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Monitoring of Aflatoxins in Herb Medicines

Sung Deuk Lee*’, Yeon Sun Kim**, Young Tae Yoon*, Ae Sook Park*, Young Shin*,
Hwa Soon Kim*, Yoo Kyung Kim* and Byung Hyun Choi*

*Seoul Metropolitan Government Research Institute of Public Health and Environment, Seoul 130-160, Korea.
**Hanyang Women's University, Seoul 133-060, Korea.

ABSTRACT : Our paper shows the results of 302 samples of herb medicines about fungal contamination at Yakyeang mar-
kets in Seoul. The sample medicines were treated VICAM pretreatment and analysed by post column derivatisation proce-
dure(PHRED-HPLC) with a fluorescence detector. Aflatoxin B1 was founded from 50.3% of samples, aflatoxin B2 was
39.7%, aflatoxin G1 was 21.2% and aflatoxin G2 was 23.5%. The detected ranges of aflatoxin B1, B2, G1 and G2 were from
0.1 to 57.2 pg/kg, 0.1 to 42.6 rg/kg, 0.1 to 23.5 yg/kg and 0.1 to 9.5 ug/kg respectively. Among total samples, 26 samples con-
tained aflatoxin B1 violated the regulation (less than 10 ug/kg) for aflatoxin B1 of KFDA. From the result, we could pre-
sumed that more than a half of samples were contaminated by aflatoxins. Therefore, it seems to be necessary that the new
safety giudeline will be established aflatoxin B2, G1 and G2 from herb medicines as aflatoxin B1.
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ol ZEVEAE Aspergillus flavusSt Aspergillus parasiticus,
Aspergillus nominus 52 Aspergillusll 213 A== 23
A}l bisfuranocouramin 3}3HE2E (Saleemullah er al.,
2006) 200 Fo] o}ZEEA =4 F olZEEAl GI, G2,
Bl ¥ B2} &3] WA T lem (Reiter ef al., 2009), A
HAA Aspergillus flavuse °FEHEA B A,
Aspergillus parasiticus, Aspergillus nominuse °FE2FE42 B
9} G2 AQEE Aos AeA Utk (Ehrdich ef al., 2007).

oFEEFEAIS A Ak WHEAE AT A ofgt
obFEtEAle] WAHT B AW B EHS AV
om, Al FEAAA T, ARl 7139 RleR®
FA =™ (Groopman et al., 1996), FAIGAT4 (International
Agency for Research on Cancer)ol|A& olZElE54] Bl &
=4 Group 12 783kl ATt (IARC, 1996). oF&e}E4]
o W FE goll LHH BE, S, 53, 5
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stolx B =R efo} (Feuell, 1996), gt 99%
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ot 4= 9tk (Cho et al, 2009). ©]ol] wa} Z}=or=
AFoM e o EErEAle] §187IES ARt ARlskaLl e
U, SFEAES AMEShs F7He] ST Hol ofgA el thgh
olFEIEAlY] RS T e vghe 2R St Eds)
ok AFel #F o} ETHEAl §871Ee A ETA SIS
(Codex Alimentarius Commission)ol|X & FoFEEHEAl Q2 A
10~15 pg/kg ©]3} (CODEX, 1995) A3} AT, FHAE
2 o}EEHEA] Bl 2 iglkg o)kt FolEEHEAlS 4 ug/kg o]
k24 (EC, 1988; EC, 2001), zH=e] Ao uA 44%
AAdste] ZElskar ik v 254 AAIEL] o8 2Ee]
gk olZekEsl AL ol=dlElY, T Sl 78S
o] A3 ATt (Cho et al., 2009). FHATS k&2 &
Me FgolEdl A% & 89S AR ¥ AL, =
Aol At oJokE Az ARGEE YEEA W oZEEAl Bl
S 2 pgkg OlEtE, FOETEAS 4 ug/kg olBHE V1S A
T2 A3 (Cho ef al, 2009), o]Ez|olo= o} ZElE41 Bl
5 pglkg, FOLETEAIS 10 kg o2 AL7)FES Fsl
At} (Catalan et al., 2005). @A S2UelMe 2% & &
, A, B e AAR7REIA o EEREAL 10 pg/ke
ofsh, F oS4 15 kg olskE 871 A8kl AL
(KFDA, 2010), gtefrie] o}Zebs4l 8187152 2008 14
o % T 9F5 tiste olEEEAl Bl 10 kg olst
2 715 AAsiden (KFDA, 2008), 2009 690 ¢}
% 5 10552 F71ske] (KFDA, 2009) k] 19350
gk &8715S HAFsEA

MARAZ]IF (World Health Organization)l] <]&FH £33
AN Q1F-] 50% ool S thA| oJfEe® i o]
F AR Adol slem (WHO, 2004), 22 Aol =7k
A o) 2 X5e] BHo= ekl figh AT A&
St Wt oFg 2B o}EEtELle] e At
we AFE X33k At (Romagnoli et al., 2007). ©]
£ AdME AEAHIA 5 FR1 ek F F80]
=4 587]F0] ARE F5 ol FEEAlY] SHAHE =

Felsict.

ol

ftlo

L2 8 = if

>

HhH
odg

M=

pl=

1. M2

2000 1€5E 12970 gef) F okEEEAl Bl 5187
o) ARE x, AWl 259, Az, =21, 53, vls), W
AR, WIAE WEka}, Ak, AxRE, &7, A, 5T, A
AL, AR, e FHEt] T 18FE 302718 AIEE AR
alomn, 7+ Al EE YA (HAHOEE DA33S, )= 22
ste] A (850 im, No 20)= oJ#gk & TE=E sl ARGt
et

2. NG S TR 2

EFEEoF olFEE4l Mix kitM (Bl, B2, Gl, G2)
(Supelco, USA)ZS AF&3l90 o™, Al2FS methanol (Fisher,
USA), ©]'57e] ZA|ol= acetonitrile (Merck, Germany)E A}
skt A8 o3t AGAledl= frelad o2 (Whatman
1.6 /m, England)®} oFEeb541-8 WIS Zel (Aflaochra,
Vicam, USAYS 717} AM8-3F3ith.

3. ZEEY U AEIMe| A

EFEHe xFFoZ FYst o FEHE4]l Mix kit-M (B,
B2, Gl, G2)& 345l olZeH=4l Bl, B2, Gl, G2& #
Z} 100 pg/ml, 30 pg/ml, 100 pg/ml, 30 pg/ml O 2 ZA| 51330
o, ol ZEEAS AHsly] 913 AlFENS FPAIEHY A
°f 59 TFeA=4 AFWH (KFDA Notification No
2009-104, 2009 wet A5 #23}sE & 70% HEEE
FE0L ol ZHHEAE WMAXIsHIAHE S ARESIsler, %
A&7 $49 F=sPdR| (Bshet wheAR yF FEE o

‘ Sample 5 g |

l

Extraction (methanol : water = 70 : 30) 100 mL

by ultrasonic extraction for 30 min

l

’ Fiteration (glass microfibre filter) |

l

| Dilution of filterate 10 ml with distilled water 70 mL |

l

Apply 40 mL solution on the top of immunoaffinity
column (aflaochratest, VICAM)

l

Wash immunoaffinity column
with 10 mL x 2 distilled water

l

| Elute 05 mL x 2 with methanol

l

HPLC-FLD (PHRED)

Injection and Analysis

Fig. 1. Analytical procedure of aflatoxins.
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AIAZRETYEZE o] gsl] ol ZTEAl F4 4% (Bl, B,
Gl, G2)& %4351t} (Fig. 1).

4. 24 YUY

ZAE BEgNT g8 eI} AHAES
A (F8ksh WAL F-2E HPLC (Waters €2695, USA)
of Fsted BEEA} AL HEFFAI WAL Y
Zale] BAeiden, 71719 BA2AS Table 13} 2t}

i 3 oF

pl=

1. Mok = olZ2IsI9] 3l

o}lZT}=EAl Bl, B2, G1 E G20 th3t A& (limit of
detection, LOD)?} J&3HA] (limit of quantification, LOQ)=
HPLC 717] Ao Z2 a8 o]g3le F3lglon, ofZa}
E2e] AE3AE= Bl 0.03 sg/ml, B2 0.01 zg/ml, G1 0.06
pg/mt B G2 0.03 pg/ml o100 M, olFEREAle] HHFRA=
Bl 0.09 zg/ml, B2 0.04 pg/ml, G1 0.20 zg/ml = G2 0.09
pg/mb O 2 JeRTE Aok G ofZEpEAle] 3482 oA
@ A ofZepEAlo] 8] HEHA 92 Az, &2, et
= AAsI, olZe}EAl BI, B2, Gl 2 G2o] HEFLEE
Z¥zb B1, Gl 10 zg/ml, B2, G2 3 pg/ml o] E|%2 H7}sje],
Alg A s 33] vy XEsle] eSS4
SHoATh Aoke] A=W 3]FE-2 Table 29} Zom, 22l S
A w2l whate] 34E-E 72~100%2] W= vl &
S5 YERATE. Romagnoli (2007) 52 k&Ll 76.1~
78.1%, Arranz (2006)5-S 2FZollA 98~103%, Zhang (2005)
T oM 93-97%9] FTES Basidled], 74 A-E
2 3589 A7t A AL 35gel ARE AR FF

E

L)

Table 1. The analytical conditions of HPLC for aflatoxins.

Instrument HPLC(Water €2695, USA)
Column u-Bondapak C18
Injection volumn 10 1l
Flow rate 1.0 mL/min

Excitation 365 nm
Emission 435 nm

Mobile phase Acetonitrile : Methanol : water = 15 : 25 : 60
Postcolumn derivatives PHRED

Florescene detector

Table 2. Recoveries of added aflatoxins in herb medicines (%).

- SEEH - SoHs -

of A WE Aol FZFEM, Reiter (2009) 5 ©F
SRS B5Ee 7S] S, AAMY, AR s
2le] FqFell wet Zpol7t e AR HASAL Utk 53
Al ARE RSP ] ofEeEAl Ha ARRSH
= &89 pHe} o] = % AAE i=d o7t g
ol 3]4=g-2] zjo]7} WIS (Siu and Chun, 2006), ©FZ
HEA 54 F olEEEAl G29] 3rEo] e olEEkEAl
o] Hlgte] WA YERd A& Alg 4899 pHell uwlet
B2 TS v slog Byl vk 849 pH gte] 4
ols} o]} § o/dolH st o] ZaEo] Fggo] WA
Eibe, 47 kA E T F8Y0] S we A dol
= 0.1M Qikgeog Aslof sh= Ao o] lrt
(Siu and Chun, 2006).

2. 4o F OlZ2SLIe] U<

B AR 20099 1~129 ERF AR 8 T2
Aot T Fol5L (CFEEEREA Bl §187]F0] 48 1
5302708 FYst] Aok T AReHEA Al (of
=4l Wb immunoaffinity column® FLD-HPLCE: ©]
B3] Fgo|5AQl o ZEEAIY] L AUEE AT

Table 35} 7Fo] & Aok 18%5 302715 AR A3 o}
ZEEA Bl 1527 (503%), oF=EEA B2E 1207
(39.7%), oFZEEAl GI& 657 (21.2%), oF=EEHEA Goe
714 (23.5%)°] HEE ], A Al59] 50% FE7} olZE}
Eqlo] odElo] IS & F UM, QHE o] Al
B o ZEEAl B4 4% F 2% olde] H4ol| T4 294
o] ATt

OFEEEAl E4 4% 2 WA A4+= BI>B2>G2>
Glo] o8 Uehon olZeEAl 540 A HjE2 of
ZE}EA Bl ofZEFEAl B2+ Gl + G22] A BlE- 1:29}
olEEHEAl Bl oFEebEAl B2o] WA HIE 1:08% e}
A, FAO (Food Agriculture Organization)ol|X] AR 21%
2 ALROAM olZEFEAl Bl olZEkE4l B2+ Gl +G2o Bt
A SR 1:0.89] HIE B o} EEHEAl Bl o} &EEHEAl B2
o] I HIER1 4:1¢] Bl&IFE Zol7t USUTH (FAO, 2004).
olg|gh WA Hl&e] xlol= AFAMFE H AES} oF8A=0] A
HiE 7| e] R ARl ol mE Xjolg FZET

HT A F7elA AAIG kg =S el e dd #d

e o]

AFB1* AFB2** AFGT*** AFG2****
Zizyphi semen 66.5 ~ 76.6 69.3 ~ 81.3 61.2 ~64.8 60.0 ~ 67.3
Persicae Semen 76.7 ~ 87.6 78.9 ~ 84.7 78.5 ~79.8 729 ~ 84.0
Pinelliae Tuber 87.5 ~ 100.8 97.0 ~ 103.3 82.6 ~ 100.8 78.0 ~ 83.3

*AFB1; aflatoxinB1, **AFB2; aflatoxinB2, ***AFGT1; aflatoxinG1, ****AFG2; aflatoxinG2.
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Table 3. Incidence of aflatoxins in herb medicines (case).

Detected Number

.. Total
Type of Medicines Numb
umber AFB1* AFB2#** AFGT*%* AFGQ# k%

Glycyrrhizae Radix et Rhizoma 36 18 11 11 13
Cassiae Semen 15 6 4 7 7
Trichosanthis Semen 8 6 4 4 2
Testudinis plastrum 2 1 0 0 0
Persicae Semen 25 13 8 1 9
Chaenomelis fructus 21 7 8 2 5
Pinelliae Tuber 10 2 0 0 0
Thujae Semen 14 9 10 5 2
Dollichoris Semen 6 1 1 2 0
Arecae Semen 44 31 26 18 11
Zizyphi Semen 17 6 6 0 1
Nulumbinis Semen 17 10 8 1 2
Curcumae Radix 11 10 4 3 3
Polygalae Radlix 23 13 13 8 9
Myristicae Semen 10 5 3 1 3
Armeniacae Semen 29 12 11 1 1
Carthamiflos 9 2 1 0 3
Hoveniae Semen Cum Fructus 4 0 2 0 0

Total 302 152 120 64 71

*AFB1; aflatoxinB1,

sto] o} EEEAl Ae] 2AF AATE 2Rl =
Santos (2009)5°] S1HAE 9 ok&AEQ] vFURe- e
SolM 8471S A A3} 537 (63.1%)°] LFE o] 3o,
o}=FlE]ololl A Rizzo (2004) 58 FE 59 F&AE 152
AL A A3 417 (27.0%)°] LFHAL, T oo}
4= Romagnoli (2007)5¢] 2T 529 27719] k82
S A A ol EetEAle] HEHA] FStial B st
7h AFAPER Zpo)7h YT olEgt Aol kg E] F
Fob Az LaAel] wet 2pol7t e ASRE Holw (Santos
et al., 2009), 525 WA= FFo] TR & 183
TFE A AT ey, 545 Adske F8ele 84
A, A2)A delet 7 AEe] AR et AA 7}
o], e EF9] AEolgte ThE A gox A3 2 Ee
#73e FF7F e Ze® dHA ATt Rizo et dl,
2004).

Romagnoli (2007) 59 ZAF AalM =
ZetEAle] AEEA k=, o
Aspergillus®l| LHEHEE 7122] FHol wel FFole]
ZEA AR 71AS Adliske B¢ 29
el olZEEAle] o] AslEs FoR F5y]
Tgk Fgole] AR e A& U8 vsl laEeu
k82 BollM A AL, Aspergillus flavus7t T2 B
A HAEE, ol FetEAl HaAe RET AA AE,

o9
H

=
o

ye

R
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**AFB2; aflatoxinB2, ***AFG1; aflatoxinG1, ****AFG2; aflatoxinG2.

ol FF9 7™M E 525 AA Ashs Fo= B
o] T} (Rizzo et al., 2004).

Aokt olFElEAle] 2 HAE+= Table 33+ 2th.

18FE 5 oFZEEAl G29] A&l 7P EUd Aok
2 AYAE 1571 5 74 (46.7%)°] AEEJeH, ofZetE
21 Bl, B2 ¥ G19] AE&°] =35 Aok AX2A BIZ
B2E 7ZH2} 137 (61.9%), G12 217 % 87 (38.1%)°] 7
ZHAT 3k 3 TR oFEEEA 54U AEE AIRY
o] EAlel The F/E oFEEEAl S4% HEH, o
2] TR FEold T4 LHE AoE FFEH, Santos 5
o] A} AN kg2 E| 271A] o] FFol7t BA
o] 95lo] glom, o]F oF 87%7} 3~4%F2] FFolol| FA|
of 0¥E Ao HAH vl It} (Santos ef al., 2009).

EG OREEA B4 7 F BA Y oY 15
Aokl 7z, w9, WA, WY, 949 A9 The okg
g0 Fgolol 9@ 09 ¥ ohEeEAl B2l Aol B
o S Ao FHHh ofe] Fgo] Hael 9@ WX
2 S0 4% BRE YO, FHoISLe HAZ AT
el gsiel F7H & ol we Felg aw o

(Speijer and Speijers, 2004), FA| A T FFolFHa
87158 o} ZelE4l BloEy AAEe] =dl, &5 53
ol54 7IE ARA thE FBel5LY F8TIERE A EH

oF & oz Az



OIS - ZoiM - SBEH - Siohs - &1 o - Uske - URY - 2l

[==

Table 4. Detection range of aflatoxins in herb medicines (zg/kg).

Type of Medicines AFB1* AFB2** AFGT*** AFG2**x*
Glycyrrhizae Radix et Rhizoma 0.1~5.2 0.1~2.3 0.2~3.5 0.1~0.7
Cassiae Semen 0.1~2.3 0.3~42.6 1.8~5.4 0.2~0.7
Trichosanthis Semen 0.2~1.6 0.1~1.9 0.2~1.5 0.2~3.0
Testudinis plastrum 0.2 - - -
Chaenomelis fructus 0.1~0.9 0.1~1.6 0.2~0.2 0.1~0.2
Persicae Semen 0.1~0.9 0.1~0.3 0.4 0.1~9.5
Pinelliae Tuber 0.1~0.3 - - -
Thujae Semen 1.9~48.5 0.1~8.0 0.2~1.9 0.4
Dollichoris Semen 0.2 0.1 0.2~0.2 -
Arecae Semen 0.6~34.8 0.1~4.0 1.0~12.7 1.5~2.0
Zizyphi Semen 0.2~57.2 0.3~16.8 - 0.3
Nulumbinis Semen 0.1~10.6 0.1~0.3 - 0.1
Curcumae Radix 0.1~7.3 0.1~1.2 0.2~1.5 0.1~0.2
Polygalae Radlix 0.2~21.1 0.1~0.8 0.2~23.5 0.1~2.8
Myristicae Semen 0.3~16.3 0.1~1.1 4.0 0.1~3.3
Armeniacae Semen 0.1~34.2 0.1~18.8 0.2 0.1
Carthamiflos 0.1~2.9 1.3 - 0.1
Hoveniae Semen Cum Fructus - 0.1~0.6 - -

*AFB1; aflatoxinB1, **AFB2; aflatoxinB2, ***AFG1; aflatoxinG1, ****AFG2; aflatoxinG2.

Table 5. Imported countries of herb medicines (case).

Type of Medicines China Indonesia ~ South Africa  Vetnam Korea Others Total
Glycyrrhizae Radix et Rhizoma 34 2 36
Cassiae Semen 1 12 2 15
Trichosanthis Semen 8 8
Testudinis plastrum 2 2
Chaenomelis fructus 2 22 1 25
Persicae Semen 21 21
Pinelliae Tuber 10 10
Thujae Semen 14 14
Dollichoris Semen 6 6
Arecae Semen 11 33 44
Zizyphi Semen 9 8 17
Nulumbinis Semen 2 15 17
Curcumae Radix 5 1 5 11
Polygalae Radlix 23 23
Myristicae Semen 2 7 1 10
Armeniacae Semen 24 4 1 29
Carthamiflos 9 9
Hoveniae Semen Cum Fructus 4 1 5

Total 163 42 26 16 34 21 302

ok  ofZahEAS] 9 FL Tuble 49} 7row, Ak

ANE9 99F FFEL o}ZEEAl Bl 0.1-5

72 pgkg, B2

0.1~42.6 pg/kg, OFZTFEA GI1& 0.1~23.5 uglkg, olZakEAl

G2= 0.1-9.5 pg/kgO & ol ZalEal Eao] 7
>Gl>G2o £o2 Yehitt.

9o B1>B2
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A el Aok & gelsd oFEEREAl Bl) 71E
10 ug/kg s 233 F5-2 267 (8.6%)1NeH, 7S =3}
g FEL uixlel 127 F 67 (50.0%), RlFEA 4274 F 11
A (262%), A 257 F 47 (16.0%), A= 174 & 2
A (11.8%), 57 104 17 (10.0%), A5 184 & 11
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(5.6%), YA 2174 F 17 (4.8%)°1ATt.

ZAFE Aoke] 9AAE Table 59} 7hom, Sjat AJefo)
357, 5202F AJeke 26740} YHE Ak 2674 = =
oA FAE Aeke] 1637 (61.0%)0-2 Fhiks o 2de] L,
AwdAopE 4271 (15.7%), BolZe)7bh 2671 (9.8%)1 AL
FAE Aoke] T FRoM FIENCY, B3 Hol

27}, WEgRE AryAlof, dAxS-S HEROA F2 Y
S}, 53] golzelzh, Qlmu|Alol, MEY Sollx Aate

HOFEE A7 B B YT S} B 2 U A

et 37 &2, F& A T2 Tl oot 2ol o
o] gol& Zog FZHr} (Peterson et al., 2001; Hell et
al., 2003; Fandohan et al., 2000).

o] 75 F8AE2 284 YEE AFs Hxs)
= H8E AXEd, A7 S FBolo] 29 At
3k WA ofste] A ow @ Gum, A7 wEt
o] ] »]— HAEol 92 F1 (Hell et al., 2009),
FHe B ZF 93 7FeA=E o] (Chourasia, 1995;

Lamboni and Hell 2009), °]E9] E# 2 {50 ¥ B2

o7k F et

S OiEe] FEolEAE Allehe FBOIES 12-13%
o] vk FE M= A 4 Slof, oF82lEe] B
We Fol2 Ha7 31 (Aziz et al., 1998), 7F4 7|5
#e ysfjof s, E71%F 4= MAP (modified atmo-

sphere packaging)olU A-2ol|A FF EAsle] HAsof 2
Aolt}h (Saleemullah ef al., 2006). WP k&2 ES2 )
oA ZHlE w7bA] 3gole] o] HAastE s FA3 &
27t ded Zlo g Al

T3k A A3 Aok F olEEEAl Bl 0]9]d SA4%

FAlol AZEEo] A olFEkEA §871FS oEEEAl Bl
W olZehEl B2, G B G2ze] S A4 9 FolEet

EA419] 5871Ee] AR Eolof s, 5]87]Ee] AAE Aok
1955 9lo] th& thiH] AGER o FgtEAl 2¥e] F7t
ZALE Fote] AE 58710 A Eolol d Zog A7t
Hoh
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