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ABSTRACT - This study was performed to investigate contamination levels of aflatoxins, the secondary metab-
olites produced by fungi 4spergillus flavus and A. parasiticus, in herbal medicine. Herbs is susceptible to these fungi
infections through its growth harvest, transport and storage. This study determine the aflatoxin B, B,, G, and G, levels
by HPLC-florescence detector coupled with photochemical enhancement in 558 samples herbal medicine distributed
in Korea and China. Also, We checked a transfer ratio of aflatoxins from raw herbal medicines to herbal medicine
extract. Hot water extraction of herbal medicines was prepared by air pressure and high pressure condition. The ana-
lytical method for aflatoxins was validated in this method. In results recoveries of the analytical method were ranged
from 67.4% to 96.2% and, limits of detection and quantitation for aflatoxins were 0.015~0.138 pg/kg and 0.046~
0.418 ug/kg, respectively. According to the results of monitoring on aflatoxins in herbal medicine, aflatoxins 1.7 ug/
kg B, and 0.9 ug/kg G, were detected in only one sample of Strychni Ignatii Semen, and 0.8 ug’kg G, in Strychni
Semen. About 13.6~51.3% of aflatoxins were transferred to hot water extract. Although the detected levels are under
the permitted levels for aflatoxins in herbal medicine, these amounts should be considered in regard to overall daily

exposure to mycotoxins.

Key words: mycotoxin, aflatoxin, herbal medicines, monitoring, HPLC

Tl E 2 (mycotoxin)E w80 7F WA= 23} TiAMAE
%E "'54%1477}%1 FZ7F 982 AL 300~40009 Fo=, A
F 2 2 48X EA7} H= A2 aflatoxin, ochratoxin,
patuhn, fumonisin, deoxynivalenol, nivalenol, zearalenone
5ol Aok FFo] EhE EALS Ushls 7|3 wat
ZHA| L5 Ax(hepatotoxin), 2174 (nephrotoxin), 217354
(neurotoxin) ¥ HYE 2 (immunotoxin)E UFo] 2t} o]
%, oFEFEEAl(Aflatoxin)yS 7Holl F g2l FgS n A

}OL*CL dole ZHNEELRE FASAT ’\(International
Agency for Research on Cancer, IARC)oI A Q1A 2-ot&2
group 12 FR/38L Itk AF 9 FAED sty <
743 FFEOA 7P WA EAS JEhE E42

Aspergillus. flavus R Aspergillus. parasiticus 52 A5

*Correspondence to: Dae Hyun Cho, Hazard Substances Analysis
Division, Gyeongin Regional Korea Food & Drug Administration,
217 Juanyeok-Gil, Nam-Gu, Incheon 402-835, Korea

Tel: 82-32-450-3251, Fax: 82-32-429-3388

E-mail: dhchoO5@korea.kr

315

o os) AAMET FE L% 28~30°C, AHEE 80~85%
79 2ot Uiy obdiA A 2 A=
FEA AZAA A7) A 7L EEEETE
Z ARG, B, 4, v, 91, 55 5 grsE §
Fo| £ 7]dAA & AHE AR dEHA Y.
OFFEIEAIL 757 ool HAIEG dom, AFE
M dutE o ofFEtEAl B, ¥ £ ol FTHEA o
tel Zkzt 5ppb, 10 ppb7t 7 HASI3, BUE 2ppb,
4ppbE AL P, fEvEhs ofEEtEAl Bl o
Mgk 2AF 2 FEL 10 ppb, AHE tHEiA = 50 ppb
o]tz FASI Ao, 20098 3YRE AF
o}ZFHEAE 15 ppb ©J3tE THS ﬂi}o}ﬁit}@
Aeke A& FE BEo HAAMES A= Ee Ut
ste] AW Tl ARSIl o, 73_7&71%@‘%4 el
2 o]&HI|% d} olE A% R Jigd ARV
E2 NAXLE 7 Eo} VEHETFAHLE AviE R
Jov £3), fEvtet 3heF MRk titkers ghefel] tf

9 A% FEHCR Qska itk Akl Hie £a

o)

= &

G

H ki ol



316 Seung Young Park, Hyun Ju Moon, Soo Yeul Cho, Jun Gu Lee, Hwa Mi Lee, Ji Young Song, Ok Sun Cho, and Dae Hyun Cho

7F S7gel wat, 3ol ML BlnA GpA|ek A7 £
g £ Aol ] FE9] 70~80%S A E UTh.

drstEelu ARA RS 75 - AR Foll 23]
299 o] o, o} FHEAS HESH 4F FHo] 5
A9 A7t F8% EAZE UFESHI Atk EUAE A
ofol] thsle] oFEEEA B 5 ppb, ¥ oFEEHEA1 10 ppb
olatZ #H L Ut A Folde Ay o} ETE
A 718 74 AL 98 163 E20) BE 2UEE
TE FePste] g9 2 200637 20073 2] QoA
113 F55 ZUEYS 2H4E viges 1988 (HE, 2
BAE, =41, wkel, WAl Wiga), AR, 9%, £33} &
R, A, B3 WAHE AAE, £F, 57, A7A, 9
7, W] oo thste] o}EEFEAl BS 10 pgkgol st
2 AARHATD, 28 oisk oA 2 oiskerAe] Aok
TA- 555 de AFY FF7F 500 EE o)y
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A= HH
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B2 7EIQ9oH A A EE Table 13 2t oA A
BEE #53AE AX IFoZ Ad AW A AR
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Algo) AMERE EFEEL ol Z e EAEF (Aflatoxin Mix
varied in benzene: acetonitrile(98:2), Supelco)>.Z B,, B,,
G, G7F 3 A& AM3lgon o= veg(HPLC
grade, Burdick & Jackson, Seoul, Korea), ¢}+|EUEZ
(acetonitrile, HPLC grade, Burdic & Jackson)®] AF&%%13,
A& A2l et o] Fdel AHEHE BL &S ARSI
o} oFEEEAl W32 (Immuno affinity column)&
Afla Test™ WB (VICAM)E A&-3}3ith,

| Homogenized Sample 5 g J
{

Extraction with 70% methanol 50 mL by
ultrasonification for 30 min

2

| Filtration (Whatman No. 1) [
2

’ Dilution of filtrate 10 mL with D.W 40 mL J
2

Apply 10 mL mixture solution on top of
immunoaffinity column (1 drop/sec)

\

| Elute 2 mL Methanol |
A

| Dilution of eluent with 3 mL D.W |
\

[ HPLC-FLD analysis |

Fig. 1. Scheme of sample preparation for analysis of total afla-
toxin in herbal medicine.
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Table L. The regional list of collecting samples used for analysis

Scientific Name Korea China

SO ¢® 6P D  BY® CBP cxo @
Euryale Seed 2 2 2 2 2 1 1 12
Pharbitis Seed 2 2 2 2 2 1 1 12
Allituberosi Semen 2 3 2 2 2 1 1 13
Citriunshiu Semen 3 1 2 2 1 1 1 11
Impatientis 2 1 2 1 2 1 1 10
Momordicae Semen 3 1 1 2 1 1 1 10
Strychni Ignatii Semen 2 1 2 2 1 0 0 8
Torreyae Semen 3 1 2 2 3 1 1 13
Astragali Semen 3 1 2 1 2 1 1 11
Seed Euphorbiae Lathyridis Semen 3 1 2 2 2 1 0 11
Lini Semen 3 2 2 0 2 1 1 11
Perillae Semen 2 3 1 2 2 1 1 12
Phaseoli Angularis Semen 3 2 2 2 2 1 1 13
Drabae Semen 3 1 2 1 2 1 1 1
Celosiae Semen 3 1 2 2 2 1 1 12
Leonuri Semen 3 1 1 2 2 1 1 11
Pini Koraiensis 2 1 1 2 2 1 0 9
Trigonellae Semen 3 1 2 2 2 1 1 12
Strychni Semen 3 0 2 2 1 1 1 10
Euphorbia kansui 2 1 2 2 3 1 1 12
Sophora Root 2 3 3 2 2 1 1 14
Sinomenium Stem and Rhizom 2 3 2 2 2 0 0 11
Kaempferiae Rhizoma 0 1 3 1 1 1 1 8
Cremastrae Tuber 2 1 1 2 2 0 0 8
Phytolaccae Radix 3 1 1 3 2 1 1 12
Root Mulberry Root Bark 2 3 2 3 2 1 1 14
Curcumae Rhizoma 2 2 2 2 2 1 1 12
Polygonatiodorati Rhizoma 2 3 2 2 2 1 1 13
Gypsophilae 2 1 2 2 2 1 1 11
Lithospermum Root 2 3 2 2 2 1 1 13
Rhei Undulatai Rhizoma 2 3 2 2 1 0 0 10
Lycium Root Bark 2 2 2 2 2 1 1 12
Isatidis Radix 3 1 2 2 2 1 1 12
Liguidambaris Fructus 3 1 2 i 2 1 i 11
Luffae Fructus Retinervus 3 1 2 2 2 1 1 12
Mori Fructus 2 1 2 2 2 1 0 10
Ligustri Fructus 2 2 2 2 2 1 1 12
Rosae Fructus 3 i 2 2 2 0 0 10
Fruit Akebiae Fructus 3 1 1 1 1 1 1 9
Broussonetiae Fructus 4 1 2 2 2 1 1 13
Gleditsiae Fructus 3 1 0 2 2 1 1 10
Meliae Fructus 2 2 2 2 2 1 1 12
Cubebae Fructus 2 1 2 0 2 1 1 9
Carpesii Fructus 1 1 1 2 1 0 0 6
Melonis Pedicellus 3 1 2 2 2 0 1 11
Akebige Caulis 2 1 2 2 2 0 0 9
Viscum album L 2 2 2 3 2 1 1 13
Other .
Cynomorii Herba 2 2 2 2 2 1 1 12
Ganoderma 3 1 2 2 3 1 1 13
Leonurus Herb 2 2 2 2 2 1 1 12

Total 558
(1) Seoul, (2) Chungcheong (Geumsan, Jecheon), (3) Gwangju, (4) Daegu, (5) Busan, (6) Beijing, (7) Xi-an
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Table 2. HPLC operating conditions for analysis of aflatoxins Ao XA AT 2 F 33} 255 100mLE 7)yele] B
Parameters Conditions E(171%, 100°0) ¢ (1.271Y, 121°0) 2 A0 A 2zt
Nanospace 1 System A7 3083 INZHESL 7Sl B A AT,

Instrument . . - - =
(Shiseido, Japan) ZAY FdL Watman No.12E oF3te] ZAYsE &

Detector FLD (Em : 345, Ex: 456) o}lZatEA AA T HHL A HPLC-FLDE 24)3kgch.

Capcell pak-C,,

Column (5 pm, 4.5 mm x 250 mm)
Mobile phase ACN:MeOH:D.W=2:3:6 A3 Y 0%
Flow rate 1.0 ml/min
Injection volume 20 ul &3, HEgotA 9l 34
Column oven temperate _ 40°C AEHAG AFHAE signal/noise ¥1&-2 242} 33 10
o2 3l A&3lgT 2 A= Table 49 7}, o} =&}
BH X5 A] olEHEA o|PE B4 BAY i 34es SR A8l 2R,

AFE ooz 2A) A o1BFEA) oD ofs
SE AEE dotnA g ke SUEY BAE  ppk 4. Limit of detection (LOD) and Limit of quantification
| H

st HEZ XAAF3HT RUEHY A3 ofZgEA (LOQ) of aflatoxins
o] 7‘5!_%5] A G HFE gge= %"-‘! ZAA] FBol = LOD( pg/kg) LOQ( pg/kg)
& OlYES T 22 RO Adsigrt. 94 A Aflatoxin B, 0.138 0418
B 10g & ATt ol EgEA £3UB,: B, G G,=1: Aflatoxin B, 0.015 0.046
0.28: 0.94: 0.28)% o}IETEA BIIEoE AsEs 1% Aflatoxin G, 0.033 0.100
2 Z47F 2, 10 ugkgl 2 LEAIZ F 2447 B9 ¢ Aflatoxin G, 0.043 0.133
Table 3. LC/MS/MS operating conditions for analysis of aflatoxins
Instrument Parameters Conditions
Column Shiseido Capcell pak-C18 (5 um, 4.5 mm x 150 mm)
A:10mM ammonium formate 0.1% formic acid
B: ACN
Gradient condition
time (min) A(%) B(%)
0 80 20
mobile phase 2 80 20
HPLC 3 30 70
6 0 100
7.5 0 100
8 80 20
10 80 20
Flow rate 0.2 mL/min
Injection volumn 2.0ul
lonization mode ESI, positive mode
Detection Q1 Q3 DPV
285.1
Aflatoxin B1 313.0 269.1 100
287.1
LC/MS/MS _ 2872
Aflatoxin B2 315.10 259.2 100
243.1
. 200.1
Aflatoxin G1 329.1 2432 100
. 245.2
Aflatoxin G2 331.13 25710 100
Ion spray voltage 4500 eV

YDeclustering potential



Table 5. Recoveries of aflatoxins in various herbal medicines
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Seed (Euryale Seed) Root (Sophora Root) Fruit (Ligustri Fructus) Etc. (Visci Herba)
Aflatoxin B, 79.8 £8.1 82.7+£3.0 723+54 67.4+1.9
Aflatoxin B, 90.2+4.6 962+29 76.9+£6.3 742+32
Aflatoxin G, 87.5+6.3 85.0+4.0 703+ 0.8 74.9+6.3
Aflatoxin G, 76.7+3.7 81.9+1.6 71352 72.7+4.1

B2 (7)), Qui(e1ZA), 7IENF714) Ao m 7R3l
STk 2t AR 5 gl ol ZEEAl B2 71FE2E 10 ny
kgo] HEE TPFFEN(FEEHEA B B, G: G, 5%
H) =1: 0.28: 0.94: 028)% 718t 1217 X8 & A
Wgo] we} 33 wkE Ao 2 A3 Table 59
2t ol ETEAY FFEe FAYAS 7oA 76.8~
90.2%, el YRl 7oA 81.9~96.2%, Al o
AL 703~76.9%, 71EMF L7IKA 67.4~74.9%2]
58S BT

olEZEL BUER dt

U FE5AL 474 MBS 2 FEAY 83 Al BN
© oFEEEAle] HAEHRA &Y FW 5T 2 AIB
ANx olFEELC] AEEHUY. ofEEtEN0] A&H A

Table 6. Levels of aflatoxins herbal medicine detected in sample

Strychni Ignatii

BEE BF S0l ow, B (Srrychni Ignatii Semen)
AME olEFetE4l B, Gol 22 1.7 ug/ke, 0.9 ugkg, &
u)7H(Strychni Semen)o| A= oFEFEHEAl Go] 0.8 ng/kg A
Z 5| ATH(Table 6). AofllX AZEE ofF2EAL <A
gL LOMSMSE Al Hem 1 Ad= Fig 2%
39 vrepdoh @A Aoke] F@olEA §&7|F0] oFF
22 B, 10.0 pgkg °l3YS T & o 7% o|ate
Aztoltt. HEH AEQ Fok AFHo] o Y A7)
2 29 oo Ui AEE 4E T fUTh
opZEtEAle] HAEH A BT FTAAYSF o]l eH, o]
£ olZEERle] FE FAF AodlA AEdHoe oA

AT AR} FASITH.

ofEa}=EN o|¥E 2

BEo) ol ZHEANS AT Hvlsld o|yEE FA
3 Az gEz7del] BARle] oFEEEA®B, B, G, G)=
AEHA G, LEER A7 godA o 54 o

Semen(RT)  Sryehni Semen(&¥|7}) §E-2 Table 734 2} 74 AolA ol&25A B, B,
: * 7}z 39%7} oldlo 7 = 71z .
Aflatoxin B, 1.7 N.D. 7t zkzt 44?, 51.3% tz 18o] 5491»!-; G, sze—f—]‘ 15.7,
Aflatoxin B, "N.D. "N.D. 13.6%7F ojso] oFEEEA B 2Fe] G 2§ By ¢
Aflatoxin G, 0.9 0.8 2 olPES Btk 4¥€E UM Afole B, B7F 7
Aflatoxin G, 'N.D. 'N.D. 7y 225, 30.6%7F ool =AU, G, GE A7 % 16,
"N.D.(Not detected) 14%7} o3 = o} B9k 2713} o] of&etEAl BaF0
<a) B xc of +MRM (10 paits) 313.1/285.1 Da [0 AFB1 1 from Samgp... Whax. 298 cps. B4R (0 paits: 5704 min from Sample 3 (STD_20pk) of Re... Max. 298 ¢ps.
28 [T |
© 206 © 208 1
] 0
: :
‘_E 1.0e5 E 1065 H
19 20 36 40 &0 60 o 80 4f 313.1/286.4 342442 313402604
Time, min Q4423 Masses, Da
(b) L JIC of +MRM (0 paiiy 313.11286.1 Da (D: AFB1 1 flom Sam... Wax. 60800 eps. | +MRM (10 paire). 5.704 min from Sample 26 (0-3-18) of Reser... Max. 7400 eps.
574
o AFBY |
oG
i 400 :
2 c o
g g
£ E om
LGN
; G.ID 2?0 B,ID 4?0 5‘11) &'0 7,,0 8'0 970 v 313,1}285,1 313.1}241.2 313.1;‘259,1

Time, min

Q103 Masses, D3

Fig. 2. MS spectra of (a) aflatoxin B, standard and (b) Strychni Ignatii Semen by LC/MS/MS.



320 Seung Young Park, Hyun Ju Moon, Soo Yeul Cho, Jun Gu Lee, Hwa Mi Lee, Ji Young Song, Ok Sun Cho, and Dae Hyun Cho
(a) N XIC of tMRM (10 pais): 320.17200.4 Da iD: AF61 1 from Samp.. Max. 7 4ad ops. I +MRM (10 paiis 5622 min from Sample 3 (STD_20pt) of Re... ax 1765 ops.
1865
15 AF6t 156
£ 108 s 4 108
g ' 8
E som € 5w |
0op Ty r 1 T T T g ) ! t
9 20 3} 4 5 B T8 B0 4D 32002001 32042432
Time, mis 04103 Masses, Da
(b) L XIC of tWRM {10 paing: 320.41200.1 Da [D: AFG1 4 from Samp... Max. 880.0 tps. N +MRM (10 paits): 5,622 min from Sample 26 (2-3-48) of Reser... Wax 700 s
2000 g
‘ AFGt | W
g i §
3 400
g k4 g
£ L
101, 130 23, 314, 380 410 559, 70 68 740 g0 915078
— T ¥ : t t
1) U 20 3.0 4.0 5JJ 80 70 80 20 328.1200.1 32612432
Time, min 04103 Masses, Da
(C) n XIC of $MRM (10 pairsy 320.1/200.1 Da D: AFG1 1 fiom Samp.., Max. 68B.0 eps. n +MRM (10 pairs} 5522 min flom Sampie 23(6-356) of Rese... Max 12400 ws.
1500
1 AFG1 00
E ow g o
d g i o—t }
10 20 &0 40 50 60 6 B0 80 328122001 JAIRR2
Time, min 103 Masses, Dz

Fig. 3. MS spectra of (a) aflatoxin G, standard, (b) Strychni Ignatii Semen and (c) Strychni Semen by LC/MS/MS.

Table 7. Extraction ratio of aflatoxins from Strychni Ignatii Semen spiked aflatoxins

Aflatoxin B, Aflatoxin B, Aflatoxin G, Aflatoxin G,
Pressure
ngkg % ng/kg % ngkg % ng/kgg %
Air 43+03 44876 1.6+0.2 513+64 1.6+ 0.5 15.7£53 04+0.1 13.6+4.3
High 22402 233+1.6 0.6+0.0 19.4+1.0 N.D. - N.D. -
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DA 5 59 A 508529 558N BE FAFAC
2A8 A E2x BSAANE AR AP A5 AR5
Aol AHESET) okEHEA BN AEE 70% W
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=5t X (PHRED)’} 422 HPLC-FLDZ #4131
o olEEhEAl #AE fE AEHE AEelgnh 2 2
# A=A BFRHAE ZH 0.015~0.138 pg/kg, 0.046~
0.418 pgkegd o 382 67.4-962%= JERGTH A=
g AEHeE S 394 /5 5 kS e
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