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Simultaneously determination of the content of 7 kinds of selenium species in
plant-based selenium-enriched food by high performance liquid
chromatography-inductively coupled plasma mass spectrometry
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ABSTRACT: Objective To study the extraction effects of microwave-assisted enzymatic hydrolysis, establish a
method for determination of 7 kinds of selenium species (selenate, selenite, selenocysteine, L-selenium methyl
selenocysteine, L-selenomethionine, methyl selenite acid and selenoethionine) in plant-based selenium-enriched food
by high performance liquid chromatography-inductively coupled plasma mass spectrometry (HPLC-ICP-MS) based

on dynamic reaction cell (DRC). Methods The samples were enzymatically hydrolyzed by microwave-assisted
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trypsin, and the supernatant was removed from the aqueous phase filter membrane after high-speed centrifugation.

MS interference was eliminated by DRC using methane as reaction gas with HPLC-ICP-MS method, and quantitative

analysis was achieved by external standard after calibrated by the internal standard. After the conditions of

chromatography and mass spectrometry were optimized, the extraction effect of pretreatment method was investigated

from the aspects of enzyme type, enzyme dosage, extraction temperature, extraction time and spike recovery. Results

The results showed a good linearity from 0.5-100.0 pg/L and the value of the corresponding correlation coefficients r

were all larger than 0.9998. The average recoveries were 91.45%—-102.75%, the values of limit of detection were

0.10-0.30 pg/kg, and those of limit of quantification were 0.30-0.90 pg/kg, and the intra-day and interday precision

values were below 5% and 9%, respectively. Conclusion The results shows that the established method is accurate,

sensitive, and is suitable for the analysis of 7 kinds of selenium species in food simultaneously.

KEY WORDS: selenium speciation; high performance liquid chromatography-inductively coupled plasma-mass

spectrometry; dynamic reaction cell; selenium-enriched food
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AR BE(EEEE 99.999%, | M A AMEH R FH);
WERAR [Se(VD PR HEVE TR . TWARBRAR [Se(IV) bR VA B (5
WY 1000 mg/L, 3€[E Inorganic Ventures 72y l);
SeCys, FREA . SeMC FRUEFRIR . SeMet FRUEIE R (W E
34 0.560g ., 0.433 K 0.499 umol/g, 1 EHERIFHIF
Bi); SeEt(4liE>98%, MIE K TRC A w]); H KL AR
MSA)( 2 FE >98%, % H
Sigma-Aldrich A H)); 2K, FrBERRE 8 . WL . Ll
FREN (BT al, TR, BB al, 35 Bk
AT, B FARE(Q2500 U/mg, b2 sobk A (b BHE I A
B D), PR FIBE(14000 Ulg, bIR4SB
ol S E A XIV (3500 Ulg, EEERTEAH]); In, Ge
M N ARAREV R (1000 pg/mL, [E A 64 )8 & o4
B MR A 0); Be, Ce, Fe, In, Li, Mg, Pb., U i
W1 pg/L, EEAEERERAH),
1.2 UE5EF

NexSAR = &0 A0 35 4 (3 B 40 & R B A,
NexION 1000 HJEHE G 55 25 1M 343 (55 161 4 3 IR BR
3dl); Al basic FFEEPL(TEE TKA 22 5]); XPE 304 L FK
P& 0.1 mg, Hi HAERAE-ERI 2 A H]); REVO fk %
WAEFE AL 3EA R A H); Milli-Q Gradient #B4lik &5
(3 Millipore 23H)); 3K15 B2l &0 HL(EEE Sigma 24
F]); XSelectBHSS T3 A1 [250 mmx4.6 mm, 5 pm 7K4%
TR (F A BRAF]]; Acclaim™ Mixed-Mode WAX-1
OIEH[250 mmx4.6 mm, 5 pm  FEER KRB (P DA R
25 H]]; SuperLu Cig-AQ fi5%H:[250 mmx4.6 mm, 5 um, J~
MHES TR AT B A A
1.3 LWHE
1.3.1 AR 4 Bk

B —BRERE A T HERRARE 7 Al H AR AR AE
0.1 gCHEHIZ 0.0001 g), AHIET 100 mL &5+, FK
BL ikl L 1000 mg/L R —FRUERE &R, T 4°C T IRFF-

IRATRERE 2 A BC . W 7 R B ARY) A — ARG
£ 1 mL & F 100 mL &, A/KBECHIE 10 mg/L #
PRI, T 4°CTF - 17

RAVRERS TAEER: K 7 Fl B s AR S An v
it 45 V¥ LU AG FH K 7 B TR B A T R 9 TAE VA W, T
HeJE %k 0.0, 0.5, 1.0, 2.0, 5.0, 10.0, 20.0. 50.0,
100.0 pg/L, BECHH .
1.3.2 HSarazE

AR SO BRI 5T, R G R 2 AV e 1 B )
ZKan, MUTARIE, BEEET 4°CokFa .

TEFIFRIL 0.5 gO A3 0.1 me)RrINEE 5y, B T U5
IS D, AR 15 mL 7K (45 mg 5545 % (17§ X1V,

(methane-seleninic  acid,

F 37°CHHA TR A BRI 40 min, KHRBUREFL % 25 mL
B, DL 8000 r/min B4 10 mine  EIFIKIT 0.22 pm 7KAH
JEME, it HPLC-ICP-MS #7415, R eas (e,
133 MR8

(Ot 4

st A 8 1 mmoL/L ¥R A —%+1 mmoL/L
O bR IREN+2% HIBE, pH M 3.2, WishAH B 65 mmoL/L #¥
BB A —4%+1 mmoL/L CLBEREIREN+2% I, pH Jy 3.2,
BEVEEFLF: 0~7.0 min, 100% A, WK 0.5 mL/min;
7.1~28.0 min, 100% B, ¥ % 1.3 mL/min; 28.1~35.0 min,
100% A, i 0.5 mL/min AR 25°C, #AERA 10 pL,

Q)F% &1

SR 1600 W; FALZFHE N 1.04 L/min; &
TG E A 15 L/min; $FISMARE 1.2 L/min; 53 H7H
2R 33 &t (dynamic reaction cell, DRC)FEZL, [ <,
Wk ai Pk, W 0.6 mL/min; FEAT (M2l 79.92,
FKAERFE] 900 ms, HBHZ%L q (rejection parameter g, RPq)
h 045, 7 F BVMEEWROPRER R ISR LA 1, g
BT Y R 100 pg/Le
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LA 3 U E, 459K A Microsoft Excel 2007 %X
PEkgETHE A, B R Origin 9.0 BEA TR AL 2
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AN PR 11 8 e X C R SR 2 o PR
M2 F—2k, Besk FEgHTR 7500 20, 30, 40, 45, 50,
60 mg, SEHEAT 3 UITHAbRMENR 2, 4R 2 f. 4
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Fig.1 Relationship between the type of enzyme and
recoveries of 7 kinds of analytes
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SR N 20 pg/L 1Y 7 Fi FARIER S AR M W, T L IA]

=1

5B 1 5D, 455 F M e R S AR T3 45 5 e Rz L
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AR HSS T3 @i . Mixed-Mode WAX-1 43
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Table 1 Relative abundance ratios of selenium stable isotopes and their major mass spectrometry interferences
R R L 2R AHXT R BE /% FER BT
745e 087 37C12+’ 40Ar34s+
76Ge 9.02 40Ar36Ar+, 38Ar2+, 44Cazzs+, 40Ar3(ys+, 39K37C1+’ 42Ca34s+’ Hogi2gt
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Fig.5 Chromatograms in DRC mode
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Fig.6 Chromatograms of 7 kinds of analytes at different concentration using DRC mode with methane gas
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T+ 1 mmol/L Rl RR 4N (pH=3.2)f M sh Al B, Xtfioc
ZIEESHTHE . 1 mmol/L ¥R & —4%+1 mmol/L . %%
TR B (pH=3.2)1F ) A HIFEIEASSZBE Se(VI). Se(IV) . MSA
I SeCys, 45 4 Fl IR 438, WishAl B fESLHL SeMC .
SeMet Fll SeEt 55 3 F HARY) 43 25 B 55 A AR B Fom B 43
PRI B, SRR G R A B, W
TR B OAHREHA O (350 ST LR Sy B Rl s A
], PO, SR 1 mmol/L FEERR A —4%+1 mmol/L
CLBE i RN (pH=3.2)1E 0 A #H, 65 mmol/L Fr &R & 8+
1 mmol/L & kefiFR 4N (pH=3.2)1E i 541 B,

()i st pH Bk

PREEHAL BT 26 A AAE, H 8RB pH 4351
2.0, 3.0, 3.2, 42, 4.5, 5.0 % 7 TR ST B
SCIRRIA, M shA pH ¥4 2.0 Al 3.0 Af MSA 4 SeCys,
KAESE B, MF A pH 0 3.2 15 7 Fh HAri 5281
FELR B, MW ENAH pH H4 4.5.5.0 I SeEt ISR @5 43

BIERAR; BOR A 4.2 MR SIA pH.

(DFEIR A

PREFH A SR AN EE, %82 20, 22, 25, 28 1 30°C
SEREIRAT 7 RINOCEIE A BE ORI . S5 RRT,
T AR A XA O 2R AR2E TS A0 B B S AN B i, Sk R
T 25°C R 9206 51

(5)it Sl AH B AR A B Ak

PRA5 At S 56 Z5 1 AN A, 25 58 H AR B4R 25000 301 Ry
1%, 2%. 4%F1 5%%F 7 Fili e R IL 350 B L B2
GERFN], HEATRBON 1% SeMet Fl SeEt 44 % A= i
TEGE, AT SR 4%F 5%H) Se(IV). MSA FlI SeCys,
W E R, TR S B T BRI 2%
RESCIN 7 Rl AR R B A3 B, O HR 2% H R F A B0k
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23 FHERRIE
231 £MEE. AR, TER., miFRKE AT
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Yo 25 A RE R IR EA T = A bR N SR 88, SE1T 6 A T
FE, VS H PRI H [RIARX BRI 22, S50 3. 7 Fh HAR
YI IE R AE 91.45%~102.75% 2 1), H RS %5 5 /8T
5%, H K ER/NF 9%, 54 GB/T 27404—2008( 52
B R TS B PRSI ) Bk, 1R A vk
EUA R0 ot RIS 255 8
232 EERES KN

AR A (O et N R TN =i N I = R T P-N L S =2 1]
oK, BT I 4 2538 40 DEESFEITINE, 455
4 PR A BHYE BRI POC R RS ZR K,

X & il FH R D A S FL A, SeCys,. SeMC., SeMet
EOCRTE A S B E, SeMet &8 X F BG4,
SeCys,. Se(IV)& & & &, LA SeCys, I F; X FEMIA
K, SeCys,. SeMet & im# i, HLL SeCys, ¥, #aaE
WHE RV . B ANAS SERE A, A A FLAR £ AL,
RFFREBRA S . LR as LUl B, MY S i
T AT A AN B A W 22 S 0, TR 28 B (B T
AR T A ™ T2 S 8O0 TE 28 & A e Ak sk Jr i AN
HERR TS B0, X & W& S AT R St A &
TR,

Fz2 0.5~100.0 pg/L RESEE RS ENIERZ . REBETE. HXRH KHRMEER
Table 2 Stand curves, retention times, correlation coefficients, limits of detectionand limits of quantitation of the method
at the concentration range of 0.5-100.0 pg/L

e W5 £ 83 5} [i2] /min T o fl £ r 6t BR/(ng/kg) 7E PR /(ng/kg)
1 Se(VI) 4.038 Y=1298.2153X+2005.0070 0.9999 0.30 0.90
2 Se(IV) 4.656 Y=13207.7553X+1995.2844 0.9999 0.30 0.90
3 SeCys, 6.494 Y=11393.3496X-880.7068 0.9999 0.15 0.45
4 SeMC 9.266 Y=4132.8836X+324.7508 0.9999 0.30 0.90
5 SeMet 14.600 Y=3259.7440X+1426.4662 0.9998 0.12 0.36
6 MSA 5.861 Y=7295.5211X-1074.7629 0.9998 0.10 0.30
7 SeEt 27.370 Y=6110.6423X+2079.0913 0.9998 0.15 0.45
®3 THENMNENE. BRMBEEEE®0=6)
Table 3 Recoveries, intra- and inter-day precision for 7 kinds of analytes (n=6)
- (B & 7 A AE &L /% H 1)K %2 BE /%
KF 1 KF-2 K- 3 K- 1 K- 2 K- 3 K- 1 K2 K- 3
Se(VI) 95.15 96.20 100.76 3.02 3.50 2.85 5.60 8.42 6.74
Se(IV) 100.20 97.08 100.35 4.21 3.89 2.50 6.34 7.65 7.05
SeCys, 98.65 95.35 98.10 3.36 3.50 2.76 8.65 8.24 6.80
SeMC 92.00 91.45 102.75 2.80 2.67 2.09 8.87 8.05 7.15
SeMet 100.65 96.86 95.56 2.10 2.06 1.89 7.64 7.40 6.68
MSA 98.25 94.45 97.86 3.52 3.82 3.65 6.65 5.68 5.89
SeEt 101.00 100.36 97.75 491 3.65 4.50 8.69 7.67 7.05
T ACE 1. 20 300 BARGRIY 5 5 E R, 10 2 R 50 e 7R .
*4 TEEYHEEWERPHFIINSE
Table 4 Concentration levels of analytes in different plant-based selenium-enriched food samples
E9 Yyt WP IE I/ (mg/kg) E-9n Y W TR /(mg/kg)
Se(VI) 0.25~2.12 Se(VI) ND~3.52
Se(1V) 2.52~5.62 Se(IV) ND~8.63
SeCys, 10.62~22.20 SeCys, 20.62~54.23
A SeMC 18.80~35.60 [E1pNZS SeMC ND~10.64
SeMet 8.27~52.62 SeMet 15.22~28.65
MSA ND~2.24 MSA ND
SeEt 0.25~1.06 SeEt ND
Se(VI) 1.05~5.62 Se(VI) ND~12.52
Se(IV) 5.24~14.58 Se(IV) ND~5.48
SeCys, 8.62~42.58 SeCys, 15.62~30.23
s SeMC 2.82~5.65 i ELFLR SeMC 10.37~15.24
SeMet ND~1.24 SeMet 5.62~36.82
MSA ND~0.62 MSA ND
SeEt ND~0.51 SeEt ND

TF: ND JgoRhi i
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AR AR5 A5 FH AR g 0 B O 4 e G A O RD, X BT R
G, RO SEERAMN XIV 5 3 R RIGIER,
o R R (S A A W N S nlb) A A = VA
HPLC-ICP-MS, A [Fli R & i 7 i RIS . 20k
SR UIE A B UT, B B R TR A, BRI
Rl MG, 454 HPLC-ICPMS H#
Kl *°Se B S0, A5 LRI R A 0.10~0.30 pg/ke,

ERMRHA 0.30~0.90 pgke, REEE, EE ML, LYEER

BE, 7 AP RSB . SHE I SCER IR E X L
[22°23.26°28] A Dy BRI bR TG T, KR . R BR Y
FEAR T 1~2 DBUE S, AR E) 45 568 40 min, ASHHF 5T T
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