WA #Hrh, @AES) AE, biofilm 4 7L, enterotoxin FAAke] EAjEHQl A3

= 3o, AsliAel fle Aoz yelhd 39 ¢F7F AdE AtkTable 3-8).

o] &
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Table 3-8. Technological properties of the 39 S equorum strains selected by the safety

assessments.
Nitrate Biogenic amine production (ppm) Growth in NaCl
Strains Proéeas Lipase reductas ; ; ; ; ;
e Cadaverine Histamine Putrescine Tyramine 15% 20% 25%
C3024 + + - 233 + 0.1 ND ND ND + + -
C3038 - + + 21.8 + 0.2 33.0 + 53 ND 281 + 1.9 + + +
C4005 + + + 296 + 0.1 319 £ 60 226 =09 297 + 08 + + -
C4040 + - - ND 315 + 6.3 ND ND + + +
C4X11 + + + ND ND ND ND + + -
C5059 - + - 22.0 = 0.1 35.0 + 3.8 ND 288 + 14 + + +
6002 + + - 195 + 0.2 223 + 06 158 = 01 251 + 21 + + -
C6017 - - + ND ND ND ND + + -
C6019 + + - 244 + 0.6 319 £ 60 186 = 09 280 * 20 + + -
C6047 + + + ND ND ND ND + + w
C7016 - + - 231 + 2.1 ND 179 + 08 290 =+ 1.3 + + -
C7023 + + - 246 + 0.9 34.0 + 45 ND 280 =+ 1.1 + + -
8003 - + + 237 + 19 345 + 0.9 ND ND + + -
KM1007 - + + 237 + 0.3 ND 183 + 07 289 =+ 14 + + -
KS1008 + - - ND ND ND ND + + -
KS1015 + + - 18.7 + 0.2 ND ND ND + + -
KS1035 + + + ND ND ND ND + - _
KS1039 + + + ND ND ND ND + + +
KS1048 + + + ND 380 + 04 ND ND + + +
KS1052 + - + 215 + 2.6 36.8 + 1.2 ND 291 + 0.8 + + +
KS1053 + + + 184 £ 0.5 22.3 £ 0.8 186 £ 1.5 ND + + -
KS1090 + + + 207 = 0.3 ND ND 292 + 1.1 + + -
KS1099 + + - 19.3 + 0.2 36.0 + 3.1 ND ND + + +
KS2002 - + + 19.2 + 0.3 223 + 0.1 ND 281 + 31 + + +
KS2010 + + + 224 + 0.2 342 + 44 172 £ 03 282 * 19 + + -
KS2015 + + + 216 + 0.1 40.0 + 0.3 ND ND + + -
KS2019 + + + 202 + 0.1 385 + 1.3 ND ND + + -
KS2036 + + + ND ND ND ND + + -
KS2055 + + + 19.0 + 0.1 372 + 22 ND ND + + -
KS2059 - + - 19.3 + 5.3 223 + 3.1 ND ND + + -
KS2095 - + - 200 + 04 32.7 £ 53 ND ND + + +
KS3006 + + + 202 + 0.1 ND ND ND + + +
KS3029 - + + 19.2 + 05 ND 155 + 0.1 ND + + +
KS3031 + + - 185 + 0.3 ND ND ND + + -
KS3055 + + + 201 + 0.3 338 + 47 ND ND + + -
KS3057 - + + 199 + 0.6 223 + 08 159 + 22 ND + - -
KS3081 - + - 223 + 0.2 ND 174 + 26 ND + + -
KS3084 - + - 215 + 0.3 329 £ 21 163 + 0.3 ND + + +
KS3086 + + + 233 + 1.3 320 = 04 162 =+ 05 ND + + -
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() S equorum®] 71’54 2 biogenic amines ¥4 7}

LBag FTHor ol8HY] HalAe A A Vs I Fa asot. o
gAl b Aol &R H 39 S equorum 7FE AR WEE FHOEANY JlsAHE B
7hatdth. 12y obF AZdS o ®E 3 Farol AT nk glo
71%e] Bag wb gtk webA e BEASF TR H=<l protease, lipase,
nitrate reductase A4S =A3 ) [Leroy et al, 2006]. Protease & lipase &4 =4 &
2% YA R} 1% tributryns 22t H713E TSAS o] 8349 2, nitrate reductase 4=
A2 Miralles et al. [1996]¢] W& W3t Agsith. Table 3-8¢= protease,
lipase, nitrate reductase &4 &4 AAE AASATH FFo webA 7FA] 42 o

FFor #4F Eoldoz Yehyta, 39 +F F 16 571 M E4E EF 1A
I Ae Ao g e
ol gheFo] & AFAA Y TaEAAHNAN tdFez YA E= biogenic aminesol
g A% Slsldel A W AAE FUAT, AAHCE FAY F7F oA
of vl AT EEAFY F=o o] ZFEo] H UvHShalaby, 1996; Sila
Santos, 1996]. =T biogenic amines Ao E I 7|EFAo] WEAZ LA T
histamine®} tyramineol] tigk {J3ldo] A Slo], T T/ Ui 7]|Fo] A
a1 Qlth. Biogenic amines®] A2 AF9] T/ Ao #HEstE vAEY TR o
& IA Zol7b YA THCarelli et al, 2007], o}& AZS tiAe®E I FQ biogenic
amines’} =FHo YA ol B AFdAE HEAHel =T diide]l Hi e
cadaverine, histamine, putrescine, tyramine?] A& HESIFY. £z +FE i3k 4
< biogenic amines®] A2 o]=<2] XA histidine, lysine, ornithine, tyrosine-& TSBel|
0.25% F7Fst] 30C oA 48A1%F v Fst 3, A =¥ biogenic aminesE HPLCZ A Ao
2 HEstAT. 4 #F7F A F 459 biogenic amine®] ¥ #+F 5
[, 4 dF+= 4572 biogenic aminesE =5 AASHAL, 7T #+FE= 4
aminesE 25 AAEFA] ¥ttt (Table 3-8). Biogenic amines BIAYA oF
C6037, KS1035, KS1039. KS2036 5+ protease, lipase, nitrate reductase &4S R {3}
I AR

A--A T AR 20% o1 I AdEjolA S0l MAET] wiel AYd 455
o] FTHLEML 7]5g I A= LG EHANA S Aol aFEHT ALlA
249 39 S equorum 4FEE hEE 20% NaClS H71e v A= A4S Yl

i, 13 ¥+ 25% NaCl FEA % AyAo] 7153kt

i_.

)

ol2el e u
=
[€)

<] biogenic

l
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W HAE A7EAS AH7ME AE

(D A7 w73

2 HAe] F3& B3t bacteriaZt 2] WE| FojdthE 2AE FHIAL, A
T3 R BASM Y $HFS AT  flfler, ol ATl AdAN BE Ths
FE Flstith. FF FHFOR E5d FHEEY AUE AR AFE A AT
= AESIAT. A FAER] BAY Ales AFE WAE st 283 S8
g FIFaE FHEML A eE AR B dFdAs M Be aHE Holg
A EEE T HUHE A% wiA Y] AxE AESNG

@ AFE o1 &% AF& viAY AL

AzxstA e ADd AxE Aol FFY ES ¥ UANE FA Zot dAEE
(6,000 g, 20 min)st] VoA FFHE A3 A7, IAEC] Ve AL FUsiAth
et AHE] BAES A s Al A AsdS 100C, 5EIHe] THEA
2 AHAES AAT Fofl Aozl A5dS sty AR AESIATH A4 3, Jd=
o] A7|A ol A F HIME WA R ARRIMSR FELE UENIA, T SR
1 S equorum®] W5 FFES F7IE FRlstATh

A5 ol &3 AFE A A Y T’ w2 &=
NaCle A+ A @AM Frkste] A3 A F8& WA S evorums HFst 59

13t} Tryptic soy broth (TSB)E ©] &3+ A $-ol= S equorume] NaCle] 5%
WivelA F347F MiARY =2 S Yt AT A5 ol &3] Al x3h v A ol A
o

= NaCle #7hslA) @ geelA 718 e A4S Yehidth Fig 3-7. oleld dg

-

= o
TS &

>
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1.2

e + 0% NaCl
==+ 3% NaCl
—tr=+ 6% NaCl
e £ 994 NaCl
0.8 msfiom + 12% NaCl
—@—-+ 15% NaCl

0.6

O D600

0.4

0.2

Time (h)

Fig. 3-7. Growth of a Staphylococcus equorum isolate at different concentrations of NaCl.

3) BAA=I 9% S equorume BEE &3

A EE WA NN g SEMFAES Hrlets Blol obd TS oA F

= A% Fo| 4TFE Sl AU 9@

Table 3-9. Survival of Staphylococcus equorum strains after freeze-drying.

Cell count (cfu/ml

Strain - - Survival rate (%)
Before freeze-drying  After freeze-drying

S, equroum KS1048 1.5 X 101 6.2 X 10% 41.3

S. equroum KS1051 2.0 X 10* 9.2 X 10" 46.8

S, equorum DSM20674" 1.8 X 10 6.7 X 10" 37.2
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A 2Ad vAE JVAE o8& AG Haxd Ve AE
1 AZE "YE FHIMA ¢ 9% a3 £
7F AL Ao & bacteria T FHo] EUEH

D 74 H73

Agel] digk g E A RS 4 5o A EAS J|FowE By
bacteria 712 ZdolAlolo A AJALE] = fish sauce?] <A77 ©=o AFEd WAg
ATFZAA7F BAFEJAT SA471F 5 v 2 vAAE Holo figh A= v xIg

A A o|t} [Gildberg et al., 1984; Sinsuwan et al., 2007, 2008; Siringan et al., 2006; Udomsil
et al, 2011; Yongsawatdigul et al., 2007]. =3+ @& Fo| Hrlsh= T M &4
AEFY] FHEE gYote $HTS AMEste WFOoE 3 Eo] 7] wiie AAYE
w4 mAES] gz o s st7F g Eojof o} M=
T3 49 AAde $AHFY =8N ofYdg £A4%E, FE £F3 24 a3 A
e 712ARE AFE F do wmEA AL ae FAstol| BF 72HsHH A

Ao HRE gate] A A Aols mUHAF YT

=
i
N
l-«]I.
o
fru
2
N

N
(2
lo
o\
=Y

ol
i
fo
)
ox,
2
R
|t
o
[e5}
Q
(@]
=,
o
BN
)
Lo ol

@ A$3ZE A=

/47|18 bacteria wRHEAS AT AR ZES At AHEFAA AMNS
(Acetes japonicu)s T %, 2FEI ALAE Hristed HF Nall 5=7F 24%
wiw7b HEE Azsact. Azd AeAZS 3L Zgxg &7 "ol 15T
B3stHA 1, 5, 10, 15, 25, 35, 65, 135¥0l AIEE AFstS vAdE BAS AYP3ATh

3 NEY A L wPd o3 bacteria A, £

did Az A Bed ALARe] o9 pH meter® pHE Z438+% 3, Mohr
[Che, 1998]& o]&3l] NaCl 52 =439 0™, bacteria 2]l AH&3}%th Bacteria
2 QA A3 A4 single colony #El7F 7Hed TER AYAEFE 543
e Hu| R o] Euste] 30T oA 2447 o] AF Hjeksln W3}t Bacteria H2 9
= 1.8% (wlv) $31S %7}k marine medium (MBcell, Korea), nutrient medium (Difco,
USA), MRS medium (Difco, USA)# o] & wi=lo] NaCl& HZFE=7} 6% (Wiv) H=Z H7}
g wAE ol &eAitt M B 7 A 5, 489 colony= M, B, A7) 59 FH
std EAS mEste] ZF wjx] HE oF 10 colonyS Aty a, AdgA A AL T

d HAE ol &t & ST
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@ B2 #3e 54
2o 279 $42 B3 % A9 A bacteria TH BAANA ST WS
Y37 2 §5Ack

) As-AF 4 F9 pH #3}

N--A72e] pHE 6.9~7.12 473 &< Ao YA A FA=HAT (Fig. 3-8). A&
2 BFAF FHAEAS e+ AF F Ul pHe AE 54 F v Ed 93
BAEE A B #74 o2 flske] I gre] "olx= e dEA 9t [Kang et
al., 2001; Park et al, 2002al. tHhthe] A Ze] pHE 5.0+65 F=Z B YA A4
Ao pHeE A= JdASA FAFHo 7]Ed Hud & T/ &g vl tha
=2 Aoz Yelgt [Lee et al, 1999, 2001]. A& pHl THSZ2 fAH+= o]
e 445 32 4 F AAEE amined IFS £ 5 JoH [Mok et al, 2000],
A Ao Z3H calcium ion®] #FEl7F FH HYJdo®E FAHEY [Un and Lee. 1996;
Evers and Carroll. 1998].

ol | i - 10
S

:25'/4—4(—"”‘*\; s [ 9
ke,

2 20 - 8
=

g 90— 9 B 5

c 15 = e 7 &
g

L& ]

O h - -
©

= 0 4

1 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Storage time (day)

Fig. 3-8. The pHs and NaCl concentrations of Saeu-jeotgal during ripening. NaCl
concentration (A); pH (@).

6 WA WE A4 T FTF5 WS

AL 4713 Tt 65 WA A AEE bacteria®] z719] B W
Ao A oF 10° CFU/mL &2 2 YEA| vk, marine agar 2 NaClo] @7}% marine agar
E AYstae BF sA4FHAA Taste A4S YeER SIokFig. 3-9). Marine agarell A
A% bacteriax 6597kA 10704 10° CFU/mML $&74A F718ttr), o]l % 7haste
1354 kel = 10° CFU/ML F#o2 AEEH ATk I wro] wixoMe 4 Z7|3H 2

N
b
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l= okAS Bar, 13599 4= 103~10' CFU/ML &2 2 vebgt) 33, ujx
of 7k 6% NaCl2 bacteria®] Aol & FFS vAA e A2 YeEoHFig.
3-2). 710 Rud A¢AZY AHFFE 10%10' CFU/mML %2 2 marine agarE A<
gk R el A YR Aol IA =24 &tk [Lee et al, 1999; Ham and Jin. 2002]. &}%]
o B AR AE 7]E AFoA AFEEA] ¥ marine agarE E3te] 10~10° CFU/mL
T Ads 7HEo] 7FestAth o] A= bacteriazt iE =2l NaClo] EA4)3t= Al $-
AdoA AR Thede AL, dAR Fefe] S AR Al T de w40l
obd bacteriacll &3t WEVL ALY Ao HAGIL US5E AT ACE ARH
}.

ol
rlr
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30

Cell count (Log CFU/mL)
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Fig. 3-9. Cell counts in Saeu-jeotgal during ripening on several media. Media: marine agar

(A), marine agar containing 6% NaCl (A), nutrient agar (O), nutrient agar containing 6%

NaCl (@), MRS agar ([J), and MRS agar containing 6% NaCl (H). The results are the

average values of three replicates.

(D AAZNA 29 bacteria®] ThFA

135¢€ 9 sA71ZF &<k 89 AR A|HE Bt T 46 Fedstan
165 DNA 71M4 &4 s 4% A7, 7€ &/ bacteria®t 97% w7
16S rDNA 454& Uehdo] 2AFdo2 F45 & 16757 £e5Ax, YA 4517+
£ 424 87F 02 BFEHAY (Fig. 3-10).
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=531, Salimicrobium, Kocuria 401 232y 17%, 13%=% E2 =0 HE oAtk £ =
XM= Staphylococcus equorum, Salimicrobium salexigens, Kocuria palustris7V Z+Zy 25%,
17%, 11% o= A8ttt Also BujE<= 3122 bacteria®] tFde 43
Aot FTASA  Staphylococcus o) VA we WER AU, Salimicrobium,

H=g2 AESEo A=A, Az, Alxzsdd w2t +9 g4

A
e
o
Hir

Kocuria <
& A Zole= YAAE A A FQ bacteriax= YA YERYTH [Guan et al,
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Fig. 3-10. Phylogenetic tree of the isolates from Saeu-jeotgal, showing the relationship based
on the determination of the near-complete 16S rDNA sequences of the isolates. DNA
sequences were aligned with those of neighboring taxa based on secondary structure
information using the PHYDIT program. Evolutionary distances were calculated according to
Kimura’ s two-parameter model, and clustering was performed using the neighbor-joining
method. The Phylogenetic tree was generated by a treeing algorithm contained within the
PHYDIT program. The numbers in parentheses indicate the numbers of isolates identified as
the same species. New, unidentified species showing similarities of less than 97% with the
closest type strain are presented in bold letters. The bar indicates the number of nucleotide

substitutions per site.

(8) vjA|o] mE #7 bacteria®] THEA

71E P AL vAE B4 AFolA= diF-E TSA, nutrient agar 2 plate
count agarg bacteria®] &8 2 Aol AHEstAt [Ha et al, 2007; Lee et al, 1999;
Oh et al, 2005]. ¥ o)A = bacteria TtE¥A S =o|7] Y3t 1.8% (wlv) S H7}
3l marine medium, nutrient medium, MRS medium3} A-HZ] A7 FEE 183t
zb iAol NaCls HEFE7F 6% (Wiv) H 55 H7EgE sjA & o] &3t F2lstAth.

Marine agaroll A= Salimicrobium 4:©] NaCle] 7ol #AGlo] ¢HstE Aow e
W31, NaCl 371 4%l Psychrobacter, Staphylococcus 4;°], NaClS 3713k 73¢9l
© Psychrobacter, Salinicoccus 4°] 1 & o] HAEF A (Table 3-10). 7Fg ol A
=% Salimicrobium 42] 7%, 25 o|FHE HEo] FTUIst= A2 Hol 1Y A4
T ZF2o] 753 Ao g FAHAT. Marine agarol Al Salimicrobium 40] $HFO 2 41%
Az HFo g A=H A= 29, nutrient agardl = $H o g AEH bacteria £5
Zkoll x}ol7} ZojElth (Table 3-11). Nutrient agarollX=  Staphylococcus, Kocuria,
Microbacterium 4:2] <=2 2, 6% NaClg F 7}t WX ol A= Psychrobacter <] - 3H4
31, Kocuria, Staphylococcus <4°] FE ©]t. MRS agardlA= A4 Z7]d oheFsh
bacteria’7} AEE AA T, 5432 APl wpel Staphylococcus <0) 714 2 HlFoZ F7}
V931, Vagococcus, Kocuria, Granulicatella 0] HZ ©]%lt} (Table 3-12). NaCl& 7}
s+ MRS agarell A= Staphylococcus, Kocurma, Jeotgalicoccus <2 =02 9% 3} ).

T7Y NaCl F-H7F WA =RY F 237 #5375 S8t 43 A3} Staphylococcus,
Salimicrobium, Kocuria, Psychrobacter ;] z}A|8l+= HlF< 242t 30%, 14%, 8%, 4%= <=
o2 Yeuta, NaClgs H71eE #Wix 228+ F 230 575 28t A3 23
Staphylococcus, Salimicrobium, Kocuria, Psychrobacter 49| ZA|3h= HlZL 242 20%,
18%, 17%, 12%= o2 ety wiA|o] H71gk NaCle] 5o we} 3ol kA8t

toHge gepgon S eAE FUSAl Ue,
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Hjx o] ZFo) wel A=H bacteriad] Tk o] trE2A VENGA T, Staphylococcus &
Tho] ATtel o] & 6FFY EE wiAA w=& HWEE AESHACh nutrient agarel A
1)
AN

Z o] kAol 7hd =A YEbstal, MRS agarol A 71 9HAl YEbsth

Table 3-10. Numbers of isolates from Saeu-jeotgal on marine agar and NaCl supplemented
marine agar during ripening summarized at the genus level.

Marine agar (2% NaCl)* Marine agar (6% NaCl)*
Genus Storage time (day) Total Storage time (day) Total
1 5 10 15 25 35 65 135 1 5 10 15 25 35 65 135

Actinomyces 2(2) 1(1) 3(3) 1(1) 1(1)
Agrococcus 1 1 2 1 1 2
Alkalibacillus 1 1 2
Bacillus 1 1
Brachybacterium 1 1 2 1 2 1 4
Citricoccus 1 1
Corynebacterium 3 3
Dietzia 1 1 1 3 1 1
Exiguobacterium 1 1
Idiomarina 1 1
Janibacter 2 2
Jeotgalicoccus 1 1 2 1 1 4
Kocuria 1 1 1 1 1 5
Trichococcus 1(1) 1(1) 2(2) 1(1) 1(1)
Kytococcus 1 1 1 1
Leucobacter 1 1 1 1
Microbacterium 1 1 2 1 1
Oceanobacillus 1 1
Ornithinimicrobium 1 1
Planococcus 1 1 2 1 1 2
Planomicrobium 1 1
Psychrobacter 3 1 1 3 8 1 1 1 1 1 1 6
Salimicrobium 1 1 1 3 8 11 8 33 1 6 11 11 9 38
Salinicoccus 1 1 1 1 4 3 1 1 1 6
Staphylococcus 2 2 1 1 2 8 2 1 1 4
Vibrio 1 1

Total 10(1) 10(1) 11(2) 10(1) 8 10 11 10 80(5) 11 10(1) 10 9 9(1) 12 12 11 84(2)

The numbers of likely new unidentified species are indicated in parentheses (with less than 97%
16S rDNA similarities to any known species).
Final NaCl concentration in the medium was indicated in the parenthesis.
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Table 3-11. Numbers of isolates from Saewu-jeotgal on nutrient agar and NaCl supplemented
nutrient agar during ripening summarized at the genus level.

Nutrient agar Nutrient agar (6% NaCl)*
Genus Storage time (day) Total Storage time (day) Total
1 5 10 15 25 35 65 135 1 5 10 15 25 35 65 135

Acinetobacter 1 1
Agrococcus 1 1 2 1 1
Arthrobacter 1 1
Bacillus 1 1 2 1 1
Brachybacterium 2 1 1 4 1 1 1 2 5
Corynebacterium 1 1 2 1 1 2
Dietzia 1 1 2
Exiguobacterium 1 1 2 1 1
Jeotgalicoccus 1 1 1 3
Kocuria 2 2 2 2 3 3 1 15 1 1 1 7 10
Trichococcus 1(1) 1(1)
Trueperella 1(1) 1(1)
Kytococcus 1 2 3 1 1
Leucobacter 1(1) 1 2(1)
Marinobacter 1 1
Methylobacterium 1 1 2
Microbacterium 2 1 1 2 1 1 8
Micrococcus 2 2
Oceanobacillus 1 1 2
Paracoccus 1 1
Planococcus 1 1 2
Psychrobacter 1 1 2 2 4 3 4 2 1 1 4 21
Rhodococcus 1 1
Rothia 1 1 1 1
Salimicrobium 1 3 4
Salinicoccus 1 1 1 1 4
Staphylococcus 2 3 3 4 3 2 3 20 2 3 2 3 10
Vagococcus 1 2 3
Vibrio 1 1

Total 7(2) 10 10 10 12 11 10 7 77(2) 7 9 10(1) 12 9 8 9 7 71(1)

The numbers of likely new unidentified species are indicated in parentheses (with less than 97%
16S rDNA similarities to any known species).
Final NaCl concentration in the medium was indicated in the parenthesis.
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Table 3-12. Numbers of isolates from Saeu-jeoigal on MRS agar and NaCl supplemented
MRS agar during ripening summarized at the genus level.

MRS agar MRS agar (6% NaCl)*
Genus Storage time (day) Total Storage time (day) Total
1 5 10 15 25 35 65 135 1 5 10 15 25 35 65 135

Aerococcus 1 1 1 3 1 1 2
Arthrobacter 2 2 1 1
Brachybacterium 1 1
Brevibacterium 1 1
Carnobacterium 1 1
Corynebacterium 1 1 1 3 1 1
Enterococcus 1 1
Exiguobacterium 1 1
Granulicatella 1(1) 1(1) 1(1) 2(2) 5(5) 1(1) 1(1)
Jeotgalicoccus 4 1 5
Kocuria 1 1 2 1 5 2 1 5 3 1 4 6 1 23
Kurthia 1 1
Leuconostoc 2 2
Macrococcus 1 1
Micrococcus 1 1
Oceanobacillus 1 1
Paracoccus 1 1
Psychrobacter 1 1
Rothia 3 3
Salinicoccus 1 1 1 3
Serratia 1 1
Staphylococcus 2 2 4 8 4 11 12 43 1 2 3 2 11 5 3 5 32
Streptococcus 1 1
Vagococcus 2 3 2 7 1 1

Total 10(1) 10 10(1) 7(1) 11(2) 8 11 13 80(5) 9 10 9 8(1) 12 10 9 8 75(1)

The
16S

numbers of likely new unidentified species are indicated in parentheses (with less  than 97%
rDNA similarities to any known species).

%Final NaCl concentration in the medium was indicated in the parenthesis.

9 AL A E bacteria 4] W3}

A+-AZ Ao ©E bacteria w3 W3k ol & st Zt WA ZRE R $AHH
bacteria®l T¥4d<S =471t weh Helstiti(Table 3-13). A+-312 &5 5 4 1
datel= 39F, 13vdAtel= 13F0] FAHUN, 24 ASZRY 3735 mvte] o4
bacteriatx= 1¥=tell 37%5 A EFAA T, 136G 3tell= 5%=2 Vel S4do] XY= WA

bacteria®] theFido] ©edlE = Ao 2 el thFig. 3-11).

Brachybacterium, Kocuria, Microbacterium, Psychrobacter, Salimicrobium, Salincoccus,
Staphylococcus 42 <4 A T FEsHA AEH A, olFs  Staphylococcus,
Salimicrobium %-& <4 19ztel 242F 2%9] @2 vlFo®E HAESHJAT, A ot

Z¥7y 39%, 36%%] =& vlFoE ASEHIAT kA o]
= F &S ALY HEE F9dete TR FAHEY B AFolA EeE 467
, 7H& &ol AEH St equorume 117 57} B HATE St equorume A A,

g S/ 9 A RoA ZEH fFHolA AF RO FHAOE o]f§FHI on
ot AFM  Staphylococcus aureus®t ¥+ coagulase-negative staphylococci
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(CNS= EF/HIL, o]5d g faidS Bad v ok
Aerococcus, Carnobacterium, Enterococcus, Leucobacter, Oceanobacillus, Streptococcus,
Vagococcus 49 fAtito]l &g REHAAT, )RR %4 279 P&l HYn 2 ]

Z& AAEA o} AAAF A BASA Y= AoZ F=AHHATY
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Table 3-13. Numbers of isolates from Saeu-jeotgal during ripening summarized at the genus

level.
Storage time (day)
Class Genus
1 5 10 15 25 35 65 135 Total
Acinetobacter 1 1
Idiomarina 1 1
Marinobacter 1
7y -Proteobacteria  Psychrobacter 7 6 5 6 7 1 1 5 38
Serratia 1 1
Vibrio 2 2
. Methylobacterium 1 1 2
@-Proteobacteria
Paracoccus 1 1
Aerococcus 1 1 2 1 5
Alkalibacillus 1 1 2
Bacillus 1 1 1 1 4
Carnobacterium 1 1
Enterococcus 1 1
Exiguobacterium 2 2 1 5
Jeotgalicoccus 7 3 1 1 1 13
Granulicatella 1(1) 1(1) 2(2) 2(2) 6(6)
Kurthia 1 1
o Leuconostoc 2 2
Bacilli
Macrococcus 2 2
Oceanobacillus 1 1 1 1 4
Planococcus 3 2 1 1 7
Planomicrobium 1 1
Salimicrobium 1 1 2 9 20 22 20 75
Salinicoccus 6 3 3 2 1 1 1 17
Staphylococcus 1 6 14 15 27 16 16 22 117
Streptococcus 1 1
Vagococcus 3 3 2 3 11
Trichococcus 1(1) 1(1) 1(1) 1(1) 4(4)
Actinomyces 1(1) 2(2) 1(1) 4(4)
Agrococcus 2 1 2 2 7
Arthrobacter 3 1 4
Brachybacterium 2 1 4 2 4 2 1 16
Brevibacterium 1 1
Citricoccus 1 1
Corynebacterium 3 2 4 1 1 11
Dietzia 1 3 1 1 6
) ) Janibacter 2 2
Actinobacteria g urig 3 5 8 8 4 1 16 3 58
Trueperella 1(1) 1(1)
Kytococcus 2 1 1 2 6
Leucobacter 1(1) 1 2 3(1)
Microbacterium 1 2 2 1 3 1 1 11
Micrococcus 2 2
Ornithinimicrobium 1 1
Rhodococcus 1 1
Rothia 1 1 3 5
Total 54 59 60 56 61 59 62 56 467

The numbers of likely new unidentified species are indicated in parentheses (with less than 97% 16S

rDNA similarities to any known species).
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Fig. 3-11. Cultivable bacterial community migration during the ripening of Saeu-jeotgal.

(10) &8 7F¢ NaCl W4

e 75 5, 52 VEE ASHNL, 40 gt 1 HlFo] FUste A= U
W St equorum, Sm. salexigens “1E]1l Ko. pa]usz‘nsA M-AZD &4 T Hs el g
F& A2 FHoeMe AEIsHS AESH] sk NaClel digh
o} RE #FEL marine ager®t} nutrient agarel] NaClS 713 4%
S B ow, S equorum, Sm. salexigens, Ko. palustrise= -5 =& A%
< BAAT Az dsE 22%, 26%, 14%7HA] AAste A gdsdnh (Fig. 3-12). ol 2
ol o] mEMA A St equorum= Sm. salexigens®] AL o]l 2ok
A2 BF ThsAdol ik FUHE ZAR ARET ol 779 e A A
A SIS 7HA] 159 AR wjdARte] A8 %= AL LFAEF] ALY A

b
Z
o
a
[\
(@)
N

—

AN

St. equorum EZF=TF2 7%, NaCl 15% ©]7d2] FAHANM= o] YelA] b=z
72 AdolA BEg #FES EF E2 UEAS B, 22 ToE BERE 4F
Zho| Aol tiglk xfol7t & ASE FAHHEY (data not shown). St equorum pH 5.
olgte] 42t FYolM = o] Brlssitta e uh AN (Place et al., 2003), A-%-
AZe AL FA pH/F AEHHoz FAH “H%Oﬂ olE TF7t AT FS
A A Aoz Andh & A¥S 53t Ae3ld B8 TR Fdd St
equorum  Sm. salexigens= =WolA FHOE /\}%EJ vz glo} &F ol 5L A ¢-AL
Hgol FHoR HgstuA & A, olEd Ui hHA Hrhr s

f

A
—

BN
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Staphylococcus equorum  Salimicrobium salexigens Kocuria palustris

Fig. 3-12. Effect of NaCl on the growth of predominant species isolated from Saeu-jeotgal.
Twelve strains in the species were cultured on the nutrient agar containing NaCl at 30°C for
15 days.
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Y. A §4 bacteriae] g AL Hr}

D) A SR B8-S e = 5

2 AFolMe EAAH Ao 2RE E

B3l F A#o| EAst= bacteriad] RS BUISHATE F 424, 104F(species)

bacteria®] EA7} S, DAAANME  Bacillus T o], AMFAANAME
0

Staphylococcus 4°) ¥3sh= AL UrEME} ey aese] gEs e A

ZH gl 7lostr] HElAE LAY AAERE ofyet gl REa|EAdo] aTd
o mEbA FHoEM] AT aAA Y] HE 7}—5*394 1S fste] oA T
B &AL JENE bacterias E@sle] 1ol ALHIIE =859}

2 AFAE 15% o9 NaCl s=eA @iz Badde Jehle #5379 Ads

=
A E38lH T NaCl 15%<}F skim milk 2%7} 3 7F2 nutrient agare} marine agarel A A3k

%, BAACRERE F 0TI &Y ENY, 1 F 39T FEESs ¥4
sttt AR S ZREE 377577 BElH, 1957 FHES FAsAT. T 674579
4 A3} 124, 18% 9 bacteriaz} #2¥ ACSZE Yelstt) (Table 3-14).

Hj Ao we} E-2] ¥+ bacteria®] FFole A AFol7E WA % AINE Nall 5% 15%
oA "W A AAZRE EEl= = bacteriad] T/HE= zol7F &= ALE YEIETH
WX A O 2 RH = Bacillus 43} Lentibacillus, Oceanobacillus, Virgibacillus 42| Bacillus <+
A o] FE EYHJT. MSACRREE Saphylococcus 40] FE EEEH AT,
EEEAT ATEATGH o E FAdtoE E/
+ Tetragenococcus & dF5 WAAA A+H EFERYH EHEHALL, A Guj=] oA
= BEYFEA g Aoz Hol, UdA  (halotolerant)o] 2} 7] Hth=
bacteriaZ FAE 1, Ee|dd FJAGle] LAGEH A de] EX3te Ao E AT

XA S ZRY Virgibacillus halodenitrificanse % 647} &< F
NaCle] 15% Z7td wiAelA @id A4S Yetidch. 71&d 2283 VD
halodenitrificans T KM21009] 7%, 12% NaCle] #H7ld wjA o= Aol
T 15% sEolAE Aol UEtUAl 3tk o3t Adz Hol wuld RajddS
PR &2 3¢+ @ B o] Qe IF X+ oFF (subspecies)o] 2H7] Btk
15% ©]3k2] NaCl s%=olA &S zt= proteaseE A ALY Eulsls &F
ot webA VD, halodenitrificans®] NaCl %o wE dwid EEddS oF
dgdo =z sMdn. adud BEdES el A F8 195+ Halobacillus trueperi

s
2,
S
&
A
o
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2
S
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S
S
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S|
Jb
Ny
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e £

N
i
XY
o

_llm
o
)
Lo

2 Z=AFUC. Hb Z’]’Uepeflgl ASHEE lr';—X] oF 2 Tt V]fg]bﬁC]]]l]Sﬂ' sk e 3
(family) Bacillaceaed) 43 th= HE 1Eshd AL gl o] & Fo7 FAHH

=
2t o 25E BeHe $41E AALI) DN $AF O A2e W)l
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SESHA A

102 et

A ANAM = Virgibacillus 40 MR AN += Staphylococcus 459]
olggt Ayt B AFAEC] 659 wiAIE o] &3t bacteria

E B3 dF9 dxt= AdaE, nddA A 7153 bacteriazl AZdEFe $HE
o

Table 3-14. Numbers of the bacteria isolated from Myeolchi-jeotgal and Saeu-jeotgal using

media containing 15% NaCl.

Mpyeolchi-jeotgal Saeu-jeotgal
Genus Species Marine agar Nutrient agar Marine agar Nutrient agar
+ 13% NaCl + 15% NaCl + 13% NaCl + 15% NaCl
Bacillus B. hwajinpoensis 2 1
Halobacillus Hb. trueperi 1 (1)
Kocuria K. palustris 1
Lentibacillus Lb. salicampi 1 4
Nesterenkonia N. halobia 1
Oceanobacillus Ob. picturae 3
Pontibacillus Pb. chungwhensis 1
Salimicrobium Sm. flavidum 4
Salinicoccus Sc. roseus 4
Sc. salsiraiae 3 2
Sc. siamensis 1
Staphylococcus St. caprae 1
St. equorum 7 8
St. saprophyticus 1
Tetragenococcus T. halophilus 1 1
T. muriaticus 5 2
Virgibacillus Vb. halodenitrificans 1 6 (3)
Vb. necropolis
Total 10 20 (3) 16 21 (1)

NaCl was added to each medium to become 15% (w/v) final concentration. Each medium was

supplemented with 2% skim milk for protease activity confirmation. The numbers of proteolytic

bacteria among the identified isolates are indicated in parenthesis.

TR, 1
o] NaCl% 3% @7} n
Hj 2] o] &A% colonyE

E 2] 19

ElR=t=e

2 NERE A4E 475
F 2UHHSEE. 3% NaCle] 371 nutrient mediumoll A
15% NaCle] #7}¥ nutrient mediumel] H&3td &A%l ths, NaClo]
HujeF v Aol 1% (viv) FEFE F, 30ColA AR &3 wwhijfs 53}
5043t vl kst A Ao WIE SR AR A= 20L7HA = 5

Fol= 109 HA o2 F3qeAth. AHAGT Y S AGe s=2 345}
utrient agarel] =% 7k
Aste] &34 A8
e oA BEHES BGS VD halodenitrificanset ¥ A@AAM e AZ

a8t Tetragenococcus muriaticus, Lentibacillus salicampi, Oceanobacillus

o) AL HABANA W dZ B Frowme g
Ao 2 25% NaClo] a9 o

1+t 3, 30C W 373 A0 A 48417 v sl
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picturaes W’Fo.2 3P (Fig. 3-13), Mo ZRHE= dld EddS 2/ Hb
trueperi®y AEW =7} ¥-& St equorum, Salinicoccus salsiraiae, Salimicrobium flavidum-s
e s sttt (Fig. 3-14).

AN A fA e 4dF F, Vb halodenitrificans= H% %, ¢F 10817} Z7Vske] wjek 10
LA FES FASAAT, UHA 3FF= wldF 204744 A A8 FFasit
S FAFAY. v 30Y o139 Vh halodenitrificans®y 3dFeke]l AMA

Jxo] zpol7} = Ao = yetwt. A3 FAe d5F5 5, St equorum
. flavidume NaClo] 25% Z 718 vjA|olA &3] 23R = EAT 2719 #F
FA = ALSE YElWa, Sc osalsiraiaes Wl 104 7HA] Z4start AAlFE /A8
Aoz Yelgth 3 NaCl 5% 15%0A4 ©d B&&x-S JelW= Hb. trueperi
z719 F48trt 543 Aadte 9 FES FASE ASE UERgT
NaCl &% 15% A 8] 28 o]& 8%F bacteriag NaCle] 15% H7bd HA| |

A7E AufeFste] NaCle] 25% &-f A A 1% (viv) FE &, A% 0
2}9 *ﬂ&#t— 10%l A 10* CFU/mML =2 A= 15% NaCl sxellAe 2o g
2 Ao Z Yehal, 25% NaCl s=oA = 33 AMES A= EA|RE, A A3 7
&3t ALE JErWT |, dwd BaEAHS ®BAF3S VD halodenitrificans®}y  Hb.

fr L e
L2 e o
5 O.>|i
g 4 ™
o

b

:i
5

o O

trueperic A%o0] 7bs¥ A02 Ui, 4o AASAL Zasts AMel W 10
Y Aoleke Mg nHHA o) #FEL THolM) HFe Dl ReTdst ol
e Aew 34

Fol mukul F3t g3 H & 2ke] Apol7t YEhbA] &= A= UE
t}. 8% bacteria®] TFEATE R 44 8 FE A B A, 4F (Hb. truepert,
Lb. salicampi, Sm. flavidum, St. equorum)-s- 714 dS.2 UwA| 4% (Ob. picturae, Sc.

salsiraiae, T. muriaticus, Vb. halodenitrificans)e HAH 7T O 2 HiEo] AAh FF o

g Aol zpolzt o FEHARE, vigHel mE AKY Aol7l e ASE Hol 1S
7ol Aol o] F bacteria®] A gbAol o3 FFo] A ¥ AcwRE FAHHG

AR oA 7y AER Vb halodenitrificans$}y St equorum®) AW A Fo o
g FHEA FRAN, Dol Aol Jhesta MY £ S YE] WE
of X3l AAY ¢HFTeR AR Aow FAHAGY. W HD. trueperi®l 7,
DA TaE Ef S S UrEPHX]“J ol =4 ¥ol $HFTor WA K=
Ao g FAAC. Vb halodenitrificans®} St. equorum= 25% NaCl ®XoA Atdslx &
+ WEA8E 7L e A2 3 EHNY] Wil AR FHo=E AL 52 7}
TS 7HAA JdoH, FF o5 AL AR T A4F o] Basirh
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Viable cell count (log CFU/ml)

Time (day)
Fig. 3-13. Growth of the bacteria isolated from Myeoichi-jeotgal in high-salt (25% NaCl)

environment.
Isolates:  Virgibacillus halodenitrificans (@), Tetragenococcus muriaticus (O), Oceanobacillus

picturae (M), Lentibacillus salicampi ().
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Fig. 3-14. Growth of the bacteria isolated from Saeu-jeotga/ in high-salt (25% NaCl)

environment. Isolates: Staphylococcus equorum (@), Salinicoccus salsiraiae (O), Salimicrobium

flavidum (M), Halobacillus trueperi (/\).
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Fo Bl (KS2, 8, 10 FA 2 thrl 10° (1,000H))L.
FIIH0Z (1F-4F 1H4) AEE ANFstS 33+, v

D) FAE A7 BE TARBASA HotH 54 W

pHE AlEol pH electrode® 27 ol 38 w® =33t opm:may Azt
formol Aoz =Pt 8 A8 2 g& Fdl 100 m = HE3t A7t F o
HHS AP QAoZ FYTH A LN 20 mo] =4 TE2LY & 20 m = JFEt &5
gk % 0.1 N NaOH &4 o2 pH 8.30] & wj7}x HA}IH EEZ FHFF g b
NBe ANsE] B Aol meh ALst .

(A—B)X14XfXD
S

o] .= AR A A (mg%) = <100

of71ell A A B Alge] AHE 0.IN NaOH &9 ml <, B: ulgA| o] 2nE 0.IN
NaOH &¢f ml <, f :0.IN NaOH &9 47}, D : Auj<, S A B3 F ZHgolth

Aol FtA A7) A A(VBN) 82 conway unit (BAH7)E o] 83+ nEkgaly o] w
2 2A3Yth A8 1 g8 AW Do} A G oo FFF 50 mE B F A
Ko 3087t A& T JFste], YL 5% HSOE FHoR FHAZ &
gol dAZF100 m)eg2 st AlPdEAo=w ARESATH AL 1 ml, @2
oA 1 mlE Fabr)e] o)) Wi, 0.01 N H,SO, & 1 mlE 4br]e] Yo ¥e &

S G 25CANA 1A7F AAEGT 242 9 YA 8N BrunswikAl el
s ¥ volazRFE S ARESte] 0.01 N NaOHE&e 2 HAAsd. ¥E=E F/RT
FHLREAE S A ok 2o mEt Al4ksEa T

=2
e}
r (

(B—A)x0.14X f XD

#9971 (mg%) = 5

x 100

o7l A B Ao 28" 0.0IN NaOH &2 ml <=, B: ul&gAI gl 2n)= 0.IN
NaOH €42 ml 4, f :0.IN NaOH €4 97}, D : FAull4=, S A 523 FHgolth
HAE H7be] BE A BEEE FF ERE EAstaa pH, obv b d4,
A Gr|dA 59 3837 BEA WHIE E459ew, 1 Ay Table 3-159 ZTh
%7] pHe 6.68~6.88% txv7 WA= H7ba3te] AolE HolA gtor, A7zt
£ pH WsE AHE A3, AF 28Y 3kl 6.60~6.782 A3k zto]E Holx gl
%7] pHI= & Aol & Ho|x] &
A 7o otvx4bd A4 FEFe AAY wart 219
SAE(SRE Z3))e] AFE AEE
83 T2 AEE AdH Ut nAYE HIbo| wE /‘H A e] o} 3
3 A3, Az3 FLo 525.0~577.5 mgwhzE YERSEOo ™, A A7|7to]l F71gel w
Z} AP HE FUbele AdS BAor, AR 28dAol= thxa (735.0 mgw)ol Hl

of e} % FetAl ==t o

o] 7] wjFel
a4n g

U o ol rlr
A
o M o P

~
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3l 8 ¥ (752.5 mg%)e} KS2 = (770.0 mg»)E H7IgE oA =A Yelys= A

Hol = #4571 AeAE %EQE F7tell @FS = ALE AlsdT
AZY 5% e FE oS dlldoly} A do] MaHHA il A5 I3F=E
Z A AEo 7eEE AoE AMEHH, oS JuA 7] A4 (VBN, volatile base
nitrogen)= A4S T3 AHRUYT. A= FAodE 10.64~12.39 mg% HLANA FASH
A vdeEbgted, A7 wel 10 #75 J7HeE TolAe fAHe AFS Eien,
S Bith AR 28UA o= 2 (7.21 mgw)ol w3

WA AETE dadts A%
H e AMAE Held * (KS2 9.03 mg%, 8 10.43 mg%, 10; 10.01 mg%)e] 34 o
N2k BA debgth ohvlmad Wi MY 9714 3% A4S 56 AR A
AAE AgFel wel, 53, KS29 8 #FE AN oA das) dzel ws W

A AAHD Yee FFF 5 Aok

i

Table 3-15. A&7t 2 A|A 2] 318tz EA W}

A 7

ofn| A A4 U E71d A
¥dx
(7;4 ) PH (mg%) (mg%)
Alm | diz&=t | KS2 8 10 iz | KS2 8 10 Ozt | KS2 8 10

0 6.68 | 6.68 | 6.88 | 6.82 | 525.0 |577.5 | 95425 |542.5 | 11.56 | 11.69 | 12.39 | 10.64
7 6.76 | 6.83 | 6.71 | 6.70 | 612.5 | 560.0 | 595.0 | 612.5 | 11.62 | 10.57 | 10.57 | 10.64
14 6.75 | 666 | 6.76 | 6.70 | 717.5 | 647.5 | 630.0 | 700.0 | 11.2 | 10.57 | 10.08 | 9.87
21 6.70 | 671 | 6.62 | 6.75 | 717.5 | 770.0 | 735.0 | 735.0 | 7.56 | 8.47 | 10.85 | 12.81

28 6.60 6.69 6.68 6.78 735.0 | 770.0 | 752.5 | 717.5 7.21 9.03 10.43 | 10.01
Mean=+SD (n=3).

2 A7 |AF 5 A2 nA=EH 54 HE

dHkA F o] A9, Al —r% fﬂm(Aeroblc Count plate, 3M Microbiology Products)ell ©
ARE N3 A5E HETT T 30TolA 48A1ZF v st AlFstAdtt. Al5Y HHL«]
552 S glstr] 98l 5% NaClE 743k g oknf x|(Nutrient agar, BD Difco)oll ©A|
H2 3435k A5E HF tS spreading culture methodZ 30°C ol 4] 48A17F Wl &
A3 AT

TFAZA 3D SAALEE FAE H7HA RS St Add #FE AR
A7kst &, NaCle] A=A &2 A+E TEH 5% NaCle] H7Fe Nutrient agarg %
&) mAESHE EA #H3lE Ay Rt (Table 3-16). 5% NaCle]l 7} Nutrient agare)

T7F A& film wj A Oﬂ Hs 108 A= #7F AA vepstoy, dda 1o A
FAA HEMRT Az Gdoe mAdE FJVHAE HUME TolA diETel HlE)
1,00081 9] #7F =A SAEHA HUg #57F B ARSI HUbstaA 3 sEol
A AT E e Y AAeH, AHAZTIZe]l Al wetas tizael W&l Ul
e 7S AJA7MeE 29 d57F 1008 8= A4 SAH] L7 o] AEFHU
U, AA7|Zte] A&SH mHAE Fo] dASA FAFHA AE:stL Aee FUE ‘F

rulo
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AN

Table 3-16. A&7t W& A%

pu
Lo
=)
o
o
%
)
dm
o
12
o

(&< : CFU/g)

A7

713k ARE Al Nutrient agar (5% NaCl)

(&)

A s = KS2 o KS2
0 2.1x10* 1.4x107 3.0x10° 1.3x10°
7 1.6 x 10" 7.0%x10° 1.4x10° 7.5%10°
14 1.7x10" 3.9x 106 1.6x10° 3.0x10°
21 1.6 x10" 3.5x 106 3.5x10° 1.6 x10°
28 2.0x10" 3.1x10° 2.5%x10° 1.0x10°

2 Ad Fd3Z2E AE FJTHAE T2 A A E Ao &3 Y

D A7IAR 5 24329 vnBEsH 54 W3
LA A gH B FA FdIE FHom Add FF FH 3F (Bacllus

tequilensis 503, Bacillus tequilensis 504, Bacillus pumius)® ML= HE3t] A
A7 ¢ faAnd = ASANELES SASAT. AEE 15CY A2WAdare] A%
stH A 0Y, 3¢, 5¢ }7—:‘122 NEE AH 3t UMEEQX* EA4E A5t glstath

%—’F& Lc. lactiss AR AR Lol HESt] AA7|zhE
SAsAT. Lo lactJS«l Hj ¥l A7t Alm9 5% &

bk
i
o et
o
. Mo
Lo ©
o
Ho
_>¢
:: [e5
o

FOo 2 7} st (Table 3-17).
GMETeTFHS ATE HAE film (Staphylococcus aureus plate, 3M Microbiology
Products)ol] HAE = 3] dE3 ¥ 30ColA 48A%t vkt Astth

FALEATEE T

_IE:
>
il
il
N|

f

HI
w
ofN
é
X o

A+ Bacillus %
Lc lactis v kRS A7}

Aojol] A= A& BT}

S TIF oE F#’E
ftlo
offt
Ee)
fot
[40
e
i
i)
s
i,
&l
Ao
oz
N
E
=
o
i
N
2
fol
l
o

ot
<

pos
rlr
po
o
il
o
3L
0
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Table 3-17. A7&7|3tel ME A FL2A o] A9 nAYESH EA W3}

A= 0d 34 54

Control ND ND ND
Staphylococcus aureus 2.58 x 10° 1.89 x 10° 1.6 x 10°
S. aureus 6 6 6
) 2.50 x 10 2.25 x 10 1.1 x 10

Lc. Jactis

S. aureus 6 1 4
1.13 x 10 3.7 x 10 2.4 x 10

Lc. lactis ) &Y
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0z

M4 A=

&3

Ald E2IGHE

- 1A% -

al 3}z

g
o,
[y

4
N
of

HH Fel 9 pH7} .
plantarum, P. pentosaceus, Lb. sakei<
A2 A AAFOE }\4243].0&__

« o5 #Fol " AsA sl +% Lo
lactis WK11, Lb. brevis WK12E 24
T FFE ALEAS

100%

A7HA A7 A

27 AEEsdl g2 VA

. 27 27 HAETL

st A3 A
1x10" CFU/go.2 7@1%‘?} AA N FAF
A7 A% a37F AM=

T H7HN71 mE ZolE LotE A
AAE FE W el T FdgEs A

7ve AA7F 7V a3 ol Sl

100%

Lactococcus lactisE ©) &3t

FAFAZ AR7IE AT

« Lc lactis 1x10" CFU/ge} A=A %

Lc. lactis vk} 7t A gl 7

o] thxol| vlsl H<7|7F 28] o]

= A=

9k dS 65ColA 308 AYIFAY FAAS
ANMA == g4 A9, I art =

= FF HA=

10%

(o]

100%

ol e A7ba Al
he &y 54

* Bead FEIZ A X3 vAEHIAE A
st 7S wel fARSE A
BRI Sl =

o Lc lactis A A3t <)%
AA Az 7FsAdE &gt

filo
L e

100%

g ANAE 8%
A ohgEE Aol

7l

ek
A

jis

N
4
et
N

100%
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.o } &3 =2 B3 !
oalolyl ozaole g 224l 7H FE oI E T3 Hg Al 2FH
i 75 vhd
RHFA 28 73 9
S TE R L e g v A e e 44 100%
Ty wwd A4
4=
s H7HA S A F
ntE g e E HJUHA AlzRE RAE AJATHAIE ol &St AR ZA
F4 ASAE vt Az Al AF AE2E APAY At &) 100%
% HA=F
- AFESTHS 5
-¥E -
AT £ A7 A =g
o TARZA(EAA, M3 vAE +H £4& &
THE 5=
- BAARZ $HF Virgibacillus
halodenitrificanss E3+st= WHA Bacillus
S A
- Az °X = ©.
TR, AR H:_]_)\ Zo] ¢ Staphyococcus equorum-=
3235l coagulase-negative staphylococci
2 AYA B AR s s Py 100%
o - 3 o M FAAA(AARD) MABE TH A4S
ol AHE Ad
T e 5% $4F 52 9 AR 4R R 45T
NSRS BG 45 73 g
- AR LY $HF Bacillus & d+TEE5H
6% NaCl s=olA FAM XG4 2
AavlHe oo EAH7F 7hsdE AR
Hag T FH 607 FH
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B7h 2w

g ol $HE Staphylococcus equorum®)

- kg Wk FNEL WA HU
&3 B3 (hemolysis) 1, A B #E At
= &<l, biofilm &4 22, enterotoxin A4
]_

LA A 7 sAde] FRE I, 20% o4+ NaCl
LA Aol Jhed AEER T FTH S
equorum 5 T35 &1 (C4X11, C6037, KS1035,
KS1039. KS2036)

n A= H7EAS H7PE i
A5 ol & T+ H7HE wiA A

100%

g E 74

o
ol

M$-AZ &40 WE bacteria T+ Aol

P A AL A 4A S bacteria oF
B3l £ TH 3 S equorum®)

S
=
S FolAe +H3 1S T LS

25% NaClo] 7}
FREFE0| 24
8

FHOEM &

90%
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¢ 2wy =2 234 e EE R
2011. T A WA= AT 8 iae - A B a5k
mSCl agolA AAst= A el Bacteria®l Ged oxs f_{%lﬂ Y= -3 B
09.28 | w8 ¥ AIFoA Y A EA 3= 39(3)
; P A8 AN BHS
2011 Lactobacillus sakei Err. sl &4 _‘IT ] | wEmazauze
H|SCI Leuconostoc mesenteroides7} 3 Aral&= o]F 3], o]FTF| _ =
12.28 . 3] 39(4)
Bacteriocine] &4
A4, st
WISCI 2013. | @4 ojA & Bacteria R4 Jee oz S A & -5t 2y
12.28 | AF5T ASA3) Bacillus #5 A 3] 41(4)
ol gz}
#4474, ojuhet
SAF AES FAL 93 A EAJ)E ZEE, o)=23] | =24 EZ 383X
H]SCI 2014 '1;‘ g E‘oo ‘l’] = ]’E o '—'—%L E‘*"]'—]'ﬂ ] %LH
53 FAREA gAY Astx, A | 4605
uha -
A3 E, Aaa
220l AAA AL 93 FFA e, o]F3 | 3ZAZ ok
H]SCI 2014 ]/] 100 (<<} H e} °© ':‘?\Foo :7;LH
S5 A A uha)]-g, AAg | #53A 43(2)
e &
A4
2015 . Jelme, Agz|
SCIE Starter cultures for kimchi fermentation ] J. Microbiol. Biotechnol.| = uj
o4 o] F 3], 9Wa)-g
el
A1
Extending the shelf life of kimchi with o
2015 . ) o|m, HF o
SCIE Lactococcus lactis strain as a starter Food Sci. Biotechnol. =1
a7 o|F 3], vl -3

culture
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Fe | wwy w2 WA R E I i
B
57, oluel,
Isolation of antibacterial and mannitol |o)z 3], ARG, |30 Y E Ay T3
2 2~F]|2012.06.27.| producing lactic acid bacteria from AdF, ZAue,| IAstEds o L
kimchi wa)-g, H3F A718t & 3
3-8, e
Distribution of the lactic acid bacteria |# %1, oyt
L . . . o|Z3, AAY . .
in kimchi according to different e e ’
¥ 28] 2013.07.16 | 810« AAF, A0, Imemat;o;;lMI\geetmg 9]
isolation temperature using 16S rRNA ulg) S, HSHE, 0
gene sequencing analysis w3 7 e
_ o  [mea e,
Selection of lactic acid bacteria with A, AHZE, Bh2-2) Z 3} 8} 3
32 2~E]|2013.08.28 | antibacterial activity for the extension |Zm@, vlaj L, | ZFAANZAY 9 =4
of kimchi shelf-life g, A8, ArltEd s
o]Z3], AH&
a3, A
Effect of the Rigidity and Size of o|Z3), A=, || YBT3
X 2~E]|2013.07.03.| Alginate Beads on Survivial of A8, AAY,| TIATEdgs 2 =
Freeze-dried Lactobacillus plantarum 7 EL:EH 7% a7, 718t < 8l
A Hl
Improved Freeze-protecting Effect of ula] g, o] £ 3
b | b = = U;]_’_,_V__ S
Alginate Encapsulation on Survival 8, ubA 3] Rl ?fg g&ets]
X ~¥(2013.07.03. ) L e TATgEU3] ¢ =
Rate of Wissella kimchii during A, v A7) 5t 0] 8]
ros (o] h
Freeze Drying AT, ol
Screeening of Cryoprotectants to %z‘ﬂ—? O]i%’ 3L A) 3 3} 8} 3]
HE &, °lFE, -
32 2~E]|2013.08.28 | Increase Survivability of Lactic Acid s 3 g Z]L;}j TAMNZAY L =
o, “© S, ) oL ] =
Bacteria during Freeze Drying Process ulha] g 718t < 8l
Effect of the Rigidity and Size of i)
ect of the Rigidity and Size o e e, o]x23, . e
| , , GEE T aagezes
¥ ¥ |2013.10.17 | Alginate Beads on Survival of FHeE, v g, el B =
_ , e | AAEET
Freeze-dried Pediococcus pentosaceus |&7r<€, SV,
a3l ¢
Effect of the Rigidity and Size of 248, A, bl Al b
Alginate Beads on Viability of e &, o] %3, A E e g et
I 2~ |2014.06.26. , o 4 e e | FATEWI | S
Freeze-Dried Lactic Acid Bacteria g%, A, X754 1) 3]
. Zyu e uba) g colEE
during Storage © o
N , Zd4, 143,
Synergitic Effect of Alginate and Soy |g1431, 78], 32 Z 315} 3]
X ~¥(2014.08.26.| Powder on the Viability of Lactic Acid |o]F3], Hg=F,| IALEXYL 2L =
Bacteria after Freeze-Drying BAY, AmE, 71t 8l
a3 ¢
Selection of Acid-tolerant Kimchi 201249 A 79 3}
=l A
Starter Candidates and the _ o
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Characteristic of their anti-bacterial _ -
et 3]

Substances
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Antibiotic Susceptibility of 2013
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O & FAdA 33 “AZY mgEde £4” 2 “ADd FaAA F9 nAAE +F
Hol” & B3t Staphylococcus 40 FHE v EoZGE AFEo] =E:HA oz}
Staphylococcus equorums ¥]5%3%+ Coagulase-negative staphylococci (CNS)E A& 2&E &
THOE AES A, T FTHo| g tdAF Hrhe Bado] ATEHAS

- Il A AFLEE FAE FVHAI(EHOE ALH A7 gl

O AeEadFe] AAE 5 a2 Aol 7B & £4=2 dFH e F4 443
Al Fo= HAbstE s A=t ALHoR SUbskal QAL sHFAYFE

ol APFHI Aoy, AFLEE vBE H7HA E
Aol g 7E 2P AA BIHE AT Thol=Eklo]l Iele flE

o
- AETA AFE 1S %7301]/‘1 71137”11]ZE [ﬂ]l:rg —zr" S22 st 988 AAY &
] Fatel o

Alelgks AolE e oy, Fxl
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EA ol T 8 T;L% e
- AEANEFANE FTO] thstel PASL Qouk, ok FBo] FF| WY WEOR
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e FAC nFA Ygd HES VAR

O EUel+& 20000 Z=R¥74A] 21Fe] H7bshe mAEd tig bdA 7ol EAsHA] ekot
n| =+ FDA7} AF&3}ar 9l GRAS (Generally Recognized As Safe)7} B-€5 1 Aot
20021 R A FHH=(EFSA)= GRAS 71+ B3 /dd 524 fste mlAE b
A B7} A 2~"9l Qualified Presumption of Safety (QPS) Al 2~&l-& A<kt
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