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Determination of ergot alkaloids toxins in forage grass by ultra
performance liquid chromatography-tandem mass spectrometry
coupled with solid-phase supported liquid-liquid extraction
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ZHANG Chunyan, ZHENG Shuzhan’
(Technical Center of Hohhot Customs, Hohhot 010020, China)

Abstract: Toxic alkaloids, especially ergot alkaloid toxins, present in forage grass and pose serious
health hazards to humans and livestock. Hence, a method for simultaneously detecting these
dangerous plant toxins is needed. This study established a rapid method for detecting ten ergot
alkaloid toxins using solid-phase supported liquid-liquid extraction technology combined with ultra
performance liquid chromatography-tandem mass spectrometry. Forage samples were extracted with
8.0 mL of acetonitrile containing 1% formic acid. The extraction mixture was vortexed and then
centrifuged at 8 000 r/min for 5 min, after which 1.0 mL of the supernatant was mixed with 3.0 mL
of water and vortexed for 0.5 min. The entire mixture was transferred to a solid-phase supported
liquid-liquid extraction column and allowed to stand for 10 min. The column was eluted with 6.0 mL
of ethyl acetate and the collected eluate was evaporated under nitrogen at temperatures below 40 .
The residue was dissolved in 1 mL of acetonitrile-water (1:3, volume ratio, containing 0.5% formic
acid) , and separated using an Acquity UPLC BEH C,, column (100 mmx2.1 mm, 1.7 pm). A solution

of 0.5% formic acid in water containing 0.25 mmol/L. ammonium acetate was used as mobile phase
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A, while 0.5% formic acid in acetonitrile was used as mobile phase B. The following gradient elution
program was used: 0-1.0 min, 90%B; 1.0-5.0 min, 90%B-75%B; 5.0-10 min, 75%B-50%B; 10-12
min, 50%B-10%B; 12-14 min, 10%B; 14-16 min, 10%B-90%B. Ten ergot alkaloid toxins (including
three pairs of isomers: ergocornine, ergocristine, ergocristinine, ergocryptine, and ergocryptinine )
were effectively separated following gradient elution. Positive electrospray-ionization mode and
multiple reaction monitoring (MRM ) scanning was used for detection, with an external standard
curve used for quantification purposes. The ten ergot alkaloid toxins exhibited good linear rela-
tionships within their respective linear ranges (7°>0.995). Alfalfa, Leymus chinensis, oats, and silage
corn exhibited LODs of 0.1-2.3 pg/kg for the ten ergot alkaloid toxins, with LOQs of 0.4-7.3 ng/kg.
The developed method exhibited overall recovery rates of between 66.3% and 116.7%, with relative
standard deviations of less than 9.9%. The matrix effect mainly manifested itself in the form of matrix
suppression, with silage corn exhibiting a significantly stronger matrix effect than the other three
types of forage. Silage corn exhibited a strong matrix effect in more than 50% of samples, while
alfalfa, oats, and Leymus chinensis showed relatively low matrix effects, with more than 63% being
weak. The developed method is simple to operate, provides accurate results, and exhibits minimal
interference; hence, it is suitable for simultaneously screening and confirming ergot alkaloid toxins
in forage, thereby providing technical support for monitoring forage quality , while also expanding
the applicability of solid-phase supported liquid-liquid extraction technology in the toxin-detection
field.

Keywords: ergot alkaloid toxins; forage grass; solid-phase supported liquid-liquid extraction;

ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS)
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Table 1 MS parameters of the 10 ergot alkaloids toxins

Compound Retention time/min Precursor ion (m/z) Product ions (m/z)  Collision energies/eV
Dihydroergocristine (W% # ffi 1) 8.94 612.5 350.0°, 271.5 30, 45
Ergocornine (2 £ 7 fif ) 8.60 562.3 268.0°, 223.0 40, 45
Ergocorninine (£ ffi 547 7 i) 9.11 562.3 305.07, 223.0 30, 40
Ergocristine (7 ffi 70 i) 8.94 610.0 268.0°, 223.0 30, 40
Ergocristinine (57 ffi 5 7Lk ) 9.42 610.0 268.0°, 223.0 30, 40
Ergocryptine (27 ffi < HL6#) 8.89 576.3 268.0°, 208.0 40, 50
Ergocryptinine (2% ffi 5+ B i) 9.31 576.3 268.0°, 223.0 30, 30
Ergosine (£ fii 4 6% 8.42 548.0 223.07, 268.0 40, 30
Ergoitol (i) 6.42 254.8 240.07, 44.0 20, 30
Ergotamine (4 ffj Jti¢ ) 8.52 582.4 223.0°, 208.4 40, 50

* Quantitative ion.
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Fig.1 Chromatograms of the ergot alkaloid epimers separated on different chromatographic columns
a. Zorbax SB-C ; column; b. Inertsil ODS-3 column; c. Acquity UPLC BEH Phenyl column; d. Acquity UPLC BEH C ; column.
Peak identifications: 1. ergocornine; 2. ergocorninine; 3. ergocristine; 4. ergocristinine; 5. ergocryptine; 6. ergocryptinine.
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Fig.2 Chromatograms of the 10 ergot alkaloids toxins

Peak identifications: 1. dihydroergocristine; 2. ergocristine; 3.
ergocristinine; 4. ergotamine; 5. ergocryptine; 6. ergocrypti-
nine; 7. ergocornine; 8. ergocorninine; 9. ergosine; 10. ergoitol.
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Table 2 Matrix effects for ergot alkaloids toxins in forage

Matrix effects/%

Mycotoxin Leymus Silage
Alfalfa chinensis Oats corn

Ergoitol -8.7 -8.5 -0.6 -1.2
Ergosine -10.2 -28.1 -19.2 -41.2
Ergotamine -9.4 -26.2 -22.6 -57.6
Ergocornine -1.3 -16.7 -13.7 -48.7
Ergocryptine -20.3 -33.5 -33.2 -59.8
Dihydroergocristine -9.4 -24.8 -26.0 -64.7
Ergocristine 6.6 -9.9 -6.6 -48.9
Ergocorninine 3.3 -9.1 -9.9 -20.6
Ergocryptinine 28.4 -0.7 -19.7 -63.0
Ergocristinine 49.1 32.7 11.2 -55.4
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Fig.3 Effects of (a) extraction solvent types and (b) volume fractions of formic acid in ACN on the recoveries of the 10 er-

got alkaloid toxins (n=3)

MeOH : methanol; ACN: acetonitrile.
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Fig. 4 Effects of (a) types and (b) volumes of eluents on the recoveries of the 10 ergot alkaloid toxins (n=3)
DCM: dichloromethane; MTBE: methyl tert-butyl ether; Hex: hexane; EtAc: ethyl acetate.
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Table 3 Linear ranges, linear equations, correlation coefficients (r?), LODs and LOQs of the 10 ergot alkaloids toxins

Analyte Linear range/(ng/mL) Matrix Linear equation 7 LOD/(pg/kg) LOQ/(ng/kg)
Ergoitol 0.02-10 A y=406187.62x-5321.3 0.9983 0.2 0.5
L y =407123.820-3593.5 0.9995 0.3 0.8
(0] Yy =441943.1x0-5575.1 0.9963 0.1 0.5
S y =439285.30-3960.3 0.9995 0.2 0.6
Ergosine 0.02-10 A y =223583.720-2592.8 0.9977 0.1 0.5
L y =179002.72+283.8 0.9963 0.1 0.4
(0] y=201027.6x-1034.5 0.9984 0.1 0.5
S y=146432.12x-1395.9 0.9978 0.3 0.5
Ergotamine 0.02-10 A y=17602.2x-1740.4 0.9956 0.2 1.0
L y=14351.0x-107.5 0.9974 0.8 2.2
(0] y=15047.4x-227.4 0.9983 0.8 2.0
S y=8232.8x+186.7 0.9998 0.6 1.7
Ergocornine 0.05-20 A y=241847.00-3757.3 0.9967 0.4 1.0
L y=204177.00-2390.6 0.9990 0.9 3.0
(6] y=211635.70-858.7 0.9996 0.9 2.3
S y=125799.3x-1575.6 0.9994 1.0 2.4
Ergocryptine 0.2-50 A y=402484.50-6950.3 0.9956 0.8 1.9
L y=335757.620-1754.8 0.9992 1.3 4.1
(0] y=337455.4x-68.7 0.9999 1.0 3.2
S y=202891.50-2736.9 0.9976 1.8 4.0
Dihydroergocristine 0.2-50 A y=98988.2x-10794.2 0.9953 1.6 3.3
L y=82217.90-6029.7 0.9954 1.9 4.5
(0] y=80918.50x-4153.9 0.9965 2.0 4.1
S y=38582.22+3290.0 0.9961 2.2 6.2
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Table 3 (Continued)
Analyte Linear range/(ng/mL) Matrix Linear equation 7 LOD/(png/kg) LOQ/(pg/kg)
Ergocristine 0.05-20 A y=138974.50-10782.5 0.9968 0.4 1.8
L y=117374.6x-2056.8 0.9984 0.9 4.2
(0] y=121682.2x-4690.4 0.9996 0.6 2.8
S Y=66665.50-3204.4 0.9991 2.3 7.3
Ergocorninine 0.05-20 A y=245674.00x-3245.4 0.9976 0.3 0.9
L y=216163.80x-2039.6 0.9990 0.4 0.7
O y=214161.62x-2267.5 0.9972 0.3 0.8
S y=188711.3x-245.5 0.9978 0.4 0.9
Ergocryptinine 0.05-20 A y=20416.4x-2344.6 0.9978 0.5 2.1
L y=15801.02-900.0 0.9991 0.6 2.3
(0] y=12773.42-544.7 0.9963 0.7 2.7
S y=5886.7x-338.9 0.9998 1.0 4.5
Ergocristinine 0.2-50 A y=494653.80-9909.0 0.9953 1.3 5.5
L y=440326.70-6537.3 0.9974 1.6 4.6
(0] y=368928.4x-3445.5 0.9959 1.3 3.3
S y=147932.6x-1244.7 0.9995 1.4 4.9

A: alfalfa; L: Leymus chinensis; O: oats; S: silage corn. y: peak areas of analyte; x: mass concentration, ng/mL.
232 EHEEHEEE T3 1 I [l s 3 R o B O DR 4. Tk Il R
MR ST I D7 4 Fh s FLRR SR (B R R K 66.3%~116.7% , KX F5 1A 254 1.1%~9.9% , H &
ez HI K AT =K IMAR RS B AWK PR E MR AR R T B R
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Table 4 Recoveries and RSDs of the 10 ergot alkaloids toxins in forage (n=6)

1-fold LOQ 2-fold LOQ 10-fold LOQ
Analyte Matrix
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
Ergoitol A 76.9 5.4 80.3 3.8 84.3 4.1
L 88.5 2.7 91.2 3.3 92.3 4.3
(6] 77.7 6.6 80.6 5.1 82.8 5.0
S 72.0 7.6 74.0 6.2 81.9 6.5
Ergosine A 68.3 8.9 77.6 3.2 81.1 3.1
L 68.9 7.3 72.4 3.6 80.6 3.8
(6] 69.4 7.0 72.0 5.7 76.4 1.2
S 74.4 4.4 75.0 4.1 76.7 3.7
Ergotamine A 74.2 8.2 76.7 5.3 85.4 6.4
L 72.1 8.1 75.4 6.5 86.4 3.4
(6] 70.2 7.7 74.5 5.7 77.9 5.1
S 71.6 7.2 79.3 6.2 75.9 5.9
Ergocornine A 82.1 9.9 84.3 8.1 85.6 2.8
L 79.6 9.2 82.4 6.4 88.4 1.4
(6] 78.6 5.6 81.9 3.7 84.2 5.5
S 85.5 4.8 93.1 4.8 99.9 4.1
Ergocryptine A 73.6 9.1 75.8 9.7 78.9 6.7
L 70.6 6.8 77.4 3.3 80.6 4.6
O 72.4 7.1 79.0 5.3 71.7 3.7
S 70.1 7.6 74.2 7.0 80.0 6.8
Dihydroergocristine A 66.9 9.6 75.8 3.6 77.5 3.2
L 66.4 3.3 74.1 3.6 79.8 3.9
(6] 74.5 53 77.8 6.5 81.0 3.0
S 70.3 7.3 70.5 7.4 76.1 7.1
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Table 4 (Continued)
1-fold LOQ 2-fold LOQ 10-fold LOQ
Analyte Matrix
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
Ergocristine A 78.4 7.9 79.2 5.4 82.3 2.4
L 70.4 9.2 75.3 6.5 80.2 1.1
(6] 70.3 5.8 71.4 4.5 74.8 3.2
S 74.7 6.1 79.2 7.1 82.1 5.9
Ergocorninine A 73.7 3.2 73.0 2.8 75.6 1.7
L 86.1 2.6 90.2 4.5 108.3 1.3
(6] 108.6 7.6 111.0 4.9 116.2 2.2
S 95.9 4.8 97.2 2.8 116.7 3.8
Ergocryptinine A 66.3 5.6 72.4 5.7 73.5 5.0
L 73.3 9.2 76.7 6.1 96.5 5.6
(6] 76.7 8.4 78.0 5.2 81.9 1.1
S 72.3 7.0 79.0 5.8 87.7 5.8
Ergocristinine A 87.1 5.4 89.3 7.3 92.3 5.2
L 74.5 1.9 78.7 2.4 94.7 4.2
(6] 74.4 4.3 80.5 4.7 79.1 3.2
S 79.3 6.0 86.1 6.1 94.6 5.6
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Fig. 5 MRM chromatograms of a positive sample
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