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Development of Fumonisin Determination Method in Corn Silage and Whole-Crop Rice Silage
by LC-MS/MS
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We have developed a quantitative determination method of fumonisin concentration in corn silage
and whole-crop rice silage (WCRS) using a liquid-chromatograph electrospray-ionization tandem
mass spectrometer (LC-ESI-MS/MS).

Fumonisin was extracted with methanol-water (3:1), and the extracted solution was filtered. The
filtrate was then purified with a solid phase extraction column (Oasis MAX, Waters Co.; Milford,
MA, USA), and injected into an LC-MS/MS to determine the fumonisin concentration. LC
separation was then carried out on an ODS metal-free PEEK column (InertSustain C18, 2.1 mm i.d.
x 150 mm, 3 pm, GL Sciences Inc.; Tokyo, Japan) with a gradient of 0.1 % formic acid aqueous
solution and 0.1 % formic acid acetonitrile solution as a mobile phase. In the MS/MS analysis, the
positive mode electrospray ionization (ESI+) was used.

Recovery tests were conducted on corn silage and WCRS. Corn silage and WCRS was added with
3.111 mg/kg of fumonisin B;, 1.111 mg/kg of fumonisin B, and 0.267 mg/kg of fumonisin B3
respectively. The resulting mean recoveries ranged from 64.7 % to 66.2 % for fumonisin By,
58.0 % to 65.8 % for fumonisin B, and 61.8 % to 67.0 % for fumonisin B3. The repeatability in
the form of the relative standard deviation (RSD;) was less than 4.5 % for fumonisin Bi, less than
2.5 % for fumonisin B, and less than 2.2 % for fumonisin B3. This method was considered in need
of improvement, because the mean recoveries were out of target.

Key words: fumonisin; liquid-chromatograph tandem mass spectrometer (LC-MS/MS); electrospray
ionization (ESI); corn silage; whole-crop rice silage
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(2s,2'S)-2,2'-{[(5S 6R,7R 9R ,11S ,16R,
18S,19S )-19-amino-11,16,18-trihydroxy-5,9-

Fumonisin B, dimethylicosane-6.7-diylbis [oxy(2- OH OH  CyHgNO,5 721.83 1136355-83-0
oxoethane-2,1-diyl)] }disuccinic acid
(2R,2R)-2,2'-
{[(5R ,6S,7S,9S ,16R ,18S ,19S )-19-amino-
Fumonisin B, 16,18-dihydroxy-5,9-dimethylicosane-6,7- OH H Cy4H5NO;, 705.83 116355-84-1
diyl]bis[oxy(2-oxoethane-2,1-
diyl)]}disuccinic acid
2-[[ (5R ,6R,7S 9S ,11R 18R ,195)-19-
.. amino-6- (3,4-dicarboxybutanoyloxy)-11,18-
Fumonisin B dihydroxy-5.9-dimethyk-icosan-7- H OH C3H5NO,, 705.83 116379-59-4
ylloxycarbonylmethyl]butanedioic acid
Fig. 1  Chemical structures of fumonisins
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Table 1 Operating conditions of LC-MS/MS

Column InertSustain C18 metal-free PEEK column (2.1 mm i.d. x 150 mm, 3 um), GL Sciences

Mobile phase 0.1 v/v% formic acid aqueous solution — 0.1 v/v% formic acid acetonitrile solution (7:3)
— 15 min — (1:9) (hold for 5 min) — 2 min — (7:3) (hold for 3 min)

Flow rate 0.2 mL/min

Column temperature 40°C

Detector Quadrupole mass spectrometer

lonization Electrospray ionization (ESI) (Positive ion mode)

Nebulizer gas Air (2.5 L/min)

Drying gas N, (5 L/min)

Interface temperature 250 °C

Heat block temperature 500 °C

Desolvation line temperature 150 °C

Collision gas Ar (270 kPa)

Table 2 MS/MS parameters

Precursor Product ion Collision
Target ion Quantifier  Qualifier energy
(m/z) (m/z) (m'z) (eV)
. 352 — 36
Fumonisin B, 723
— 334 42
. 336 — 37
Fumonisin B, 707
— 318 40
. 336 — 39
Fumonisin B, 707
318 39

4) i &
SoNiz SRM 7~ 77 AL E—7 X IIE S 2RO THRERZIERL, REF D
BTE=VUBEAFEHEBLE. B, 3713 — 7 HETOM R L.
B, TEEOMEL Scheme 1 1278 L 7.



6 BT JE S Vol. 49 (2024)

Sample 20 g (500 mL Erlenmeyer flask)

added 200 mL of methanol-water (3:1)

shook for 30 min

——filtered through a filter paper (No. 5A of JIS P3801)
Oasis MAX

pre-washed with 5 mL of methanol and 5 mL of water

transferred 1 mL of filtrate into 3 mL of 28 v/v% ammonia water (1:19)
loaded sample solution

washed with 10 mL of methanol

eluted with 5 mL of formic acid-methanol (1:49)

evaporated to dryness under 40 °C and dried with nitrogen gas
dissolved in 8 mL of acetonitrile-water (1:1)

filtered through a membrane filter (0.45 pum)

LC-MS/MS

Scheme 1 Analytical procedure for fumonisins in corn silage and whole-crop rice silage (WCRS)
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Fig. 2-1  Selected reaction monitoring (SRM) chromatogram using InertSustain C18 column

1 BB

400000 - If 2250000 - Il Ez
350000 A
£ 300000 - £ 1750000 -
g 230000 ¢ S 1250000 1
S 200000 A S
2 150000 - 2 750000 |
2 100000 - 2
[6] [
£ 50000 A £ 250000 -
0 .
-50000 r T r r \ -250000 . r r r r r ,
3 3.5 4 45 5 5.5 4 45 5 5.5 6 65 7 75
Retention time / min Retention time / min

Fig. 2-2  SRM chromatogram using InertSustain C18 metal-free PEEK column
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Fig. 4 Typical SRM chromatograms of fumonisins in standard and blank sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2.  Arrows indicate the peaks of
B1: fumonisin B, B,: fumonisin B and Bs: fumonisin Bs.)
A, B: Standard solution (1 ng/mL: 5 pg as fumonisins)
C, D: Sample solution of corn silage
E, F: Sample solution of WCRS
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Table 3  Matrix effect study
Concentration of mycotoxins

Matrix effect”

Mycotoxin Samples Matrix standard Sample? o
solution (ng/mL) (mg/kg air-dry matter) (%)
. Corn silage 80 6.4 112
Fumonisin B,
WCRS 80 6.4 116
o Corn silage 80 6.4 107
Fumonisin B,
WCRS 80 6.4 103
. Corn silage 80 6.4 102
Fumonisin B,
WCRS 80 6.4 100
n=3

a) Converted from the concentration in matrix standard solution

b) Ratio of peak area of fumonisins in the presence of matrix to that in the absence of matrix

3.7  WANENNERER

2.6 IZXVIFIMEGRERZFEH L=, ZTOMRIT Table 4 DL, 7E=2 B IZ2OWTIX
EEENHRIL 64.7 LT 66.2 %, £ Ok UREE I xHEHERZE (RSDy) & L T42%LLF, 7%
=V Bl W I E BRI 58.0 TN 65.8%, RSD, X 2.5%LLF, 7E=32 B3lZ2W\ T
A ENER 1T 61.8 L TY67.0 %, RSD: X 2.2 %L F DA B Ay, B3 T FEHERIHE 2 D FAER
EOZUWEMRTA RT A4 D (LUT T2UMEERTA RTA) E0nD. ) IZED LA B
il (EEE 0 70 %LL 1120 %LA T, FSEE @ 3.111 KON 1.111 mg/kg Tid 16 %LL T, 0.267 mg/kg Tl
22 %UUT) O bEEOBEMAZHZET, SIMEOURPALETHLEBEZ LN, i,
BFONTZ SRM 7 u~ 77 5D —f% Fig. 5 IR LTz,
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Table 4 Recoveries for fumonisins

) Corn silage WCRS
Spiked level
. -, Natural d Natural §
Mycotoxin ~ (mg/kg original .y Recovery? RSD,” .4 Recovery? RSD”
matter)? contamination contamination
(mg/kg) (%) (%) (mg/kg) (%) (%)
Fumonisin B; 3.111 0.438 64.7 1.2 ND 66.2 4.2
Fumonisin B, 1.111 0.0671 65.8 2.5 0.141 58.0 0.68
Fumonisin B; 0.267 0.0215 67.0 2.2 ND 61.8 14

a) The mycotoxins were spiked to air-dried samples one night prior to extraction. The spiked levels
were 7 mg/kg as air-dry basis for fumonisin By, 2.5 mg/kg as air-dry basis for fumonisin B, and 0.6
mg/kg as air-dry basis for fumonisin Bs, respectively. The levels of mycotoxins as fed basis were
calculated with following equation on the assumption that the moisture content of samples was 60 %
for fed basis and 10 % for air-dry basis.

The levels of mycotoxins as fed basis (moisture 60 %)
= the levels of mycotoxins as air-dry basis (moisture 10 %) / 2.25

b) Natural contamination was measured in standard addition method when it was higher than one tenth of
spiked level. Natural contamination was measured in mean of the five samples, when it was lower
than one tenth of spiked level.

c¢) (mean of the five samples — natural contamination) / spiked level x 100

d) Relative standard deviation of repeatability

ND: Not detected
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Fig. 5 Typical SRM chromatograms of fumonisins in standard and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the peaks of Bi:
fumonisin By, B,: fumonisin B, and Bs: fumonisin Bs.)

A, B: Standard solution (25 ng/mL: 125 pg as fumonisins)

C, D: Sample solution of corn silage (spiked at 3.111 mg/kg as fed basis of fumonisin B; (as 87.5
ng/mL in sample solution), 1.111 mg/kg as fed basis of fumonisin B2 (as 31.25 ng/mL in sample
solution) and 0.267 mg/kg as fed basis of fumonisin B3 (as 7.5 ng/mL in sample solution))

E, F: Sample solution of WCRS (spiked at 3.111 mg/kg as fed basis of fumonisin B (as 87.5
ng/mL in sample solution), 1.111 mg/kg as fed basis of fumonisin B> (as 31.25 ng/mL in sample

solution) and 0.267 mg/kg as fed basis of fumonisin B3 (as 7.5 ng/mL in sample solution))
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