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Determination of 5 Kkinds of selenium species in soybean by liquid
chromatography-inductively coupled plasma mass spectrometry
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ABSTRACT: Objective To establish a method for determination of 5 different forms of selenium [selenium
cystine (SeCys2), methyl selenium generation L-cysteine (MeSeCys), and selenium acid radical (Se IV),
selenomethionine (SeMet) and selenium acid group (SeVI)] in grain soybean samples by liquid chromatography with
inductively coupled plasma mass spectrometry (LC-ICP-MS). Methods The samples were hydrolyzed by
ultrasound and extracted by adding pronase E, and separated by C;gchromatographic column (4.6 mmx150 mm, 5
pm, 100 A) using 30 mmol/L diammonium phosphate, 0.5 mmol/L tetrbutyl ammonium bromide, and 2% methanol
as mobile phase. The pH of the mobile phase was adjusted to 5.8~6.0 by formic acid, then 5 selenium forms were
determined by ICP-MS. Results After the optimization of the method, 5 selenium forms could be separated

completely in 8 minutes by LC-ICP-MS, and the linear relationship of the standard curves of selenium forms was
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good (r*=0.995). The limits of detection the method were 0.5-1.0 pg/L, the limits of quantitation were 1.5—

3.0 pg/L, the recovery rates were 97.34%-100.33%, and the relative standard deviations were 0.46%—1.2%.

Conclusion This method has the advantages of simple, fast pretreatment, high sensitivity and fast analytical speed,

and is suitable for speciation analysis of selenium species in soybean food.

KEY WORDS: liquid chromatography; inductively coupled plasma mass spectrometry; soybean; selenium species
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Fig.1 Chromatogram of the 5 selenium species (100 pg/L) with
Hamilton PRP-X100 column (equal elution procedure)
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Fig.2 Chromatogram of the 5 selenium species (100 pg/L) with
Hamilton PRP-X100 column (gradient elution procedure)
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Fig.4 Effect of pH on retention time of selenium species (N=3)
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Fig.5 Effect of diammonium hydrogen phosphate concentration on
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Fig.6 Effect of flow rate on retention time of selenium species (N=3)
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Table 1 Linear ranges, linear equations, correlation coefficients, limits of detection and limit of quantitation for 5 kinds of
selenium species
L2 LA/ (ng/L) AT r’ K 4 BR/(ng/L) JE PR/ (ng/L)
SeCys, 10~200.0 Y=44.1798 X+0.9006 1.000 1.0 3.0
MeSeCys 10~200.0 Y=64.1631X+0.3999 1.000 0.5 1.5
SelV 10~200.0 Y=79.2340X+0.4707 1.000 0.5 1.5
SeMet 10~200.0 Y=67.4847X+0.5010 1.000 0.5 1.5
SeVI 10~200.0 Y=70.6949X+0.8023 1.000 0.5 1.5
2 ATHEH S WERSHMRELE (-6
Table 2 Recoveries of S kinds selenium species in soybean samples (n=6)
Y 2R {H/(mg/kg) JbR A/ (mg/kg) [l 2/% AR AR 1 Al 2/ %
0.09 98.22
SeCys, ND 0.18 100.33 1.1
0.90 99.74
0.09 98.89
MeSeCys ND 0.18 98.67 0.85
0.90 97.34
0.09 98.67
SelV ND 0.18 99.78 0.73
0.90 97.48
0.09 97.95
SeMet 0.1691 0.18 99.17 1.2
0.90 99.23
0.09 98.33
SeVI ND 0.18 99.00 0.46
0.90 99.20

TE: ND ARG

4 & 1

ARG T R BRI, VA (- GRS
B AR B A K S i H Y SeCys, . MeSeCys .
SelV. SeMet Fll SeVI 5 Rl A4 771k o 1% IAHiTAL 31
ABRTE R AP, WA, 155/, 8 min
PR TT LA 5 RS0 8550 4, Ar B ROR I HArHr sl i
o IZIT LT LA ) 556 i BT 25 A 7 DR v
BT, NS A0 AR AS SR AL T T4 ik, )
BEhEERERETEYL.

Z30Hk

(] BUTR, fUeh, WI5I7, 45 A PIESNUITERT]. &7 & T,
2018, (11): 71-73, 76.

N

Wei NG, He C, Fan FF, et al. Research progress of selenium speciation in
foods [J]. Acad Period Farm Prod Process, 2018, (11): 71-73, 76.
[2] FEELL, JARIN, AL, SE. PR AT L] R,

2018, 33(3): 134-138.
Liang KH, Lu LG, Zhu H, et al. Research progress of selenium in food [J].
J Chin Cere Oils Associat, 2018, 33(3): 134-138.
SR, ER, B, . 'R TPRUTRIES TR 'R
L TR AN AR, 2019, 10(13): 4376-4381.
Guo LL, LiJ, He B, et al. Research advance on the speciation of selenium
in foods [J]. J Food Saf Qual, 2019, 10(13): 4376-4381.

BP9, WO, Molieds, 45 RO k- rUSem & A5 ARG
ICFH ARSI & i B LRI RIE S (D], (@3, 2011, 29(3): 223-227.
Wang BT, Xie LQ, Lin YK, et al. Determination of selenium species in
food by high performance liquid chromatography with inductively coupled
plasma mass spectrometry [J]. Chin J Chromatogr, 2011, 29(3): 223-227.
FIk, SEAUIE, BRFED, A5 mRORHH G- BRSBTS
AN A0 e 6 R AS)]. M6, 2013, 41(11): 1669-1674.
Wang X, Xing YN, Chen ZY, et al. Determination of 6 selenium species
in selenium-enriched food by hyphenated technique of high performance
liquid chromatography-inductively coupled plasma mass spectrometry [J].

Chin J Anal Chem, 2013, 41(11): 1669-1674.



558 1 MEED7, S5 WO (- 5 45 T B I R R D E R SR Y 5 Rl 2 2461
[6] ZEuh, jitits, JikkH, %. HPLC-ICP-MS kil & & ifi/NAZ il e 45 species in selenium-enriched pakchoi (Brassica chinensis Jusl var

(7]

(8]

[9]

[10]

[11]

[12]

[0]. &SI, 2019, 40(2): 140144,

Qin C, Shi C, Wan QY, et al. Speciation analysis of selenium in
selenium-enriched wheat by HPLC-ICP-MS [J]. Food Res Dev, 2019,
40(2): 140-144.

Jorge MP, Joel SP, Adriana ML, et al. Selenium species determination in
foods harvested in Seleniferous soils by HPLC-ICP-MS after enzymatic
hydrolysis assisted by pressurization and microwave energy [J]. Food Res

Int, 2018, 111: 621-630.

AARAE, A, RidRZs. AUBSRE SR TSI S S
BOCEILE T HIT]. £ 5 &4 R A 274, 2019, 10(18):

6176-6183.
Leng TH, Zheng Y, Lu ZY. Application of inductively coupled plasma

mass spectrometry in speciation analysis of 5 kinds of elements in food [J].

J Food Saf Qual, 2019, 10(18): 6176-6183.

Wik, ENV, Gril, 45 HPLC-ICP-MS AL SN K & i
HEAS[T]. BUCE AR, 2015, 31(2): 280--284.

Yang XB, Wang BT, Yu K, et al. Determination of selenium species in
genetically modified soybean by HPLC-ICP-MS [J]. Mod Food Sci
Technol, 2015, 31(2): 280-284.

FR% RS %Eﬂ}éi, 5 AR - o A A € - P JER
B TR ORI E AR P D). PEAILTAE, 2020, 36(1):
130-136.

Chen SZ, Tang DJ, Li XY, et al. Determination of selenium form in cereal
food by ultrasonic enzyme extraction high performance liquid
chromatography inductively coupled plasma mass spectrometry [J]. Chin J
Public Health, 2020, 36(1): 130-136.

FRHE. WERCIE ST BV

266.

JE[N]. REZHE, 2019, (2):

Wang TT. Research progress on extraction and speciation of selenium [J].
Farmers Consult, 2019, (2): 266

Thosaikham W, Jitmanee K, Sittipout R, et al. Evaluation of selenium

[14]

[15]

parachinensis (Bailey) Tsen & Lee ) using mixed ion-pair reversed phase
HPLC-ICP-MS [J]. Food Chem, 2014, 145: 736-4742.

He M, Su SW, Chen BB, et al. Simultaneous speciation of inorganic
selenium and tellurium in environmental water samples by polyaniline
functionalized magnetic solid phase extraction coupled with ICP-MS
detection [J]. Talanta, 2020, 207: 1-7.

Zhang K, Guo XQ, Zhao QY, et al. Development and application of a
HPLC-ICP-MS method to determine selenium speciation in muscle of pigs
treated with different selenium supplements [J]. Food Chem, 2020, 302:
1-8.

figksk, e, ke, JEWl4E. HPLC-DRC-ICP-MS il & il
PITIEAS[T]. Amidae 2, 2013, 32(2): 39-43.

Ni ZL, Tang FL. Zhang W, et al. Determination of selenium species in
se-enriched vegetables by HPLC-DRC-ICP-MS [J]. Chin J Anal Lab, 2013,
32(2): 39-43.

(WAL 4 $hueir)

fEZ T

MEF, WEBEIE, TEMRFTE
AERBREWN.
E-mail: 422644857@qq.com

HEX, BL, BIRA, TEWRS
EREREFNERLHNASHEEE.
E-mail: 82004897@qq.com



