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Method Development for Simultaneous Determination of Fumonisins in Maize
By Immunoaffinity Column (IAC) clean up with ESI-LC-MS

Kraiwut Nualkaw Witaya Sungthongu Kukiat Khamkhaw
Abstract

Method development for simultaneous determination of Fumonisin B; B, and Bj in
maize was conducted using liquid chromatography mass spectrometry (LC-MS) with selected
ion monitoring (SIM) mode. Maize samples were extracted with 80% methanol and purified
using immunoaffinity column (IAC). The standard calibration curves were evaluated over the
concentration range of 500 - 1044 pg/L with the coefficient of determination (r2) were
between 0.9996 - 0.9999. The developed method was tested with a fortified sample that
showed the %recovery were between 92.6 — 101.8%, and was tested with the quality control
sample from Bipea code 08-3031 that showed the %recovery were between 71.9 — 79.5%.
The results showed that suitable for method validation for simultaneous determination for

Fumonisin B; B, and B3 in maize with LC-MS.
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Fumonisin  (FUM)  vi3efi3dnfudntie  (25,2'S)-2,2’-{[55,6R, 7R9R,11S,16R,185,195)-19-
amino-11,16,bis[oxy(2-oxoethane-2,1-diyl]}  disuccinic  acid JuansiviiAnannszuiunis
metabolism mau%asﬂumsga Fusarium (Miller, 1991) Fewulgograunsnanslunauanimennie
Souduiiflgamgderlutag 20 - 25 ssmusaiua aelden water activity (AW) 33 0.87 5 0.88
Tnsannzundeudassilidoslunsena Fusarium anansandaanswilungy Trichothecenes 1
1NN 180 ¥ia (Desjardin, 2006) 1wl 1988 ladimsduunansiwila Fumonisin lids 28 nqu
warludnnumeniannsauisesndungalug) 4 ngu léud Fumonisin A, B, C wag P g Fumonisin
B aztdunauiinuinniigalusssuni Fumonisin B, (FB,) wuluseiufigsiiansnn « 70 - 80% weq
S1uugnsinu sesasudu Fumonisin B, (FB,) uay By (FBy) fidndnulunsnu 25% uay 8%
AUA9U (Braham, 1993), (Marin, 1995)

nshseSiEnsivannidesn Fumonisin ﬁ?uﬁflu?huﬁwﬁ’cyiu Food Safety Program iile4a1n
ansfivrintidudiunisluansivondes (Mycotoxing) flannsareifnfivuanusunseseuyyd
wardndle d51e9udnnuansie FB;, FB, way FB; luawnsanuagusend bawn e15iaufun,
PPAATIAY, UTTa, Uantu, YauniSe, wauen, Ju, 89UR, dSuea, sma, a'jﬂu, \AuEn, 89073,
wa, Wy, wensnild, adnwesuaun, ansgowsni way Fudun fatu the US. Food and Drug
Administration waz the European Commission Miinsdhsefedestuasivanidesvinilu
pwnsuarTngRuvaneeiin eluewnsey uazornsdnd anamelsulfeugalvinu FB, waz FB, Tu
91slalilAu 200 — 400 ug/ke Sfuagjﬁwﬁml,awﬁzmmaﬁmqﬁu AWNIUTIENSFeLLEN LAl
ma&gqmmsﬁmmgmﬁgaﬂdﬂ Ao 9MNuYwe (FB, + FB, + FBy) lallfi 2,000 - 4,000 ug/kg wa
5,000 — 100,000 ug/kg d1msuUpIMITaRNI
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AT EimUuNasiyaINaesINgu Fumonisins (By, By, Bs) Tutnilne wasiesuudiogng
pewalla Immunoaffinity Column (IAC) #5191AMELATEY LC-MS

3. Uszlevuinlasu
s NanunseinseiiUSinaensieaN@esngy Fumonisins Tudnilng sewalia LCMS wag
wlflglunasmeaeunnuldlivedisiwseinely

4. \e3esilouas TagInenaans
4.1 \eile
4.1.1 1309 LC-MS B0 Agilent Technologies u 1260 Infinity
4.1.2 \3esdslifimadion 3 duvis B Mettler Toledo $u PG603-S
4.1.3 yailuiog1sBe WARING u HGB2WT nioxln
4.1.4 Vortex Mixer 8% Genie Ju Genie 2
4.1.5 Micropipette 9u1% 10 — 100 uL
4.1.6 Micropipette 9u1n 500 ulL
4.1.7 Micropipette 9u1% 100 - 1,000 ulL
4.1.8 Micropipette 9u1n 1,000 - 5,000 uL
4.1.9 Disperser S0 Genius 'i;u Simplex ¥uU1® 50 mL
4.1.10 304 Ultra sonic 8% Branson U 8200
4.1.11 Yunsesansazane e EYELA U A-2S

4.2 §5LAN/a5UINTFIU/IENB19D9

4.2.1 Formic acid HPLC Grade

4.2.2 Methanol HPLC Grade

4.2.3 Standard Fumonisins mix (Fumonisin B;+B,) 8% Fluka Lot.SZBFO8IXV
4.2.4 Standard Fumonisin B éﬁa LGC Lot.16014F

4.2.5 Acetonitrile HPLC Grade

4.2.6 Sodium chloride AR Grade

4.2.7 Quality Control Sample (Animal Feed, Bipea PT-08-30311)

4.3 aunsal

4.3.1 Column LC Zorbax SB Cyg 3.5 um 2u1a 4.6 X 100 daaiuns

4.3.2 dnEavsiiannuiunulitiosnd 182 MQLem

4.3.3 Gaufingns

4.3.4 Syringe Filters 9u1m 0.45 pum ¥4n Nylon

4.3.5 NIUNIVIATALAE VUM Polypropylene

4.3.6 viapaun3Tdviln Polypropylene au1n 50 fiadans

4.3.7 n3¥AYNTOY Whatman no. 4 #38Liguiil YUIAEUNIUAUINA1N 18.5 loufilums
4.3.8 Rack dwSuneviaenduiing



4.3.9 Glass Micro-fiber filter aunn 1.5 lulasiuns wseliguin
4.3.10 Disposable Syringe wana@nvfialufiuduuunn 10 faddns
4.3.11 Clamp wWSouw1sa %3999 hand pump

4.3.12 Vial HPLC wiauruag Septum

4.3.13 Aluminium foil

4.3.14 Immunoaffinity column FumoniTest, S VICAM
4.3.15 Cylinder 9u1@ 10, 50, 1000 laaans

4.3.16 Beaker ¥U1@ 250 Haaans

4.3.17 Volumetric Flask 9u19 5, 10, 50,100 {iadans

4.3.18 Disposable Cuvettes

4.3.19 99n Duran wieunnaeldusuld Mobile Phase

5. Aon1saiiuau

5.1 nedevdanmeiivinzandmsuniswendaemaile Liquid Chromatography Tunns
A5293naN RN Fumonisins 13 3 ¥l daulasain (Vega, 2016)

52 vedeuanmgiivunzaudviua3ewsiatn  Mass  Spectrometer lun1snsaain
aNTREANLT857 Fumonisins 13 3 ¥l faulasann (Vega, 2016)

5.3 VingeUad s Standard Calibration Curve YosansfiwaIniias1 Fumonisins %a 3 o 8
sysumudututasilUinssideedes LC-MS thituiildns wasanudiuduluadag calibration
curve AN 1 (Coefficient of Determination) lag@n ¢ > 0.995 (AOAC, 2016) AUANTIT 1

A5199 1 LARITI9ANUIUTUNIEIUNITNAABUAITHYINNTDIT Fumonisins 114 3 ¥4

Compounds Concentration ranges (ng/mL)
Fumonisin B, 5.05-1010 (5.05, 10.10, 20.20, 50.50, 101.0, 202.0, 505.0, 1044.0)
Fumonisin B, 5.22-1044 (5.22, 10.44, 20.88, 52.20, 104.4, 208.8, 522.0, 1044.0)
Fumonisin Bs 5.00-1000 (5.00, 10.00, 20.00, 50.00, 100.0, 200.0, 500.0, 1000.0)

5.4 NARRWA3INARE19U1 e (Blank Maize) Tun1599797n@15WwannLgas)
Fumonisins 914 3 98a AnkUasann AOAC Official Method 2001.04, 2016 (AOAC, 2016) Failduney
Fail

'
Y

FaF10819 25.0 ¢ + Sodium chloride 2.5 ¢ Tu Erlenmeyer flask e 250 mL
Wil 809% Methanol 50 mL wenduan 30 wiil

NIDINILNITTANENTBLUBS 4

N2



N9 dilute feoene Tudndiu 1 : 4 e PBS

N%
NTDINLNTEANENTBT GF/A
N%
Load #7981 10 mL W11 Immunoaffinity Column FumoniTest
N2
a19078 PBS 10 mL

N%

Elute column ¢8 100% MeOH 1.0 mL az

DI water 1.0 mL $1U311015 2.0 mL
N2
N399WU Syringe Filters Yu@ 0.45 um win Nylon

N2

AATLILLATDI LC-MS

5.5 Nagey Fortified Sample Agfita151195574 Fumonisins 714 3 uiln adluseds
I1lne TAsiauutueas Fumonisin B, B, Bs wiazyilawindu 50 lulasnsusenlansy wavyinnis
waumegwnute 6.4 wazdsuiliulszavsnmuesisvaaouaine %Recovery Tnarndilsost
JENIN 60-120% (European Commission EC. 41/2006, 2006)

5.6 NAADUF081991984 (QC Sample) 9d 08-3031 Lazinn19LM38UA0E1901UT0 5.4
nazUsyifiulseavsnmuesitvnaaeuanndl  %Recovery lapAniilddetegstwing 60 - 120%
(European Commission EC. 41/2006, 2006)

6. HANTISNAADY
6.1 WANSNAABUANITTMLILANFINTUNITHENEITAYIINIDIT Fumonisins 19 3 1A
A28 Liquid Chromatography sum1599% 2 uag U7 1
Y

A15190 2 ud@nd LC Condition d@vSuiasiesians Fumonisins 914 3 wila lagldmedusl Zorbax SB
C18 4.6 x 100 mm, 3.5 pm.

Parameters Values
Gradient Elution profile Time 0.1% formic acid MeOH
0.00 38.0 62.0
2.00 38.0 62.0

10.00 2.0 98.0



11.00 38.0 62.0

17.00 38.0 62.0
Flow rate 0.5 mL/min
Column temperature 40 °C
Injection volume 20 uL
Run time 17.00 min
Retention time (min.) Fumonisin B; = 4.244

Fumonisin B; = 7.089
Fumonisin B, = 8.263

MSD1 TIC, MS File (C\CHEM32ZiDATAVB00202FMIB00202FM 2017-02-02 12-52-05\STDMIX 5 PPB.D)  ES-API, Pos, SIM, Frag: 1
(U b
o

g

244 - FB1
Q"‘%
7H80=F83
%

B

Y

1 2 3 4 5 6 7 8 9 miy
T MSD2 TIC, MS File (CICHEM32 2iDATAB00202FMVB00202FM 2017-02-02 12-52-05\STOMIX 5 PPB.D) ES-API, Pos, SIM, Frag: 1

3U% 1 uans Total lon Chromatogram (TIC) ¥84a15H¥ANLTOT1 Fumonisin By, Bs kag B, AiAdnandiudy 5.0
ng/mL

6.2 HANTINAAEUANIZTIWINZANYEY Mass Spectrometer Tunsiinsnzsiansfiv
Fumonisins %4 3 4 ALA15197 3

AN 3 LAASENIZTLNZENUDY Mass Spectrometer

Parameters Values
SIM mode (m/z) FB, [M+H] = 722.4
FB, [M+H] = 706.4
FB, [M+H] = 706.4

ESI source Positive mode
Dwell time 190 msec
Drying gas 10.0 mL/min
Nebulizer pressure 50 psig

Dry gas temperature 350 °C
Capillary voltage (+) 3500 V

Fragmentor 150V




6.3 HaN1SVARRU Standard Calibration Curve ¥84a15W¥MNIYDIINGN Fumonisins 119 3
Yin MU 4 uay JUN 2-4

A15199 4 LLE’{@QNaﬂﬁiﬂﬂﬂaULLﬁﬂﬂﬂlﬂﬂ’ﬂuLﬂuLé’uﬁliﬂﬂlaﬂﬂ’ﬁﬁU Fumonisins 14 3 i
2

Compounds Slope Intercept r
Fumonisin B, 1760.62725 -14357.76666 0.99963
Fumonisin B, 2083.40033 -17569.89215 0.99972
Fumonisin B 2711.76115 -15821.20213 0.99986
Area - 4~ | FB1 at exp. RT: 4.206
1.6E6 8 | MsDl TIC, MS File
1.4E6—f ” Correlation: 0.99963
1.2E6 Residual Std. Dev.: 17458.31230
1E6 - 2 Formula: y = mx + b
800000*; "‘ m: 1760.62725
600000 — b: -14357.76666
400000 -} 3/ x: Amount
200000 —'ii y: Area
0¥ R
0 500 1000
Amount[ng/gl

;nlﬁ 2 ugn3 Calibration curve 98¢ Fumonisin B fiaududu 5.05 - 1010.0 ng/mL

Area:j * FB2 at exp. RT: 8.219
2E6 - _~8 | MSDl TIC, MS File
1.75E6 - / Correlation: 0.99972
1566 = Residual Std. Dev.: 18403.89789
1.25E6 - 2 7 Formula: y = mx + b
1E6 - K m:  2083.40033
750000 - I b: -17569.89215
500000 /g x: Amount
250000 3’43_ y: Area
0—1*"‘ = e S
0 500 1000
Amount(ng/gl

gﬂﬁ 3 uans Calibration curve 489 Fumonisin B, fiannandudu 5.22 - 1044.0 ng/mL



Area ] + FB3 at exp. RT: 7.016
2566 ~8 | MSD1 TIC, MS File
Correlation: 0.99986
o= Residual Std. Dev.: 16404.12976
1_555.‘: 2 Formula: y = mx + b
] A m: 2711.76115
1E6 b: -15821.20213
] 6.~ -
3 : ¥ X: Amount
a4 ¥ y: Area
13++
0% .
0 500 1000
Amounting/gl

311‘17; 4 1g@me Calibration curve 483 Fumonisin B3‘17llﬂ’s’13JL“ﬁjﬂ.J“?Jju 5.0 - 1000.0 ng/mL

6.4 HanaaauIlng (Blank Maize) mums1ei 5 waggui 5
A15199 5 LAAINANISNAFBUAID81991lNA (Blank maize)

Compounds Result (ug/kg) S/N
FB, 4.37 12.0
FB, 0.42 73
FB, 0.92 33

MSD1 TIC, MS File (CACHEM3I2AADAT AVS00202FMVG00202F M 2017-02-02 12-52-05\SAMPLE BLANK.O)  ES-API, Pos, SIM, Frag: 1

1 2 3 4 5 é 7 B 9 miny
U7 5 uang Total lon Chromatogram (TIC) Tugiaegna Sample blank ¥89@15#waN%@31 Fumonisin

B,, B, Uag B,

6.5 Havagey Fortified Sample MUMS97 6 Wag U7 6
M99 6 UAAINANITNAGDU Fortified sample

Compounds Fortified conc. (ug/kg) Results (ug/kg) %recovery
FB; 50.5 51.43 101.84
FBs 52.2 48.34 92.60

FB, 50.0 49.88 99.76




MSD1 TIC, MS File (C:\CHEM32\2\DATA\600202F M\600202FM 2017-02-02 12-52-05\SPMIX 50 PPB_11.0) ES-API, Pos, SIM, Frag
3 o~
20000 - - >
17500 - E ’\ '\\q’
. ,(\‘@ 3

15000 3 g .9
12500 3 X
10000 3

7500 3

5000 =

2500 3

04 : Y
r * T ° VTl T M TR T r T T T T
1 2 3 4 5 6 8 9 min

g‘dﬁ 6 1an3 Total lon Chromatogram (TIC) Tusae819 Sample blank 9838150 ®AINTOT1 Fumnonisin
B,, B, Uas B,

6.6 HANSNAFDUMIBENIE198 (QC Sample) 39a PT-08-30311 Anum51e7l 7 waw JUT 7

A19199 7 uanINan1Iagau QC Sample

Compounds Fortified conc. (ug/kg) Results (ug/kg) %recovery
FB; 412.0 327.5 79.49
FB, 126.0 90.6 71.90
FB, - 34.19 :

MSD1 TIC. MS File (C.\CHEM3ZZIDATAS01214F M_3\581214FM_3 2016-12-14 12-42-00\PT-08-30311.0) ES-API, Pos. SIM, Freg
50000 g ¥ i >
- B : &
40000 - - S g
@'
] I 3 pe Tv*
[ | . & [
20000 . 7 ) I
3 ’ \ o
10000 . [
R e T NN (IR, G ) o OO s
e S A=
1 2 3 4 g & 7 a8 9 i

5Ufl 7 uana Total lon Chromatogram (TIC) Tusfiaeins QC Sample (08-3031) wasansfivaIniTes
Fumonisin By, Bs Wag B,



7. @3UNANIINAADY

7.1 NANIVAAOUMSHUAITUINTFIU Fumonisins 4 3 ¥ila AsyduANIEIA 5.0 - 1,000
ng/mL thluatns calibration curve neldanzszuuipaes LC-MS Ail@wamnduiiu Tde r = 0.9963
d19SU FB, I = 0.99986 d1wSU FB; way - = 0.99972 dsu FB, GeilAunnnin 0.995 (AOAC, 2016)

7.2 wan1snaaeu Sample blank lagld@aag1adalng (maize) wuin feg9dusuIuaITiY
Fumonisin B = 4.37 ug/kg, B; = 0.42 ug/kg uag B, = 0.92 ug/kg wazdan Signal to noise (S/N) 12.0,
7.3 Uaz 3.3 AUAINU

7.3 wan1eaeu fortified sample Tnensifinasie Fumonisin B, = 50.5 ug/kg, B; = 52.2
ug/ke ey B, = 50.0 ug/ke ﬁ?u lﬁmamimaaqﬁaﬁ FB, = 51.43 ug/kg (%recovery = 101.84),

FB; = 48.34 ug/ke (%recovery = 92.60) wag FB, = 49.88 ug/kg (%recovery = 99.76) %recovery
Al dravan aglunaui 60 — 120% (AOAC, 2016)

7.4 wan1snnaau QC Sample 9@ PT-08-30311 Animal Feed fiien Assign value ¥89&13
Fumonisin 3 FB, = 412.0 ug/kg, FB, = 126.0 ug/kg as1anuyUIuna FB, = 327.5 ug/ke (%recovery
79.49) waz FB, = 90.6 ug/ke (%recovery 71.90) 31 Y%recovery agluLnaut 60 - 120% (AOAC, 2016)
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