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ABSTRACT - Aflatoxin (AF) and Ochratoxin A (OTA) are carcinogenic and possible carcinogenic mycotoxins
respectively produced by Aspergillus spp or Penicillium spp. The study for contamination survey and proposal for
reduction of mycotoxin in red pepper were carried out. 192 samples were collected at such various stages and markets
as pre/post-harvest stages, internet shopping mall /super-market and small stakeholder mill/geographically indicated
company. As only 2 samples were positive for aflatoxin, so contamination rate was 1.04%. In the meanwhile, contam-
ination rate for ochratoxin A was 21.88% and a various amount of OTA was detected in 42 positive samples. 6 sam-
ples were found to be contaminated at higher level than 5 ugkg™ for ochratoxin A, which was established recently as
a maximum permissible limit in korea. There was no difference in degree of contamination with regard to cultivation
type because any mycotoxin was not found at all in both organically and conventionally grown red pepper. But, there
was statistically significant difference in the process of manufacturing. Finished products were OTA-contaminated at
a level of 2.32 % 6.54 ugkg'(mean + SD), even though OTA was not detected in deep frozen red peppers right after
long term storage. And contamination for OTA was a level of 0.33 = 0.91 pgkg™'(mean + SD) in red paprika powder
after uv sterilization, while the contamination for OTA was 2.78 + 4.49 ugkg™'(mean + SD) in non-uv sterilized pow-
der. In addition, our investigation shows that higher OTA contamination occurred in some of famous brand products
sold in super-market and domestic products than products collected through on-line shopping or from small stake-
holder mills and imported products respectively, however, difference was not statistically significant.
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g5Alo S dstAY Hastske HeElvlse] HA
o] Melo] ] A= k. A AMA FF9] 40%Es
Artetes QEe] 75 aFgile]l Aiksks 35 A
2771 (FA0)] A st 1w oA AR ZALE
A2 & FEekaL AT

LAHEA Av EY] EAlshs Falgoldl ok
Ael et Huyde]e & FgoldA A= 587]9 2
55 ARG 58] s 9 o FAERYE T §F
o] #& I3 9 1 FAE GA AEARTE A4S
Ao 73 IFMIEAI%E- & (Balkan endemic nephropathy)
9 o8 FAHEL JPY. AMY TEF T2 ¥
A7 HIE7F Fof Axl=oA old thgt dF7F Hol
wo] lom AAXF7T(FAO) 5 FAFH = Ho
o] Az LA NA AHg 3 & A E Bl A
ADAFS A 5 A | AFAHETE Aok AT Al
WA B 58 3 7Axskes 3o dAskeE Ao
A Yo 3 XM 0 ITEAS AAEE &
Fo] T ol A2 Yol A Uspergillus niger)= 23S
S @o] o] §EI I opofoll M= AN AFS TR
shetl AFSEZIE she] o] gelo] o] &5 A7tk
gtbe FAE A7l Ao fEvRtelM s A 3

o

Ank Aul 25} YuHFEIFE v AT
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M=

Ty 9 AZAZISE, IEIEE Qe E = 192
Hol NEE FEEE FES] AFHSI T Auiay
zolof] W QA% H|WE sl 4, 9, oOF AY
o FIINS AT} TS A3 A= A REAIY
IFE F 413 FAG L, A AzHG oMo &
Az S fste] A, 9, A X2 A2F FA|
SEAFS AT Az 7+ DAl wel 687 AN FH 3
ok 3 FEFEHY UE FPolE5L QU9E AE ¢
ste] I w2t QP rlE, 7tgs mujAlg 2Ela
YIS F3te] & 83- S FYsIATE TFAIK AR
FH7A 29} = Table 13 2t}

Y Yy
A
Il

Folq 9 WEst B Baw 993 ol EeEAG
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SECEEERY R PR

27 PUER Bol AgHE TE1TSh AT, €4, 1 L9REs} =
T T LEAFAA e3HEAN AT HEE At L gEsith TR F olEEEAl 42 1A eR
o] AF2AF & HAHAFY kA gRE flste] 2ARA ELISA% (Enzyme-linked immunosorbent assay)2. 2 A4
75 AAE et P A8, 2 5 A8l thstel HPLC (High per-

2 AFE S5t A AR, 59 BRe A4 formance liquid chromatography) 41 AA|gte] 9]
MM AEIFF T wFolEE LAAFS Hofstal 24 AREE A& oE EAdet 23S wEAL, g
He] B4 Tkl LS detet o Ast Ueke 54l A= HPLC AH #45 Fot] ek 8l 8 %
AATFoZR HAX O R FTHI|FE FoA FHO|EAE Q32" (CCP, Critical control point)S 3t3l=d] &
Aojed = e e AAste] AFddd g &8 staat &kt
g g UES st st Al S steEE e Aupgaol] mE FFolma o WAE 95t {71
AN ATt B A= AH FA, AR /71 ALFer AR IFE vl o 5 e
A3 B ARTRRE dde R Ao, glateRA oS Ae ARGSA &AL AMieh f7] $aF 2083 F
Tablel. Sample numbers of various kinds of red peppers

Agricultural practice type Storage-manufacture stage Circulation type

Storage (n=25) Domestic"
Young-yang geographic Manufacturing (n=10) (n=13)

Organically grown (n=20)

Ga-rak market

indicated " red pepper Imported
Products (n=15) (n=18)
Goi-san geographic Storage (n=9) Super market Domestic?
indicated red pepper Products (n=4) P (n=30)
Conventionally grown Domestic
(n=21) _ i n=6
Cl}ung yang geographic Products (n=5) Internet (n=6)
indicated red pepper Imported
(n=16)

1): Domestic (n=13) products of ga-rak market consist of sun dried products (n=4) and heating dried samples (n=9)
2): Domestic (n=30) products of super market consist of sun dried products (n=13) and heating dried samples (n=17)
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F218E T dFARINE BAT 2R ST
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A A ER1S flste] FHEA
3 £ AFo= APslE 3
N A AT 38 SR Fig 20149 7ol Alx
FA T ALA UV, ultraviolet) A o] = T
= 33 F 7 Fem FEste] stk 7Hzt
Hg A% 29 aFs Ax A Fo a5, 28
HAlEe] T IFE 7P A vl AT
fr'e FEEE AFY Az 2ol i By Aol
O R oigEo 3714 fre FELE

ol FEHe E oA =4t 304, 3 Aol

F7HIA AaFE et e & ok o] &
TR AZGATE Hujete vHEbs T AIgelA S4k 3,
FA2H8A, JAElo|A] A4t 224, =12t 68S 22
Y3kt

5 A4 Ee &) DAlA 277 717 B
He A9E 7Pgeke] 3419 AlEE WHESEY] 8Ye
A% 30°C o]/de] A2rhst $HolA] 200 U7F WA
AL YA 9HESE A FS WA R A & vjw B4 e
Atk

L 35EL1} olEEtE L] 2

obFEEAIT o AREAl A9 A2 7|Ed LRI
Mo 21314 & (Immunoaffinity column, IAC)S ©]&3F ALE
oflxe] FFolEs EAYS o] &t . WgxistA
He dote Zad wg SolHor ZAEIEE AEF
g 5383 o] ITh AR Ao ® OTA
S 93t OTA EF3E(50 pg/ml, Supelco, USA),
314 9 (OCHRAPREP, 3CC, R- Biopharm, Scotland),
PBS (Phosphate buffered saline, pH 7.4, Sigma, USA), &4t
(Acetic acid, Sigma, USA), P EUEZ (Acetonitrile, Merck,
Germany)s AHE-8ATE oFZ2HEA19] ELISA AR S
#18F] RomerAle} 7324t e] Aflatoxin Test KITE AH&-3}
A0, HPLC A4S 918l AFs E%(AFs Mixture,
Supelco, USA), M3 %1543 (AFLAPREP, 3CC, R- Biopharm,
Scotland), B 271 3}Z5(KBr, Sigma, USA), & AHNitric
acid, &%, Korea)Z} ™ €& (Methanol, Merck, Germany)<
Aleko g ALgEIth 7|71 2E |32 7] (G1321A fluore-
scence detector)’} "3 HPLC (Agilent 1100 series, Agilent,
USA,)9l OTA= AgilentA}2] ZORBAX Extend-C,, column

(Reversed-phased column, 4.6 x 150 mm, 3.5 pm, USA)3}
Guard column(C, 5pm, USAYS F2ete] ARg-319lowH,
AFs 24 oll= AgilentAte] ZORBAX Extend-C,q column
(Reversed-phased column, 4.6 x 150 mm, 3.5 pm, USA)3}
Guard column (C,q, 5 pm, USA)S AME-81I ). AFG, 3 AFB,
o AEAEE ®ol7] flaiM C EZHA HE7] Atoldl &
B}l (Kobra cell, R-Biopharm, Germany)g JZ23le] #
A3 Ax g Aol = A5 E4 7] (Perten, Sweden), o
A 7](OMNI, USA), 38 3 (Sartorius, Germany), Vacuum
system (Agilent, USA), Mili-Q RiOs/Elix water purification
system (Millipore, USA) 5& 5Y3HA A&-3tth. OTA
= Acetonitrile : Water : Acetic acid (51:47:2 viv)& AX
ato] o5 de® AR, 42 1.0 mi/min= A7 313
om 40°ColA 10%7F BA 8T FUHFOR 50 ulE AL
2313, ¥FHE7]2 HE9H LS 2 Excitation wavelength
333 nm, Emission wavelength 443 nm% 2243133t} oJu] OTA
o] BF-& A7 gk 5 min AE°]UTE. AFsi= Methanol :
Water (50:50 v/v, with 119 mgKBr/1L, 4M nitric acid 350 pl/
L)E Axste] o]s 3oz ARSI 42 1.0 ml/min
2 AAslen 350CHA 1587 EA 8 FUFS
20 pl o] o, FFAZE719] HE9dS Excitation wavelength
362 nm, Emission wavelength 426 nmZ % 3} c},
AEE QA5 A% o} ZHHEAIB O ERINE S 918
o] API 3200 #4]7](Applied Biosystems, USA)E ©]-& 3t
LC/MS/MS #2418 AA3I9 ). ESI Positive ion modeZ
B350 1, 5500VE ion spray voltageE 4743} th.
Sigma’}e] Ammonium acetate (A'A, USA)®} Formic acid
(F-A, USA)S ©] &3t & ASmM AA+0.1% F-A/
water)9} €9 B(5mM A-A +0.1% F-A/methanol)e] 8
NS o] 5RO E AREEI O, Cp G HH (2.1 x 100 mm,
3 um, Phenomenex, USA)S ©]&3}A T} §4-5 250 pl/min
2 AAEI T FIFS 20 ulE AT OTAY A$- 404
—2399} 404—1025 MRM (Multiple Reaction Monitoring)
O 7 AFB,2| 7% 3132413 313—1282 MRM %2
Z 3l B4 Ay 2F:EQAS FHAB sYS H=
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Fig. 1. LC/MS/MS chromatograms of AFB, (9.3 pgkg™") and OTA
(20 pgkg ™).
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kg'SF 4.03 pgkg'E AZEHo] 1.04% SEEE HYS
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g4l A9 B4 A= Table 337 2t}
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oy - =% A
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7

AFob bl S5 7xste] #4143 Table 49t

Table 2. Occurrence of aflatoxin in the red pepper

ol BE ABAM oAz okgEEAle] HEEA
okt SIS ANRIE Abole]l Fgeolfa A FoF
#HF oW =08 FFolHL Qs FHlM
e S| ARget] B8] A4S AAR skl
f7lsdhe B} QRdsithe 0] 1oy Aulrg2]
of ME FRelEA 2= Aol AAY - Ut
L AT/ENG ofFTHEAS AskE otn A S &
Fole 2=A7E F2lel b Hol =E&HAY e
T Ee o] Bol HolE W EATE FAEH
e po dEA dow®, ggol5ae 23k Uit
B2 Fgo] AL SET F F HAT 109Y0]
Aol BAs = Ao deiA vk mEbd Z(08)d=
ole 27191 gl Aol AL el Fponw
SR ofEEEAlS Aitdle w3l A} 3
Al HEHUS 7hsdol okt A% eAEAlol
U obEEtEAE A ehs wgelt AT EAEs
T 5 2ol EFHx7INA 55°CE 1Y Tk dxst
PFopE AZHH o R 5AhE AT 5 Je Ao
ST R FaFel el R Hele FEA <
Fo| wol #EE o] oF 500 g 127 (TR AukA)

d

i o

Category Positive Maximum cor{clentration Avera§e Rate of occurrence
(ngkg™) (ngkg™) (%)
Cultivation stage (n=41) ND ND ND ND
Storagemanufacture stage (n=68) ND ND ND ND
Circulation stage (n=83) 4.03 0.06 2.41
Total (n=192) 4.03 0.02 1.04
ND: Not Detected
Table 3. Occurrence of Ochratoxin A in the red pepper
Category Positive Maximum cor}clentration Average Rate of occurrence
(ngkg™) (ngkg™) (%)
Cultivation stage (n=41) ND ND ND ND
Storage-manufacture stage (n=68) 11 34.96 1.16 16.18
Circulation stage (n=83) 31 33.59 1.23 37.35
Total (n=192) 42 34.96 0.27 21.88

ND: Not Detected

Table 4. Occurrence of Ochratoxin A according to type of agricultural practice in the red pepper

Comparison group

Average (ugkg™)

Groupl Group2 Groupl Group2
Organically grown (n=20) Conventionally grown (n=21) ND ND
Dried after washing organically
- ND -
grown samples (n=12)
Dried after washing
- conventionally grown samples - ND

(n=10)

ND: Not Detected
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Table 5. Occurrence of Ochratoxin A according to comparison groups of storage and manufacturing stage in the red pepper

Comparison group

Average (ugkg™)

Groupl Group2 Groupl Group2
Storage (n=34) Products (n=34) ND 2.32+6.54"
Sterilization (n=19) Non-sterilization (n=10) 0.32+£0.90 2.78 +4.49"
Heating dried (n=26) Sun dried (n=17) 0.82+1.09 3.83+9.27

* p<0.05
ND: Not Detected
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Fig. 2. General processing for red pepper production
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Table 6. Occurrence of Ochratoxin A according to comparison groups of circulation stage in the red pepper

Comparison group

Average (ugkg™)

Groupl Group2 Groupl Group2
Domestic (n=49) Imported (n=34) 1.79 £ 5.62 0.43+£0.82
GI" (n=34) Non-GI? (n=83) 2.32+6.54 1.24 +4.38
Ga-rak market (n=31) Grand market (n=30) 1.24 +3.99 1.82 £6.06
Ga-rak market (n=31) Internet (n=22) 1.24 £3.99 0.44 +0.68
Grand market (n=30) Internet (n=22) 1.82 £ 6.06 0.44 £ 0.68
Before 20days storage After 20days storage 0.66 + 1.29 112 £2.76

at room tem. (n=34) at room tem. (n=34)

1): GI products are certified by National Agricultural Quality Service as geographically Indicated ones.
2): Non-GI products are not certified by National Agricultural Quality Service.
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