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ABSTRACT

Monitoring of aflatoxin B; and ochratoxin A and mold
count at market during storage for korea and china

in dried red pepper

Kim, Young Seon
Adviser : Prof. Chang, Hae Choon, Ph. D.
Department of Food and Drug,

Graduate School of Chosun University

To research the contamination status of ochratoxin A, aflatoxin B, and Howard Mold
Counting of a red pepper, the test was performed on 80 kinds of a red pepper
vielded and dehydrated with its stalk between 2006 to 2007. Aflatoxin B was
detected in 2 samples of total 40 peppers produced in Korea, in the range of 2.
5~4.3 pg/kg. Six samples of 40 peppers produced in China have contained 0.2~
15.3 pg/keg of aflatoxin Bi. In the case of ochratoxin A, peppers of 4 districts in
Korea have contained in the range of 2.0~3.9 pg/kg. But on the other, 2.8~13.9 ug/
kg of ochratoxin A was detected in peppers of distric’s name - Ik Do from China,
and 45~13.2 ug/kg was detected in peppers of distric’s name - Cheong Do from
china. In addition, It was researched that peppers from china have counted 0~20%
of molds and it was little more than those of korea 0~15% by Howard Mold
Counting assay. And quality of peppers can be classified into 3 levels by
dehydration condition. The data shows that the lower quality was the more
mols % they have got, In some case, Chinese peppers of 3rd level was counted 2
times higher than those of Korea. In research of aflatoxin B; detection in each part
of peppers divided into 3-seeds, pulp, stalk, It wasn’t detected in pulp but in stalk,
It was detected 22.2 pg/kg in Korean peppers and 47.0 pg/kg in Chinese peppers.
Also ochratoxin A was not detected in pulp, but in stalk, about 28 ug/kg of



ochratoxin A was dected in Korean peppers and in chinese peppers it was about 29
ng/kg. And in Molds %, there were no differences between producing area and each
parts. In conclusion, It is needed to use pure pulp excepting stalks and seeds in
process of producing powder peppers for the reduction of these toxin such as

aflatoxin Bi, ohcratoxin A and molds number.
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we/kg &2 stock solutions A %3 F acetonitrile® 3 A st 5 ug/ke, 15 peg/kg, 30

ng/kes 4 Azt FEFH4 oz A3
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Immunoaffinity method(24)E& ©]&3 o}lZ &5 B AAE HAHo=Z A AflaTest
(VICAM Co., Order No.G1010, USA) % o Fzgt=A A AAE ZHP o2 OchraTest
(VICAM Co., Order No.13012, USA)E A}-&3} At}

ofZetE4l B H SE9E4A AE AFEAE7] A AHIEAE micro-HPLC
(Shiseido SI-2, Shiseido Irica Technology Co., Ltd., Kyoto, Japan)$ HPLC(Agilent
HP-1050, Agilent Technologies, Inc., Santa Clara, CA, USA)E Al&stgioed, =
A 2712 Table 17 Table 20 YER LT}



Table 1. Specification and operating conditions of the semimicro

-HPLC

Items Operating conditions

Model Shiseido SI-2

Detector Fluorescence detector

Shiseido Capcellpak Cig column

Column (25 cmx4.6 mm, 5 um)
Flow rate 1.0 mL/min

Solvent system 20% Acetonitrile
Injection volume 10 uL

Wavelength (Ex/Em) 360 nm/450 nm




Table 2. Specification and operating conditions of the HPLC

Items Operating conditions
Model Agilent HP-1050
Shiseido Capcellpak Cigs column
Column
(25 cmx 4.6 mm, 5 pm)
Flow rate 1.0 mL/min

Solvent system

Acetonitrile:water (80:20, v/v)

Injection volume

10 uL

Wavelength (Ex/Em)

360 nm/450 nm
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ANZ 50 g& A3 AFT T 70% WEe2(1% NaCle] £3%) 200 mLS Y1 &3
50 mLE& #3ke] 3000 rpm &2 2087 AAEY do] AAAE HeAo HIT AA

AlE 10 mLol 74 40 mL& 9% & &9 5 mLES immuno-affinity columnol 2
drop/sec®] fF&o= F4 10 mLEZ AHF F 2~3 mL9
acetonitile(100%)® & Z&3st1 AAr® FFAZ vk Trifluroacetic acid(100%) 0.1 mL9F 20%
acetonitile(D + W 80%) 1.9 mL& Fste] 3~5&7F w&AZl b5 Table 29 3¢ #4 %
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Sample 50g + 200 mL 70% MeOH(include 1% NaCl)
!
Mixing
I

Centrifuge(3000 rpm, 20 min), mixture sample 50 mL

l

Supernatant
!

Supernatant 10 mL + D+ W 40 mL
l
Mixing
l
Apply mixture solution 5 mL on top of immuno-affinity column
(2 drop/sec)

l
Wash column(D - W 10 mL)
l
Elute 2-3 mL acetonitrile
!
Evaporation under N» stream(at 40C)
l
Dissolved in trifluroacetic acid 0.1 mL and Mobile phase(20% acetonitrile) 1.9 mL
l
Reaction(3~5 min.)
l

HPLC analysis

Fig. 1. Pretreatment of aflatoxin Bj.
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A& 25 g2 #A7I(SMT PH-1, JAPAN)Z #A3HAIZ1 & 70% acetonitrile 100 mLE& 7}
A L0l %3 ¢ Whatman Nol oJ#AE o] &slo] of 73}t o
H g4 4 mL3 potassium chloride 0.2 g, potassium dihydrogen phosphate 0.2 g,
anhydrous disodium hydrogen phosphate 1.16 g, sodium chloride 8.0 g2 A=A
1000 mLe] =] potassium buffer sulution(pH 6.5~75)% A F3 & 71 §9 44 mLE
AstA 848 immuno-affinity column®] 2 drop/secd #+&2oZ $£EA7 v oA =
T4 10 mL2 Al F e & 2~3 mL9 methanol(100%)Z &&A1A 40Co]stol A AAZ F5
sttt o] w Aol F=He o)A | mLE fAIZ F 045 um membrane filter
(Whatman nylon, England)® o] 2} 3 t}3 Table 29} 39 EXzHdo 2 HPLCEAHS AAs
dom, 1 HAE = Fig. 29 Zrh
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Homogenized sample 25 g

l

Extraction with 70% acetonitrile 100 mL by mechanical shaker for

30 min
l
Filtration (by Whatman NO.1)
l
Dilution of filtrate 4 mL with PBS solution 44 mL
l
Apply mixture solution on top of immunoaffinity column(2drop/sec)
l
Wash column with 10 mL D.W.
l
Elute 2 mL methanol
l
Extraction under N2 stream (at 40C)
l
Dissolved in 1 mL of mobile phase
l
Filtration (by 0.45 /m)
l
HPLC

Fig. 2. Pretreatment of ochratoxin A.
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Table. 3. Sampling list of dried red pepper produced in Korea

Producing Harvest time Remark
No. . Dehydration method .
Area District ‘06 ‘07 (Quality)
1 gochang 1 solar evaporation high
2 gochang 1 solar evaporation high
3 gochang 1 solar evaporation middle
4 gochang 1 solar evaporation high
5 Jeon gochang 1 hot wind dry high
6 Buk gochang 1 solar evaporation low
7 jeongeup solar evaporation middle
8 jeongeup hot wind dry low
9 jeongeup 1 solar evaporation high
10 jeongeup 1 solar evaporation middle
11 haenam solar evaporation low
12 haenam hot wind dry low
13 haenam 1 solar evaporation high
14 Jeon wando 1 solar evaporation high
15 Nam wando 1 solar evaporation middle
16 wando 1 hot wind dry high
17 haenam 1 hot wind dry high
18 haenam 1 hot wind dry high
19 andong 1 hot wind dry high
20 andong 1 solar evaporation high
21 andong 1 hot wind dry high
22 Kyoung andong 1 solar eV.aporation m%ddle
23 andong 1 hot wind dry middle
24 Buk andong 1 hot wind dry middle
25 andong 1 solar evaporation high
26 andong 1 solar evaporation middle
27 andong 1 solar evaporation high
28 danyang solar evaporation middle
29 danyang solar evaporation middle
30 danyang 1 solar evaporation high
31 danyang 1 hot wind dry low
32 Choong goesan 1 solar evaporat?on middle
33 goesan 1 solar evaporation low
34 Buk goesan 1 hot wind dry middle
35 goesan 1 solar evaporation high
36 chungju 1 solar evaporation middle
37 chungju 1 hot wind dry high
38 chungju 1 solar evaporation middle
39 Gangwon gangneung 1 hot wind dry middle
40 gangneung 1 hot wind dry middle
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Table 4. Sampling list of dried red pepper produced in China

Producing Harvest time ) Remark
No. Area 06 07 Dehydration method (Quality grade)
1 1 solar evaporation high
2 1 solar evaporation high
3 1 solar evaporation high
4 1 solar evaporation middle
5 1 solar evaporation middle
6 1 solar evaporation middle
7 1 solar evaporation high
8 1 solar evaporation middle
9 1 solar evaporation high
10 Ikdo 1 solar evaporation middle
11 1 solar evaporation middle
12 1 solar evaporation high
13 1 solar evaporation low
14 1 solar evaporation middle
15 1 solar evaporation low
16 1 solar evaporation middle
17 1 solar evaporation high
18 1 solar evaporation middle
19 1 solar evaporation high
20 1 solar evaporation high
21 1 solar evaporation high
22 1 solar evaporation middle
23 1 solar evaporation middle
24 1 solar evaporation middle
25 1 solar evaporation high
26 1 solar evaporation middle
27 1 solar evaporation high
28 1 solar evaporation middle
29 1 solar evaporation middle
30 1 solar evaporation high
Chungdo ;
31 1 solar evaporation low
32 1 solar evaporation middle
33 1 solar evaporation low
34 1 solar evaporation middle
35 1 solar evaporation high
36 1 solar evaporation middle
37 1 solar evaporation high
38 1 solar evaporation middle
39 1 solar evaporation low
40 1 solar evaporation low
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Fig. 3. Structures of aflatoxins.
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Fig. 4. Structure of ochratoxin A.
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Aflatoxin B, y = 6E+06x — 79937

R? = 09998
600000
500000

400000 r

300000 r
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200000 |

100000 r

0 002 004 006 008 01 012
Concentration(zg/mL)

Ochratoxin A y = 6E+06x — 11366

R? = 0.9999
700000 r
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500000

400000 -

AREA

300000 -

200000 r

100000 r

0
0 002 0.04 006 0.08 0.1 012

Concentration(ug/mL)

Fig. 5. Calibration curve for quantification of aflatoxin B; and

ochratoxin A.
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Table 5. Detection of aflatoxin B; on dried red peppers produced in Korea

Producing Detection of aflatoxin
No. Area Detail Bi( ﬂg];ké{ ) Remark
1 gochang ND
2 gochang ND
3 gochang ND
4 gochang ND
5 Jeon gochang ND
6 Buk gochang 4.3
7 jeongeup ND
8 jeongeup ND
9 jeongeup ND
10 jeongeup ND
11 haenam ND
12 haenam ND
13 haenam ND
14 Jeon wando ND
15 Nam wando ND
16 wando ND
17 haenam ND
18 haenam ND
19 andong ND
20 andong ND
21 andong ND
22 Kyoung andong ND
23 andong ND
24 Buk andong ND
25 andong ND
26 andong ND
27 andong ND
28 danyang ND
29 danyang ND
30 danyang ND
31 danyang ND
32 Choong goesan ND
33 goesan ND
34 Buk goesan 25
35 goesan ND
36 chungju ND
37 chungju ND
38 chungju ND
39 Gangwon Clit:AtoLae ND
40 gangneung ND
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Table 6. Detection of aflatoxin B; on dried red peppers produced in China

Local Detection of aflatoxin
No. Area Bilu gj;k gf ) Remark
1 ND
2 ND
3 ND
4 ND
5 0.2
6 ND
7 ND
3 ND
9 ND
10 ND
1 Ikdo ND
12 ND
13 5.7
14 ND
15 1.2
16 ND
17 ND
18 ND
19 ND
20 ND
21 ND
22 ND
23 ND
24 ND
25 ND
26 ND
27 ND
28 ND
29 ND
g(l) Chungdo TIZ)
32 ND
33 15.3
34 ND
35 ND
36 ND
37 ND
38 ND
39 6.2
40 75
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Chungdo sample(aflatoxin By 1.2 pg/kg) HPLC chromatogram
Fig. 6. Chromatogram of aflatoxin B; for area type in dried red

pepper.
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Table 7. Detection of ochratoxin A on dried red peppers produced in Korea

Local D i
No. Area Detail OChT‘ateOt;qu?(z)‘?(:gﬂCg) Remark
1 gochang ND
2 gochang ND
3 gochang ND
4 gochang ND
5 Jeon gochang ND
6 Buk gochang 2.3
7 jeongeup ND
8 jeongeup ND
9 jeongeup ND
10 jeongeup ND
11 haenam 2.8
12 haenam ND
13 haenam ND
14 Jeon wando ND
15 Nam wando ND
16 wando ND
17 haenam ND
18 haenam ND
19 andong ND
20 andong ND
21 andong ND
22 Kyoung andong ND
23 andong 2.0
24 Buk andong ND
25 andong ND
26 andong ND
27 andong ND
28 danyang ND
29 danyang ND
30 danyang ND
31 danyang ND
32 Choong goesan ND
33 goesan 3.9
34 Buk goesan ND
35 goesan ND
36 chungju ND
37 chungju ND
38 chungju ND
39 Gangwon gangneung ND
40 gangneung ND
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Table 8. Detection of ochratoxin A on dried red peppers produced in China

Local Detection of ochratoxin A
No. Area (uj; Jkg) Remark
1 ND
2 ND
3 ND
4 ND
5 4.2
6 ND
7 ND
8 ND
9 ND
10 ND
1 Ikdo ND
12 ND
13 13.9
14 ND
15 2.8
16 ND
17 ND
18 ND
19 ND
20 ND
21 ND
22 ND
23 ND
24 ND
25 ND
26 ND
27 ND
28 ND
29 ND
2(1) Chungdo 12]7)
32 ND
33 13.2
34 2.0
35 ND
36 ND
37 ND
38 ND
39 45
40 8.0
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—= 14911 - Ochratoxin A

STD

Ochratoxin A standard HPLC chromatogram

[z 1ames

SAM

Ikdo sample(ochratoxin A 2.8 ug/kg) HPLC chromatogram

Fig. 7. Chromatogram of ochratoxin A for area type in dried red

pepper.
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Filamentous hypha

Branched filamentous hypha

Fig 8 Molds counting on optical microscope.
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Table 9. Counting of molds(%) on dried red peppers produced in Korea

v Local Detection of Remark
’ Area Detail molds(%) (quality grade)

1 gochang ND high
9 gochang ND high
3 gochang 5 middle
4 gochang ND high
5 Jeon gochang ND high
6 Buk gochang 15 low
: jeongeup 5 middle
] jeongeup 10 low

9 jeongeup 1 high
o jeongeup 3 middle
11 haenam 8 low
12 haenam 12 low
13 haenam ND high
14 Jeon wando ND high
15 Nam wando 6 middle
16 wando ND high
17 haenam ND high
18 haenam ND high
19 andong ND high
20 andong 1 high
91 andong ND high
99 Kyoung andong ) m%ddle
93 andong 8 middle
5 Buk andong ) middle
o5 andong ND high
% andong 4 middle
97 andong 3 high
28 danyang ND middle
% danyang 3 middle
30 danyang ND high
31 danyang 7 low
32 Choong EOEHAR : o
33 goesan 8 low
2 Buk goesan 9 middle
35 goesan ND high
36 chungju 5 middle
37 chungju 3 high
33 chungju ND middle
39 Gangwon BELEASERE : midle
40 gangneung 3 middle

_86_



Table 10. Counting of molds (%) on dried red peppers produced in China

No. Zorc;l Detection of molds(%) (qu;;iir;agrlfade)
1 ND high
2 ND high
3 4 high
4 9 middle
5 8 middle
6 4 middle
7 ND high
8 8 middle
9 3 high
10 10 middle
11 Tkdo 3 middle
12 ND high
13 15 low
14 6 middle
15 18 low
16 3 middle
17 2 high
18 4 middle
19 ND high

20 ND high
21 ND high
22 9 middle
23 4 middle
24 5 middle
25 6 high
26 6 middle
27 2 high
28 9 middle
29 8 middle
30 3 high
31 Chungdo 13 low
32 8 middle
33 20 low
34 8 middle
35 ND high
36 6 middle
37 ND high
38 5 middle
39 12 low
40 14 low
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Fig. 9. Detection of aflatoxin B; from dried red pepper.
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Detection of ochratoxin A (u/ke)
N

High

Middle
Quality grade

O Korea B China

Poor

Fig. 10. Detection of ochratoxin A from dried red pepper.
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Fig. 11. Detection of molds(%) from dried red pepper.
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Table 11. Detection of aflatoxin B; in each part of the dried red

pepper
average detection amount of aflatoxin B;(yg/kg)
Dried red pepper
Pulp Stalk Seed
1 - 214 2.4
Produced in 9 - 93.0 26
Korea
Aver. 0 22.2 2.5
1 - 45.0 3.9
2 - 48.3 45
3 - 47.6 4.2
Produced in 4 - 46.7 4.1
China 5 - 48.3 3.8
6 - 49.4 47
7 - 46.7 47
Aver. 0 47.0 4.3
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Table 12. Detection of ochratoxin A in each part of the dried red

bepper
average detection amount of ochratoxin A(ug/kg)
Dride red pepper
Pulp Stalk Seed
1 - 27.4 0.9
2 - 29.1 1.2
Produced in
3 - 30.2 1.3
Korea
4 - 25.3 1.2
Aver. 0 28.0 1.2
1 - 23.3 14
2 - 33.4 0.8
3 - 30.1 1.2
4 - 294 0.9
Produced in
5 - 27.3 0.8
China
6 - 26.8 0.5
7 - 33.2 1.1
8 - 28.5 1.3
Aver. 0 29.0 1.0
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Table 13. Counting of molds(%) in each part of the dried red

pepper
Average detection amount of molds(%)

Produced in Korea Produced in China
Sample | pup | Stalk | Seed | SUMPle | pup | Stalk | Seed
1 6 8 4 1 8 10 -
2 18 12 16 2 6 6 12
3 4 6 4 3 4 8 8
4 12 10 10 4 6 12 8
5 2 8 2 5 8 8 2
6 2 4 2 6 10 8 8
7 8 8 8 7 8 6 10
3 20 14 16 8 8 10 -
9 18 14 14 9 18 10 12
10 10 8 6 10 4 6 8
11 2 10 - 11 18 8 16

12 8 6 4 12 6 8
13 10 10 8 13 8 6 -
14 6 8 10 14 10 8 4
15 4 8 4 15 6 6 10
16 4 4 4 16 8 12 2
17 6 15 4 17 6 6 4
18 10 10 8 18 6 6 8
19 4 8 4 19 8 10 4
20 8 6 8 20 4 10 2
21 6 8 6 21 8 12 10
22 8 4 2 22 6 14 8
23 8 6 8 23 4 6 2
24 2 10 2 24 12 6 14
25 10 8 8
26 18 10 20
27 6 6 8
28 10 8 10
29 8 10 2
30 10 8 14
31 16 10 12
Aver. 7.75 8.54 6.42 8.65 8.45 7.42
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Table 14. Counting of molds(%) in each part of the dried red
pepper grade produced in Korea

Average detection amount of Molds(%)
Produced in Korea
if‘r‘c’zl(;gy Pulp Stalk Seed (Squ’;fg’j\s,a )

2 4 2 6
) 2 8 2 5
High 2 10 - 11
4 4 4 16
8 4 2 22
4 6 4 3
2 10 2 24
4 8 4 15
4 8 4 19
6 8 4 1
) 8 6 4 12
Middle 6 3 6 o1
8 6 8 20
8 6 8 23
6 8 10 14
8 8 8 7
10 8 6 10
6 15 4 17
10 10 8 18
10 10 8 13
Low 12 10 10 4
18 14 14 9
18 12 16 2
20 14 16 8

Aver. 7.75 8.54 6.42
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Table 15. Counting of molds(%) in each part of the dried red
pepper grade produced in China

Average detection amount of Molds(% )
Produced in China
Quality grade Pulp Stalk Seed (Sfrfl’;l‘g’j\s,o_ )

4 6 2 23
8 6 - 13
. 6 6 4 17
High 4 10 2 20
8 8 2 5
8 10 - 8
6 8 4 12
8 10 - 1
4 6 8 10
6 6 8 18
6 6 8 27
4 8 8 3
8 10 2 29
10 8 4 14
6 6 10 15
Middle 8 12 2 16
8 10 4 19
8 6 10 7
6 6 12 2
10 8 8 25
6 12 8 4
10 8 8 6
6 14 8 22
10 8 10 28
8 12 10 21
12 6 14 24
10 8 14 30
Low 16 10 12 31
18 10 12 9
18 8 16 11
18 10 20 26

Aver. 8.65 8.45 7.42
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