A 3] A
Kor. J. Pharmacogn. 53(3): 162 ~ 169 (2022)
https://doi.org/10.22889/KJP.2022.53.3.162

o o

= = o = (=) = =z O
MBEAIE 0/S3 AU L 5 ABY AEuUzol
=151 = al ol 1L
20|54 24 & ffsid "ot
A2 - DA - FMOY - U0l - FAT - BHE - FMF - XY - UF
HEARABANTR SRR

Analysis of Multi-class Mycotoxins and Risk Assessment in Edible
and Medicinal Plants by LC-MS/MS
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Abstract — This study investigated the mycotoxins (aflatoxin B,, B,, G,, G,, fumonisin B,, B,, ochratoxin A and zearalenone)
contained in edible and medicinal plants in Seoul Yangnyeong market during 2020-2021. We analyzed contamination of myco-
toxins using LC-MS/MS and evaluated risk assessment. The method was validated by assessing matrix effects, linearity, limit
of detection (LOD), limit of quantification(LOQ) and recovery. Matrix-matched standard calibration was used for calibration
curves showed good linearity (*>0.999). The LOD, LOQ and recovery were 0.01-0.23 pg/kg, 0.04-0.71 ug/kg and 75.5-
117.9% respectively. Mycotoxins were detected in 22 of 171 samples; aflatoxin B, (6.66 pg/kg), fumonisin (7.54-64.68 ng/kg),
ochratoxin A (4.21-10.56 pg/kg) and zearalenone (7.31-60.76 pg/kg). In the risk assessment, the MOE (Margine of Exposure)
of aflatoxin B, and ochratoxin A were in the range of 1.48x10°-2.36x10°. No items exceeded 100% in %TDI (Tolerable Daily

Intake) of fumonisin (B,+B,) and zearalenone.

Keywords — Edible and medicinal plants, Mycotoxins, LC-MS/MS
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HEEE % MY -oF=254] B, B, G, G, F=EYA!
B,, B, ¥ 23254l A(Romer, USA), A2 +=-2(Sigma-
Aldrich, USA)E ¥FE 02 ARESISI T Methanol, water,
formic acid(Fisher Scientific, USA)A}, ammonium formate
(Sigma-Aldrich, USA) acetonitrilJ.T Baker, USA)= A}-&
sttt f2]4d frod 2] (Wathman GF/A, Wathman TM,
UK)E AME3lo] Al8E o3} 61993, IAVISE4 9 (Isolute,
Biotage, UK)E AR&-3te] A 2] a1t

BM717] - 7171%29& ThermoFisher scientific Vanquish2}
TSQ-ALTIS Triple Quadruple Mass Spectrometer(ThermoFisher
scientific, USAYE 1743t 2418151 0m, £-41 2712 Table 11,
Table 1=} 72T}

Table II. Analytical conditions of LC-MS/MS for mycotoxins
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Table I. List of edible and medicinal plants for monitoring
of mycotoxins

Clsssification Name of samples No. of
by used part samples

Amomi Fructus 6
Corni Fructus 16
Crataegi Fructus 20

Fructus Garfi.eniae Fructus 12
Lycii Fructus 14
Rubi Fructus 11
Schisandrae Fructus 14
Sophorae Fructus 4
Atractylodis Rhizoma Alba
Cnidii Rhizoma 11

Rhizoma Dioscorfiae Rh.izoma
Gastrodiae Rhizoma
Liriope Tuber 22
Zingiberis Rhizoma 6
Cuscutae Semen

Semen Nelumbinis Semen
Zizyphi Semen

Total 171

AlZ M2 - 2E3d A8 UukAd, 9 2% F fa)
4 AP, 92 #30]54. 929 olZEHE2 (B, B, G,
G,), 2AFEA A, AlFE=, FEUA(B,, B,) AR
et A 55 A ST

=M RS HE - £ 43¢ §8432 CODEX CAC/
GL-71 7to]= 193} 2Fo ki g riele] ok &
Al gl 7hel= 2112015 ZAE Y3t
ATt v & & I (matrix effect), 241 (linearity), 7 & S+

Devices Parameters Conditions
Column Hypersil GOLD™ (100 x 2.1 mm, 1.9 p)
. (A) 0.1 mM Ammonium formate 0.1% formic acid in Distilled water
Mobile Phase . . S
(B) 0.1 mM Ammonium formate 0.1% formic acid in Methanol
HPLC . Time (min) 0 1 6 7 7.5 11
Gradient
Solvent A (%) 70 70 20 20 70 70
Flow rate 0.3 ml/min
Injection volume 2l
ESI (electro-spray ionization) Positive, Negative
Pos Ton Spray Voltage (V 3800
MS/MS pray ge (V)
Neg Ion Spray Voltage (V) 3500

Vaporizer Temp. (C)

350
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Table III. LC/MS-MS parameters for mycotoxins determination
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Type of Polarity Precursor ion Product ion
mycotoxins (m/z) Quantifier (m/z) Collision Energy (V) Qualifier (m/z) Collision Energy (V)

AFB," + 313.0 285.0 23 241.0 41

AFB,” + 315.1 287.1 27 259.1 31

AFG? + 329.1 243.1 28 311.0 23

AFG,? + 331.1 313.1 25 245.0 31
FUMB,” + 722.4 334.3 40 3523 39
FUMB,® + 706.4 336.3 38 3183 39

OTA? + 403.9 238.9 24 220.9 38

ZEAY - 317.1 175.1 24 130.8 28

Daflatoxin B,, ?aflatoxin B,, Yaflatoxin G,, ¥aflatoxin G,, “fumonisine B,, ®fumonisine B,, ”ochratoxin A, ¥zearalenone

(LOD, Limit of Detection), 7 ZF$A(LOQ, Limit of
Quantification), &g (accuracy), d 2~ (precision)2 37}
IR, A g Ih= 69l F=9] solvent standard®} matrix
matched standards A8-3to] ERR15H3AT

Az Al 859 r8ol5art ASEA] 2
R, 24T, SAF 2] EEFEQ FA [ )
ZH(Lycii Fructus), <73 2] 4FeK(Dioscoreae Rhizoma), &
A2l AR (Nelumbinis Semen)oll 65H4] =71 H ==
F8AS Hrlsle] 53] vHE AE st Aedat 4
d T3 85| FEolsATE AEEA & R, 2,
A ZH2be] dEEE) HE w7t o EgEAl B, G2
1.0 pg/ke, 3.0 pgkg, 8.0 pugkg, °FEEHEAl B, Gi= 0.25 pg/
kg, 0.75 ug/kg, 2.0 ugkg, FEUAl B, B, 2F21=4l A9}
A D=8 2.0 pg/ke, 6.0 pgkg, 16.0 pgkg F50] HE=
FEHS 7heted 33] vkg AE - 39E(recovery)T &
% =HAKHRSD, Relative Standard Deviation)2 Al4FsFATH

ISHAEIL — 2 Folokgd7de] JAAAEAIE S8l
3 7t FEAA (2019219} FFolEA QlEH 7t B
(202120 whe} o} ZeHEAl B, FEUZI(B,, B, &), &
FEA1 A B AgE=e] S-S kst =& Y 3
7he F3ol5A 09, I 58%H W4 Al 55 &
Sslolth. I 5832 deFehe 7l v AR RE

oF A3 g SHAMPE Fsl9 L, Bt AFS 66.55kgS
Ag STk S e A B4 AR F Aol A&
HA] EHEE AT

LAEA Ax TS HEREVEE flei S Brtst
Ao, Aol efEebdAe] =) A= I 2020
9 A B R Eedol gk 54 AlERke] Al
Al A o} ZEHEAl B 2o] frEA deled 24 W)
/3 &Fol YlthaL 7HaltE? ) o AebEAl A9 A
ofd AZge WA EA A& BMDL,(Benchmark Dose
Lower Confidence Limit) 14.9 ug/kg b.w/day, o}Z2t541

B8] ZHI2 SFF A EAAIZRE BMDL, 0.37 pg/kg b.w/
dayS 285l =E2 9 (MOE, Margin of Exposure)©- 2
SJal 7S Bk 2

FRUA AgEe=S voes odede] vidted
=, AFo kPR oA AR S Al=Ee )
o] AAUHZF3HAZH(TDI, Tolerable Daily Intake) 1.65 pg/kg
b.w/day, 0.4 pg/kg b.w/day= ZH2t vlwsle] L8l S 33
7k

BMDL,, (Benchmark Does Lower Confidence Limit,

pg/kg b.w/day)

MOE =
Estimated daily intake (EDI, pg/kg b.w/day)

%TDI Estimated daily intake (EDI, pg/kg b.w/day) 100
= X
’ Tolerable daily intake (TDI, pg/kg b.w/day)

I
=l

f S OFE
M F8M HE - 24 A= viFY IS FHas)e)
7] A8l FBol5a 8% A BA ] (matrix matched
calibration)& ZHJst3iTh. oF&2tE4l B, G 0.25-10.0
ug/L, oFEEE41 B, G 0.06-2.5 pg/L, F2UAl B, B,
2 A= A9 AlZE =2 0.5-20.0 pg/L WA el
I IL(Fig. 1), 2% A4 (Determination coefficient, 1*)+=
BT 0999 oo R et 24S YERNITK(Table 1V).
A E3-= Table IV} 72o] F7|ztel|A] ol ZetE4l3t
A =0 o] x| aHE HGow, ihekat AAS-
mjZe] J3Fe Holx] ee Ao s Yyttt v d Z 7o
A= SANTE 710]= 2]2127014 AAIZE ME(%)<+20 =
A& Farsisinh
3= 0.01-0.23 pgkg, A FSHA= 0.04-0.71 pg/ke
WA= 7HzF YEeRfo] Yang®o] B3k W9 wn) Yokt

(Table V). 3FE&2 75.5-117.9%, dHNETHAE 03-92%
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Fig. 1. LC-MS/MS chromatograms of mycotoxins in the standard solutions: AFB, and AFG, 10 pg/L; AFB, and AFG, 2.5 pg/L;
FUMB,, FUMB,, OTA and ZEA 20 pg/L.
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Table IV. Matrix-effect (ME) and Determination coefficient (1*)
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Type of mycotoxins Representative matrix Determination coefficient(r?) ME(%)"

Lycii fructus 0.9999 -35.5

AFB, Dioscoreae Rhizoma 0.9998 -6.7
Nelumbinis semen 0.9998 -2.6

Lycii fructus 0.9996 -28.7

AFB, Dioscoreae Rhizoma 0.9998 -0.9
Nelumbinis semen 1.0000 3.8

Lycii fructus 0.9999 -21.6

AFG, Dioscoreae Rhizoma 0.9995 -16.1
Nelumbinis semen 0.9998 -1.2

Lycii fructus 0.9998 -20.5

AFG, Dioscoreae Rhizoma 0.9994 -1.0
Nelumbinis semen 0.9997 8.8

Lycii fructus 0.9996 -17.3

FUMB, Dioscoreae Rhizoma 0.9999 215
Nelumbinis semen 0.9999 7.5

Lycii fructus 0.9997 9.1

FUMB, Dioscoreae Rhizoma 0.9995 0.0
Nelumbinis semen 0.9996 16.5

Lycii fructus 0.9996 -7.0

OTA Dioscoreae Rhizoma 0.9995 7.3
Nelumbinis semen 0.9999 -0.8

Lycii fructus 0.9995 -37.8

ZEA Dioscoreae Rhizoma 0.9993 -5.3
Nelumbinis semen 0.9999 -2.7

YME(%) = (slope of matrix matched standard-slope of solvent standard) x 100/slope of solvent standard

RS ZHF Yeifo] EC 7iol= RIPeA AAjet 348

E 91 B,
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Table V. LOD, LOQ and recovery of mycotoxins
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3)(0 4)
m;zg fo;iils Representative matrix LODY (ug/kg) LOQ? (ng/kg) Tow Recovlevrl};d(i:;)li RSD High

Dioscoreae Rhizoma 0.10 0.32 81.3£3.9 77.5+4.6 80.0£1.8

AFB, Lycii fructus 0.05 0.15 114.2+0.7 112.4+£2.0 106.2+0.8
Nelumbinis semen 0.01 0.05 87.6+1.9 86.5+0.3 94.7+7.7

Dioscoreae Rhizoma 0.01 0.04 98.0+3.6 91.0+1.4 88.8+2.0

AFB, Lycii fructus 0.01 0.05 117.9+0.7 112.9+1.0 97.94+6.2
Nelumbinis semen 0.02 0.07 85.0+6.3 85.0£1.7 89.545.3

Dioscoreae Rhizoma 0.01 0.04 79.5+5.5 75.74£2.3 75.5£2.2

AFG, Lycii fructus 0.05 0.16 110.7£3.0 114.3+0.4 89.0+9.2
Nelumbinis semen 0.03 0.11 89.2+7.1 90.2+3.1 90.9+5.4

Dioscoreae Rhizoma 0.02 0.07 90.8+4.6 86.8+7.0 85.242.6

AFG, Lycii fructus 0.03 0.11 102.3£3.8 102.940.5 88.4+5.6
Nelumbinis semen 0.07 0.21 80.8+5.8 84.843.8 89.6+7.4

Dioscoreae Rhizoma 0.16 0.50 90.8+1.3 87.0+£0.9 85.0+£2.0

FUMB, Lycii fructus 0.16 0.49 81.7+4.3 85.242.9 79.1+£0.9
Nelumbinis semen 0.08 0.24 79.9+4.8 84.8+3.8 89.6+8.4

Dioscoreae Rhizoma 0.23 0.71 90.3+1.6 84.3+0.9 80.8+1.9

FUMB, Lycii fructus 0.21 0.65 87.9+£2.2 80.8+3.0 79.0£0.7
Nelumbinis semen 0.05 0.17 78.9+3.8 80.3+4.8 93.7+1.3

Dioscoreae Rhizoma 0.17 0.52 95.6+3.5 87.6+0.7 86.0+1.5

OTA Lycii fructus 0.03 0.10 90.8+2.0 85.7+6.4 94.2+1.9
Nelumbinis semen 0.17 0.90 82.3+4.1 84.4+7.1 103.1£3.5

Dioscoreae Rhizoma 0.21 0.65 97.7+5.7 98.5+3.6 91.7+2.1

ZEA Lycii fructus 0.09 0.28 93.9+2.7 85.9+5.8 96.5£1.0
Nelumbinis semen 0.19 0.60 88.9+5.7 88.8+1.2 85.0+4.6

DLOD: limit of detection=3.3 x §/S,?’LOQ: limit of quantification=10 x &/S (5: Standard deviation of response, S: Slop of the
calibration curves), YRecovery(%)=measured concentration by matrix matched standard x100/spiked concentration, PRSD(Relative

Standard Deviation), n=3
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Table VI. Incidence and level of mycotoxin contamination in edible and medicinal plants

Detection Concentration range (ug/kg)
Name of samples /No. of Total i
p amples (3,5, G, and Gy P @y O 7EA
Sophorae Fructus 1/4 UN.D. N.D. 64.68 N.D. N.D.
Lycii Fructus 1/14 N.D. N.D. N.D. 421 N.D.
Rubi Fructus 0/11 N.D. N.D. N.D. N.D. N.D.
Fructus Crataegi Fructus 4/20 N.D. N.D.  9.02-20.04 N.D. N.D.
Corni Fructus 0/16 N.D. N.D. N.D. N.D. N.D.
Schisandrae Fructus 5/14 N.D. N.D. 11.64-63.71 N.D. N.D.
Gardeniae Fructus 1/12 N.D. N.D. 46.15 N.D. N.D.
Amomi Fructus 1/6 N.D. N.D. N.D. 10.56 N.D.
Zingiberis Rhizoma 2/6 N.D. N.D. 11.18 N.D. 7.31
Liriope Tuber 2/22 N.D. N.D.  9.59-54.39 N.D. N.D.
. Atractylodis Rhizoma Alba 0/5 N.D. N.D. N.D. N.D. N.D.
Rhizoma . .
Dioscoreae Rhizoma 0/6 N.D. N.D. N.D. N.D. N.D.
Cnidii Rhizoma 0/11 N.D. N.D. N.D. N.D. N.D.
Gastrodiae Rhizoma 0/8 N.D. N.D. N.D. N.D. N.D.
Zizyphi Semen 0/5 N.D. N.D. N.D. N.D. N.D.
Semen Nelumbinis Semen 1/6 6.66 6.66 N.D. N.D. N.D.
Cuscutae Semen 4/5 N.D. N.D.  7.54-17.84 N.D. 8.98-60.76
Total 22/171 6.66 6.66  7.54-64.68 4.21-10.56 7.31-60.76

YN.D.:Not detected

Table VII. Risk assessment of mycotoxins

Amomi Crataegi Cuscutae Gardeniae Liriope  Lycii  Nelumbinis Schisandrae Sophorae Zingiberis

Fructus Fructus Semen Fructus

Tuber Fructus Semen

Fructus  Fructus Rhizoma

Daily dose (g/day) 7.5 15 19 15 14 15 14 19 14
Mean (ug/kg) 1.11
AFB, ADI (ng/kg b.w/day) 0.25
MOE 1478.89
Mean (ug/kg) 1.76 0.30
OTA ADI (ng/kg b.w/day) 0.20 0.06
MOE 75192.04 235533.25
Mean (ng/kg) 3.17 7.78 291 11.66 16.17 1.86
(BFIIJJr]I\B/Iz)ADI (ng/kg b.w/day) 0.71 222 0.66 2.45 4.62 0.39
%TDI 0.04 0.13 0.04 0.15 0.28 0.02
Mean (pug/kg) 25.92 1.22
ZEA ADI (ngkg b.w/day) 7.40 0.26
%TDI 1.85 0.06
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