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Simultaneous Analysis of Mycotoxins and Risk Assessment in
Seeds using LC-MS/MS
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Abstract — This study analyzed mycotoxins, aflatoxin B,, B,, G,, G,, fumonisin B,, B,, ochratoxin A and zearalenone, using
LC-MS/MS and conducted risk assessment on 54 samples of seeds distributed in Seoul Yangnyeongsi and the management sta-
tus of extramural herbal dispensary facility. The matched calibration showed a good linearity as observed in 6 concentration
levels(r2>0.999) as a result of method validation applied with Arecaec semen. Limits of detection(LOD) and quantifica-
tion(LOQ) were in the range of 0.02-0.11 pg/kg and 0.08-0.34 pg/kg, respectively. Recoveries also estimated, ranging from
65.1-99.7% with relative standard deviation(RSD) 0.5-6.3%. As a result of the method on 54 samples, mycotoxins were
detected in 16 samples. Among them, two Thujae semen showed a degree of concentration that exceeded the aflatoxin spec-
ification. In the risk assessment, the human exposure safety standard values were calculated as ADI(Acceptable Daily Intake)
for aflatoxin B, fumonisin and zearalenone. Ochratoxin A was calculated as PTWI(Provisional Tolerable Weekly Intake). The
MOE(Margine of Exposure) of aflatoxin B, was in the range of 40.36-3536.88. And no items exceeded 100% in %TDI(Tol-
erable Daily Intake) and %TWI(Tolerable Weekly Intake) of fumonisin, zearalenone and ochratoxin A.
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Table I. List of seeds for monitoring of 8 mycotoxins
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B,= Romer(USAYE, 232541 A 2 A Z#+=2 Sigma-
Aldrich(USAA S AH8-3153 T}, Methanol 2 acetonitril(J.T
Baker, USA)2 HPLCS = A& &v&E AL,
ammonium formate(Sigma-Aldrich, USA)9} formic acid
(Fisher Chemical, USAY= MSEFS 7Y 3to] ALt
Al7e] 7= fE)4df-of 24 (Wathman GF/A)(Wathman
™, UK)E ARE-8IAL, Aol AHe A 5 29
(Solid Phase Extract, SPE)< Isolute(Biotage, 3 mL, UK)
= AR&skiT

247171 ¥ HX -A59 #2= DA338(Daesung
Artlon, Korea)S AF8-3l &3} 3t 3L, sonicator=
CPX8800H(Branson, USA)S ©]-&3la] FZ3I0t). YAE
)71 TOMY MX-301(TOMY SEIKO CO., LTD, Japan)
= AR&skaiT

HPLCS} LC-MS/MS+= Vanquish(ThermoFisher Scientific,
USA)2} TSQ- Altis(ThermoFisher Scientific, USA)E 172
sjol 4 3lsict.

Az 850 ol BaE Helsh] SlaIA 7o)
(Gradient)Z7S ©]-8-3159.2 ™, Table II, Table 13} 7t}

AZE FxX2| - 238k A 2. Sgoﬂ 0.1% formic acidS &
3+ 50% acetonitril & 20mL< 718132, 30&7F &3
_‘6': 3700 GoﬂH 10_,_7]. OJ/‘]l"i—ﬂ ]_0:1]—4_ o] oﬂ_g O]ﬂ/ﬂ
FoAIA = st & oJH 3mLel =& 7Fl 15mL7t =
Al st FZAM o2 ST

A= ZAPY & AHE2 Isolutedl] acetonitrilz} &2 Z}
ZF 2 mLE FYste] A3 A7l & F=2A smLE B34
Ztt. o]ojA &3} 10% acetonitril £ 2 mLE 53} A7
% Isolute Woll Ho} = &qS AAAL L F 0.1%
formic acidS -3t acetonitril -89 2 mL$} methanol
4mLZ & A7l F 50°ColA AA A sk s
o] 0.1% formic acidS $-3F 50% methanol €9 1 mLE
718l &8 A7 3 ZE(PTFE, 0.2 um)E 23 A8 LC-
MS/MSE #4813

Korean medicinal
Sample name

Country No. of samples

herbs name (No. of samples)
. South Aflica(5), Iran(4).
Persicae semen T9] . 14
Turkey(4), China(1)
Nelumbinis semen A}-S Vietnam(11) 11
Arecae semen w2} Indonesia(10) 10
. China(7), South Aflica(2)
Armeniacae semen 3Jol] 10
Turkey(1)
Trichosanthis semen Z20] China(6)
Thujae semen ELS)| China(3)
Total 54
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Table II. Analytical conditions of LC-MS/MS for mycotoxins
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Devices Parameters Conditions
Column Hypersil GOLD™ C,4(100x2.1 mm, 1.9 um)
. (A) 0. mM Ammonium formate 0.1% formic acid in Distilled water
Mobile phase . . L
(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 5ul
ESI (electro-spray ionization) positive, negative
Pos Ion Spray Voltage(V) : 3500
MS/MS pray ge(V)

Neg lon Spray Voltage(V) : 2500
Vaporizer Temp. (°C): 450

Table III. LC/MS-MS parameters for mycotoxins determination

Product ion

Compound Retention Precursor ion . Collision . Collision
name time(min) (m/z) Qu?;t/lzf';er Energy QLE?II:/S;: ' Energy
M V)

AFB, 5.31 312.950 285.021 23.65 240.975 39.08
AFB, 5.01 315.000 287.000 25.73 258917 30.55
AFG, 4.73 328.962 243.000 27.93 200.030 36.00
AFG, 433 330.962 312.929 25.20 245.000 30.62
FUMB, 6.52 722.250 334.167 40.00 352.167 37.00
FUMB, 7.27 706.417 336.167 38.00 318.167 40.00
OTA 7.38 403.962 238.946 24.86 220.946 38.36
ZEA 7.37 317.038 174.929 24.29 130.929 29.71

=M f8M HE - 84 dA52 AFkEY
7F9] eekE 5 AJFuby WajrlolA 7ol =2l (2015)™
3} DG SANTE(2017)72 A= S8ttt W2 &3t
(matrix effect), 2] (linearity), 7 Z $HA(LOD, limit of
detection), g #FSHA|(LOQ, limit of quantification), % &4
(accuracy), "84 (precision)yS F7 IS} M g 3+= 6

] =9] solvent standard®} matrix matched standardZS A}

gste] 1k, vidEvh= v o] AlLtsisitt.

ME(%) =

(Slope of matrix matched standard — Slope of solvent standard)x100

Slope of solvent standard

AEIA} A= 852 wgo] Favt AEEA &
Rzl 627 Frf H=s E580e F7Iskal 5
HHE AF5le] LOD=3.38/S, LOQ=105/S2] 2.2 A4t

FATk@E: 34 ydel mE8At, S: A 7127).
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BT AU T 859 FBol5AT AEHA &
gl HFE FEr) ofZEEAl B, By, G, G 0.25 pg/
kg, IOug/kg, 3.0 pgkg, FE4YA B, B,, 232541 Aiﬂr

AL =S 1.0 ugkg, 4.0 ngke, 12.0 pgke #—%01 =
ﬁv:%%‘g H7ksle] 33] v A9 § 35E *JEHL
HAE AT

Recovery(%) =
Measured concentration by Matrix matched standardx100

Spiked concentration
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Table IV. Evaluation results of health based guidance value

Year Compound Health based guidance value
name
2012 OTA TWI 0.11 pg/kg b.w/day
2013 FUM TDI 1.65 pg/kg b.w/day
ZEA TDI 0.4 pg/kg b.w/day
Recommended risk assessment
2014 AF by MOE
F uay AReet ARey AP Fasigla, H
A AR A=E A AR H+t Al £ 9
%) me} 65.82kgS A& £33 09 AF F
=
=

H]—O]—E;do] o],_p)r
£ Bl% = 7<4°ﬂ(MOE Marglne of Exposure)> 2 £

=< ¥7hetelew, BMDL,(Benchmark Dose
Lower Confidence Limit)zt 5 7P W& 0.170 ug/kg b.w/
dayS 4175l 2= AEsignt ) FrUal, o mie)
S A9 AlEd=e A=A BEbEviR fElE
= 7RIStk FRUA A AlgEee 2F o REeA )
Al AAEE A =S 7E] A DA H A FHTDI,
Tolerable Daily Intake) 1.65 ng/kg bw/day, 0.4 ng/kg b.w/
day® 77} HlaLste] %TDIE 73 5 flel= 2 %7t
SATET? 2 AR AL 2F9] %%%ﬁﬂ ol A A A
F73 F A #H(TWI, Tolerable Weekly Intake) 0.11 pg/kg
b.w/dayS 28813, Q1A =ZbA 713291 BT
SHA| Z(PTWI, Provisional Tolerable Weekly Intake) t¥]
=2 IR BlE FES AEIe

ADI(ng/kg b.w/day) =
sopale] FHo|S2 LPE (gAY -G H(glday)
Bt As (k)

M
MOE BMDL,(ng’kg b.w/day) 5
19 AA=Z(mgkg b.w/day) @

p— 13:1 ﬂﬂlf%ﬂ(ng/kg b.w/day)>100 3)
A =271 (ngkg b.w/day)
PTWI (ng/kg b.w/week) =
SRl o] FBolEA QAR (nekg)xDY A E-8-2(g/day)xT
Bt A (kg)
“)

fp— PTWI (ng/kg b.w/week)>x100 5
’ QA R=Z9 7% (ugkg b.w/day) )

273

Zdu o nFE

2MH R8N AT -85 FE|54LE LC-MSMSE
A A o] Jake FHAs) 5] Qs mEEAH HA
(matrix matched calibration)2 2H33t3it). ol&Ee+E41 B,
B,, G,, G;;— 0.1-5.0 pg/L, FRYA B, B,, 2.FEA A
oF A FH =2 0.4-10.0 pg/L HEIA B1st A} AAA
ZF(Determlnatlon coefficient, )= 25 0.999010 2 s
6}- X]/H/H.Q_ L],E]_LHOiq_

]2 3= Table Ve 7o) WlExlo A o}Ze2}541 B
B,, G,, G,= 51.1-572%2 o] 2<A] &7} FA L}E}L&E}.
upEbx] Hlgape] olZelE4l By, B, G, G2 w412 o v
4 &35 yEsfor & Zoz AztEw, 1 9] oA
A G A g Aow Jehith mjd aae] 4
FH= SANTE7ZFol=2kel Pl X A A8 ME(%)<£20 2705

Ausir.

HAE A= 0.02-0.11 pe/kg, 8 FAA= 0.08-0.34 pgkg
W12 Zb7h ehle] Liv’"7F Btk Wejn e i

o)At Table VI).

;Hih:g]_ 4\311:L- S JJ.AH;H { ].__Ezsﬁ 7—1—«
a1t 35ee zazﬂﬁ_& 65.1-99.7%°] M= LER]
o, Frual By FE 12.0 ugkeolA 65.1%=2 74w
£ 3582 YeRNItK(Table VII). oFE2HE4 B, B,, G,,
G,2] 0.25 ug/kgoll A 90.9-99.7%, 1.0 pg/keollA 74.0-79.3%,
3.0 pg/kgell Al 80.6-88. o% At FEUA B #B, 22
=2l A 28|32 ATHE=S 1.0 pgkelld 73.7-98.2%, 4.0
ng/kgdllA 66.8-90.5%, 12.0 ug/kgq]/ﬂ 65.1-97.1%= VFepst
o} i EFEAks ol E#EAl B, B, G, G,9] 0.25 ngkg
N A 0.7-6.3%, 1.0 ugkgoll A 0.8-4.0%, 3.0 ug/kg"ﬂ A1 0.5-
2.7% BYITE FEUA, 0 T2 =A A, AZE=S 1.0 pg/
kgl Al 0.5-5.0%, 4.0 pg/kgellA 1.7-4.1% 22132 12.0 pgkg
oA 0.8-53%2 LRttt o]2id A= EC 7hol=ael’)
A AATGE 27 vl Al FEgE A2 ATE ).

Table V. Matrix-Effect(ME) and determination coefficient(r’)
of 8 mycotoxins in Arecae semen

Compound Determination
nallone ME(%) coefﬁcient(rz)
AFB, -51.1 0.9999
AFB, -55.4 0.9995
AFG, -55.5 0.9997
AFG, -57.2 0.9999

FUMB, 15.5 0.9999
FUMB, 14.3 0.9994
OTA 1.1 0.9998
ZEA -12.4 1.0000
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Table VI. Matrix matched linear range, LOD and LOQ of 8

mycotoxins in Arecae semen

Compound  Linear range Lop” LOQ”
name (ng/L) (ng/kg) (ng/kg)
AFB, 0.1-5.0 0.02 0.08
AFB, 0.1-5.0 0.03 0.09
AFG, 0.1-5.0 0.03 0.10
AFG, 0.1-5.0 0.03 0.10

FUMB, 0.4-20.0 0.11 0.34
FUMB, 0.4-20.0 0.11 0.34
OTA 0.4-20.0 0.03 0.11
ZEA 0.4-20.0 0.03 0.11

1)LOD(lelt of Detection) = 3.36/S

2)LOQ(lelt of Quantification) = 106/S
§: Standard deviation of response
S: Slop of the calibration curves

Table VII. Recovery of 8 mycotoxins in Arecae semen

Kor. J. Pharmacogn.

FEO0|ISA 2 - oighvl=obd % ik
HtAYE] F oFEEEAl 7o) AR e J%
2155004 T olEehsAle] HEE0] B T4 540 T
167(29.6%)01M 8o =471 A& % tH(Table VIII).

gEe] Fgo|=4 F o}ZeHEA B, B, G, G,7F 137
o7 7P wWol AEHASH, WAl 370 F 271004
17.1(B,13.6)-47.1(B,40.8) pg/kg® 2 = 7|5S Z3sl=
LATE YA, g X e 71E olstE AEHU
oh =91 373 WA}, A 247} 24 e oS eEAl
B,, B,, G,, G,7} 7= °J3lZ2 AZHAUL} o] T HH;(]_O]_,,]_
vlgxle] AL o]Vl Ao slokA] o}ZelELN AE
I}l AR AHE BT

FEUA B, By 81 HAEEHUA, HE 9= 3.3-15.0
ngkg® 2 AEFHAC &5 9 £ 71FE(B,, BY &
O 2%l 4 mgkgHTE 2 F5S BT

LIATFEAN AL 174(13.6 pgkg), AZd=S 271(4.9-6.6

o

o

_\0

rr’ A
::1 O::

Compound Spiked conc. Recovery (%) EC
name (ng /kg) Conc. (ug /kg) Recovery (%) RSD (%)
0.25 96.0+4.7"
AFB, 1.0 77.142.2
3.0 88.0+£2.7
0.25 90.9+0.7
AFB, 1.0 79.3+0.8
3.0 84.8+£0.5 <1 50-120 <22
0.25 99.7+4.3 1-10 70-110 <16
AFG, 1.0 77.7+4.0
3.0 86.9+0.9
0.25 97.4+6.3
AFG, 1.0 74.0+3.5
3.0 80.6+0.8
1.0 73.7£5.0
FUMB, 4.0 69.1+3.1
12.0 67.5+4.2
1.0 74.5+14 =500 60-120 =30
FUMB, 4.0 66.8+4.1
12.0 65.1+1.2
1.0 84.1£5.0
OTA 4.0 79.3£3.6 1-10 70-110 <20
12.0 81.6+£5.3
1.0 98.2+0.5
ZEA 4.0 90.5+1.7 <50 60-120 <40
12.0 97.1£0.8

1)Meanﬁ:RSD(Relative Standard Deviation), n=3
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Table VIII. Level of 8 mycotoxins in seeds
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No. of detection

Compound

Concentration range (ug /kg)

Total
hame Persicae Thujae Areca Nelumbinis ~ Trichosanthis ~ Armeniacae
semen semen semen semen semen semen
No. of sample 14 3 10 11 6 10 54
3 3 2 2 ) 10
AFB, N.D. N.D.
(1.1-6.3) (1.1-40.8) (0.9-1.4) (1.0-1.4) (0.9-40.8)
3 3
AFB, N.D. N.D. N.D. N.D. N.D.
(1.1-6.3) (1.1-6.3)
1 1
AFG, N.D. N.D. N.D. N.D. N.D.
(1.2) (1.2)
AFG, N.D. N.D. N.D. N.D. N.D. N.D. N.D.
2 2 4
FUMB, N.D. N.D. N.D. N.D.
(3.6-3.9) (4.1-7.5) (3.6-7.5)
FUMB 2 2 ! N.D N.D N.D >
? (4.8-10.4). (4.4-15.0) (3.3) o o o (3.3-15.0)
1 1
OTA N.D. N.D. N.D. N.D. N.D.
(13.6) (13.6)
2 2
ZEA N.D. N.D. N.D. N.D. N.D.
(4.9-6.6) (4.9-6.6)

YN.D.= Not Detected

pgkgelA AEEATE 2Faxe] o252 A9 21F3
712 SF7(15.0 pgke), AlZE=S F7F(200 pgke)
of vln Al Aoz vhe AEFS B

54719 FAR T =8o] 549 TA] 292 67101t
oFFEREAl FRUZIS Al Qo] 4710|9lom, RIRkA}
1704 ol ZE2], FEYA 183l 23852 AV &
Al 298 YR

TAFE 2= Al ol Tt Aol 72 2 5 2l
o] FFolEie] 54 FsFgo| 7, ofFEEAle
o 7]5ollA LAt vt 7197} ol EkEAl A4
ol Agsitare & 4 gIARE 2 7|FHEE A%k 2

<7} skaL

~ T

sk} o= o2 RE FepAle] %ol o] =
E 7FsA A T 2 & dek Y FRUA Ed Qe &
=9t w2 FEAA Aol Thsste] gk A B &
7o) FrUle] A B 5= o™ nlgiel o] we o
% Gyt ofdd) Aol F, Az Fgo] &
27} AAE 7ol =2 Rl A54%] BUERo]

g gsitiy Ayzhec

Sl BIt - FefRle] FFolELa 8F(oFEES4 B,
» G, Gy, FEUA B, B, 232154 A, AlEd=)e] <
T s, 2 F oS B, FEUAI(B, B,
o] ¢h, 2= A, AFH =S A =ETFS A=t

g @

(]

gleprl & FgolE2e el S W7tk (Table 1X).

o}Zg}=21 B2l ADR= 0.05-4.21 ng/kg b.w/day 5750)
AL, AT mE Q2 40.36-3536.88 0l AT
o s 2491 ol EEEAl B B4 tig o
]

=

= o

7 flthal ddsie] 3P o2 §d wE3rEe 891
sl glow N2 98 Jurt Ry = AF
7} slefol Y @A) o} ZetEAl BS FElHoE 9
7Fs gt oM =ES =017] #18] ALARA(As Low As
Reasonably Achievable) ¢3]o] wig} ] oAl 9o
9 olol] wa} A7EE 3 =o] Fasir), FRUA
o] ADIE 0.27-1.48 ng/kg b.w/day 50|03, Y8l =
2 A= %TDIZF 0.02-0.09% 2.2 A%k 5o s
yephsdth e 3gE42l A= PTWI 2.16 ng/kg b.w/week 5
01, A %TWIE 1.97%= S 502
Uebdth A=) ADIE 0.44 ng/kg b.w/day 5509
on, %TDI= 0.11%= A3l9-27F W= F<Fo k. QA
A-GAF B 7T FEAFA ol mEA Ll 9
3l A 1014 A5 Slslieotal Adten, viisw 3
718 4= glo] 100% olstolw ebdsiria Aetginy ™

ShokA)] Fgo| 54 flElE Hrke ke FEo = 3
7HE o, SRRl BAIR 2 AFH 7] wEel BA
Az Al FBolsL oo mE Bl EAE 5 3
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Table IX. Risk assessment of 8 mycotoxins in seeds

Kor. J. Pharmacogn.

Compound name Persicae Thujae Areca Nelumbinis  Trichosanthis Total
semen semen semen semen semen
Daily dose(g/day) 11 15 15 15

Mean (pg/kg) 0.74 18.48 0.23 0.21 19.66

AFB, ADI (ng/kg b.w/day) 0.12 421 0.05 0.05 4.44
MOE 1381.29 40.36 321534 3536.88 8173.87

Mean (pg /kg) 1.62 6.48 1.49 9.60

(5211\342) ADI (ng/kg b.w/day) 0.27 1.48 0.34 2.09

%TDI 0.02 0.09 0.02 0.13

Mean (ug /kg) 1.36 1.36

OTA  PTWI (ng/kg b.w/week) 2.16 2.16
%TWI 1.97 1.97

Mean (ug /kg) 1.92 1.92

ZEA  ADI (ng/kg b.w/day) 0.44 0.44

%TDI 0.11 0.11

LS ol oolEe] RERRE BAL N4
2 5:219] 247} A Hojof B,
=27 77} 9] AR7bEolo} ek A,

N
N
\u(e
o
2l
j)
e
_l {
i
QL
2
N,
b

4 =

AMEor Aol AN fEE A e ekl &
FTAF 6FE 5478 UdOE LC-MS/MSE ©]8-3fo] of
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