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ABSTRACT

A study on a method to determine growth of lactic

acid bacteria using photodiode

Chae So Jung
Advisor : Prof. Chang Hae Choon, Ph. D.
Department of Food and Nutrition,

Graduate School of Chosun University

The measurement method of lactic acid bacteria using photodiode was
studied. The photodiode measurement was based on the principle that the
fluorescent material was detected at a wavelength of 460 nm when
irradiated with UV of 340 nm. The growth of lactic acid bacteria on the
light source was investigated in MRS and kimchi filtrate, and the
experiment was applied to Kimchi. The wavelength used in this study is
UV-A, which is harmless but can be damaged by continuous exposure.
Therefore, the morphological characteristics of the lactic acid
bacteria and the safety characterization of the lactic acid bacteria
were examined when exposed to the light source.

Six strains of lactic acid bacteria isolated from Kimchi were
inoculated into MRS broth and cultivated at 30 C for 72 hours, at 10
C for 10 days and at -1.5 C for 5 weeks. Since the photodiode can be
detected by measuring at a bacterial cell count of 8 log CFU/mL or
more, the number of bacteria is maximized at the optimum culture
temperature of 30C so that the Lactobacillus spp., Leuconostoc spp.,
Weissella spp. classification. At 10C and -1.5C, the photodiode

values of lactic acid bacteria grown well at each temperature were

- vii -
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changed. At -1.5 C, W. koreensis SK showed more than 8 log CFU/mL and
the photodiode values of 6 kinds of lactic acid bacteria were similar
even though the number of W. koreensis SK increased to the maximum.

In kimchi filtrate, at 30C, the number of bacteria increased to 8~9
log CFU/mL as the growth of microorganism was similar to that of MRS.
At 15 C, the growth of the bacteria slowly developed and showed a
growth rate of 8 log CFU/mL. Although the change of the photodiode
value was smaller than 30 C, classification was possible according to
the photodiode value in each species. At 4C, fermentation mode (6.5TC,
117hours — -2.0C) and storage mode (-1.5C), the maximum growth of 5
lactic acid bacteria except W. koreensis SK was 5~7 log CFU/mL.
Therefore, the difference of the photodiode value according to the
bacteria was insignificant.

In D Kkimchi, the fermentation mode of fermented kimchi was
significantly increased at 1 week after storage and then increased
again at 12 weeks after fermentation. In the storage mode, there was no
significant increase in the photodiode value until 8 weeks of storage,
but it increased significantly at 12 weeks of storage.

In S and U kimchi, in the fermentation mode all showed significant
increase at 2 weeks of storage and increased again at 8 weeks of
storage. In the storage mode, the change of the photodiode value was
small until 4 weeks of storage, but the photodiode value increased
significantly at 8 weeks of storage.

There was no change in safety test presence or absence of the [|ight
source that the hemolytic test, enzyme activity test, and antibiotic
resistance test. However, at -1.5 C, Llactobaci/lus plantarum HO1 was
found to be activated after more initial incubation time after [ight

exposure.

- viii -
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H 28 A& Mz & 2H™

A ZH|S| setting measurement height 0O &

B E

M 1E

A 2L

2 A0 A= ELISA(Victor X3, Perkin Elmer, Waltham, Massachusetts,
USA) 2t 96-well plate(Perkin Elmer, Waltham, Massachusetts, USA)E AlZ
Ot HHME SEHGIULH. AM2 2F=2= Leuconostoc mesenteroides TAE
AZ2oIH S0, MRS (DeMan Rogosa Sharpe, Difco, Sparks, MD, USA) HXl HH
Kol 1% (v/v) HE0H0 30T, 24A12F XIHHLEH & AHIUISH BHYHS AFE
otACH =E =00 Met Z2HM gtel Xt0IE =OCIGHAULCH. HIHEH Ui &Fd
MRS (Difco)Ol 1% (v/v) TSBSIH 0~24AI20HK 4AI12F 2tH30o=2
ELISA(Perkin Elmer) 355 nm && % 460 nm 22, Spectrophotometer

jo

(Ul'tra spec 2100 pro, Amersham Bioscience, Bristol, UK) Ago HIA EZ &
E =HoIUL.

H 28 a4 sZ0 [HE 2dAH Z2LIHE

1. Al223 & BiX

2 dEllMdzE S48 &8J18d73 = glucose HAFAl hetero fermentation
type@l  Leuconostoc mesneteroides TA2F homo fermentation type@!
Lactobacillus plantarum HO1 % SII1& Q! Escherichia coli 0157 :HTE At
EotRUCH. Leu. mesenteroides TARt Lb. platnarum HD12 MRS (Difco) Al
BRI 1%(v/v) EE0t0 30COHIA 24A12 BXIBHLEH £ AHIIGHH AL=3HA
OM, £. col/i 0157:H72 LB (Luria Bertani; 1% NaCl, 1% Bacto-tryptone,
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0.5% Yeast extract, Difco)
2t JEH ket = HICHGH AF=GHACH.

=3 =0/2 18.00 mm &0l Al=E HAHSIAHEN et N,

dHHXION 1% (v/v) & ESH0 37 COHA 24Al

1080 3l

AoH " 10080 &AM HS 96 well plate (Perkin Elmer)0l 100 plL loading of

O ELISA (Perkin Elmer) 355 nm &2 % 460 nm Z2&ZS =HSIACH. 2 =
=0l Y= BHXIO 1% (v/v) BSBGH0 0~24A12F DX 4AI2F 2tA3o 2 ZHA
E SHOIRULE. IF= 24AI12F IS live cel |t 24A12F I = 48Al2+
4CO 228 resting cell ¥ 24A12F i = autoclave (121°C, 15 min)

St dead cel 2 AIE6IRICH.

H 38 KK Mz & =gt As2Hel standard

0x

curve &t

1. AlE2F & Xl

2 ABANE AXNNAEE 221, SHE RT3 65 (Meissella =

Leuconostoc & 2Z, Llactobacillus 2E)S AE2o6tUCHTable 1).
= 25 MRS (Difco) X HHXION 1% (v/v) BZE35H
H

25,

;I

OI—T

30C, 24A12- EXI bH

2 = e tHERS 2 il AFSotALE. 2 g2 2 25 5

Nz Zxe Q7

b

Jl@==0 %= =JIz=+ 2 5.0 log CFU/mLIt =

MRS (Difco) 94Xl HHXI 30 mLOIl &3St 30, 10, -1.5CH 22t HH GO
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2. i 20 ME Rezo 485k 53

tJ1 215t 30 CUHlA= 72A120 0t
COM= 4=DtX 2tZoHRULE.

B 20 OE =itz d4x5sS 2F
e

(]
L
U‘I (o]l

2t 2T HHEH BHZMHS pH meter (510 pH meter, Fisher, Singapore)
2 pHE =Fst =, A.0.A.C (Association of official analytical
chemists)& 0l 25t MRS 10 mLE 0.1N NaOH 2o =2 pH 8.101 € mHIt

Xl NaOH E AHIE2Z HOIGIH 012 RASH2Z SAol0 Sa 8
©Z HAICHLY.

L. BHYSIR ROl O3 RAT & 53

ANZE NS SHSIAHS ALSSH0 108 & 3450 MRS (Difco),

0.002% (w/v) bromophenol blue®t L-cystein hydrochlorideE &JIst MRS,
PES (Phenyl ethyl alcohol sucrose), m-LBS (modified-Lactobacillus
selection) EHEHHXIO 100 puL =20l (& colony forming unit A= =
CFU/mLZ HEJIStRAUCE. MRS (Difco) 2t 0.002% (w/v) bromophenol blue<2t
L-Cystein hydrochlorideE &Jt&t MRS EEHHXIONM= <22 colony 221t
M 3AJIE 0180t Meissel/la spp., Leuconosotc spp., Lactobacillus
spp.= TEotALE. PES BEEIX = 22 48 RF £ HE==S g4ol=
colonyES Z&0ot Leuconosote spp. S HYsdt= HBHAIZ ArZotRACH?2].
m-LBS BEHNXI= Lactobaci/lus spp. H1EHHXIZ AISoHRAL.

=N

TT

Ct. HibHe

_]OII

SIS = ([

o

il
}

=3

VRS 4Rl BHXI 30mLOl 1% (v/v) RESHG 2t 2THM ZX BHYAIZ AIZ
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=d =0] 18.00 mmOIAM AIZE 96 well platenOil 100 pL loading otOd

2ZHA (Perkin—Elmer 2l Victor X3)2t E& X (Ultrospec 2100 pro) 600 nm Ol
N =XoIUCEH.
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Table 1. List of microorganisms used in the study

Incubation
Genus Specise & Strain Medium
temperature
Weissella spp. ZZ@Z;E /;%2253/? S MRS | 30, 10, -1.5%
Leuconostoc citreum GR1 N
Leuconostoc spp. Leuconostoc mesenteroides TA VRS 30, 10, -1.5C
Lactobacillus spp. |-L2clobaci//us sakes SC1 MRS | 30, 10, -1.5%C

Lactobaci |/ lus plantarum HO1
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= 30COHIA 3YNA, LER2E(6.5C 117 hours — -2.0C) OIA 12FDHXI,
S2ADE (-1.5CT) MM 120X BHLGIACH Table 2).

ot =oba HieRol Oletsts Bigt =3

ANZE pH meter(Fisher)2 pHE =&& =, A.0.A.CEHOl 25t S&t &

2O HAlGHECLEH.
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3 M
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BN

[l

0.002% (w/v) bromophenol blue®t L-cystein hydrochlorideE &It
PES, m-LBS TEHHXION 100 plL =0l 2 colony forming unit Al

CFU/mL2 = DIGHALCE.

Ct. SHIA0 2st st
18.00 mmOIA AI2E 96 well plate

ading ot04 ZMAl (Perkin-Elmer) 355 nm &

_’IO_
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Table 2. Temperature and period of lactic acid bacteria culture

Sample Temperature Per iod
30C 0, 6 ,12 ,18, 24, 36, 48, 60, 72 hours
15C 0, 1, 8, 5, 7, 11, 14 days
S Kimchi 4°C 0, 2, 4, 6, 8, 14 weeks
filtrate Fermentation mode
(6.5C 117 hours — 0, 3, 5, 14, 28, 56, 84 days
-2.0TC)
30C 0, 6 ,12 ,18, 24, 36, 48, 60, 72 hours
Fermentation mode
D Kimchi (6.5C 117 hours — 0, 3, 5, 14, 28, 56, 84 days
filtrate -2.0TC)
storage mode
. 0, 4, 8, 12 weeks
(-1.5T)
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Lt.

1084 &t

ot 04

blue® L-cystein

bromophenol

(w/v)

0.002%

5|45t MRS (Difco),
=P
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m-LBS EWEHHXIO 100 pL =20 OE
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=
=

hydrochlor ide
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CFU/mL2 HDJIoALCH

’

colony forming unit H== =
Ct. 24 M0 Qs R SE
ADIE SE Yoz =F =01 18.00 mmOIA Al 96 well
platen(Perkin-Elmer )0l 100 pL loading ot Z4&l M (Perkin—-Elmer) 355 nm
=&, 460 nm 222 =5,
M 6& XNE&Xl ¥ AS2Xl Blank &
gz st AZEUX 1752 AFSot0d pH meter (Fisher)S 0128t
Olatstd =M1t ZH A (Perkin-Elmer) 355 nm &2, 460 nm && =AES
ot Ch
M 78 2 =50 OE |47 &N AH HAL
1. I8 23 & WXl
Weissella spp. 2&, Leuconostoc spp. 2&, Llactobacillus spp. 252
MRS (Difco)Ol 1%(v/v) &BZot0 HUS &= AISoIRCH. BIZHHXIZ= MRS
(Difco)2 autoclave(121C, 15 min)old ZE 2= SAI 2AXMS AI206IULCH.
8F X)ldxe H3EF 22X K&z X0 2HGHH 5.0 log
CFU/mL= BH2FHHXI 32mLOl &&ot AZoEACH.
2. Z3 L& XA
Z3 JJl= JI2 20 cm, MIZ 15 cmQ AJIZ MAJALE Mot
- 13 -
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A B g

O O O 0O O—F—=zue
o o o o O
o o o o O = & &
O O O maE a & & iy

Fl l‘l———-»%‘-‘ﬂ7|7|

I — I Borofloat

Vial 3 Al

Figure 1. Photodiode used in this experiment
(A) : Photodiode model
(B) : Use acute photodiode
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08
A
02
In

Ji. et E4
MESEC =™eS Q60 SHSIAHN T2t MRS (Difco) ZEHHHXIO 100 uL
C2H 2 colony forming unit Hl%= = CFU/mLE HJIGIHW &Z& & - 20
& HHIE ZHOIUL. E£8F, colony 220 M S FOLHAIZ HEfSH
ENE HEGIFCH
Lt. Ot AE EH
(1) SE4 ZA
28 LE R R0 2 S&4z20 HEFRE 2didcte @42 LIEHUWEX
X AGIHCE. Blood agar base (Oxoid, Hampshire, England) & Z&8& =0
£ FJtotol 224 HHXl (Horse blood agar) £ 2t
iKX= 30COH A 24AI2tSQF HHQF
2015t

7% horse blood (0xoid)
2 TLUBHALCE.
M4 OIRE Hol

EHM AIZE Ba30l2 &4 &
S0 HER 20 st M F=R sHs
hemolysis S4, 24488 EHAIHCH15]
(2) 48y
2 LE 720 Ok a4 80 s Haor JA=KX ZAGHACH
APl zym kit (BioMerieux, France)ES Aol L. BHYHS 2AA=2](12,000
15 min, 4C)5t0d ZHE sl4st & 242 SHEHs F=HIoIUCH. 2
ol EEEE YE SEHS 65 L
ZYM-A

rom,
cupuleOl 5 Mcfarland (BioMerieux, France
SO 37T YASOH )

MOEOTRI B, 4AI2
(BioMerieux, France) Al2tDF ZYM-B (BioMerieux, France) Al
OIQICH TN YEES Mol HE AEE 2E6IH 0~50HX

CHAN Z2UE B=

_16_
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O 2=Z HAIGIH EtSO0l

301&f01H  2dez ©d

FACHO = 0

=
namomoles, 1 =5nM, 2=10nM, 3=20nM, 4=30nM, 5 = 40 nM). &2

—

= alkaline phosphatase, esterase, esterase l|ipase, lipase, leucine

arylamidase, valine arylamidase, cystine arylamidase, trypsin,

—-galactosidase, N-acety!|- B —-glucosaminidase, B —glucuronidase,

—-galactosidase, o.—fucosidase,

o
B
o —glucosidase, B-glucosidase, «a
=
=

-mannosidase & = 20Z0|Ct. 2AX| MO PR, &2 L= M2 & 22X
centrifuge & S 230l 22X HE SUHE =70t DFII2(L XA
o NE=)It GOLUAAHK MRS brothOl ZXIHS 1% ZESSH0 30COHI HH L&
2, @4Jh 2 8 log CFU/MLOL SIAS T MBS XMSHAC

(3) S LHE ZA

(]S}

2 E &R0 O 2d4M e #

Xl s|&” (Broth microdilution method) & 0

IS =&ot)| ?Iot A b

tol

Zot{LCH. European Food
Al

Safety Authority (EFSA, 2012)0l (2t &MH 8Z (ampicillin,

vancomycin, gentamycin, kanamycin, streptomycin, erythromycin,

tetracycline, chloramphenicol)

concentration) € E&olI¥U2H,
CH11]. StMH W2 A6
BHXIO 0.5% dextroseE &Jtst

Ct. A ME Mol =% (Minimum Inhibitory Concentration, MIC) &

S KO BE0tH 30TCOHA 24A12tS¢e BHfGtATH. &

Spectrophotometer (Amersham Bioscience) Aol SZEE

ZHOIGCH. Meissella spp.2

Ol CHSFO MIC (Minimum inhibitory
StMMlE #EE 00 =2 &= A0
oA MH (Mueller-Hinton, Difco) <HX

M BHXIO 2 SHAUNE s=E€=2 =6t

=3

ool 215t HHHS &4 =2l (12,000 rpm, 15 min, 4C) SIACH. ==&t
ZHME 0.5% dextroseE &Itet MH A HHXI0 SHEGSIH HAHE=Z =HIS
AHOo CHet e 2

=300

EFSA(2012)2] &S 160 Z=It SAIGHA Y= A M8 Hol s&8
EFSA(2012) 0l KISt MM BERE

ATR=22 ZUE

breakpoint Ol CHSF guidelineOl &M HIZ%I X 2ZO0A El
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st

2l = ZBXMUZS centrifuge

=

gl

o

E

=, @It ¢

FOd 30COIl BHEE

8350

OLJAN A MRS brothOl Z XIS 10%

5~8 log CFU/mLI} &

_’|8_
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i

[l

H 3& &&

I

21 3

=<

H 18 =& ZH|2| setting measurement heightOl &
ZHH 2LIEHE

=& =0/0l et 3XF 7=, MRS (Difco) , LB Al HHXIOIA 355 nm &
= Onm OIMS & gt= =EHoIUCH. 8 mm =0I0A SEIAS < 3%t
EJ/+= 63,367, MRS (Difco) UM HHXl= 1,918,761, LB HHMHHXI=

2,105 gt= UEHHALD, 18 mm =O0l0INM =& Al 22t 7,629, 197,134,
76,9642 g2t= UEFUHRUCEH. AtEot= BHXION et ZdM2l SE0l etk
O, 8 MmOlAl R4t BN =E Al 20 HE XH0IIOF SXI2E 18 mmUIA =
g A0 20 2 Z2dA gtel X0IJF A/UCH. 0l=F 18 mm 22 5F =0|

M 22 34 =0 HE ZdA Z2LIHE

460 nmUIA =& Z 1 live cell, resting cell, dead cell 2= AIZ20IA
3~7 log CFU/mLMKl H3tE EO0IXKl &1, 7 log CFU/mL Ol& &EX =Jlot(d
9 log CFU/mLOIl =ICHXION E=<otRiCh. & I 8 log CFU/mL OI&O0IA O

ot =)
o0 2let ZHA SIE 2XNE = URUC

-

Asoo ISl M= ZHHA 460 nmUIA2l X0l FAS IHECZ ZtE &
AULCH. 2= cell AENUIAM(live cell, resting cell, dead cell) ZdA 2t
2 Mo Hl=xotH UEIGS20 0l 2F0l Wet(lo. plantarum HO1, Leu.
mesenteroides TA, £. co/i 0157:H7) Z&IA g0l XtOIDF GHCH. ZHA Q|
BISIEE2 [b. plantarum HO1 > £, coli 0157:H7 > Leu. mesenteroides TA
OIALCtH.

U

Hr &

_19_
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A 32 MRS HHXIOIA =& dxs0 28N Z2ULEHE

g2 =F

=

1. e 2=0 T thd d=F

Il
30

Jb. 0TCOAS 7o &=

MRS brothOl =JI== < 5 log CFU/mLIt SIH &HE3H 30TOHAM 3AI2t
SIAL M 72AI2E0HKI BHYSHRUCH(Figure 2). Meissella
koreensis SK= HH 21A12F Ot ZICH ZMAM0 SEoA2H E=I| A
Ol HioH < 37,491 SOtotLh. M= HHY 12A12F 2HOl =0 M2 =+E
LIEILIRISH E&&= 18~21Al2F 2Hol =0 SZEE  LIETUWRAC.
Weissella cibaria 372 HBH 15~24A12+ CHOIl =ICH Z&lAOf

I Zd A0 dloh 2 ,167 SIIotRUCH. M= Y

9
LIEtRLD 2= i 12A12F 2Holl =T S& =S UHEFLHRUACE.

AA602 NRE =F

M=
Leuconostoc citreum GR12 HH 15~18Al2t CHOl =IO

O =J| ZEAMU Hloh < 43,009 SOtotALE. 3= B 9~12A12H Bt

O =IHE UEIHUSH S&

Leuconostoc mesenteroides TA &

OH I Hd MO dloH < 46,402 SOIoHUCH. M= S 12~15A12¢

ool ZICHE UEUHRASH S&&= B 18~21A12F St =CHZ2 S=Eot

Ct.

H
rr
=
2
o
=
N
2
2
m
o

rr
=
02
(e0]
=
N
1=
==
[vall
&
Id]
[z
x
==
in
0
ol
\NJ ;9

BHQF 15~18A12F CHOIl =IO ZHA0 EE6H0]
ZOI01 dioh & 77,352 SIIGHRULH. M= I 9~12A12F CHOl XICH M2
=2 UEHHASH SZET= i 12~15A128 2HOl =ICHE  LIEHLHRACE.
Lactobacillus plantarum HO12 HHSF 24A12F CHOl =ICH ZHAN 202
O =D10 Bloi & 117,736 SIOtotAcH. 3= b 0

ok

Z CEORCH, SZEEs e 24A12t

~
Q
3
S
N
3}
~
~
N
\
95
R
D
~
n
(@]
fo
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I
]

A

Foa 683 BF &Y A2t G2X2, Mzt 2z 84 &
O E2& L ZHM 30l RUE TEote LAS BJAL. 7o 6
M= 9 log CFU/ML MHXI S EG6IRCH &&=

Lb. sakei SC1 > W. cibaria 37 > Leu. citreum GR1 > W. koreensis SK >

Leu. mesenteroides TA =O0OIACH. LM g2 [b. plantarum HO1 > Lb.

L

= 0O
-

0
v AN Ao

Lb. plantarum HO1

Sakei SC1 > W. cibaria 37 > Leu. mesenteroides TA = Leu. citreum GR1 >
W. koreensis SK& UIEISCH. W. cibaria 3701 &% 2 &AM g0l .
koreensis SK 2Ch= Leuconostoc spp.dt O JE Ols& Leuconostoc
spp.C 2 SFRE0 UCIIF Mejssella spp. C2 2FEUI| 22 i
Ct. 30COIM ZHAM gt Lactobacillus spp.dt W. cibariaE %
Leuconostoc spp., W. koreensis SK Ml JHSl D822 L= = U220
M0l “E=otbct: =0l Met 28N Sotote g0l USs € =

UL,

HU
>_

0% U
o

[
(o

g0

_Z’I_
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( A)M_D (B) 300,000

286,000

12.0
260,000
100 240,000
£
o 80 £ oo
'3 @ 200,000
< 60 =
180,000
49 160,000 gl @
28 140,000
120,000
00 /

G 3 & ] 12z 15 18 21 24 36 48 60 72
° 3 3 9 12 15 i8 21 24 36 48 60 72

Cultivation timethours)

log CFU/mL

g 3 13 9 12 15 18 21 24 36 48 50 72

Cultivation timefhours)

Figure 2. Growth of lactic acid bacteria at 30C for 72 hours in MRS

(A), Changes in absorbance at 600 nm

(B), Changes in photodiode at 460 nm

(C), Viable cell counts of lactic acid bacteria

@, /. koreensis SK; O, W. cibaria 37; @, Leu. citreum GR1; <, Leu.
mesenteroides TA; B, Lb. sake/ SC1; U1, Lb. plantarum HD1
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MRS brothOl =JIZ= <k 5 log CFU/mLE &Z&5t 10COHAM 102 SOt bH
ASHHM 1Y 2tH2 2 NS E ZHOIRUCHFigure 3). W. koreensis SKe B
2 52 0ROl EICH Z2HAO SEotA20 =D MU HIgH & 25,377 3
JtotAtt. M= Y 562 B0l =0 M7+E UEUHJULH ==
562 CHOll ZICH SZEE LIEHUHRACH. W cibaria 372 HIZ 7L BHOI =ICH
M SEASH I MM HIGH & 22,264 SIIGIALCH. MR e=
B 5~62 CHOI X0 M2+S UEIRHCH S23T= Y 7-82 BHol =I0H
SZCE UEIUAUCTH

Leu. citreum GR12 BHESF 82 CHOIl ZICH ZMANH S=EotRA20 Z 4l

6
6~7 Ot0fl =ICHE UENWHRUACH. Leu. mesenteroides
F7L O EICH ZANO Sl oel =D ZHAAMNO HloH <

LIEtIHRR2H EZ <

02
=)
ne
2
2

= B 102 Ctoll =ICH2 S EotRUCH

30Ce D&EIINZ Mz=sIF 6N U=z TEot= ADINE S2% gt
A S BItEt 20l 2HE S Lote a2 BAL. RE4Z 68 S /I
cibaria 372 M2otd MzZ=== 9 log CFU/mL MK SEOA2H ot
Ms H2o=2 22idl 30CE0 8XMdl ¥2 2507 =0 30TeHE 4t

 —
=o MEZ0| & 02U XAN=s LULH. SET= b, sake/ SC1, Leu.
citreum GR1, Leu. mesenteroides TAJl 2F 9.1~9.2
OWM W. cibaria 372 W. koreensis SKOt
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M= U8 S4&Z0 dIot 2F 284 Olael gt UEIWMHAY Lb. plantarum

101 HHE 9~1020] SIHAOF THE Hétr o E2E 2tS UEURUCEH.
M 2 Lb. sake/ SC1 > Lb. plantarum HO1 > Leu. citreum GR1 > N.
koreensis SK > W. cibaria 37 = Leu. mesenteroides TAZ LIEFRICH. 10TC
WA= Lb. sakei SC1Dt W. koreensis SK, Leu. citreum GR12] MFEIt =
UYSH, UM &t& [b. sake/ SC10l JtE 2 Bst== BUCH. b,
plantarum HD12 Y 62NtKl= CHE R&ZS HIxgh gt

OIF2HE= SItotI] AMEMX S M= H20l 30T "HlwotH SItH=0|
=)

nrJA ne
$Q
[m]
=

&
OH

. koreensis SK, Leu. citreum GR10I 1 £ 0|0
AN gtel SIt=01 Lew. citreum GR10I H 2 OlR= W
koreensis SK2 SIt=0] JtE AQUE A 22 0IR2 2 = UL, 4=
A2E0 ¥2 2Z0lM satasS Bigst 20 10CHAM O & M\ote R

= ZMA Botgt0l O A= As & = UL

=
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(B) 260,000

( ) | 240,000 |
220000 |

200,000 |

460nm

180,000 g g

160,000

140000 +

120,000

Culticatioin time{dayz)

log CFU/mL

Cultivation time(days)

Figure 3. Growth of lactic acid bacteria at 10°C for 10 days in MRS

(A), Changes in absorbance at 600 nm

(B), Changes in photodiode at 460 nm

(C), Viable cell counts of lactic acid bacteria

®, /. koreensis SK; O, W. cibaria 37; @, Leu. citreum GR1; <, Leu.
mesenteroides TA; B, Lb. sake/ SC1; [, Lb. plantarum HD1
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Ch. —1.5COAS QAR 48

2l
O
S

MRS brothOll =JIa% 2 5 log CFU/mLE B =0l -1.5CTOHA 5
BHZSIHA 13 2tA22 ANSE ZHGIUCHFigure 4). Fbta 63
T U2 SHSH Z W. koreensis SKOI Jt&E 2 HHIIE BUH Lb. sakei
SC1=2 =JI0I dlol <2t SItotR. a3 +E 20 Leu. citreum
GR1, Lb. plantarum HO1& =Jl2=+ 2 5 log CFU/mLE S XIGHALM, #.
cibaria 372 4%F 0l MIxIt 2 4 log CFU/mMLE ZAGHARCH. Lew.
mesenteroides TAe & 6.5~7 log CFU/MLE RAIGIALO Lb. sakei SC1&
ot 7.5 log CFU/mLE LIEHHRA LD, W. koreensis SK= 2 8.7 log CFU/mLZ
=2 METE LIEHUHRACH. ZdA e BH |47 683 2F HIxst gt
LIEHLHRACE. Ol= -1.5COIM W. koreensis SKE HM<2otd 25 log
CFU/mL OIGHOIDI MHE0 ZdAM S LIEHWX =& 2
W. koreensis K= 30C X 10COHIM =ICH =0 [
LAI| 20 -1.5THAN MOt =UAXCH SHMH U2 2

INR: SVIE

|.

1o

0o
R

N r
Jh
0

DS

&N
]
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( A) 30 (B) 260,000
35 240,000
220,000
2.0
2 £ 200000
2 I
£1s5 =3
L 180,000
10
160,000
05
140,000
ol =1
[l & . 120,000 L
0 1 2 3 4 5 0 1 2 3
Cultivatiom time(weeks} Cultivation time{weeks)
(C) 10
9

log CFU/mL
~

Cultivation time(weeks)

Figure 4. Growth of lactic acid bacteria at -1.5C for 5 weeks in MRS

(A), Changes in absorbance at 600 nm
(B), Changes in photodiode at 460 nm

(C), Viable cell counts of lactic acid bacteria

@, /. koreensis SK; O, W. cibaria 37; ®, Leu. citreum GR1; <, Leu.

mesenteroides TA: W, Lb. sake/ SC1; U1, Lb. plantarum HO1
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M 42 ZXRUA a2 ds0 A 2LIEHE 2o

Z2H =5F

T

1. i 20 OHE 4T
Jb. SAF 2R BH2C0 OHE 4%

NSO A EHOHE = SAH ZXIE FZot0 ZXIE Otafiotd 2= JIOHMIZ

dtet ZXHS oF -7T2COHA 1~2F= 22 = o -1CUHAM =0HA &S0l At

Kl BHLSHRACH(Figure 5). Lb. plantarum HD12 24~36A12F SOl =ICH A4
9.0 log CFU/mLOl SEGIUH ZHA gt2 72A12401 35,683+8372 =
=Y =2 ZUNE UEHUHAUCEH. Leu. citreum GR1Z 24A12+ 2+
CH M=5(8.9 log CFU/ML)OI SEotUe 2HA g2 T2A12H0
33,178+3042 LIEHHRUCE. W.koreensis SK&= 12A12t SHOI Z=ICH M E 0
(8.7 log CFU/mL) S EotA0 ZMAN g2 72A12+0 34,377+631=2 LIEFU
AUCH. MRS (Difco) MUXl BHXIOIAM AESH 22 20l 30CHAME &t 6
E 25 0 d3IF & 9 log CFU/mLOI SEGH0 Lactobacillus =2 2
MIME0l Ot =R Leuconostoc =, Weiss//a =01 11 SFIE OIULY.
MRS (Difco) blank zt1b 2 XISl blankgtll XtOIJt UM Fatz = 242
2N XHOIOF A LIS XIGH & 22 A=20| ZIRULCE.

15COIA =Il34 2 5 log CFU/MLE & Fot0 12 2+2A320=2 14UNHX| bl
AUStRACH Figure 6). W. koreensis SKE HIQIE S&ta 582 zll MEE
9.0 log CFU/mLOII =< otXl Ro6tRUCH. Lb. plantarum HD12 11~142 0 M=
S 8.4 log CFU/mLOl SEotAH ZHA gt2 230 34,437+3822 F &t
o 63 & tE =2 ZBUANE UEIWHACE. Leu. citreum GR12 520 M=

Lt
Ol ZdA g2 20 32,353+4242 = LIE

B
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Vel

RUCH. W. koreensis SKe 320l M=% 8.6 log CFU/mLOI =EotA2O
N 2te 230l 32,675+47122 UEHUHRACE. W. koreensis SKE M2l &t
st 5EZ2 9 log CFU/mLOI E=EotXl RIMUKICH X M7= 8 log CFU/mLE
CEoIRIl =20 0CHAME Satad 220 ZdMge BHaE 53
2 QUUCH. zHZ M=FSHA RoHAM 30CTUHALIE = 202 X0 O &
2 JtsSGtALt.
ACUHAM =Dl 2 5 log CFU/MLE &S5 13 2tA2=2 14=DHAl H
& 9.0 log CFU/mLOII =<5t
log CFU/mLE S XIotH S
O ZHdA S 2~6F JIE 28,358~30,9162= UEFUHRUCE. Lew. citreum
GR12 20l M=% 6.2 log CFU/mLOI SEOIRCH MM gt 2-6F JI&E
29,524~31,4479 2 LIEFUWRICH. W koreensis K= 20 MESZ 7.7 log
CFU/mL S 2ol ZHA gt2 2~6= J|IE 29,550~31,33022 LIEHLHA

30

LS2E (6.5C, 117 hours — -2.0C) OIM =JI2=+ 2 5 log CFU/mLE

5
HEGIH 1= 2A22 120X BHLSACHFigure 8). |étz 63 2F

St 5.0 log CFU/MLE SASIF2H JdAM g2 2+4= IIE
30,255~31,9602 = LIEHULHRACH. Leu. citreum GR1E 2=0 M=% 7.0 log
CFU/mLOIl E=Eot}el MM g 2~4% J|E 30,719~31,9032 2 LIEIHRA
Ct. W. koreensis K= 520 M=% 8.3 log CFU/mLOI SEotU2EH 24HA
a2 2~4= J|& 30,605~32,31622 LIEHLHRALE.

SRS XHAH ME 2z LHE 0TY E202 15CTHM=E q&22
S0l OIRUHMHMN s&ta 892 A gtel XH0IJF LIEFGXISH, 4T Y&
SEWMM=E W koreensis SKE MIQlot) z@=It 7 log CFU/mLOIGHE LtE
LHAD, MM gl Xt0I2+ OI0IStCH. O] Z = MRS Xl BHAI & &

0z

J

i
o

OIAXE 8 log CFU/mL Ol&SZ KRAZ0 MEIHS [ ZHA g0l SHO|
T RN4F HHE2 220 E0lot), RS 68 = W, koreensis SKe= M
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Figure 5. Growth of lactic acid bacteria at 30C for 48 hours in kimchi
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Changes in pH
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, Changes in photodiode at 460 nm

Viable cell counts of lactic acid bacteria

®, /. koreensis SK; O, W. cibaria 37; &, Leu. citreum GR1; ., Leu.
mesenteroides TA; B, Lb. sake/ SC1; ], Lb. plantarum HD1
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Figure 6. Growth of lactic acid bacteria at 15C for 14 days in kimchi

filtrate

A), Changes in pH
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®, /. koreensis SK; O, W. cibaria 37; ®, Leu. citreum GR1; <, Leu.

mesenteroides TA; B, Lb. sake/ SC1; ], Lb. plantarum HD1
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(D), Viable cell counts of lactic acid bacteria

@, V. koreensis SK; O, W. cibaria 37, ¥, Leu. citreum GR1;, <, Leu.
mesenteroides TA: W, Lb. sake/ SC1; U1, Lb. plantarum HO1
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Figure 8. Growth of lactic acid bacteria at fermentation mode (at 6.5TC

(A),
(B),
(C),
(0),

for 117 hours and then at —2.0C) for 84 days in kimchi
filtrate

Changes in pH
Changes in acidity
Changes in photodiode at 460 nm

Viable cell counts of lactic acid bacteria

@, /. koreensis SK; O, W. cibaria 37; &, Leu. citreum GR1; ., Leu.
mesenteroides TA; M, Lb. sake/ SC1; U, Lb. plantarum HD1
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Figure 9. Growth of lactic acid bacteria at 30C for 72 hours in kimchi
filtrate

(A), Changes in pH

(B), Changes in acidity

(C), Changes in photodiode at 460 nm

(D), Viable cell counts of lactic acid bacteria

®, V. koreensis SK; O, W. cibaria 37, ®, Leu. citreum GR1; <, Leu.
mesenteroides TA: W, Lb. sake/ SC1; U1, Lb. plantarum HO1
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Figure 10. Growth of lactic acid bacteria at fermentation mode (at 6.
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5C for 117 hours and then at —2.0°C) for 84 days in kimchi
filtrate

Changes in pH
Changes in acidity

, Changes in photodiode at 460 nm

, Viable cell counts of lactic acid bacteria

@, V. koreensis SK; O, W. cibaria 37, ¥, Leu. citreum GR1;, <, Leu.
mesenteroides TA: W, Lb. sake/ SC1; U1, Lb. plantarum HO1
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Figure 11. Growth of lactic acid bacteria at storage mode (at -1.57C)
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for 84 days in kimchi filtrate

Changes in pH
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Changes in photodiode at 460 nm

, Viable cell counts of lactic acid bacteria

®, V. koreensis SK; O, W. cibaria 37, €, Leu. citreum GR1; <, Leu.
mesenteroides TA; W, Lb. sake/ SC1; U1, Lb. plantarum HO1
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& 8FXH0Il 40,975+2,94222 2 FH(2F Xt UHHl 45,185)22 SIIoHRALH,
pH= 4.24, &= 0.86%= SHTJCH. E2H2E (-1.5C) o <, M& 4
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g SOtotAtt. BE&22E9 A2, M& 4=XHA 35,739~36,3102 = AIGHA
O

H M& 8FX0l 40,688+ 1,174(2=Xt CHHI 24,949)2 SItotACH Figure
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_)l\_ E§. o

LIEFLHRACEH. Leuconostoc =52 BHIBEQ AL, N&E 12 S

CFU/MLZ Leuconostoc &2 #=J} BiGIA &2 BtH Y52

1~23= AOIGI 2F 2~3 log CFU/mLOF &E2Jtotd XA 40X SN ZJACHE N
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J
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SAEJUCE. Meissel/la 52 B2ARE2 B, M&E 23 0|F RZED|

o M& 4~8=0 =ICH 8 log CFU/mLE LIEILHRUCH. EER2EQ E =2,
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Figure 12. Changes of lactic acid bacteria numbers and photodiode

during fermentation mode and storage mode in S kimchi

(A), Growth of viable cell count, Changes in photodiode at fermentation
mode
(at 6.5C for 177 hours and then at -2.0C)

(a), Growth of lactic acid bacteria at fermentation mode

(B), Growth of viable cell count, Changes in photodiode at storage mode
(at -1.5C)

(b), Growth of lactic acid bacteria at storage mode

&, Neissella spp.; B, Leuconostoc spp.; A, Lactobacillus spp.
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Figure 13. Changes of lactic acid bacteria numbers and photodiode
during fermentation mode and storage mode in S kimchi
broth

(A), Growth of viable cell count, Changes in photodiode at fermentation
mode
(at 6.5C for 177 hours and then at -2.07C)

(a), Growth of lactic acid bacteria at fermentation mode

(B), Growth of viable cell count, Changes in photodiode at storage mode
(at -1.5C)

(b), Growth of lactic acid bacteria at storage mode

&, MNeissella spp.; B, Leuconostoc spp.; A, Lactobacillus spp.
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Figure 14. Changes of lactic acid bacteria numbers and photodiode

during fermentation mode and storage mode in D kimchi

(A), Growth of viable cell count, Changes in photodiode at fermentation
mode
(at 6.5C for 177 hours and then at -2.0C)
(a), Growth of lactic acid bacteria at fermentation mode
(B), Growth of viable cell count, Changes in photodiode at storage mode
(at -1.5C)
(b), Growth of lactic acid bacteria at storage mode

&, Neissella spp.; B, Leuconostoc spp.; A, Lactobacillus spp.

_43_

Collection @ chosun



(A) 10 50,000 B iG 60,600
1 Viable cell count 3 wiable cell count
g || —e—4s00m 4 57,000 g H ——e—mss0nm 1 s7.000
s | 4 54,000 g 4 4,000
..Ex ; 4 s1,000 "é‘ ; { stooo
> . 1 8000 g 3 N 48,(}005
o 1 45,000 § o " 1 #5000 @
™5 > 5 e
£ 1 42,000 2 é 1 4z000
4 { 39,000 4 R S N 5 I P8 =y { 3m000
3 1 36,000 3r T 1 36000
2 33,000 2 33,000
4 7 14 28 56 84 g 7 14 28 56 84
Cultivation time (days) Cultivation time (days)
10 10
(a) (b)
] g
8 8
E7 E7
5 3
&6 E 6
gs gs
4 4
2 E]
2 2
a 7 14 28 56 84 a 7 14 28 56 84
Cultivation time (days) Cultivation time (days)

Figure 15. Changes of lactic acid bacteria numbers and photodiode
during fermentation mode and storage mode in D kimchi
broth

(A), Growth of viable cell count, Changes in photodiode at fermentation
mode
(at 6.5C for 177 hours and then at -2.07C)
(a), Growth of lactic acid bacteria at fermentation mode
(B), Growth of viable cell count, Changes in photodiode at storage mode
(at -1.5C)
(b), Growth of lactic acid bacteria at storage mode

&, MNeissella spp.; B, Leuconostoc spp.; A, Lactobacillus spp.
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Figure 16. Changes of lactic acid bacteria numbers and photodiode

during fermentation mode and storage mode in U Kimchi

(A), Growth of viable cell count, Changes in photodiode at fermentation
mode
(at 6.5C for 177 hours and then at -2.0C)
(a), Growth of lactic acid bacteria at fermentation mode
(B), Growth of viable cell count, Changes in photodiode at storage mode
(at -1.5C)
(b), Growth of lactic acid bacteria at storage mode

@, Neissella spp.; B, Leuconostoc spp.; A, Lactobacillus spp.
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Figure 17. Changes of lactic acid bacteria numbers and photodiode
during fermentation mode and storage mode in U kimchi
broth

(A), Growth of viable cell count, Changes in photodiode at fermentation
mode
(at 6.5C for 177 hours and then at -2.0C)
(a), Growth of lactic acid bacteria at fermentation mode
(B), Growth of viable cell count, Changes in photodiode at storage mode
(at -1.5C)
(b), Growth of lactic acid bacteria at storage mode

&, Neissella spp.; B, Leuconostoc spp.; A, Lactobacillus spp.
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Table 3. Blank measurement of area Kimchi and product kimchi

NO.| XIgdXl L aFAX pH A (%) SdN

355 nm 460 nm
1 ot d 5.70 0.24 3.585 30,615
2 | 3E et ZIIZX 5.80 0.27 3.39% 33,120
3 =gt X 5.99 0.23 3.060 27,104
4 ZII& E& 01Jtul 5.32 0.29 3.569 26,628
5 de 42 i&%g 2 U= 5.57 0.30 3.629 26,982
6 dg #3322 sl 5.43 0.29 3.433 31,750
7 = E}%’;;llkj;%;l%‘%fﬂ 5.83 0.26 3.553 24,953
8 =23 =834 5.80 0.30 3.696 27,317
9 ZJ|1& std HIote 6.16 0.23 3.663 23,873
10 dy 22 =01& 5.34 0.28 3.774 25,724
11 M= Aot M= X 6.00 0.24 2.715 30,062
12 =& &JAYX 5.65 0.27 3.686 19,717
13 2| BHE &= 5.97 0.23 3.668 25,985
14 == U4 OlEH 5.85 0.29 3.704 27,762
15 =R 5.95 0.34 3.760 25,927
16 35 35 o 2X 5.51 0.33 3.826 30, 158
17 S =8 ZX 5.72 0.26 3.823 28,243
18 HE =8 ZX 5.72 0.26 3.742 38,700
19 s& =8 247X 5.69 0.28 3.628 28,732
20 =& =g 37X 5.63 0.26 4.035 36,226
21 e EIF X 5.75 0.24 3.846 31,444
22 e Bt ZX 5.38 0.28 3.633 40,006

g £SD 5.72£0.23(0.27+£0.03| 3.610£0.277 | 29,138+4,776
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B 2% 30CHAM BHE 24A12t & & 502 s HEA=S =8 4%
=GN $2 B MILE ZHS ZW, W koreensis SK= 8.94, 8.97

log CFU/mL, W. cibaria 372 9.28, 9.16 log CFU/mL, leu. c/itreum GR12
9.57, 9.52 log CFU/mL, Leu. mesenteroides TA= 9.50, 9.50 log CFU/mL,
Lb. sakei SC12 9.14, 9.10 log CFU/mL, Lb. plantarum HO12 9.65, 9.66
log CFU/mL2 =SJERUCH. ZF == R0 OE Mz L SHSHH E4

OlA XtOl= LEEHLEXI 2 UCHTable 4).

2 252 UERD. s &8 &

o5 =JE 20, W koreensis Ke 7 log CFU/mL, W. cibaria
2 3.60, 4.55 log CFU/mL, Lleu. citreum GR1E 4.09, 4.69 log CFU/mL,

Leu. mesenteroides TA= 7.66, 6.12 log CFU/mL, [b. sake/ SC12 8.33,

6.75 log CFU/mL, Lb. plantarum HD12 4.51, 5.07 log CFU/mLE2 SHZIU

Ct. 22 == RS20 Wmet Leu. mesenteroides TARt Lb. sake/ SC12 &H&

£ &8 AMZ0UAM 2 12 log CFU/mML =2 M2+E LE™Y2H /I

koreensis SK, W. cibaria 37, Lb. plantarum HD12 Z& L E0IA £ Al
SO0IM 2 1 log CFU/mL =4l LIEFLHRACH. 012 22 X0l= & =0 2
st 9 Blle 2%0 st dgoz M. £8, 28 =& |20 ©
g Ses® SEH0M X0l= A LIEHLIXI 2 UCHTable 5).
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Table 4. Morphological characteristic in MRS with and without

photodiode.
Weissella koreensis SK Weissella cibaria 37
230 Z3 X 230 Z3 X

Leuconostoc citreum GR1 Leuconostoc mesenterofdes TA
Z& 0 Z3 X Z& 0 23 X

Lactobacillus plantarum HD1

&0 & X

- 51
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Table 5. Morphological characteristic in kimchi filtrate with and

without photodiode

Weissella koreensis SK Weissella cibaria 37
230 Z23 0 23 X

Leuconostoc citream GR1 Leuconostoc mesenteroides TA
Z& 0 Z&3 X Z2& 0 Z& X

Lactobaci | /us sakei SC1 Lactobacillus plantarum HD1

280 & X = 0] & X
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23 |20 OE R4z 284S o)l 16t 284 B X (Horse

(o

ood agar)0l AIZE &4& T2 GIQUCH. 30C ¥ B2AR2E DEHAM 2
2 B

-hemolysis 2& 8t

23 F20 E Fado A8y HE =016t ot AP zym kit
(BioMerieux)E AF2oISLCH. kitel 2+ cupulell standard &% 201 St&= i
UHS 65 pLA "WO{EEl =, 4A12F SO 37COHA A SO HHZFAIZ =,
ZYM-A (BioMerieux) Al21t ZYM-B (BioMerieux) ANSS 228 GHEHA &

=
JIE H=oIRCH 30T & 2225 ZF0M 2@ =20 OGE Rt

(o]

o 02 O
X

O SASN Hol= LIEILIAl X UCH. W, koreensis SKe=
Al leucine arylamidase, W. cibaria 372 acid phosphatase
EFHLHRACH. Lew. citreum GR12 &4 1980l UstH 2% S

Leu. mesenteroides TA= PB-glucosidase A bBISZ2
(@]

0x

T om o
=

L

°

sake/ SC12 leucine arylamidase, valine arylamidase &
Lb. plantarum HD12 leucine arylamidase, valine arylamidase, B
—-galactosidase, B-glucosidase, N-acetyl-[B-glucosaminida

-se0fl CHOLOd & BHES UEHLHRUCH Table 7).

Ch. &M e SA

g3 R0 GE =ad gdH W HatE =tolotJl 2ot European

Food Safety Authority (EFSA, 2012)S & 1060 ampicillin (Sigma),
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vancomycin  (Sigma), gentamycin  (Sigma), streptomycin (Sigma),
erythromycin (Sigma), tetracycline (Sigma), chloramphenicol (Sigma) &
MH 8Z 0 CHSHO! MIC(Minimum inhibitory concentration)E =& otRUAC.
0C & BHI2E0A 23 &5 R0 OHE Sit7 632 M WHEUA
XHOIJF SAALEH.

Weissella spp.2 EFSA(2012)0IM Mot MM ZFE breakpointOil
CHSt guidelineOl &XH HIZZ X ZLO0tM Meissel/la spp.2 SMH =E/Y
breakpointil CHSt &= EF HAP=22 ZNUE HlWIACH. 2 2, EF
HAFR==22 W. cibaria%t W. koreensis2l MM MEHS LEHUWHE =&
Ct O @2 sSO0M W cibaria 372 W. koreensis SKIt MalEdE & =
ACHTable 8).

s HI
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Table 6. Hemolysis test of lactic acid bacteria in MRS with and without

photodiode.
Weissella koreensis SK Weissella cibaria 37
230 Z3 X Z23 0 23 X

Leuconostoc citream GR1 Leuconostoc mesenteroides TA
Z2& 0 Z&3 X Z2& 0 Z&3 X

Lactobaci | lus sakei SC1 Lactobacillus plantarum HD1
230 23 X Z2& 0 Z3 X
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Table 7. Hemolysis test of lactic acid bacteria in Kimchi filtrate with

and without photodiode.

Weissella koreensis SK Weissella cibaria 37
230 Z3 X Z23 0 23 X

Leuconostoc citream GR1 Leuconostoc mesenterofdes TA
230 Z2& X Z2& 0 23 X

Lactobaci | lus sakei SC1 Lactobacillus plantarum HD1
230 23 X Z2& 0 Z3 X
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Table 8. Enzymatic activities of lactic acid bacteria with and without photodiode

SK 37 GR1

0. | Ename TENEEN ERNER EENERN R

1 | Control - - - _ _ _ —

2 | Alkaline phosphate - - - - - - _

3 | Esterase(C4) - - - - - _ _

4 | Esterase |ipase(C8) - - - - - _ _

5 | Lipase(C14) - - - - - _ _

6 | Leucine arylamidase + + - - - - _

7 | Valine arylamidase - - - - - _ _

8 | Crystine arylamidase - - - - - - _

9 | Trypsin - - - - - _ _

10 | a-Chymotrypsin - - - - - - _

11 | Acid phosphatase - - + + - - _

Naphtho |-AS-B|—-phospho
12 - - - - - - -
hydrolase

13 | a-Galactosidase - - - - - - - _ _
14 | B—-Galactosidase - - - - - - _ n 4
15 | B-Glucuronidase - - - - - - - _
16 | a—Glucosidase - - - - - - _ _
17 | B-Glucosidase - - - - - - n 4
18 | N-Acetyl-B-glucosaminidase - - - - - - + +
19 | a-Mannosidase - - - - - - - _ _
20 | a-Fucosidase - - - - - - _
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Table 9. Minimum inhibitory concentration(MIC) of various antibiotics against

lactic acid bacteria with and without photodiode

Antibiotics" MIC( 1 g/mL)
Strain AP VAN GEN KN STR ERY TET CH
Break points for 2 nr® 16 64 nr. 1 3 8

Lactobacillus plantarunf

Iﬁgfmb""c”/usp/‘?”“a’“’” > >512 05 16 4 0.125 16 4

Break Doi.nts for
Lactetect i e b w w1 e 4
heterofermentat ive?

~

Lactobaci|/us sakei/ SC1 >512  0.25 4 2 1 8

Break points for o
Leuconostoc spp.?

Leuconostoc citreum GR1 0.5 >b12 2 16 32 0.06 1

50
-
>
o
»
B
o
N I G I N

%f\’uconosz‘oc mesenterofades 5 S512 0,125 1 P 0.06 4

Break points for n.a®

Weissella spp. e

Reference data for 5 256~ 0.2~ N 8 o -
Wejssel la cibarid) 0.5~2 004 1024 4~1024 4~4096 0.25~8 2~16 2~8
Weissella cibaria 37 1 >512 1 8 4 0.12 2 4
Reference data for >10 1024 32 512 128 >15 1 >30

Weissella koreensis

Weissella koreensis SK 0.5 128 2 8 4 0.25 0.5 1

D AMP: Ampicillin, VANM: Vancomycin, GEN: Gentamycin, AAN: Kanamycin, S7A&: Streptomycin, ERY:
Erythromycin, 7E7: Tetracycline, CHL: Chloramphenicol

Breakpoints were according to the guidelines of the EFSA(EFSA, 2012)

n.r. @ not required

n.a. @ not available

Ref. : Deong, OW; Lee, DH,. Antibiotic resistance, hemolysis and biogenic amine production assessments

of Leuconostoc and Meissel//a isolates for kimchi starter development. LWT-Food Science and Technology,

2015, 64.2: 1078-1084. Munoz-Atienza, Estefania, et al. Antimicrobial activity, antibiotic

susceptibility and virulence factors of lactic acid bacteria of aquatic origin intended for use as

probiotics in aquaculture. BUC microbiology, 2013, 13.1: 15. Chol, AR, et al. Antagonistic Activities

and Probiotic Potential of Lactic Acid Bacteria Derived from a Plant-based Fermented Food. Frontiers

in Microbiology, 2018, 9

 Ref. : Anandharaj, Marimuthu, et al. Determining the probiotic potential of cholesterol-reducing
Lactobaci//us and Weissella strains isolated from gherkins (fermented cucumber) and south Indian
fermented koozh. Aesearch in microbiology, 2015, 166.5: 428-439. Chol, AR, et al. Antagonistic
Activities and Probiotic Potential of Lactic Acid Bacteria Derived from a Plant-based Fermented Food.
Frontiers in Microbiology, 2018, 9

o

4

)
3)
)
5)
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MRSOIAM &0 e |&ae Ms Ad 20 30CHAM ==t 9 log CFU/mLILX
AetHAM Z2HA SO0l WMet Lactobacillus & 283t Leuconosotc = 28 %
Weissella cibaria 37, Weissella koreensis SK& Lts == UCH. Z Mz TY Al
UM ZIC M0 SEotA 210, 0 M2 &Y 3~9A12F =0 =0 ZH A0
ol < 20l Sotote 22
MZECD. 10CHNM=E R4 1S =& 25 B0 I 20 4=01 HCOO,
2 2 ZdA g0l o ZH SEO0I /AT 10CUHM=E La
Weissella koreensis SK, Leuconostoc citreum GR1 =22 =0 & XIAU2H .

koreensis SK= —T=Jt 2| TEGIHE Z2 FUA gt 200 B0 X 24

U

r

CEole Hoe =z B0 429 ME) [HE At H 24

O

oII
g4
x

HU |-
OIO
0l

o

ctobacillus sakei SC1,

NE SAMS M Lb. sakei SC1, Leu. citreum GR1, W. koreensis SK =AZ LIEFG
Ct. -1.5CO0IAN= W koreensis SKE HM2dtD= 8 log CFU/mL Olote MALEE B
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OWmM W koreensis K= %Il ZUHE St ZHA SO Z0| &D| S0 |4
6Z 0N ZH A2 XHOIJF O|0|oHUCE.
XHHAM 20 HE Kot M= ASEZ 30CH A= MRSOHIA 2L OH&EIMXIZ

A

[]

=4Ol M=0| L0 et 2=It 89 log CFU/mLIMK XtetHA £0tCH S ZdA
st= LIEtUHO 23IF E0IcHUCEH. 15CUHAM=E 22 4=s0] A5 Metd HHES =2
8 log CFU/mL MEEE UEHHACH 0CTECl=s ZHA gtel #He=0| &= 6hAlgt
Z0ICH ZHA0 e 23IF JIsSoIRULH. 4T, L&-BAR2C L BAREH A= I
koreensis SKE NI 28t s4ta 5501 =0 M=% 5~7 log CFU/mLE LIEFLHRACEH. OOl
et =0l HE A el Xt01J DI0IotR D, =Fétad 65 = W koreensis SKEH &
=t 8.0 log CFU/mL Ol &0l SEotRUACH

ZX0AC 22 220 [HE KT M AEZN S LXAE DAY B2
AS-BALCHME ME 10 2 =(24,366)22 ASOIRH 01F HE 12300
CIAI 8 1 2 =(06,160)22 ASGI/ALH. BE2AL2EM= HE 8FNA 2 =2 &
Mgt ASSA0l LIEILIX 2gA2L ME 120 2 =(06,185)2=2 ASGIRUCH. D
ARQl X 22S0AM ASZ 2S-BARCUHAM=E HE 1F:0 2 Z(3,375)2=2
ASGIACH 0lF ME 1230 CtAl 8 81 2 Z(a11,254)22 ASOIUCH 222
CllA=E ME 80K 2 =2 24 AN gt 4sSA0l LEHLA $HpASH ME 120
2 = (08,458)2 =2 ASOIRUCH HISZ Z2A¥H

d = BREUME HE 4
DISIRASU M 80 S(43,901), U(n4,318) 2X
ZBUA 0l 2 2O AsE. UK 2UM AE 2D LE-FRREWNE NE

F 8301l CHAI

2
01

= M& 40 K= =01 ZdM gt Ot ZHME XSGR ME 830 S(a
4,949), U(nr2,731) Xl 2F ZHA g0l 2 ZE2= ASoIULH. HISZ LIS B
AL XA ZHA gtel Bstel AEOl GE Olse 2 dX0 U= 520 €5 &
ME D12 S AXNNAME =2 A2 21 Y| U2 A2z AZECH13]

g S50 e otdd AE ZD MRS brothOlA 30T, 24A12F HIY & & 508 S
Ot 355 nm EO0l ==ANAS W™, W koreensis K, W. cibaria 37, Leu. citreum GR1,

]

Leu. mesenteroides TA, Lb. plantarum HO1, Lb. sakei/ SC1 |4t 65 2% &2 &=
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high-throughput metabolic screening of anti-tumor agents.

2015, 21.5: 777-789.

In: 2002 X

&l
(=18

INES

M
o~

It

-

20
30

0l
oF

i
<+

ak

i0J

o}

OIDIAI &8Xclet ROI &3 JIE.

i

=2 o
= T

Z2L Al=J

28", et al.

MO

181-182.

, 2012,

KD

H

=
/.

, Leuconostoc

Weissella =

URR2E 228
%, AlA

7T

2015,

K
=
K0

0l

nO

Kk
0

El
ol

xJ
KA

o
T

ok
for

EA
=S

E
=

Lactobaci!/lus

5
31
K

nO

ol

il

= 0|

{0

X HE 2Z0 OHE Rt

2017,

K
=
K0

o
K

nO

0

ol
=

=
sy

t=0ExXelsdE2e Hel

110

w, &I

i)
)

=
o

Bl
Rr

10

E

HHOI 2 Al

U, A=

=] F=]

Old= &X

—
—

t

=)

0l
oSS 10-2015-0050265

uir
1

o)

Gl

.

o0
1o

]

Al

040
RO
K

o)

oI

180

oSS 10-2009-0081998

15
ur

i

i0J

3

o0
oJ

b

| At OLOIOIOtOI,

&0
KIr
0
ol

1994-0004049

lof
1)

=Pl

_67_

Collection @ chosun



	제 1장 서론
	제 2장 실험 재료 및 방법
	제 1절 측정 장비의 setting measurement height에 따른 광센서 모니터링
	제 2절 희석 농도에 따른 광센서 모니터링
	제 3절 유산균 생육과 광 검출값 상호간의 standard curve 작성
	제 4절 김치액에서 유산균의 생육과 광센서 모니터링 상관관계 측정
	제 5절 김치에서 유산균의 생육과 광센서 모니터링 상관관계 측정
	제 6절 지역김치 및 상품김치 Blank 측정
	제 7절 광 노출에 따른 유산균 안전성 검사

	제 3장 실험 결과 및 고찰
	제 1절 측정 장비의 setting measurement height에 따른 광센서 모니터링
	제 2절 희석 농도에 따른 광센서 모니터링
	제 3절 유산균 생육과 광 검출값 상호간의 standard curve 작성
	제 4절 김치액에서 유산균의 생육과 광센서 모니터링 상관관계 측정
	제 5절 김치에서 유산균의 생육과 광센서 모니터링 상관관계 측정
	제 6절 지역김치 및 상품김치 Blank 측정
	제 7절 광 노출에 따른 유산균 안전성 검사

	제 4장 결론
	제 5장 참고문헌


<startpage>14
제 1장 서론 1
제 2장 실험 재료 및 방법 4
 제 1절 측정 장비의 setting measurement height에 따른 광센서 모니터링 4
 제 2절 희석 농도에 따른 광센서 모니터링 4
 제 3절 유산균 생육과 광 검출값 상호간의 standard curve 작성 6
 제 4절 김치액에서 유산균의 생육과 광센서 모니터링 상관관계 측정 9
 제 5절 김치에서 유산균의 생육과 광센서 모니터링 상관관계 측정 12
 제 6절 지역김치 및 상품김치 Blank 측정 13
 제 7절 광 노출에 따른 유산균 안전성 검사 13
제 3장 실험 결과 및 고찰 19
 제 1절 측정 장비의 setting measurement height에 따른 광센서 모니터링 19
 제 2절 희석 농도에 따른 광센서 모니터링 19
 제 3절 유산균 생육과 광 검출값 상호간의 standard curve 작성 20
 제 4절 김치액에서 유산균의 생육과 광센서 모니터링 상관관계 측정 28
 제 5절 김치에서 유산균의 생육과 광센서 모니터링 상관관계 측정 38
 제 6절 지역김치 및 상품김치 Blank 측정 48
 제 7절 광 노출에 따른 유산균 안전성 검사 50
제 4장 결론 59
제 5장 참고문헌 62
</body>

