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Abstract

Red pepper powder sensitive to aflatoxins contamination is major ingredients of kimchi. This study was conducted
to investigate the effect of lactic acid bacteria (LAB) on the changes in aflatoxin levels during kimchi fermentation.
Baechu kimchi was contaminated with aflatoxins (Bi, Bz, Gi, and G;) and inoculated with LAB (Lactobacillus
plantarum and Leuconostoc mesenteroides), and the following characteristics were investigated for 8 weeks: pH,
titratable acidity, salinity, microbial properties, and aflatoxin levels. The pH decreased rapidly during storage, and
the titratable acidity was increased. The salinity of the samples was shown to increase from 2.30 to 2.40%. The
total number of aerobic bacteria and lactic acid bacteria in kimchi inoculated with LAB was significantly higher
than that of the others. Yeast and molds were detected at approximately 1~3 log CFU/g during storage. Coliforms
were detected in the control after 4 weeks, whereas in other samples they were not detected until after 2 weeks.
The aflatoxin levels reduced during kimchi fermentation. The average reduction rate of aflatoxin levels during kimchi
fermentation was 8.39%, but in kimchi inoculated with Lac. plantarum and Leu. mesenteroides, the rate were 25.16
% and 27.86%, respectively. These results showed that aflatoxins can be removed by LAB during kimchi fermentation.
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Table 1. Ingredient compositions of kimchi

Ingredients Ratio (%, wjw)

Brined kimchi cabbage 80
Red pepper powder 3
Grinded radish 3
Grinded garic 25
Grinded ginger 0.8
Green onion 25
Salted anchovy sauce 3
Glutinous rice paste 0.8
Water 44

Total 100
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Table 2. Operating conditions of aflatoxins by u-HPLC/FLD

Instrument Hitachi, Lachrom Ultra
Detector 2485u-Fluorescence Detector
Column LaChromUltra (2.0 mmx50 mm, 2 1im)
Mobile phase Acetonitrile:DW = 18:82 (isocratic)
Flow rate (mL/min) 0.6
Column temp. 40°C
Injection volume 5L

Wavelength (Ex/Em, nm) 360/450
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Table 3. Change in the pH value during storage of starter kimchi
contaminated with aflatoxins

Storage periods (week)
2 4 6 8

AV 550002 538:001C 442002 412003 4.14:002™

B 543002 546:001F 437:002° 4.16:002" 410001

C  546:003" 542:001° 437:001C 410£002® 406:0.03"

D 537:002° 535:002° 440002 418002 4.12:001™
1)A, Control; B, Kimchi contaminated with aflatoxins (AFs); C, Kimchi contaminated
with aflatoxins+inoculated Zac. plantarum (AFs+LP); D, Kimchi contaminated with
aflatoxinstinoculated Zeu. mesenteriods (AFs+LM).

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

Samples

£ 5% 3t Table 40 YR A9 27] Atee
046~0.55% T2 Y Alg & thERT oA 046% =
7V GHA YR o, BE A% 7]t A & AR
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Aom, A9 2w Wslol| Ziko] 7p AA Aok
Aoz A vk36,37). T3 P9 Abes A7t
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Table 4. Changes in the titratable acidity during storage of starter
kimchi contaminated with aflatoxins

(Unit: %)

Storage periods (week)
2 4 6 8
AV 046:001™ 063£0.00° 0.942001™ 094001  1.16:0.06™
B 053001 082:002" 093002 093003 1.16:0.02"
C  055:001" 080:002® 097:001° 107:0.03° 1270.01™
D 052:00™ 079:0.02" 091002 1.012001" 1.20£002%
1’A, Control; B, Kimchi contaminated with aflatoxins (AFs); C, Kimchi contaminated

with aflatoxins+inoculated Lac. plantarum (AFs+LP); D, Kimchi contaminated with
aflatoxins+inoculated Leu. mesenteriods (AFs+LM).

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

Samples

T2 ZAAFEE A A22H A5E (2015)
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Table 5. Changes in the salinity during storage of starter kimchi
contaminated with aflatoxins

(Unit: %)

Storage periods (week)
2 4 6 8

A" 21820067 231:003® 2.390.03°® 2.30:0.03™ 2.18:0.05"

B 221:004* 241:002° 231:0.02° 225:008" 224005

C 226:001* 248:004° 241:002° 227:002* 232:002™

D 224:002% 237005 235:0.00™ 226:002" 238:001%
YA, Control; B, Kimchi contaminated with aflatoxins (AFs); C, Kimchi contaminated
with aflatoxins+inoculated Lac. plantarum (AFs+LP); D, Kimchi contaminated with
aflatoxins+inoculated Leu. mesenteriods (AFs+LM).

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

Samples

AAE HoFE FARRE sto] ope] A Eo o)

AT Fo R A 2R 542 dAYS
Aot ole|gh 7 @AM mg e S HAe] $4
of mj-¢- T3 JeFe 771 vzl AR A2y A7

b4 dk@. ofEebsAl o9 9 Ak ATt e
Axe] ditAldrs He ] § ETolA 573 log
CFU/g, AFs 297l A 5.55 log CFU/g, AFs+LP°l|A] 7.63
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log CFU/g, AFs+LM¢l| 4] 7.48 log CFU/g F+2.2 7
AthFig. 1). 53] AFs+LP2} AFs+LMol| A& 2 Akt
of wa} o2 Alge] Hls] 2F 2 log CFU/g 3 =2
57 AEHAT TE7F Ao wegy AvdEF=
A8 S7FeaL, T 3 AFs 297, AFs+LMe] 7
G A% 47k A R0l =2k vh AR+LPO A =
Az A% 7P w2 #7F AEE Ak Al wet
T 2 AR 297E oF 7 log CRUg =22 H x| & vl
WA Akt H7F9l AFs+LPEF AFs+LMol M= zhzt
7.63, 8.40 log CFUJ/g 722 AW #57F AZ= A}
olZ 54l do] mE WALl Aol LA E A
o, A% 65 ol Fole e AlRolA o 7 log CRUJg
Fo #FE A

Hi o e
Foro X 1
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10.00

8.00

6.00

Total aerobic bacteria (log CFU/g)
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0.00
0 2 4 6 8

Storage periods (week)

Fig. 1. Changes in the number of total aerobic bacteria during
storage of starter kimchi contaminated with aflatoxins.

@, Control; O, Kimchi contaminated with aflatoxins (AFs); W, Kimchi contaminated
with aflatoxins+inoculated Lac. plantarum (AFs+LP); A, Kimchi contaminated with
aflatoxins+inoculated Leu. mesenteriods (AFs+LM).

AAe wart g wet v B al4te] A e
A Bkt A= A7 B Bl oaiA S o]
AAHAY AP = S AXA "t o o] gakt
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AP R (film yeast) & THEE Rl =0l S eEA X
o] Mg 2 Wy} dojdtia DeiA rhdR). oflEekE4l
29 2 At Hrtol| w2 71X|e] Raktds wishs dut
Aot vl =g ks YeRldthFg. 2). BE A% A
2)9] AAFTE 551~7.68 log CFUJg 5502 AFs 29T
oA 7P AL TS YERISIAL, ARs+LPolA 7 B
w57 HEEH AT A74713to] 7 3tel what skt are
T B AFs Q7oA A% a7t 7 =& Tt
A= Ao, 3E3 79 AFs+LP, AFs+LMelA &
247 27 87 B A% 27 A el & dFE U &
AT} Aol et ZAeke Bl Akt Hrbe] A
B27)5E Zikte] 47t thE Al BlE] < 2 log CFUg
A= A AEEH A7)t wet eibkel #istE Hole

=

HHE, DT S AR @47 A5 A7 w32
& Wgks veglon, ol the A4 datet o
Aste Ao et Mheen?} Kwon(23)2] &7l 2|
s gt oz Ao Bolete AE F LE 27
Leconostae 0] AA S S/gMNA SHIE FEA71 2L, A5
7] el Fel= Lactobacillus2] Rakite] 2 st 1
A9 Atsfe] e dria Haski.
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Fig. 2. Changes in the number of lactic acid bacteria during storage
of starter kimchi contaminated with aflatoxins.

@, Control; O, Kimchi contaminated with aflatoxins (AFs); W, Kimchi contaminated
with aflatoxins+inoculated Zac. plantarum (AFs+LP); A, Kimchi contaminated with
aflatoxins+inoculated Zeu. mesenteriods (AFs+LM).

olZEAl o Aokt M w2 X AR
5L 3ol e AAAZE AF dE2FAAT 259 log
CFU/g7} &9 W T2 A BollM e 25 24E=A0
(Fig. 3). 12lut A7 25 o] & thE A BoA = =
2 Fgo|7t wAste] T 9 AR LATlA k2 1
CFUJg 79 &5 B3 wgola7t AEH0 oM, AR 2
2 ZAt J7 o)A 2k 1 log CRUJg 59 85 2 &

8.00

6.00 |

Yeast and Molds (log CFU/g)

Storage periods (week)

Fig. 3. Changes in number of yeast and molds during storage of
starter kimchi contaminated with aflatoxins.
@, Control; O, Kimchi contaminated with aflatoxins (AFs); W, Kimchi contaminated

with aflatoxins+inoculated Zac. plantarum (AFs+LP); A, Kimchi contaminated with
aflatoxins+inoculated Zeu. mesenteriods (AFstLM).
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oA HE W o|HTHUWE FA st AA| o 4t
S WhAA]7] 12, polygalacturonase 9} 22 HEI B & 4
E A3t AR ARAGE 4ol Aoz IEA
S TH44-46).

Fig 4% o854 o9 B 24kt H7tel whe A€
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g Shin 5(47)2] ATellM e x| Hg 7)o BAAT
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A @51 gakto]l HEEAvtal B st ol g A3t
T & AT A dAel o #73713te] Sl et
tTe] 47t B E E AL ARt | uef X
A Baktel o] fAlste] M T ool
AbEE Aoz AztEtt

A)
Al

5.00

4.00 -

Coliform (log CFU/g)

ol &

Storage periods (week)
Fig. 4. Changes in number of coliforms during storage of starter
kimchi contaminated with aflatoxins.
@, Control; O, Kimchi contaminated with aflatoxins (AFs); W, Kimchi contaminated

with aflatoxins+inoculated Zac. plantarum (AFs+LP); A, Kimchi contaminated with
aflatoxins+inoculated Zeu. mesenteriods (AFstLM).

T2 ZAAFEE A A22H A5E (2015)

OIE2tF4l MM Y & ofEF2tF4l &at

olZEtEAl AT oR IR Aspergillus flavusSt
Aspergillus parasiticus] A 55 <s7] 98l & <
ToA AR Az Al AREE TR 59 o}EetEAl AdTET
RN A S A o BT B EE o] SR U
% TH(data not shown).

olFEtEAl o B AitE AU AR 9 ol F ksl

grde] Wsh= Table 6] YR A3 9] obz kAl
2 FEE F oFEHEAld HE S 7] obd
7P F2d0] 43 okEekEAl Biell Wi 7159 10 nghkg=
Argete], olEekS4l By, By, Gi, GrE ZH7F 10 ng/ke®]
FEIF =S AR LAz e F okERkEAl
29 FEE oF 40 ngkg ol et F ATl e ok
A1) Sgo] AREE HEd et AFs 297

] 68.02%, AFs+LPol| A 76.42%, AFs+LMel| 4 83.15% =
RS A7k AT ¥ =2 35&S YERth
E3| ARHLMOAM = T2 AR B3] & 34&S UE
W 27] F57F 2A AESH AR A7 30l e e

& 7% 1uF 2 u371FoA o}ZgE4l Bl &5
1 ng/kg, 5 nghkg LAAIZH S o 82.2~86.1%2FL K1l
Hon, nF7lRo A olZ2@ 5l EFEFEYY] T
7} 5 ng/gl e LEANFHAE W o}Ze54Al By, By, Gy,
Gyoll thale] z}7} 85.3, 81.3, 94.6, 75.8% = R 1% AT}
(5,48).

olZetEAl B A% 0Ftl 620~7.28 ngkg L
AZE Y on, olZetEAl B, 820~9.65 ngkg, oFEEHE
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ngkg= AZH A oFFeE4 ke A7 9 AR
o wh T2l Ak ehA] gskont dubd o g A%t
65 2 8FAll 7P W igo] AEHULE F ol
Al kel 79 AFs L ATl A 653t M wre
shafo]l HEH Wb, ZAtS 718 AR+LP 2 AFs+LM
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Table 6. Changes in the content of aflatoxins during storage of starter kimchi contaminated with aflatoxins
(Unit: pglkg)
T — Storage periods (week)

P 0 2 4 6 8
AV ND? ND ND ND ND

. B 6.20+0.01"° 6.60+0.02” 5.68+0.01® 528+0.02" 6.16+0.01°
C 6.86+0.01" 5.59+0,04" 5.07+0.00™ 5.00£0.01** 6.90+0.02"
D 7.28+0.01F 5.29+0,02* 5.65+0.00" 5.87+0.00° 6.190.00"
A ND ND ND ND ND

- B 8.2040,01° 8.86+0.01 7.190.01%° 7.05+0.01% 70120.01*
C 9.19+0.02% 7.54+0,03 6.37+0.02* 6.96+0.03" 7724002
D 9.65+0.01* 7.54+0,03° 7.25+0.01® 8.18+0.03% 7.04+0.01*
A ND ND ND ND ND

ol B 6.84+0.00" 7.28+0.05* 5.8340.01® 5.17:0.03™ 6.69+0.01°
C 7.91+0.04™ 5.35+0.06" 5134002 5.02+001" 7.46+0.01"™
D 8.81+0.02° 5904002 5.50+0.05™ 5.9240.02% 6.59+0.08
A ND ND ND ND ND

© B 596001 6.180.03F 491001 4324001 5.49+0,05
C 661002 4.61+0.03" 432002 4.44+0,00% 4,00+0,02%
D 7524001 5.29+0.03" 4.66+0.02" 5.40+0.00" 3,69+0,01*
A ND ND ND ND ND
B 27214002 26.90+0.06™ 23.61+0.02° 21.82+0.01™ 25.35+0.04"

Total \E . A aB D
C 30.57+0.09 23.46+0.09 20.90+0.02 21.4340.03 26.10+0,00
D 33.26+0.06> 25.3020.10 23.080.07™ 25.38+0.01 23510.10°

YA, Control; B, Kimchi contaminated with aflatoxins (AFs); C, Kimchi contaminated with aflatoxins+inoculated Lac. plantarum (AFstLP); D, Kimchi contaminated with

aflatoxinstinoculated Zeu. mesenteriods (AFs+LM).
z)ND, Not detected.

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

4 AIA o opFetEAl AR U
2 ByElon, £3] ofFetEAl Bioll el
A ZAakte] NEHE Adske o] PR ol ZEE

o 11 54 Ao a7t ofEet
Ao AaE dodle Aor Husgleh B sk

Bio] ZHARQI A At GulE o] &
gt o} ZE}EAl FF A Zakte] AES I4HQl 84}
old Zo =z HuETH25,26,49,50).

A
39S 4w Bgkh 1] pHE 4737
2} FAebl Aad W AEE Stk AT ul

2 A5 B3] ZiktE HE3 AlBoA feldoz =
YERSTHP<0.05). T3 1x]] A 5 &5 2 F5o]
E 9F 1-3 log CFUJg 0]

al
=

27 & BT BAEEAL ofFgtEAle] edd
A771200] whek o EekEAle] Gashe AT
A kot A7 8¢ Bt ol EetRAl LHFTY B
Bage AFs LE7oNA 7.1%, AFs+LPo|A 21.5%,
AFs+LMel A 24.1% = UYER R3S A 7FeE Al 5ol A
Hago] ¥ AA JETh ol ekEAl At mE X
o] olg}etA gl n|AYEEHY F4 sk duk X} vl
Al T8 Aol 7F VEREA] egkout Ziktg Aot A
o Af A% 5 Akl ¢ 2 ikt A S
ofZetEslel HAgIL ¥ AA Uehgth meba 2
TFA3} ARl Lactobacillus%:°| Y} Leuconostocs: 2} %
Lokt Mo Al Aot 31 83 2 ofFetE4lel =

B

e o R
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