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Rapid Determination of 26 Pyrrolizidine Alkaloids in Milk Power and Liquid Milk by Solid Phase Extraction
Combined with Ultra-high Performance Liquid Chromatography-Tandem Mass Spectrometry

CHEN Yankai
(National Quality Supervision and Testing Center for Processed Food,
Fujian Inspection and Research Institute for Product Quality, Fuzhou 350002, China)

Abstract: A method was developed for the simultaneous determination of 26 pyrrolizidine alkaloids (PAs) in milk powder
and liquid milk by solid phase extraction (SPE) combined with ultra-high performance liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS). The samples were extracted with 5% trichloroacetic acid solution, cleaned up on a polymer
cation exchange-solid phase extraction (PCX-SPE) column, separated on an ACQUITY HSS T3 column with gradient
elution using a mobile phase consisting of methanol and 0.1% formic acid in water, detected using an electrospray ionization
(ESI) in the positive ion mode with multiple reaction monitoring (MRM), and finally quantified by the external standard
method. The method validation was performed under optimal conditions. The calibration curves for the 26 PA compounds
showed good linearity in the range of 1.0-40 ng/mL with determination coefficients (R°) greater than 0.992. The limits
of detection (LOD) and quantification (LOQ) of the developed method were in the range of 0.01-0.33 pg/kg (Rgy = 3) and
0.03-1.0 pg/kg (R = 10), respectively. Recoveries for blank milk powder and liquid milk spiked at 1 %, 2 %, and 10 x LOQ
levels ranged from 73.1% to 111.6% with relative standard deviations (RSDs, # = 6) of 0.6%-9.8%. In conclusion, this method
is simple, efficient, sensitive, accurate, and suitable for the determination of the 26 PAs in milk powder and liquid milk.
Keywords: solid phase extraction; ultra-high performance liquid chromatography-tandem mass spectrometry; milk powder
and liquid milk; pyrrolizidine alkaloids
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Fig.1  Total ion current chromatograms of 26 PAs (10 ng/mL)
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Fig.2  Extracted ion chromatograms of 4 pairs of isomers (10 ng/mL)
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Fig.3  Effect of different extraction solvents on the recovery of 26 PAs
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Fig. 5 Matrix effects of 26 PAs in milk powder (A) and liquid milk (B)
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Table 2  Linear equations, LODs and LODs of 26 PAs in milk powder and

liquid milk
. I (ngfkg)

R (ugkg)

s R Y Ton ot am M
BHEAR y=043183+39 1450 0996 006 004 017 013
ZREMTEAB  y=275160x—484.157 0998 006 006 018 018
FEHAMAEMS  y=51128+147239 0993 008 008 024 024
BRTF y=50425.00—879.778 0995 003  0.09 010 028
IR y=183 198v+18735.7 0998 002 0.02 007 0.06

e 4 y=1728220+238815 0995 002 0.02 007 006

WAL, BT, 20 10 pg/kg N FR Bl i S2 56
(n=6) . S5iREIR, 26 FPAsILA YILE PRl [ 5 5
o R R AET3.1%~ 111.6% 2 18], AR ARAE R 2 76
0.6%~9.8% 8] (F£3) , P BH1ZIT VLR A BT (e
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3 FUB K b-F26 FHPASH IOl AR IR 1
Table3  Recovery rates and precision RSDs of 26 PAs in spiked milk
powder and liquid milk
PAs ks [ R/% _ ?{iﬁxﬁ/ﬂﬁfﬁﬁ/‘%
(pg/kg) A -3, B G

1 99.5 100.5 49 2.8
W H A 2 98.5 102.9 49 5.0
10 87.2 102.6 4.6 25
I 1 87.9 75.5 3.6 5.7
?’fﬁﬁ& 2 82.5 87.4 6.4 27
10 79.9 83.6 49 3.5
— 97.8 91.9 5.4 7.2
ﬁd&ﬁ?xﬁc% 2 103.9 101.7 3.1 5.3
10 98.0 101.7 14 1.5
1 98.2 99.2 438 44
R R S 2 94.4 105.6 6.7 3.4
10 90.3 102.1 1.7 3.7
1 99.6 91.7 3.6 52
EIESE: 2 97.5 96.0 1.1 4.0
10 93.4 96.4 15 2.8
1 102.2 92.6 42 7.6
PELVNI 2 103.8 100.1 1.3 37
10 99.8 100.9 4.1 2.0
N 95.3 86.8 5.0 4.1
T 97.7 98.4 1.1 2.1
10 96.1 97.6 0.7 2.7




E6oill=

2024, Vol.45, No.24 271

Dy g2
443

PAs IR R 1% _ fﬁxﬁbﬂ&fﬁﬁ/ﬁ/o
(pghkg) B =D R 3
1 935 92.2 7.8 44
ﬁgigﬁ% 2 87.8 973 8.2 45
10 90.4 96.0 5.6 25
NI 1 82.9 96.5 1.7 24
hpli 2 90.9 104.1 1.7 2.1
10 90.8 99.6 1.0 25
- 1 88.0 929 1.3 7.0
N 2 89.8 104.3 23 3.6
10 90.7 103.7 15 1.7
1 92.0 85.6 1.8 7.9
{3 B 2 98.0 99.7 5.4 5.0
10 102.1 102.6 15 3.5
1 86.4 73.1 8.0 8.3
IR 2 96.1 89.6 2.4 5.5
10 95.6 99.0 2.7 5.7
. - 1 106.0 92.1 2.7 3.2
%E%? 2 111.6 92.0 6.1 5.6
10 100.9 96.3 4.0 5.2
1 102.3 94.4 22 7.2
RIT I 2 103.4 103.8 3.3 5.7
10 102.7 104.5 238 1.0
L 1 97.3 87.4 1.4 7.9
%Vﬂﬁﬂ;%ﬁ 2 102.1 101.0 2.0 32
10 96.4 95.8 1.0 1.1
1 102.7 84.2 6.1 2.9
FHEAIER 2 102.1 98.0 7.0 6.2
10 102.8 98.3 2.1 15
- 98.3 82.9 23 7.2
?ﬁ@%ﬁ 2 101.1 102.9 4.1 2.1
10 103.7 94.0 3.5 3.7
1 90.7 82.9 4.6 52
T B T8 2 98.8 101.4 5.4 5.6
10 98.3 97.7 3.2 0.6
— 1 83.7 85.1 7.8 5.0
ﬁﬂ% 2 94.0 109.3 2.5 5.6
10 93.3 95.7 1.0 27
1 92.1 83.0 3.4 72
T B 2 94.4 88.9 34 4.6
10 89.5 92.7 3.8 4.6
o 1 922 87.0 7.6 7.6
N‘*’“%E*ﬁi 2 106.1 97.4 7.0 46
10 98.6 98.5 3.0 3.3
o 1 88.4 82.4 5.6 55
E%EW 2 9.5 91.2 4.8 1.0
10 84.6 95.9 5.6 0.7
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