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Changes in the quality characteristics of kimchi broths and growth of the
isolated strains due to blue light emitting diode irradiation

Yeong Ji Oh' and Jungil Hong™*
'Department of Food and Animal Biotechnology, Research Institute for Agriculture and Life Sciences,
Center for Food and Bioconvergence, Seoul National University
“Department of Food Science and Technology, Seoul Women's University

Abstract Kimchi is a widely consumed traditional Korean food, and its probiotic properties have received great attention.
In this study, changes in the quality characteristics of fermentation broths obtained from two types of Chinese cabbage
kimchi (red with red pepper and white without red pepper) were assessed after the administration of blue light emitting
diode (BLED) irradiation at 4°C; characteristics assessed included acidity, chromaticity, antioxidant activity, and growth
modulation of isolated microorganisms. The pH of the white kimchi (WK) broth decreased with time; the decrease was
delayed significantly under BLED irradiation (p<0.05). BLED irradiation decreased the L (lightness) and b (yellowness)
values and increased a (redness) in WK, whereas the a and b values of the red kimchi (RK) broth increased with BLED
irradiation. Growth stimulation of lactic acid bacteria by BLED irradiation was observed in both WK and RK. The
numbers of yeast and mold were also increased in RK (p<0.05), but not in WK. There was no change observed in the
scavenging activities against ABTS (2,2'-azido-bis(3-ethylbenzthiazoline-6-sulfonic acid) radicals in both kimchi broths after
BLED treatment. The results of this study indicated that BLED irradiation could modulate the fermentation process and

the quality characteristics of kimchi during storage.
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d AR A THETE oF 640648 DEE A AE F 20%ES
ML, v=re] 22kl AR A 20164 71¢_§ °F 3,730
o gz Hd ¥ 10% S 7 thKorea Agro-Fisheries &
Food Trade Corporation, 2019). =UjollA = 2]A&e] W3l oA
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Food Trade Corporation, 2019).
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E 9g wiFH A sy dE] 7] (Korea Agency of HACCP
Accreditation, 2010)°l £J8FH wllF<] MF ¥ SAEZ AME-
Sh= ZERsarEe tiek AlH 24, 2EAETA Zadad
(CCP; critical control point)S-Z Xﬂ/‘\]E]_TL Aot A9 Az

Z= AH, ", BARd)te 3L %gﬁ QX YRSz

Sl de) Aol ST, AR B U 2
3t e wE 2= oJs) QA ﬂur 7154w o]
o Sk A A9 % sick o, A209) i e

A gk gl ko] ST A Holsh, o S
I grg 7o) —ri ARe] Ast g7} Afo] HAsl= A
o2 ®BIHE(Jung 5, 2014; Kim¥} Chun, 2005), °l& &5
UE g T AS -2 A9 FAWstel Adigk YIS
XA "oh AXe AR FHN wE A AP E R g2

2 HEE T3 ARFHER, et o o) g E Alofst
7] 93 dAIEe] Al A, B ZhEg FEvt 87EY
AR Fde A o] At Bask el

A9 EE AXE 93 A= A F 7R SHelA AT
ot} shvks AR g Fo] S P FHOE, AA W
= HEA| H7KChangs}t Chang, 2011; Kang
2019; Kim %, 2008), " E Alo]S 913k &3 2]](Choi
2019; Kim %, 2006; Shin® Shin, 2006; Yu &, 2011), TZAES
0] &3} B A& A|o](Jaisan 5, 2018; JeongZ Yoo, 2016; Park 5
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2011) 5¢ A77F Y=Yk ok FHo 2= BaIpgor =
ElE] HAES ol &s wa I A AP Pl gk @
TFoltt. e vlAEZE fAMF(Chang 5, 2011; Lee &, 2015;
Moon &, 2018), &% (Kandasamy 5, 2018; Kim &, 1997; Kim
S, 199952 °l&3 A7t EAth @ Aellx] AHS-E Blue
LED (BLED)= = W4 vd= A;E 918 #t X5
(Ogonowska 5, 2019; Sabino %, 2019)2.2 AF-Eojgit} wAY
E Az W 9F EAlsks 723/3E4 S(porphyrin, polyphenol
_)_. Blue 11ght°ﬂ 93l ARG L ZH Ho] SHALAES
ARARoZH udE A ] HPAL AJE AT F Atk
(Bhavya$} Hebbar 2019; Dai %, 2012). E=3F A FEoko=
BLEDS] 21F W $a vAE Az A7t o]Fz] | glov
(Gong -&, 2015; Liu &, 2016; Penha &, 2017; Srimagal -,
2016; Xu 5, 2014), L& 2F2] 73 olA LED Bl 9%
HauAEES] A5 2d A Ad7e A9 gtk
ololl, X A T & dEIP 2H 59 F K F
B ole-E e AV B Mo 7HH‘°l 493
ZAo® WolW, LED 5 53] BLED A2|7} 7z} S| 2%
FE vE F AE ZJoeE Adsiiith wetA i ATl =
BLED 7'(%?401] oJgk AXLE 9‘r gE o] v dFS HAot
at7] <Jal, ‘@%}%EM"C)%} | BLED #& AX| S ZAlst
of nA=Y A5 549 wskel A o 7 AE wskE
Hl L A5 —Erﬂ TAE A fAET 55 77l tisl
BLEDZ:A}O] -Jf?_ A& 5A4L Rl
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Ao A5 AlF RtEAA 4C ¥ diliEe Axd=
Bl 2do] A3E w31 X](red Chinese cabbage kimchi with red
pepper, RK)9} 71 X](white Chinese cabbage kimchi without red
pepper, WKYE 93 ARSIt % A= 7H8sh]
70% LIS olgste] & AHaGT ME F SA o A9
t(HB-402; Hanbaek Co., Ltd., Bucheon, Korea)3tollAl 100 g2
e 5, Hek 9(19x30 cm, Nasco WHIRL-PAK" , Fort Atkinson,
WI, USA)ell €32 E#:Hr|(Digital LED Embo stomacher, BNF
Korea Co., Ltd, Gimpo, Korea)S ©]&3}] level 10914 3% &
oF &3tatint. A4l ¥ F(HWLAB® Clinical centrifuge, Zhe-
Jiang HuaWei Scientific Instrument Co., LTD, Zhe Jiang, China)
(5000xg) 7Fetke TFES ALsta EFHe] A FiEul A
52 A ZJX]«] JE), B 9 A7 2o wet HikE A
7t ddEe], ' A dEF 23S A3 LEDY =
%%1 T e WS 2 dERT AR #4

Ng ARSI

AR 2F

2 Aol AMEE FAl FF= Leuconostoc mesenteroides
(ATCC 8293"e} Lactobacillus kimchicus (KCTC 12976N)E %
wol ARE-SHATE AE A, fakte] A9 wjR 24 MRS (de
Man, Rogosa, and Sharpe) agar (Difco Laboratories, Detroit,
MI, USA)$t MRS broth (Difco)S ©]-&3t32, 2-33] Alth
AHE-EFATE

LED Z=AL A28

BLED AH2E 93l 460nme] LED ZU(5V, 12 A, 5230

LED chip equipped, Leds/m=20 e.a./0.2 m) A|Z~%](Shenzhen Fux-
iang Optoelectronics Technology Co., Ltd., Guangdong, China)<
ol &3t AR E 40emE, RAF FEE 375 Vem’E I
SHA ARSI T WAL 3= (Luminous intensity)2] 2782 Multi-
LED Light meter (TM-209M, Tenmars Electronics Co., Ltd.,
Taipei, Taiwan)E ©]-&3}3t}.

BLED Z=A}
AX A7 FY 472 petri dish 35mm F7A)E ARE-SA
3L, fralst AlRe] 7 4l 54

3k MRS brothol] ¥l H5 3,
96 well platecl] EF3l] A& EAS T ZE Al8E
F4E Qo] Hislgion, 3E o]gste] WS T2 ¥ BLED
£ AV AR AlES 79 4°C W 270K 2R T
QF ZALSIHA] 2 AR Ao} FEE AR, pH, AFsPER]
HE FAsT Kkt AlRS] A4 35°CelA 12217 St
wll &F31H (VS-1203P3N, Vision Scientific Co., Daejeon, Korea) A
EAS skt BE Ao sl Y 2R oA

=
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AR A gl EAst= %‘0}%% 2k & T ¥%80l 4 =
B 5 2] Qs Ax 5=
FrE 9AE Mt =Y W Hokﬁ'éo g st
Aok faktel Wi AEEelS 918k WAl MRS (Difeo)
& AMgelRa, F3o] ¥ ERE potato dextrose agar (PDA,
Difco)’t AHEEIQAT) fakae] S BlS 98 ujx|E 37°C9)
A 24481 7F B0t o] W gRo] AS gole 93 wixE=
25°CollA] 55U B3 vl gstA

AH — 9_|. pH ==7t-|

A% Al EE 3mL91 AR ML AFH S petri dish (35
mm 7)o FYs F AMAA Minolta Chroma Meter CR-400,
Minolta Camera Co., Osaka, Japan)& ©]-83}] Hunter L* (light-
ness, W), a* (redness, A=), b* (yellowness, FAT) 7S =
AeAck FYS Iluminant D65 1002 ARE-3IT) pH =32
pH meter (FiveEasy Plus™, Mettler-Toledo, Schwerzenbach, Swit-
zetland)® SABIATE BE 54 AE 285 7 Al FRloA 7
Ao F ANBEE FHste] 747} 33] o) ®vEEEIGT

LSHEX] 2y

s 2 4S8 BT (Digital LED Embo stoma-
chen® #43 A1712 10, 0xgow SE7F 914 Ha)(HWL
Clinical centrifuge)3t 35S A|5H o2 A3 TH(Spectra Max
M3, Molecular device, Sunnyvale, CA, USA). ABTS ]zt 4
AL Re 5(1999)2] W& dF wFPste] EAs14th 4|
AlZd 50 uLE 150 ul ABTS £(7.4mM ABTS and 2.6 mM
potassium persulfate)?} S8t F22] il 3087 HESA]
71 &, 734 mmellX F8EE S35 tH(Spectra Max M3).

£ fitze 22 ¥ 33

WS X e} RN 3] fFAES EEEh] S8 A4
SN o ]tﬂ :/]"43}04 Bromophenol blue (BPB) MRSo| =&
Els A 22
vs g 0}03‘3]- oxq o’\}ﬂ‘«] "47‘4" ‘;]'74]“' 3|M ¥ =
BPB MRSHIX|A kS AAshAA, 24U 47 7 w2
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AL Adste] BEsiGirt. FAtS &5 83t 16S rRNA
gene G71ME A& a3 tH(Macrogen Bioinformatics Center,
Macrogen, Seoul, Korea). +2} FZ-2 universal primer$l
1492R3} 27FE AME-3IATE #4 ZA3}= National Center for Bio-
technology Institute (NCBI)$] Basic Local Alignment Search
Tool (BLAST) analysis (http://blast.ncbi.nlm.nih.gov/Blast.cgi)E &
3l Genbank database®} Wil &4 sl3itt. AskebAQl 542 API
50CH kit (BioMerieux Co., Craponne, France)E ©]&3 o o]&
A AR RIS

BLEDZ=Al0]| 2ost fiktel Mg SM

AR 8 2] 54 2% fAkt dF(Weissella cibaria
WK1}t W, cibaria RK1)9} 252 XF d5(Leu. mesenteriodes,
L. kimchicus)?l t3led BLED ZAF A7 AFZ AY{=E ol
et 4 3145k MRSHIA|l FH(1%)S HEHAL, 7247
&< BLEDE ZAFsHA] ZF A7k HE 96 well plates o]
sted 600 nmellX FFEE SH AL

A dA ¥ SAHZRY
BE AL 33 ol whEste] AILE 8o, 7 &
2 W 7] ZolE AFsh] S8l EAREAH(ANOVA, Analysis
of variance)2 %83} PASW Statistics 24 software (SPSS Inc,
Chicago, IL, USA)E AM&-3FATE Fox7t A= 785, A-E4
WH O 24 Tukey2] HSD (Honestly Significant Difference) (o=
0.05)% H-&3sich
an g o
BLEDZAlO]| 2I8F ZX| off L fibZe| M= #H5)
HFAARK) HAX(WKE 87 2= A% F<2 CAF %
FE FUHRLAZR £ 29), MR AR 75 ST =
23

48A17F o] ol = TR} 212]l 2l0)E HolX] 2UTH(p>0.05).
SH WKS] 7S BLEDZAMI ]3] 487|174 thi 2k 47t
F7kete s veloy, A o2 tixT9 BLED A
2 2l Skt el el Xole YERA] ekt (p>0.05).
o]Z 3t Az= BLED ¢ Aol 2af dF fikte As =

o o

AyZbEth. BLEDO o3t ikt 52 ¥ske] e oo +
A e e & 5 vk 941, BLED 33 HA F
Ate] APA A Agol ds F AL, throE At
AxdEde] ¥ BLEDl I 7H3d A= g dw7tel
e AEE 1HE Ak

Swartz 52007 &8P %5, 47 L= A& 72, Flavin-
containing domain°] blue lighte] ZAMZ &3l ANYE
Rl Brucella melitensis, Brucella abortus, Erythrobacter litoralis
9} Pseudomonas syringae FFE-2 blue lightdl] &3}l = =
histidine kinaseS FHf-atal QAtharl Bel wb Qlvkh. g wgebAd
Mol blue lightol] th3t 2453422 photoreceptor 715
3= w9l Photoactive yellow protein (PYP) (Changenet 5,
2005; Kort &, 1996)2} photoactive bacteriorhodopsin 52| 7]%¢
97 (Stoeckenius?t Bogomolni, 1982)7F R1& ¥ H} Ut} upgo]
400-460 nm tI3l BLEDE 2|30l Aggt o=2r F2 ot
AR ol A WA s ASE el Aoy R EollA
of th=re] Asfjel tht A7 F=2 ©lEtHKim 5, 2017b;
Penha %5, 2017; Srimagal %, 2016). B3t ZZnlo|QE fAhtS
o8¢t EFugle wgo| BLEDE AR Ao mEW(Jeong
5, 2018), L& FGolA thdet T2 Ale] e 2 Ao
o] BLED7} &3&o|ttal ®argt v} it

ol¢} ZFo] BLEDE 2ol ZARIC RN Alste] AslE Bl
FATE GO, A4S WA A2 Q)M BLED EAK 9
FRkEe) A% ATE A9 oHR vt giek Fig 19 A%

A

¢

ot

7] fakt 4 DEIRI BOlIA S B Sl B WK £ AAMENS AR @ o, 44 2E At Hgaa
Ho} RKoIA oF 1 log B =3kth(Fig. 1). BLEDE ARG S o AR EA §AE A4 -l el BLEDel 23k F 7<)
ol RKS| friktae 244170l froldl 718 B3 ok (p<0.05), Al ZIHE HolA| & AR yErsth BLED AZ7F X
u QControl n OControl
Oontro ontro
RK a @BLED WK DBLED
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Fig. 1. Effects of Blue LED irradiation on the growth of lactic acid bacteria in kimchi broth. Broths of red cabbage (RK) and white cabbage
(WK) kimchi were stored at 4°C during 72 h with or without BLED irradiation. At each time period, viable numbers of bacteria were analyzed
using MRS. Data represent meantSD. (n=4). Different letters indicate significant difference (p<0.05) among different samples based on one-

way ANOVA and the Tukey’s HSD test.



2] @g e wA]5= Blue LEDS] 9% 4

10 10
RK OControl @BLED WK OControl EBLED
a a a a a a a
g 8 8 |
[}
£
g ~
=
EEo} b |
] a a
"?E, d € -
g s" 4 Fr 4
s
2
=
g 2 2 |
0 0
Initial 24 48 72 Initial 24 48 72
Storage time (h) Storage time (h)

Fig. 2. Effects of Blue LED irradiation on the growth of yeasts and molds in kimchi broth. Broths of RK and WK were stored at 4°C during
72 h with or without BLED irradiation. At each time period, viable numbers of yeast and molds were analyzed using PDA. Data represent
mean+SD. (n=4). Different letters indicate significant difference (p<0.05) among different samples.

W ke Zas s skt "ol AX|9] Rl
< BESEA, oA A8 AFZAI(Jeong 5, 2018; Kim T,
2017a; Penha %%, 2017; Srimagal %, 2016)9 <A wf X W
o] ol frall #52] Aol #dE 4 Urkal Hof BLED
of o3 A WE Al FEiet 274 rksde IHE F 3
own ol tigt 5 AFr}t M oor & Aoz =)

BLED =Afof| 2lgt ZX| o Lf &2 X FE0|2 WSSt

BLED ZAbell 2]§F RKS} WKOlA| &R} Fgole] o 1
35 S78sI3t. RKSF WKe| F3e] ¥ ame| 27] #5% 7+
7} 4343} 835 log® WFEREOM WKOllX &Rl & F5&
YR AW & F5F AA|ollA] 25 BLED Aol 9]t
Fgole} R Fo Zole YERA] 2UThFig. 2). RKS| 4
F =79} LED A FollA] 25 2487k o] 5 Fgo] 9 &R
o] AAF7E FolH o R F7Fetl = (p<0.05), §3] BLEDE %
AFgE RKE] frabt7t 48A17F tiell Zaslke 235 33T o
(Fig. 1), MFAX7F SAHHEA 2E 27]e] 8% &5 +
Hol g oAl Adaxye] 44z Alsdr) e w5
Axe] A, dF7 Do fakd o] ZAASEA W2 pHo
M= & A= Saccharomyces, Candida, Pichia, Kluyveromyces
Zo] §REo| 948 ¥ (Chang 5, 2008; Jung 5, 2014), &
Aol AEEWA Pichia kudriavzevii 50 28] 7] A9l 2kt
dEo] FAE7|= FhMoon 5, 2014). WA} FALSE & T
o] =& FX|AME F2 Saccharomyces%:2] A7} S35}
3 s W FgdFEE FAEshe 22 HiEo(Jeong
5, 2013), & AFAANA YRt RKOIA Hh AASHA 52
WKellA o] Fgolel a7 & 5 Ayd 4

A AFollA= BLED ZAt] ofsf Ax] W 77| e a9
AZE A5 F RO, RKY WKOlA] BF 3 &5 +
A& AsstAY A4 Haagde Wellshe 93 Yeh
| ¥kt

BLEDZAtO]| 2|8t ZX|Q| M=ze} pHe| s}
BLEDZA}o] 23 WK RKe] wrgole] Mw 2 pH W3S

243519 tH(Table 1). WKS] %= (Lightness; L= RKX.C} d* 3}
Al wokow, W& 72A17F B9t &9k BLED 2] elA B
T RolAel HEkE UehiAl B3THp>0.05). RKS] HRE(LyE o
79 BLED A2|7ollM 25 fol4 o2 Z718l9 oH (p<0.05),
BLED X 2]7elAE 24A17HEE] ti2ToAE 484171 f94
ol F7P7t BEEAHp<0.05). AT 12A17F 28 A BE A
oA HWxrt oA Fashe d40] veldth WKellAs A4
=(a*, redness)2} A =(yellowness, b*) EF BLED A z]+Rt}
giz2TelA] A7kl wE ®ske] Fo] ¥ AA YElsTh RKE
2Tl A2l 25 48417k 72417 a, bRkollA oAl &
77 YERES M (p<0.05), LEDAE]o] 28l 2 57} Zo] ¢ =
A yebgth ol WKehks 2] RKel Zgd 245 obd FA
B9} I A4 JE Fo] BLED ZAel| 9Js] Fg wekr]
Eog AEHETh 3HH WKolxAE BLED A 2|0l A7k

2 W3} dzFRg 9 AskeEd ol BLED AP 543
Aol WlE YA AJAARS HAET

N7 ke A @] pH HEE =43 A3} RKY
739 271 4179014 HA} 7HAste] 4841700l 3912 AU,
WK 7% 464904 12A7F 427744 NEH o2 7H4sTh
RKOl| BLEDE A2|st 735 24A7H4 328 pH 747t dojyk
O o o]Fs e B thd EA fXEU o= 24
A7 BLEDA 2lol M 9] fAakd 429 S7tel #de] v
T WKel 7, LEDAE5HA] 92 A HEst A 2%
gyt Fagge] wet foldoz pHrb 7AsE 2 (p<0.05),
LED Hg]ela= tiztel vls) 48217+ 7k4] pHe| 747t &
oFo R AA== FHOE YERGTHp<0.05).

BLED Z=Afof 2|gt AsidiX|gtMo| s}

RKe} WK g ole] tigh Aslixgass ABTSHHZE 47
gAow Hrlslgith. RKE WKETH dA3] & 48 et
WA dHRE] 1/8 32N (dilution factor 0.125)7FA% 99% o]
el Bz AASHS BYow, BLED AHelZolA wae 3
ol we} ol A EAo] Uz TUkElo] A Hdl &
23S JeERItkFig. 3). WKS] A% 24-7247F AR 717r &
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Table 1. Effects of BLED irradiation on the color properties of kimchi broths during 72 h-storage at 4°C

Storage time (h)
RK
0 24 48 72
L* 28.50+0.09"" 28.45+0.19° 29.01+0.17° 27.50+0.08°
Color a* 22.29+0.04* 22.57+0.12° 22 47+0.28 20.88+0.1°

Control b* 21.40+£0.12° 21.67+0.24° 20.59+0.45° 19.92+0.08°
pH 4.17+0.01° 4.14+0.01° 3.91+0.01° 4.04+0.12

L* 28.50+0.09° 28.87+0.24° 28.92+0.07° 27.54+0.05°

BLED Color a* 22.29+0.04° 23.03+0.15° 23.4120.13° 21.3620.18"
_treated b* 21.400.12° 22 47+0.42° 22.67+0.12° 20.300.03°
pH 4.17+0.01° 3.98+0.04" 4.01+0.16™ 4.05+0.10®

Storage time (h)
WK
0 24 48 72

L* 53.72+0.33" 52.79+1.52° 53.16+0.63° 53.77+0.84°

Color a* 0.9+0.04° 0.41£0.14° 0.57+0.03" 0.35+0.06°

Control b* -0.79+0.12° 1.3240.49% 1.21+0.18" 1.79+0.12°
pH 4.64+0.04" 4.62+0.17* 4.38+0.09 4.27+0.08"

L* 53.72+0.33" 52.35+0.88° 52.96+1.61° 52.22+0.44°

BLED Color a* 0.9+0.04° 0.61£0.13° 0.86+0.05® 0.72£0.07%
-treated b* -0.79+0.12° 0.68+0.13° 0.46+0.1° 0.86+0.49°
pH 4.64+0.04" 4.66+0.04" 4.50+0.04™ 4.27+0.05

YEach value represents the mean+S.D. (n=4). Different letters in a same line indicate a significant difference (p<0.05) based on one-way ANOVA
and the Tukey’s HSD test.

0.05 0.18
RK OControl BBLED WK OControl EBLED
L 0.16 |
— I ¢ be a a b
s be 014 | ¢ ¢ a d
: Cc
< 4 Joaz }
£ 003 |
é 0.1
A
0.08
oﬁ 0.02 |
= 0.06
001 | 0.04
0.02
0
Initial 24 48 72 Initial 24 48 72
Storage time (h) Storage time (h)

Fig. 3. Effects of BLED irradiation on ABTS radical scavenging activities of kimchi broth. Broths of RK and WK were stored at 4°C during
72 h with or without BLED irradiation. ABTS radical scavenging activities after 72 h storage of each broth with different dilution folds were
analyzed. Changes of IC,, (1=original broth conc.) against ABTS radical scavenging activities of RK and WK were also calculated at each
storage time. Data represent mean+SD. (n=4). Different letters indicate significant difference (p<0.05) among different samples.

QF ABTS ez A5 tidh IC3te] BLED A FONA o] EAgt}. ojEgt AEES A3 AshA] @ =8, 1
gxFEYg fodez e F£AE Yo} (p<0.05) (Fig. 3), g4 T 29 vkEAS Hole 797t Wol, °]E3 BLED9:
BLED ZAL2 Qla] AX]e] Ashi=] &A4o] o EolfS & + o A3 Bl 2tz ALY F 4 Ao Wsh
ATt 7 dojd oz AlgEth & A7t A blue lightol]l 2]

AXEgAE v, v, g9, I27HE, A T oke o gk AbsPkR] o] IS Bl A3t o SRSt At
AZANA e EZgEEs AEES H|ES Tl]-°k§_ phytochemical A o3t A A (Lee 5, 2010; Liu 5, 2016; Manivannan %,
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Table 2. Genotypic identification of representative strains isolated from sample by 16S rRNA sequencing

Sample Strain Ascession Match/Total Pct. (%)
. . Weissella cibaria RK 1 LC096236.1 1506/1508 99
Red kimchi . .
Lactobacillus sakei RK2 LC064899.1 1504/1505 99
White kimchi Weissella cibaria WK1 LC096236.1 1506/1508 99
fie fameht Leuconostoc citreum WK2 LC096222.1 1481/1482 99
W. cibaria RK1 W. cibaria WK1
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Fig. 4. Effects of BLED irradiation on the growth of isolates and type strains in kimchi. Isolated strains and type strain LABs in kimchi
were cultured individually in MRS at 4°C during 72 h. Each time period, growth of each bacterium was analyzed at 600 nm. **, significantly

different from each treatment (p<0.01); NS, not significant.
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