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Determination of eight selenium species in selenium-enriched edible oil
with accelerated solvent extraction-high performance liquid

chromatography-inductively coupled plasma mass spectrometry
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Abstract: [Objective] In this study, an optimized strategy was proposed to address the limitations of current methods for detecting
selenium species in selenium-enriched edible oils, such as the transformation between selenium species, long enzymatic hydrolysis time, and
the limited number of detectable selenium species. [ Methods] Protease K-assisted hydrolysis was performed using accelerated solvent
extraction, and a high performance liquid chromatography-inductively coupled plasma mass spectrometry (HPLC-ICP-MS) method was
established. [Results] At 40 °C, with a proteinase K dosage of 35 mg and a static extraction time of 5 min, the extraction rate of selenium
species could reach a maximum of (83.65+2.36)%. Eight target selenium species could be effectively separated within 20 min, with good
linearity in the range of 2~100 pg/L (R*=>0.999 3), detection limits of 0.20~0.60 pg/kg, quantification limits of 0.60~1.80 pg/kg, spiked
recovery rates between 82.3% and 112.3%, and relative standard deviations <<5.60%. [ Conclusion] This method improves the efficiency
and accuracy of selenium speciation analysis.

Keywords: selenium species; inductively coupled plasma mass spectrometry; mixed-mode chromatography; dynamic reaction cell; organic
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4.6 mm,5 pm) I SIELC Newcrom AH(250 mm X 4.6 mm,
5 um) 3 Fh IR AR o 6 33 Ak X 8 R T 25 A0 A B AU . iF
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Figure 1 Chromatogram of the separation of eight selenium
species using different chromatographic columns
under DRC mode with methane gas
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Figure 2 Chromatogram of eight selenium species at
different concentrations of ammonium citeate
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SN A FI R S B SL LR 20 . ik R BEJE B O 8 R A5
7 pH M 2.2 (R MEIRBE T F LI B TR 54, )8
GG Y pH A B TR A i A [ e A8 6 AS R A 25 19 5
B
2.1.5 A IR ER T, Y AER <30 CHF, B AR 53 8
i 22 5 ATy 30 CHY, & B AR W) 1Y 43 85 B e 1 29 4T
=>30 CH, B AR 45 B B AR W] AR Ak 5 ik % 30 'Co
[ Te S U
22 RiEEGMHRNK

& 1] &1, [ % RPg A 0.25, 24 FT g i 3 4
0.30 mL/min i , BEC F1 RSD ¥ Jg i /IME o & & 1 g i
A 0.30 mL/min, 24 RPg >4 0.55 i}, BEC il RSD 3}y 45 /]
{ . DRC#i K BEC M 1 906.12 ng/L [% % 102.48 ng/L,
RSD M 7.70% F& 5 1.32% , % B 5 K i J§ DRC B AH L,
i 3 4 DRC AR 2 i FE o 38 3 7T AT 00 IE T3S T4 L 1B
AR T 5 S5 AT VR B (BEC) 2 R 4G I 2 A0
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Table 1  Optimum parameters of DRC
(RPTRAC  WFEe s/, HREATE AR R
(RPgq) (mL-min ') #&JE/(ng-L™") 2%(RSD)/%
0.25 0.00 1906.12 7.70
0.25 0.20 200.34 2.47
0.25 0.30 127.51 1.40
0.25 0.50 221.15 1.74
0.25 0.60 437.81 2.34
0.35 0.30 137.27 2.30
0.45 0.30 145.45 1.58
0.55 0.30 102.48 1.32
0.65 0.30 136.32 1.69
0.75 0.30 142.19 4.73
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SRR A, T G0 A R A TR IR R A O B B 4
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0 EE A 0 A, ST RRRE L DRt R AR A AR
4 0.05 L/min.
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Figure 3 Effect of enzyme dosage and temperature on the extraction rate of selenium species (calculated as selenium )
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o) R —— 7 SRR R A T A, 1T 12 S0 Y SN R
WORCEAR Y, R EALTT, SeEt 14 B2 1 ] 7 10.93 min, 4
££9.52 min J&5 1 BT W 5 Y BRLUE 1% 0& 5 SeCys, (1 O/ B A
8] — %, HCHE I SeCys, AT BE J& SeEt & fb i 2 1) v ] =
W AR BRSSP R il — 05T . AL TEAS T 4]
fR st (] B, SeEt ¥y H B — 4~ 5 J U, v] i J2 I R SeEt Y
FE 14155 1k R BROR 42027 A H T SeMC il SeEt, SeMet fi
T RRE AR Gy 32 BB R I TR A% A B R

242 LRMETEE GRS R AR 2, 8 Fh A
ASHE 2~100 pg/L 3 St 3 B 00 11 D 19 A0 G R 50390999 3,
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Figure 4 Chromatograms of SeMC,

W, DL 3 A% 5 M L0 (/N XTI Ay J5T R B2 Sy L B, 10 85 SIN
X N7 Y B e ik Ok o e KR N4 LOD Sk 0.20~0.60 pg/ke,
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FH T S BRSO I 2
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F2 REEEREHELZATE BXRB . FERUHRMAEESR
Table 2 Retention times, standard equations, correlation coefficients (R*) , limits of detection (LODs) , and limits of

quantitation (LOQs) of this method

H b4 {4 B4 16} 7] /min s o i 2k X RER LOD/(pg-kg™")  LOQ/(pg-kg™")
Se(VI) 2.97 y=1769.01x+2 138.75 0.999 8 0.60 1.80
Se(IV) 3.93 y=1622.67x—256.41 0.999 7 0.20 0.60
MSA 4.34 y=1236.14x+1 067.70 0.999 5 0.40 1.20
SeMC 7.12 y=1631.23x+2 608.94 0.999 4 0.30 0.90
SeLan 8.31 y=1282.46x+1 025.05 0.999 4 0.30 0.90
SeMet 8.93 y=1629.74x+122.42 0.999 3 0.30 0.90
SeCys, 9.50 y=1714.15x+1 827.65 0.999 3 0.60 1.80
SeEt 10.96 y=1763.17x+2 801.51 0.999 6 0.40 1.20

*3 EWERHBERPSHMBERSHMIREYEMETIRERE

Table 3 Spiked recoveries and relative standard deviations (RSDs) of eight selenium species in real selenium-enriched

edible oil samples

o Se(VI) Se(1V) MSA SeMC SeLan SeMet SeCys, SeEt
P (ZIZ‘/J\L%S M RSD/ [y RSD/ [ RSD/ [iic RSD/ [lf RSD/ [ RSD/ [ RSD/ [l RSD/
% % F% % FBl% % % % F% % F% % F% % F/% %
& 5.0 92.87 2.19 95.05 1.89 91.29 2.62 90.14 2.81 107.43 4.19 102.29 431 92.02 498 82.28 1.25
A 10.0 98.33 1.71 9290 196 90.89 328 91.41 2.72 102.68 2.18 104.87 1.71 95.65 134 86.76 3.09
50.0 108.21 3.33 89.71 1.82 8790 3.37 88.21 2.05 101.13 443 91.49 5.12 97.39 1.64 87.76 2.15
L5 5.0 82.45 4.19 97.55 1.52 85.29 1.62 97.14 3.86 110.83 2.79 112.29 4.61 112.02 5.12 92.98 4.65
10.0 82.32 3.71 96.00 2.26 83.39 1.48 89.41 2.22 108.94 3.18 104.87 5.51 105.65 3.95 96.06 2.09
500 8822 333 9471 0.53 8290 1.37 9221 4.05 110.61 3.00 10549 433 107.39 5.02 97.70 1.55
25 SERREERNE 4507
Fh1 6 4 T A0, k0 0 2 G 2 P VLW e AT BL G j‘;g 6
AL T 53 R 60.0%~63.8% , H A B A 32 B2 L SeMet 300k
TEA A F o w WA R — MR TR S Sk AR S & agﬁw
FLEURE T SeMet Sy .28 i A LA (1) T2 B AF B A0Y B ﬁézw ;
SR R B WY AL HAh, MSA | SeLan o
SeEt1E 45 25 £ HI VA ALt b JF R4 A o BR SeMet 4, 14§ 50 8
A HLANZE TP IE A B2 1 SeMC il SeCys, , LA K /b it 0 ‘ ‘
f9 SeLan , SeEt F MSA. 1L A6 1 7 i 18 2 o 220 AR L 2
LKL T, AF i 0 i fE T SeMet ¥ & it — 2P AL R Time/min
SeMC. ifii SeMC 3l % Jy B i b s F A4 vk b iy = miqmiqy, 1 SeCVD) 2.Se(IV) 3. MSA  4.SeMC 5. SeLan 6. SeMet
7.SeCys, 8. SeEt

AP, SeLan il B 23 76 B A W Wl 5 B 40 RE 1 1Y
FPI R Hp Bl ) Se Bt 7 A 1 A o — it th Sy R T Y
WJE ALY, MSA K T fig 5 & 5L R B AL A
L L N E 2 R AT A bR L. ek A S
AL A0 1L 25 TR S 7E 16~18 min B BR T 2 b o S, T AR
A1 T 25 A 32 TR B 1 358 (83.65+£2.36) %, il HIEE R AT
A oA B A 2, 2% A WA = 4 b T RE AE AR R
PR AR S IR R, A R R AR ST .

H1 2% 5T a8 U vk R A T R TRD PN A 00 B SRR

S5 ARG KA EE A EEE
Figure 5 Chromatograms of selenium species in typical

Camellia oil sample

o I HE 2 R 2 R AR A TR B 05 vk Y AR I R
(LOD) #l 7 fit R (LOQ) B Jhy 4t 5 a2 A AH 25 , AH X 4 1
fiss 28 (RSD) P 45 A 25 B T AR /K F , S 7 B B i A9 T
ARG o B2, T TE B T W] 2 A9 52 G e 3 o
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Table 4 Analytical results of eight selenium species in real selenium-enriched edible oil samples

SRl s Se(VI) Se(1V) MSA SeMC
T i bridfE/  MEE/  RSD/ it RSD/ e RSD/ ikt RSD/ ife s RSD/
(ugokg ) (pgekg) % %ﬁ%/ #?/475::/ v %4\51:/ ” @ﬁ%/ 0
(pg-kg ") (pg-kg ") (pg-kg ") (pg-kg ")
1 I R -1 100 47.3 3.4 53 6.8 6.1 7.8 <12 / 3.7 8.6
1T VA R -2 100 67.2 4.6 6.4 6.2 7.2 7.2 <12 / 15.4 7.3
12 JH I R -3 100 67.4 42 123 7.4 9.6 8.9 <12 / 16.8 7.5
1Lz il-1 150 117.4 1.6 14.7 7.5 15.7 6.9 <1.2 / 49.1 3.8
Ll 254 -2 200 183.7 1.1 28.7 4.5 27.3 52 5.0 8.7 62.4 2.1
-3 200 179.9 1.2 29.4 4.5 20.5 5.2 5.4 8.9 70.7 2.5
SeLan SeMet SeCys, SeEt
i — — EERIR s i}
. LA Ay AL AL A
S/ ngeke ) RSD/% ’%ﬁ%/ RSD/% %ﬁ% RSD/% %3% RSD/% W) 1%
(pg-kg ") (pg-kg ") (pg kg ")
1 JH I R -1 <0.9 / 64.1 2.5 4.2 6.9 <12 / 62.9
BT A -2 <0.9 / 75.3 2.8 5.9 7.2 <12 / 60.0
T VR -3 <0.9 / 79.4 3.2 6.7 7.1 <12 / 63.8
1 2% -1 <0.9 / 113.8 1.1 21.4 3.2 3.8 8.4 67.9
1% -2 5.6 6.4 138.3 1.8 55.8 2.3 11.5 5.0 65.3
1% -3 4.1 7.8 141.2 0.9 50.3 4.9 9.2 8.0 67.2
x5 REAESHMAENRE
Table 5 Comparison of the suggested experimental method with other reported ones
ik - }EHSLHT ﬁﬁﬁﬁs éj‘a‘lflzﬁilill/ LOP/(pg'75g71 LOQZI RSDI% Sk
[A]/min i (pg'L™H) wpg L) (pgrkg )
ASE-HPLC-ICP-MS £ i 20 8 2~100 0.20~0.60  0.60~1.80 <5.6
MAE-HPLC-ICP-MS &I KoKk s it R 26 40 7 0.5~100.0 0.10~0.30 0.30~0.90 <9.0  [14]
MAE-HPLC-ICP-MS 11 457 50 5 5~100 0.16~1.15 / <5.0 [19]
ASE-HPLC-ICP-MS  JEMZERIEY 25 4 0.05~100.00  0.05~0.10 / <11.0 [33]
UAE-ICP-MS N K 180 4 1~200 4.8~7.0 / <55  [34]

T MAE R All B At , U AE Sy i il B e A

3 &

WA HISRERE ST RN AR, LT IRA
B 3% 5 R A G IR S B B R T
— PR R Sk AN 52 AT I A T I P 8 e O At
T 25 10 43 BT 7 0k o AR I 0l B e Ay vk i 56
SR FH A DR S 3 ) A TR B S AR TR R A AL BRI
{7 T i 1 1) DA 40 min 45 %65 4 20 min, 838 G K B RE S
[F) I A7 A b 2[RI, 4% AT 25 e 4R BUS b AR
& B AL B G, R A8 B IR B 7T ik (83.65+
2.36)%. TEMALIE FAER 200 L 56 Jr vk i A H B R
E AR, 20 5 0.20~0.60,0.60~1.80 pg/kg, & HE & |
B BB R SRR S I E . A, 7 30% HLO, %

AT, -7 VY e G A 2 R 221 2 i 28 B A1 Oy T 2 IV A6 2
A8 A 2 B 22 TR 4 1) TG A 2 TR 4 2k — 5 R A e A
HH PG T L~ P 2 £ 2 fe 2 R AT AR 2 B 2 R, -l A 2R
BRI NTEE , A A

5 2% 3Tk
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