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Fig.2  Chromatograms of organic selenium on different liquid chromatography columns
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Table 2

Retention times, accurate masses and relative

deviations of three kinds of organic selenium

wps RN ORTRE R AR

T (min)  BBME(m/z) WM (m/z) R2E(107°0)
SeMet 5.64 195.98822 195.98862 2.04
SeCyS, 3.41 334.90547 334.90593 1.37
MeSeCys 3.41 167.95692 167.95669 1.37
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Fig.4  Values of organic selenium under different instrument

parameters
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4 KERERL R R DLARA MR RIS %
Table 4  Standard recovery rate and precision tests of three

kinds of organic selenium in rice grain

s R R JbEIICE  RSD
T (peke) (pg/kg) (%) (%)
50. 0 42.7~51.3 89.2 ~102.6 5.1

SeMet 1000.0  937.2 ~1060. 1
5000.0 4930.0 ~5110.6

93.7 ~106.0 3.7
98.6 ~102.2 1.3

50.0 40.6 ~49.0 81.2~98.0 6.5
SeCys, 1000.0  998.3 ~1070.8 99.8 ~107.1 3.1
5000.0 4820.3 ~4960.5 96.4~99.2 0.9

50.0 43.6 ~51.6
1000.0 1020.7 ~1160.2
5000.0 5070.6 ~5190.4

87.2 ~103.2 6.2
102.1 ~116.0 4.7
101.4 ~103.8 1.3
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Table 6 Organic selenium content in edible parts of some

plants

B i (pg/kg) TCHLARG A7 DL

FEfh AR K%

SeMet  SeCys, MeSeCys MAMG Bl (%) (%)
KAEFFRL -1 92.0  12.7 ND 104.7  162.5 64.4
KFEAFRL -2 84.0  10.3 ND 94.4 135.2  69.8
IKFERER -3 11,7 ND ND 11.7 9.2 60.9
IKTEHFRL -4 109.3  27.8  17.3 154.4  195.6 78.9

Wi -1 43.4 21.3 11.1 81.8 112.7  72.6
I -2 32.5 ND ND 32.5 45.3 7.7 4.4
#il -3 87.2 34.8 24.2 146.2 200.4  73.0
wE -4 45.6 12.5 ND 58.1 85.7 67.8
ExK-1 84.7 21.3 8.6 114.6 143.2  80.0
EXk-2 470 9.8 ND 57.3 89.4 64.1 23.1

EX-3 58.0 34.7 ND 93.1 125.7  74.1

EES ND ND 8.0 8.0 21.4 37.4  50.0
A 5.6 ND 10.3 15.9 43.7 36.4  50.0
HE b 6.3 ND 9.0 15.3 42.8 35.7 50.0

T ND okt

3.2 ASEBHX AR & R LR

HT TSR AT fih I3 53 AR 58 4, AR5 0K
BYIVEVI RN 5 B 5 [ N AMIESEAEXT L . AR FE
TE SR TT/KARERE A HLA 5 109 0.0 ~ 154, 4pg/kg,
R AR SR A 11 U 7 0 3 X 0 KR

Table 5 Comparison of performance with other methods in the references

M0 =
LA o BSOS b f fﬁ‘? '(”ff’; Rl U
SeMet, SeCys, ,MeSeCys,Se(IV) ,Se( VI) AEEMN A L HPLC - ICP - MS 0.5~200.0 60.5~120.8 2.5~10.0pg/kg [30]

SeMet, SeCys,, MeSeCys, Se(IV) ,Se( VI)  JkFgkek: B RHELE HPLC - HG - AFS 10.0~200.0  85.4~105.5 2.27~3.89pg/L  [31]
SeMet BTG MOEEHEE HPLC -IDA -ICP-MS  20.0~100.0  68.0~84.0 0.7pe/L [32]
SeMet , SeCys, , MeSeCys, Se(IV) ,Se( VI) EES B HPLC - ICP - MS 0.0~200.0  52.1~111.6 0.85~4.68mg/mL [33]

SeMet, SeCys, , MeSeCys B

HFEHI LC - Q Exactive Otbitrap MS 5.0 ~500.0

76.4~116.0 1.0~4.7pg/kg A
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Determination of Organic Selenium Compounds in Crops by Liquid
Chromatography - Quadrupole/Electrostatic Field Orbitrap High -
resolution Mass Spectrometry

ZHU Shuai', SHEN Ya —ting", JIA Jing', LAO Chang - ling’
(1. Key Laboratory of Eco — Geochemistry, Ministry of Natural Resources, National Research Center for
Geoanalysis, Beijing 100037, China;
2. College of Earth Science, Guilin University of Technology, Guilin 541004, China)

HIGHLIGHTS

(1) An efficient and high — sensitivity method for determination of selenium forms in agricultural products by liquid
chromatography — quadrupole/electrostatic field orbitrap high — resolution mass spectrometry was established.

(2) This method had the same detection limit and recovery rate compared to the existing determination method for
organic selenium. However, the method established in this study had a wider linear range and application
range. This method can be used for the analysis of a variety of vegetables, grains and other crops, and solves
the problem that the existing methods can only measure a specific type of sample.

(3) In crops of Heilongjiang area, the selenium species in cereals were mainly selenomethionine, and in vegetables
were mainly methylselenocysteine. The selenium content of crops in the survey area was at a relatively low

level.
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ABSTRACT

BACKGROUND: As more attention is paid to selenium — rich products, the research on the determination of
selenium content in crops has become more and more significant. However, existing methods for determining
organic selenium has interferences of the matrix effect and polyatomic ion, which affect the accuracy of the
measurement.

OBJECTIVES: To establish a rapid method to determine selenium species pf organic selenium in agricultural
products by liquid chromatography — quadrupole/electrostatic field orbitrap high — resolution mass spectrometry
(LC - Q Exactive Orbitrap MS).

METHODS ; The selenium species were extracted using an ultrasonic exiraction system with a mixture of protease
XIV. The separation was carried out on a Waters Symmetry RP,; column by gradient elution with water and
acetonitrile as mobile phases. The selenomethionine, selenocystine and methylselenocysteine were simultaneously
analyzed in switching positive and negative modes. The quantitative and qualitative analyses were carried out by
high — resolution mass spectrometry with electrospray ionization ( ESI) source in negative ion acquisition mode
under Full MS/dd — MS* mode.

RESULTS: Under the optimal conditions, good linearity was obtained in the respective concentration ranges. The
limits of detection for three compounds were in the range of 1.0 —4.7ug/kg. The recoveries ranged from 76. 4% to
116.0% with relative standard deviations less than 6.5% .

CONCLUSIONS: Compared with existing methods, this method has a wider linear range and is suitable for the
analysis of a variety of grain and vegetable samples. The established method has been applied to the determination
of the edible part of a variety of crops in Heilongjiang, which is the main grain production area in China. The
results show that selenomethionine is the main ingredient in cereals, and methylselenocysteine is the main
ingredient in vegetables, and that the organic selenium content of crops in this area is at a low level. Therefore,

selenium supplementation is urgently needed.

KEY WORDS: organic selenium; crop; quadrupole/obitrap high — resolution mass spectrometry; ultrasonic
enzyme extraction
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