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Seasonal Change in the Quality Characteristics of Commercial Kimchi
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So Ra Yoon, In Min Hwang, Ji-Hye Jung, Sung Hyun Kim*

Hygeinic Safety and Analysis Center, World Institute of Kimchi

Abstract

This study evaluated the physicochemical and microbial quality characteristic of seasonal commercial kimchi for hygienic
safety levels. The pH of seasonal commercial kimchi was 3.84-6.36 and the titratable acidity and salinity of the samples were
0.21-1.16 and 1.19-1.54%, respectively. The content of nitrate and nitrite in the commercial kimchi were lower in the spring
and summer, which was affected by acidic condition of the kimchi depending on fermentation. Heavy metal contents in
commercial kimchi are not an issue because they were detected only at very low levels. The total aerobic bacteria and
coliforms counts ranged from 5.25 to 8.44 Log CFU/g and 0.00 to 5.08 Log CFU/g, respectively. The total aerobic bacteria
and coliforms were detected more in summer than in the other seasons. E. coli was detected in three of the samples tested.
Food-borne pathogens were not detected in any of the samples except for B. cereus. B. cereus was detected in the fall in
more than 70% of samples. These results suggest that commercial kimchi distributed in the fall maintain the quality
properties and the microbiological safety of kimchi compared to the other seasons. Therefore, further studies as an effective
distribution system for the particular seasons will be needed to guarantee the hygienic safety levels of commercial kimchi

required by the consumers.
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<Table 1> Seasonal changes in pH and titratable acidity of commercial kimchi

g | pH Titratable acidity (%o)
amples
Spring Summer Fall Winter Spring Summer Fall Winter
CK1Y 5.93+0.02"  5.93+0.01"™  624+0.032¢  6.04£0.01"®  037+0.01T  0.32+0.00°  0.29+0.02®*  0.31+0.00%™®
CK2 5.5340.01™  6.15£049%  596+0.01%*E  596+0.00MB  036+0.01°C  0.35+0.00%C  0.28+0.03®*  0.33+0.01°®
CK3 463+0.01%% 4424000  6.0240.06°C  5.57+0.08C  0.58£0.00C  0.64+0.01"°  022+0.01**  0.33+0.02
CK4 451£0.01°®  4.42+0.03°  6.33+0.04"°  6.20+0.06¢ 0.62+0.01°  0.69+0.01"°  021£0.00*  0.23+0.02°"
CK5 5.88+0.00°C  5.18+0.00™  5.88+0.00%C  5.82+0.02¢8  031+0.00%C  0.42+0.01°°  0.26+0.02°*  0.29+0.01%®
CK6 52040.03%*  52740.00™  6.07+0.05C  5.84+0.012  045£0.012°  043£0.01°C  022+0.01*  0.28+0.01*P
CK7 6.0040.01™  5.15+£0.01°™  5.96+0.03%®  6.0140.07"®  034+0.00"  047+0.03C = 029+0.02**  0.34+0.02™
CK8 4.64+0.01%  5.08+£0.01®  6.07+0.07C  6.06+0.10C  0.61+0.00C  0.52+0.02¢%  0.34+0.02°**  0.32+0.02°
CK9 5.13£0.00%  4.85+0.01%*  6.10+£0.120  5.88+0.082°  0.48+0.00"C  0.49+0.00C  021+0.00**  0.27+0.01°®
CK10 5.57+0.00"A 5.61£0.00®  5.88+0.029®  5.83+£0.015¢  0.32+£0.00°NS  (.32+0.02° 0.29+0.02% 0.31£0.02%%
CKl11 434+0.04°8  420+£0.00"  5.95+0.04%P  5.84+0.02¢C  0.66+0.00"C  0.78+0.01“C  0.24+0.00°*AB  (0.30:+0.02b%A
CK12 5.70£0.00°  528+0.00C  5.08+0.00°®  4.81+£0.01°*  0.28+0.00™°  0.29+0.01° 0.27+0.00*  0.53+0.03"
CK13 52740038 5.74+0.032"C  6.07+0.05™  5.55£0.02®  037+0.00™®  023+0.01* = 043+0.00*C  0.34+0.01™P
CK14 43340.01°C  3.84+0.00*  52340.00°° = 4.19+0.06"®  0.94+0.00"  1.16£0.01°  0.66+0.01**  1.07+0.01
CK15 5.66£0.04C  451+0.00"  6.36+0.06™  526+£0.01®  030+0.01°*  0.62+0.01"®  0.27+0.00°AB (.39+0.00¢B
CK16 4.73+0.00°  4.33+0.00°*  4.48+0.01°®  4.60+0.08°C  0.52+0.00® 0.66+0.01¢ 0.26+0.01%A  0.71£0.021°
CK17 429+0.05**  4.97+0.02%%  620+0.01°  5.65+0.01C  0.76£0.01™C  036+0.01%* 045001 0.39+0.02¢8

NS: Not significantly different in seasons.

Any means in the same row (A-D) or column (a-q) followed by different letters are significantly (p<0.05) different by Duncan’s multiple range test.

DCK: Commercial kimchi

Sl H&7)9 g FujHT 2 g5t Frske] A
gt} pH #ho] YXIEHA] eot X9 Aluke vep= A4
Al AEZ ARETF ARSE AL itk YRz A
ANEE 04-0.75%2 GEA o, 0.75-1.0%= &4 3
T o, 1%/} Yo s ZeF HAEN Qth(Lee
& Yang 1970; Bang et al. 2008). ¥ Ao FALEH A
Y f5 1A Ht e F 0.43%2 Ve, A
Hol| wpe} 53 e AR AEe 049%, A5Hd=
0.51%, 73 2 ALHE 030, 040%E YEFITH
<Table 1>. B2 A9 A== 0.28~0.94%Z YERES

ANE T CKI1291A 7F3 w2 AF=E YeRa, CK1494
7 E2 RS UEATE A5E HAdA = 0.23-
1.16%2] AF=7} UERGO™, A|8 & CKI49A] S50z
7P = A E YR 3, CKI39IA 7FE B AleE U
ERH A Th(p<0.05). 3t 7HeE 2 ALH Y = 2H7
0.21-0.66, 0.23-1.07% F<=2] A=5 Yepion, CK4o4
7P e A2 JeR I CK14014 7P B8 ARE U
ERITE E3], A8 & CKl4E A A4 BT =2
s veh A57] 9 7] dEe] ARE fEE
Atk ol= T Aol AzxEe AAZE f5 ol
oJall AX7F A AY olv] S4E AAE st AL
2 gaEn, Agdoz oF 65%0)142] AlgolA 7R
frese AX9] AETt foAo® WA Yeptar, 7]20]
F2 o83 AA7F g Ao vig) 4] 3 A

2 ffese A IRIT F AAUTh

ALE 5 1759 9= 1.19-191% 522 tf
oAl vebtom HA B dEE 1.54%= YERLT A
Aol upg} BEHolE Hit 1.51%] GES Ueplon, o
Hell= 1.55%, 7FE 2 ASHdl= 1.53, 1.59%= AL
A ] Axrt v Aol Bls| =4 WERTH<Table 2>.
AeATox e A dduFe] d=E S 243 &
e 1.4-1.8%, AE8FE 1.2-14%, 7F2ul5E 0.9-
1.2%, ALMF= 1.4-1.7% 59 9=5 Jei ALA
2e] =7t 7P =& Zlo® ERIFJL & AFolME A
< 7A] 7t 7P =& Ao 2 YERITHChoi et al.
2015).

O

g A¥= <Table 3>0f] YePAATE. f-5 X HA| <+
AN TS 332,95 mgkgl E UEREo™, Aldo) ule}
Hol| §-5=E A1 314.21-1811.86 mg/kg F==°] ©]
=53 FHd 1,056.59 mgkge] HAEEHAUTH oJEo=
712.76-2,726.58 mg/kgr<0] HE=3L B+t 1,473.21 mg/kg
o] A&, 7+ B ALHel= 588.21-2320.59 mg/kg
Feo] HEHL 47 Hi Aok e 683.90, 588.21
mg/kge] AZEAT. =, Ao ue} Bl f5EE A

< Ak o] o] AlB7F At Sl AA AEE vhd o
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<Table 2> Seasonal changes in salinity of commercial kimchi

Salinity (%)

Samples

Spring Summer Fall Winter
CK1"  1.91+0.03"C 1.82+0.03® 1.82+0.01"™ 1.72+0.027*
CK2  1.63+0.01%* 1.75+0.04"® 1.75+0.028 1.79+0.04®
CK3  1.19+0.01** 1.23+0.01°® 127+0.01"° 1.34+0.02%°
CK4  125+0.02%* 1.23+£0.02** 1.24+0.00 1.314+0.01%®
CK5  124+0.04* 126+0.01™ 125+0.01™ 1.40+0.02*®
CK6  1.55+0.02%" 1.59+0.01°® 1.67£0.02° 1.64+0.02
CK7  1.57+0.012"* 1.63+0.03™ 1.65+0.02"® 1.71+0.01"C
CK8  124+0.02°* 1.29+0.01°%¢ 1.26+0.01%4B 1.32+0.03%
CK9  1.60+0.01"* 1.65+0.01" 1.59+0.01%* 1.68+0.012"C
CK10  1.65£0.03* 1.69+0.02¢® 1.64+0.01"™* 1.69+0.01¢"®
CKI1  1.36+0.02% 1.43+0.02°® 1.39+0.01% 1.46+0.02<¢
CK12  1.80+0.01C 1.83£0.02iC 1.79+0.00"® 1.75+0.03**
CKI3  1.62+0.027® 1.58+0.01°* 1.66+0.02"C 1.77+0.024P
CK14  1.40+£0.01%* 141+0.00%* 1.44+0.01® 1.56+0.01°¢
CK15  1.79£0.01" 1.87+0.03C 1.84+0.00°C 1.75+0.03**
CK16  127+0.02°* 1.58+0.03°° 1.31+0.01°* 1.50+0.03®
CK17 1534001 1474001 1.51+£0.01" 1.67+0.01%"

NS: Not significantly different in seasons.

Any means in the same row (A-D) or column (a-q) followed by
different letters are significantly (p<0.05) different by Duncan’s
multiple range test.

" CK: Commercial kimchi

<Table 3> Seasonal changes in nitrate and nitrite of commercial kimchi

E-dl= A AR Y] 9F 35%, 7FAdd= 9F 52% o
o] AFA A FEFo] FoHoR A HEHUT
(p<0.05). Lee et al. (2005)¢] Aol ¢JatH FAHF 5 2
2 FEE A wE xlolE YER 54710l Hlsl st
710 A Exste AoE RuElon, =gk Aikd 3
F2 AA4 FLEE Zfol7t 9o viFe] 9 YR GRTR=
9, ZF Falo] gk Py Hakd A o] we A
o2 BHyEo] Ath(Lee et al. 1982). L& & AFoME=

2 % AR vlE] 7R feEe AR 4
21 ko] feHoR A velked ol wilF #5 3
A=, F8A17] Foll w2 zfe|2 A

ARE AFsHs Tl Zarde 77 eldo] A5
Azl e ghlEo] opbditdo] B o5 obd
2 2R 9] HelA AR FAIEE AMgse Az
I 2 AE) SHrE olRIF 53] 29 ofwldt whgaled Y
EZANS AT F s Aoz dEiA Stk UEZAN]
23l WeHE2 <29l NDMA (N-Nitrosodimethylamine)
= F o}2l DMA (dimethylamine)2] &=
4 old kel st Tas] wEe] 2 AFlMe 75
AR W oAk S A ST Mirvish 1970; Mirvish
et al. 1972; Kang et al. 2016).

o}AAT-& (.18~19.42 mgkg SO 7 YEton, B3
o T2 121 mgkeol AEHL, A5 2 7, AL 3
Shake 7k} 1.66, 4.34, 2.78 mg/kgS & AAre] Aakat

bt

HF

olfl " et

=

(UR)

=

(Unit: mg/kg)

Spring Summer Fall Winter

Samples

Nitrate Nitrate Nitrate Nitrate Nitrate Nitrate Nitrate Nitrate
CKI1V  1062.65+7.538 3.24+0.22"™5  1294.98+17.06°03.28+0.62¢ 891.15+11.51% 3.06+0.18%  1170.64420.86°“3.11£0.09
CK2 906.54+8.09%"  0.78+0.06%"  1698.05+£5.77° 1.24+0.17°®  1548.65£2.35%C 1.73£0.01°C  1157.39+8.89® 2.36+0.16"°
CK3 1216.1940.47%4 0.58+0.10**  1413.94+£33.462% 0.63+0.07**  2091.26+2.20™ 2.45+0.09%C 21263342348 1.41+0.03%8
CK4 1368.11£2.27  1212021%%  1752.65£6.05° 1.79+0.23%®  2320.59+8.137¢ 1.97+0.11°®  1362.45+13.30" 3.54+0.56°C
CK5  973.83+10.13* 0.70£0.00%  1391.04+2.662® 0.61£0.01**  1343.0044.66C 10.54+£0.16"  1198.58+12.87%53.58+0.06°
CK6  945.73+249™  3.124036™  1699.35+8.47° 4.40+0.08"  1670.77£15.77"C 4.08+0.72"C  1480.68+15.62" 2.16+0.08*
CK7 1585.35+40.53°C 1.3740.15%4  1047.91£531 1.18+0.04*  1795.55+3.930 7.33+0.99°  986.61+7.50*  3.58+0.69"
CK8 780.32+1.58™  0.56+0.08°"  1755.98+27.28P 1.75£0.19®  683.90+3.16" 5.52+0.027  1366.53£15.22'C 4.45£0.03
CK9 1667.19£8.25P¢ 0.75£0.11%4  2726.58+61.20°2.11£0.43%8  155544+1.22¢8 19.42+0.40'C  1271.99+21.45" 1.69+0.19%E
CKI10  726.07+2.71%*  0.97£0.19%*  909.08+£23.34°® 220+0.18®  1880.91+1.37™P 3.52+0.025  1214.94+18.102€ 3.73+0.67C
CK11  1431.70£1628™€1.98+0.09"  712.76£5.62** 2.56+0.04©  1707.49+3.730 1.24+0.10°*  1119.24+11.26%® 5.97£0.34"
CKI12 31421271  0.18£0.04%  1647.57£13.95"C 1.00+£0.01°®  1732.05£12.13P 1.83+0.09C  1368.55+22.39™ 1.67+0.15%C
CKI3  657.174621%  0.39+0.01°*  1639.77+17.05" 1.05£0.01%®  1770.60£10.540 2.56+£0.14%%  1293.89+14.00" 1.24+0.28%8
CK14  4292046.14**  030£0.08"  1642.03+30.67"C 1.29£0.03®  2209.30+8.66°" 2.45+0.11%C  1188.96+19.18%%3.61+0.23°
CKI5  542.594423°A  0.35+0.01°*  1122.31+11.56% 1.03+0.03*C  1507.67+4.317 1.10+0.08*C  588.21+3.39®  0.77+0.05%
CK16  154335+31.03"°2.24+0.10¢®  1326.77+10.33™ 1.32+0.06*  1293.19£2.07®® 2.77+0.17°  880.01£28.45** 2.19+0.35°"
CK17  1811.86+15.60% 1.76£0.06™  1263.84+11.34° 0.74+£0.04®*  987.80+3.58F  2.16+0.06C  869.63+15.69"* 2.28+0.12*

NS: Not significantly different in seasons.

Any means in the same row (A-D) or column (a-q) followed by different letters are significantly (p<0.05) different by Duncan’s multiple range test.

DCK: Commercial kimchi.
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<Table 5> Seasonal changes in number of total aerobic bacteria

kimchi of commercial kimchi
Heavy metal content (mg/kg) Number of total aerobic bacteria (Log CFU/g)

Samples Samples

Pb 208 Cd 111 As 75 Spring Summer Fall Winter
CK1Y 0.027:0.005 0.014£0.003%¢  0.081+0.004%% CK1"  6.65£0.08°C 7.74+0.01°°  6.40£0.038® 5.80+0.02™
CK2 0.023+0.006* 0.008+0.001° 0.074+0.010°d CK2  7.44+0.02% 7.27+0.05°C 555+£0.06™ 6.22+0.14%5
CK3 0.026+0.007* 0.0110.002%¢  0,0550.005% CK3  6.60+0.08C 8230.03%° 6.46+0.05¢8"% 5.75+0.00™
CK4 0.031+0.011* 0.010£0.001%4  0.062+0.005%> CK4  8.11x0.01C 8.43x0.01" 6.51£0.03"® 5.83+0.02™
CK5 0.025+0.006" 0.012+0.002*  0.074+0.003% CK5  6.83+0.04°C 7.97+0.02" 6.47+0.062"8 5.73+0.05™
CK6 0.0240.005 0.019:£0.004¢ 0.102:£0.012°% CK6  7.96+0.02¢"° 7.36x0.02°C 6.02+0.03®  5.36+0.04°A
CK7 0.021+0.003* 0.015£0.004*4  0.104+0.018° CK7  7.85+0.03%° 7.57+0.03°C 7.28+0.02"® 6.74+0.05*
CK8 0.024+0.006 0.018+0.012%¢ 0.112+0.050° CK8  7.25+0.05¢ 827+0.002° 6.31+0.01T 547+0.06%A
CK9 0.0230.006* 0.018+£0.012°¢  0.089+0.044 CK9  7.83+0.02 828+0.002° 525+0.10° 5.25+0.08
CK10 0.027+0.013* 0.016£0.004*4  0.103+0.018%* CK10  7.27+0.06°C 7.86+0.03° 5.94+0.03® 5.52+0.04
CK11 0.032+0.012° 0.008+0.004% 0.030+0.021° CKIl  7.65+0.04°C  7.90£0.03°" 6.80+0.035  5.28+0.06A
CK12 0.026+0.002° 0.009+£0.001%  0.050+0.016% CKI2  7.90+0.02%° 7.80+0.03%¢ 7.01£0.04® 6.29+0.0324
CK13 0.024+0.003* 0.009+0.002%  0.049+0.002% CK13  823+0.02° 7.32+0.12%C 621+0.02°® 541+0.13%
CK14 0.022:0.003° 0.013£0.003*  0.062+0.0122d CK14  6.80+0.05* 7.73:0.05%C  7.84£0.06° 6.92+0.03""
CK15 0.019:£0.002 0.006:0.004 0.052+0.390% CKI5  7.69+0.06°C 844+0.18"° 6.82+0.05% 6.45+0.04"
CK16 0.078+0.084° 0.012+0.001%*4  0.050+0.013% CK16  8.05£0.20"C 7.25+0.05® 8.19+0.01™ 6.59+0.04"
CK17 0.023+0.009* 0.0110.000¢  0.060+0.011° CK17  7.92+0.08% 7.31+0.05"C 6.19£0.08* 6.58+0.05"

NS: Not significantly different in seasons.

NS: Not significantly different in seasons.

Any means in the same row (A-D) or column (a-q) followed by
different letters are significantly (p<0.05) different by Duncan’s
multiple range test.

" CK: Commercial kimchi.

LA 7HEE 71 AE5At<Table 3> 5, &
o) e AN o) Az kel 4
A AZE v, 7R FE fF XA oF 70% ol
g oA FFol foF R A YERETHp<0.05). B
Sl /\]g = (CK15= xq]g]sl- =23} 7:13L ],}-E}-],}-;(] okoro
™, CK159] 749 7Fs 2 AgEel o A 89t Blaste]

7P A2 Aa e YERITE. Nordin(1969)2 pH7t
0.86 SR Fagell met opditgol F iE 27 HH,
ofgbdo] Ha T gashd BHE ¥ = S M
pHolA Z71Ethar 3tk TE3F Oh et al.(2004)2] 170
A AL&(30°C)0llA pH 7ok oAk o] 277} 2414
o] AAZ Yehs Ao g Hol pH Z4vr) FEHOZ of
A2949] 29 Z)elsta ek Busgor], 129 2
9 L. mesenteroides subsp., L. lactis, L. sake, L. plantarum,
L. casei subsp. 5 tekst RAgEo] oAl S Ao
2 2AANZ F Jtkes B3t o]F oA tHKo et al. 2009).
2 AT pHF R st 7 it B 2 ol8 3
Zﬁﬂ AN ThE Al Hlsl obaAt FHke] AA %

§Lo aL 2= o}\ ]jr

U]—o]

A8 A

Any means in the same row (A-D) or column (a-q) followed by
different letters are significantly (p<0.05) different by Duncan’s
multiple range test.

DCK: Commercial kimchi.

ADE fr AR TEEE, 7I=E, Hla) g 24

Sk A= <Table 4> JeERT). 8E571x]9 o &k
0.019-0.078 mg/kg o= L}E}uouq B 0.028 mgke

rot

rlo

o] AZHAULt. 7F=F2] 73 0.006-0.019 mg/keg 0] 7
ZHAeH Ht 0.012 mg/kgOl A= ¥ At Hl&E 0.030-

0.112 mg/kg F<=°] AEHAL™ Ht 0.071 mg/kgo] Eat
oL AlFo] wet oF 358 o] ZpolE UERHTHp<0.05).
AFT2(2019)00 ot "/ F AAFE & 2 I=F
|2 ZH} 0.3 mgkg ©l3}, 0.2 mgkg ©lst2 A= 2
o, H|29] 7] AXEA] edskrh. 2 Aol A
fre AR TEs FFE BAT A3 BT AE3H00A
AAehE 71EA] olsiel Ao SRlEUT

N

At FEUAE o= A FAQL Lt
o
=

BTt ditAlldrE AW 02 525-8.44 Log CFU/g
FEORE HEENCH, AR H A e AolE e
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<Table 6> Seasonal changes in number of coliform and E.coli of commercial kimchi

(Unit: Log CFU/g)

Coliform E. coli
Samples
Spring Summer Fall Spring Summer Fall Winter
CK1" N.D* 4.4140.05%°  3.48+0.04™  3.86+0.02°¢ N.DNS N.D? N.D™ N.D™
CK2 2.86+0.039C  428+0.06"  2.23+0.03®  1.77+0.07°* N.D™S N.D* N.D N.D
CK3 1.724021%  4.83+0.02¢"°  3.35+0.02°C  3.06+0.07%" N.D™S N.D? N.D N.D
CK4 3.26+0.04%"  4.80+0.02¢"°  3.78+0.022®  3.97+0.01°¢ N.DNS N.D? N.D N.D
CK5 1.78+0.16"  4.03+0.03°  3.10£0.05%°  2.13+0.05°® N.D™S N.D* N.D N.D
CK6 3.3040.02°C  3.44+0.02P N.D* 1.56+0.07°® N.D™S N.D? N.D N.D
CK7 3.7940.038"C  3.50+0.03®  3.09£0.02¢*  4.26+0.01€ N.D™S N.D* N.D N.D
CK8 3274007 429+0.01%  1.16£028™  1.50+0.17°® N.D™S N.D* N.D N.D
CK9 3.88+0.02"C  429+0.03%°  227+0.01®  1.36+0.10™ N.D™S N.D? N.D N.D
CK10 N.D* 4.49+0.02°P  4.06+0.02"C  1.86+0.09°® N.DNS N.D? N.D N.D
CK11 1.7740.07°®  3.44+0.09°C N.D* 4.79+0.04P N.D™NS N.D* N.D N.D
CK12 3.66+0.07%C  4.74+0.02="°  326+0.05®  2.89+0.03™ N.D* 2.80+0.01°" N.D* N.D*
CK13 3.5940.09C  5.08+0.01"°  2.23+0.04°*  3.09+0.01%®  0.16£0.28"™S N.D* N.D N.D
CK14 N.D* 2.1740.05°¢  2.18+0.03C  1.92+0.06® N.D™NS N.D* N.D N.D
CK15 2.64+0.09°  3.62+0.02°C  3.37£0.06°®  5.03+0.01 N.D™S N.D? N.D N.D
CK16 2.78+0.07C  0.98+0.85"*  3.76+0.03%°  1.82+0.07°%® N.D™S N.D* N.D N.D
CK17 N.D* 4.22+0.044¢ N.D* 3.56+0.06" N.D* 1.36+0.32°8 N.D* N.D*

N.D: Not detected.
NS: Not significantly different in seasons.

Any means in the same row (A-D) or column (a-q) followed by different letters are significantly (p<0.05) different by Duncan’s multiple range test.

DCK: Commercial kimchi.

ATHp<0.05). & AFEE &, A5, 7k, ASdl 8¢
FEAAANAM ZH2E 6.60-8.23, 7.27-8.44, 5.25-8.19, 5.28-
6.92 Log CFU/gF=<te] AZHH, o Alde| vis)] o534
of f-5E XA Moz Awtrla7F ol AEH
WA ALH 58 AXoNA diAld7E AA A&
Atk AR F d5E f5H CKI15914 8.44 Log CFU/g
o= 7P B dubilgrr AEEAL, AZEH CKll
Al 525 Log CFU/g2 7F4 27 A&t

AE F5 AX9 gt = A 2 A7 w2
Fol7 ztol2 YERAATHP<0.05). AA] AlZolAN g
< =d=97Y 5 Log CFU/g 7] A=H0eH,
AES AlLS B, 7k, ALH 79 A9 Ha i
9] S 225, 243, 2.84 Log CFU/gra=2] whd o2
o= 4t 3.91 Log CFU/gE 2 Ado) Hlaj 1 Log

CK13°4+= 5.08 Log CFU/g7t AEE™ AHAIE Ha i
Tt 791 2.86 Log CFU/gH.th oF 28 7 =7 YRttt
S ] ARl EREEHIOY 53 AR F
CK 13914 0.16 Log CFU/g, 9152 A& ¥ CKI2¢}
CK17 Al=04 742t 2.80 Log CFU/g, 1.36 Log CFU/g7t
AZEA AHH o= FY fF 32 1759 AA NEE
AdER Fst] AMAEFS B3 A3, Ao &
o4 o5 Yehl oS80 FEEE wlF Aol d

WA F, g 2 oid2e] 57 24 AEEE AL
golgr = 9tk Ku et al.(2014)3 Choi et al.(2015)9]
ATelM= AR FAF AYuiFe nAE 57T v
A vlal] oJ5Hol EA AEHAThL RSl
AT A FARH et 2 A5 A3} 1R Eto]
A5 fFEEe AXdA Bel AEHe 202 Hol 3
2o A AME8S =ol7] fsl A Az Al A
3 A #HE 2 A o] ek Zlog A
Z}E ),

5. HAM 0| d=

A-ER S8 SR AlRe] B rdes 4
stk & ez A3 Staphylococcus aureus, Entero-
hemorrhagic Escherichia coli, Campylobacter jejuni/coli,
Yersinia enterocolitica, Salmonella spp., Vibrio parahaemolyticus,
Listeria monocytogenes 5 759 HaE5d ALdE ZE
Mgl Fos vepskow, JikE o® A3 Clostridium
perfringens T3+ TE A|RAA EZHEZEFUTHData not
shown). &Y} Bacillus cereus®] 73-%- Aol W& z}ol&
Yeh A fE55E AZo4 Ao 1.00 Log CFU/go]
A=H0oH, =M E H 1.85 Log CFU/g, 729
+ HW 1.70 Log CFU/g, A=Holl= At 2.32 Log CFU/g
7t AZHAT<Table 7>. 5, AHAIE T 53 AZole AA



<Table 7> Seasonal changes in number of B. cereus content of
commercial kimchi

Number of B. cereus (Log CFU/g)

Samples
Spring Summer Fall Winter
CK1" N.D N.D 1.48 1.30
CK2 N.D N.D 1.48 N.D
CK3 N.D N.D 1.30 N.D
CK4 N.D N.D 1.00 N.D
CK5 N.D N.D 1.70 N.D
CK6 N.D N.D 1.60 N.D
CK7 1.00 N.D N.D N.D
CK8 N.D N.D 1.30 N.D
CK9 N.D N.D 1.48 N.D
CK10 1.00 N.D 1.30 N.D
CKI11 1.00 N.D N.D N.D
CK12 N.D N.D N.D 2.11
CK13 N.D N.D 1.48 N.D
CK14 N.D 1.85 N.D N.D
CK15 N.D N.D 1.00 N.D
CK16 N.D 1.70 N.D 2.32
CK17 N.D N.D 1.70 N.D

N.D: Not detected.
DCK: Commercial kimchi.

A& F 17%7} B. cereus’t AZ=AAL, 7FEA= 70%°]
&el A8 B cereus’} 7P Bol AEHIoH, AF5H
A& AA ANJE F 10%7} B. cereus’t AZF AT} ESF A
E T ALHEA 758 XA CK1691A 2.32 Log CFU/g
o7 7 =2 59| B. cereus’t A& FT ol AF
T (2019004 ZABK= g F 10,000 )8k HEHo] 715
2] o]&to]7] wiizel] AA FA7F HZ kot A Az ’\]
O ZAg A #e7F ek 2o g AztE

NME =l FEEHL de HAAE ALEEE, o

= 7%, ﬁ%)i TRl olslehy g mAESH F4 5
< AT 3 -5 AR 1759] pHE 3.84-6.36,
A= 021-1.16%, 5= 1.19-1.54% $F0 & Vepsttt.
AE F oF 76%°] AX(13F)7F 7FEell 52 of pH7E &
oF o2 A Yehd dhd 7]20] =2 oAE 60%°) g
AlEA pH7F WA UERETH(p<0.05). 75 HA] At=e
Ao w2 ZpolE YeRl pHol U3 AP Heolw 7}
SH fEEE AR 40l A & S T
2= omi];]. zb\]-@l 13_1 o].zM]-Oﬂ U}ELQ /\]./H =z doﬂ og
wol B3 AFH 55w AX A A YEiT S
(e, 7H=F, vy A AA BE AR 71-@1
oletZ HAEHUCH FEARe] It Mt F it

J-lJ

=W 7S dxIo ARE SE5Y st 231

217} 525-8.44 Log CFU/g} 0.00-5.08 Log CFUlg 53
o= 73%51922% thE Al Hlal] AE5H 7P Bol
AZHA. S 2] A|BodA AEEA] &9kovt
FAA AR 5 70 ABelAMR A& V’ir/}. B. cereus= 7t
SH| 70% ol3e] ABAM HAEEICH, e 2FE +
2 A BE AN AEEH Lm)f‘:‘r AfHo R 71&
Hol| f5== AR FAMSIZE AA vehd vh AE
fFase AA= s40] XdEo] pH ¥ A= WSt
AN YA Fato] Bol AEE o AXY A A
S =ol7] S8l AA Az Al A4S A A B F
A|2=gle] X]&AQ1 A9} s o] Hast Aoz AzbEn

Fl

A 2
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