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Abstract: A method for the determination of five selenium species, namely selenocystine(SeCys,), methylseleno-
cysteine(SeMC), selenomethionine(SeMet), selenite[Se(IV)] and selenate[Se(VI1)], in selenium-enriched Songliao
black pork was established by high-performance liquid chromatography-inductively coupled plasma mass spec-
trometry(HPLC-ICP-MS). Selenium species in the samples were extracted with Pronase E via water bath shaking
at 37°C for 6h. Using a C18 reversed-phase chromatographic column, with the mobile phase of 10 mmol/L ammo-
nium acetate + 0.2 mmol/L tetrabutylammonium hydroxide + 1% methanol(pH 5.5), effective separation of the
five selenium species was achieved within 8 min. The linear range of the method was 5-100 ng/mL with the linear
correlation coefficients(r) all greater than 0.999. The detection limits were 1.88 pug/L, 1.58 pg/L, 1.13 pg/L, 1.09
ug/L and 1.05 pg/L, respectively. The recovery rates were in the range of 70.7%-98.4%, and the relative standard

deviation(RSD) was less than 6%. This established method was applied to determine the selenium species in
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selenium-enriched Songliao black pork, which was found to be mainly composed of SeMet, SeCys, and SeMC.

Key words: Songliao black pork; Selenium species; High-performance liquid chromatography-inductively

coupled plasma mass spectrometry

il 2 N AR LT i e R fE S W ik iy 2
B2 ML, EE 5 N T HLE FIE LA , JC B
= G R R [Se( V)] RN IV A7 2 £5 [Se( V)] 45 ; A HL
il 3 G A AR A A R A 2 B S A KA T
k&, DL & B EE 5T 5 2 10 il 40 B 2 R (Se-
Cys,) . F 35 5 A 2 e 24 B2 (SeMC) | Al 4R 4R 2 1R
(SeMet) % & Al /N o3 F A5 " DRFERWT, AL
G 5L A 58 e %) A 0 3% e R A W R B ko f B AT
£ FERM ) SRR 32 B H 5 0 B[R] E A
TE A 1) 43 BT 58 Bk 7 B B A . P I A IR o
LA A A O b R KR L SR (R R
TH fF 9% SRR A X AR A AT PR DA Rl S
AT T B B L,

TG T2 25 79 A R o 43 AT 1 A i e B ke
T O B 2 A B K S A AR 2 A R R S
FERESWEOREY ST R HE A
it K A, B IOE 2% O A R R, AT R A5 v A R B
N ] R e AT S 4 B S A WA 1 -
HL R A A5 B T R 0 3 % (LC-1CP-MS) MR AH 2
T =I5 1 96015 R (LC-AFS),, LC-AFS YL # i #2
B 2 38 oy 88 ) 5 AL R HEAT SR AN L AR5
553 JE ) SR A Rl b SR AT R T 26 I R | AH
B LC-ICP-MS ¥ Z 3l , H LC-ICP-MS 3% 7 i &
e ERMEE B B A B R A
e 4038 A C SO TS AT 1T Cp 6835 A X 15 T2
PO =y I =T S D I A P TS | A N 1
X M) R e 0 AH £ 1% — r R A B T R
(HPLC-ICP-MS)ik , DL C\ A 335 40 0 B A |, il
fiff 2 AT RE A BB, X AT AL ST RS A R SeCys,
SeMC .SeMet . Se(IV)F1 Se( VI3 5 Ffifi f2 25 47 43 B
W9, A SR Ak ™ it BT i 5 e e PR R R A
1 MHE57*

1.1 MR 5iKF

PEURE S - B RA L SRAE A, HURE T35 PR AR
Bl 27 B B R IS B 5 T R AR 0 3

FrRUEY) 5 < S0P iR AR 25 1 %5 W (GBW 10032) | ifl
iR HR S F I WL (GBW10033) | F LAl £ - Jb = i8R
i (GBW10088) . il fX;, £ 24 ik (GBW 10034) . ilfi 1L Jit
Z IR (GBW10087), It T v |6 i+ B A5 B

FEIR SR (gLl iR kA4

B B A A BRA R, DT 3 S Ak (o Ar i,
T B T A AR B A BR A D), B i 4l
FERR MR BHE A BR S W), B85 28 i E( i
AR A R D

12 UFEHE&

Flexar = 80K A 2 1% —NexION 350X HL BHE &
BB IR 5T 1% 5 A A (26 E Perkin Elmer 23 #]);
Genie PURIST 8 4li 7K HIL(_L 16 SR ARAE 0 B30 A FR
25 7)) 3 KQ-500DB 8 75 i A% (& LU T i A A3 A8 A FR
A H]); LGI-10C FL25 ¥ VR T4 L (0 5t O oA & i
FA R F); TG18 15 20 8 B O AL (K V> & HE X
AL A PR A s SHZ-B 7K V8 4R 177 # (1 Vg i
BT AE AR B A BR S A o
1.3 IUSEEH
131 &E&n0

3% ¥ Agilent ZORBAX SB-Aq C (250 mmXx
4.6 mm,5 wm), FE 25 °C, i3I AH 10 mmol/L £ R
B+0.2 mmol/L PU T 5 & A fb 2 +1% H i (pH=5.5),
W 1 mL/min, #4810 pL.

132 Jmig&t

RF ABF I 1 600 W, & 45 i & 1.80 V, KED
K A 0.94 L/min, #8% # 3.0 L/min , #b
A HE 3 L/min, SRR FE 8.0 mm, ZE 4 0.3 /s, K5
T[] 37 & ™Se
1.4 BIEFHE

Je b HE AR 5 8 T S K D YD /N B,
23 UR TR S OB X SR oK o FR UK R IR
0.5 ¢ TE.OE T, INAE4E/K 4.5 mL, % 5E 3 min, il
500 L 7 M B E(200 mg/mL), 37 ‘C/KiBIR 1% 6 h, 5k
J& 10 000 r/min &5 .0> 10 min, & Wit 0.22 pm 3§
JE, A0 TR RS ES S

2 ZR 55

21 REHEEE

AN TR 3L Sl AH X BRI 25 19 43 5 5% R AR R
MU S A A R £ AT IR \ L TR SE  BETR R AN
Py 158 2 Ui 301 AH A7 7E 43 25 280 2R 95 2 1 ) |, [A]
I, PR SRR R S, RIS AU T LA A A
Bl TR, A5 0 BRI R TR 283k X U AN [R] ik
B ZREZ S AH , 15 mmol/L I} SeMet i1 Se( IV )i 38
Iy S NEA RSTE 35 mmol/L I Se(IV)F1 Se( VI)



110 B | | A A 514

W AR . PR, TR SRS 10 mmol/L Z /R 8 min P B 8% 2B, 44 5 Ak 1) UL IR 1.
B +0.2 mmol/L P4 T e A AL B2 +1% T i (pH=5.5),
2000.00

140000+

e(VI) - 7.270

SeMC - 3.195
Se(IV) - 4.180

-
<+
~
o

)

120000 | o

[’

>
(&)

[}

2 1000.00

cp

00 100 200 300 400 500 600 700 800 900
Mirwtes

B 1 5HER R RE R E
Fig.1 Retention time of 5 selenium species
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Table 1 Effects of extraction methods on the extraction efficiency of 5 selenium species

FEHOT AV AN TR AR S (AW o AN T 2R i v = AN TT A A TUT 5N T A TR 4 T A

Extraction method  Peak area of SeCys, Peak area of SeMC Peak area of SeMet Peak area of Se(IV) Peak area of Se(VI)
fiha) 3505 4743 4822 4857 5364
KRG 3743 4869 5002 4826 5371
2.3 REUEEHYIEHE BAE W . IR 2 AT KL ), SeCys, . SeMC FiI

D ARAEFRE 5 58 A R IR, X SR IO [ 64T 5 %6, SeMet HEIUINF[A] 2 h 14 h i ofa 1y e [ AR5 /1N, 17T 6 h
T i 2 TR UR I B 50 ng/mL B 5 AL 2548 5 28 5 AN K5 Se(IV) 7R 32 UK 1] 8 h i e T AU/
W, 37 COKE T HIIRE 2.4.6.8 .10 12 h, AT fi O () B R R03BqI , PAL It i B ) 46 6 h

*2 REEE X5 ML SRR
Table 2 Effects of extraction time on the extraction efficiency of 5 selenium species

SRR [ /b BRI T A R e e m A RS EIRIE A EARPRER A T AR SN

Extraction time/h  Peak area of SeCys, Peak area of SeMC Peak area of SeMet Peak area of Se(IV) Peak area of Se(VI)
2 3743 4 869 5002 4826 5371
4 4115 5082 5573 4835 5287
6 4243 5269 6502 4796 5331
8 4204 5217 6 490 4651 5384
10 4250 5176 6 539 4430 5404

12 4238 5185 6 487 4209 5392
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Table 3 Effects of proteinase addition on the extraction efficiency of 5 selenium species
B I A /L AR R A F SRR A B R A A R I AN AR AR AN AR R b A
Amount of protease added  Peak area of SeCys, Peak area of SeMC Peak area of SeMet  Peak area of Se(IV) Peak area of Se(VI)
100 3557 4776 5529 4708 5352
250 3898 4962 5994 4765 5278
500 4243 5269 6502 4796 5331
750 4251 5190 6523 4771 5409
2.5 FiRMEMGHR SeMC , SeMet . Se( IV) Fl Se( VI) 1) A& H FR 43 51 4
R AR A2 B, 43 S E iR A 5.10.20 1.88.1.58.1.13.1.09 .1.05 pg/L, 45 F L 4,

40,100 pg/mL IR & bR UE TR, dE T A HERZR 5
AT I 25 1 26 M AH o6 R B R AT, ¥ K F 0.999, LU
{7 W Eb S/N=3 B XiF I 1) ¥ B 11 58046 1 FR , SeCyss,

&4 SRS

2.6 AEOKERMNBFZE
K FH 3 T 0 A 2 % 2% R RN 28 B U
TR A FE 5 pg/L A MR 50 g/ TR A4k 2 7K

SHY 2% 1 5K R AN R

Table 4 Linear relationships and detection limits of 5 selenium species

A By FAXEZ B Kt B /pg - L
Selenium species Linear equation Correlation coefficient(r) Detection limits
A y=80.506x-51.739 0.999 2 1.88
FR LR e 2R y=101.360x+31.497 0.999 4 1.58
TN AR y=108.310x-21.949 0.999 6 1.13
DIATIY7EN ¥=90.812x+233.160 0.999 7 1.09
TLivEnN y=102.850x+315.900 0.999 1 1.05
=5 HKEEMBEELER
Table 5 Recovery rate and precision results
s JMAHRE /pg- L7 DR %
Selenium species Added concentration Recovery rate by
TRt 2R (SeCys,) 5 73.4.75.2.70.7.74.1.78.4.76.5 3.55
50 85.2.90.9.89.1.89.7.92.6 .91.0 2.82
P EEAT A2 =R (SeMC) 5 85.8.80.3.79.6.81.5.75.7.72.2 5.96
50 98.4.89.1.92.2,90.5.93.7 .94.7 3.55
AR Z R (SeMet) 5 88.6.82.0.81.1.85.8.82.7.79.4 4.03
50 93.3.95.2.96.3.90.7.88.4,90.2 3.34
YA PR R [Se(IV)] 5 71.5.74.7.78.3.73.8.83.6.77.5 5.55
50 83.7.87.5.89.4.88.7 .84.8 .82.1 3.41
AR ER[Se( V)] 5 83.7.87.9.78.3.80.5.81.6.89.9 5.34
50 94.9.88.2.89.7.90.7.88.6..83.1 4.30
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Table 6 Contents of 5 selenium species in selenium—enriched pork

T TR e 2 R LTI I R TR SR RIZTITiPEN TR £k
Content SeCys, SeMC SeMet Se(IV) Se(VI)

B A /mg kg 0.0513 0.0253 0.122 ND ND

0.0515 0.026 5 0.128 ND ND

0.054 5 0.028 1 0.127 ND ND

0.057 0 0.023 8 0.115 ND ND

0.050 0 0.0259 0.114 ND ND

0.056 8 0.028 4 0.120 ND ND

0.055 7 0.0272 0.118 ND ND

FEIE/mg kg™ 0.053 8 0.026 5 0.121 ND ND

RSD/% 5.33 6.11 4.54

TE :ND AR A i o

Note: ND means not detected.
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