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Abstract: Selenium is an essential trace element in organisms, whose toxicity and biological activity are related to its
morphology. This article reviewed the two aspects of the determination of total selenium and selenium chemical speciation
analysis in food from home and abroad. In case of total selenium determination, the determination method with high sensi-
tivity and low detection limit is consisted of ultrasound-assisted extraction as a extraction way and the atomic absorption
as a detector. While in case of selenium speciation analysis, solid-phase extraction is an efficient, accurate and popular
way to extraction the selenium speciation. After that, used the gas cromatography-mass spectrometry (GC-MS) as the de-
tector would obtain the lower detection limit in all methods. Due to the low content and complex structure of selenium
compounds, it is difficult to separate and identify them from the matrix. And five forms of selenium are mainly concerned
now[Se(VI), Se(IV), SeMet, SeCys and Se-MeSeCys ]. Moreover, it has spending a long time in the process of total
selenium determination and selenium form analysis. To resolve these problems, firstly, the researchers should pay atten-
tion to find more unknown selenium compounds in order to make better use of them; secondly, researchers should de-
velop an integrated detection technology of green and fast extraction, separation and detection.
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B oF Rk F R 50 &

E AL (E 2R ,2011) B %4k (Steinbrenner and Sies,
2009) 42 5= g% 1 (Hoffmann et al.,2010) FIF5 55 i
TR (A4 BRI BT 2R 2% 15 3R I 45 ) & A
(Naziroglu, 2009; Cardoso et al., 2015; Solovyev,
2015) 5 ZFpAE YA RE . (AT Y 28 S B AR v
B2 SR A T 2T R T A AN W 2 55
Sl A 20 3R R RIERERESH
Foe N A ) AT NG () 85 A B 60 pg/d (78
5,2014) , 35 E E Z P 2E B B #2058 B e S &
RNHHPG FY) e K A Tt AN 400 pg(Boyd,2011),
fifife A SR FAFAE IE S $ESe (V) . Se(1V) |
Se(0) F1Se(-11) , HeHp TCHUA £ 55 A 2 £k (HSeO™
F1SeO,™) MR ER (SeO” ) %5, Miim i A Wik b 5 &
FETR AW L 245 1 8 A ATLAPG 40 435 A X 2 S 7 [
AR (SeMet) AL B Z iR (SeCys) | .45 Fh
G 25 1 FIAT 22 8 45 o Al 55 AR PN 7 22 i A G
(Rayman,2012) , H {3 FEBRAG o # X (PRI S B
Jiti P S AT 45 A T 44990 pg/d) LASR S 3 b
DX Al 15 A i 127 S B AR T HERA A 60 pg/d (O
A5 ,2016) , REBRAGI0ARAE0 . I0A (A5 1k
53 TCATURI 588 A 70 FAT AILAR 5 Ak ), G rh TS AL
B #5438 K (Saygi et al., 2007; Tuzen et al., 2007;
Rao et al.,2010; Chen et al.,2015) , 4= ¥ F F %A%,
KZ K ikE O AR Ll TCHUG R (L7, (7™ &
SRS B T AL PR 2 ey AR Rl i, K
DA77 5 i B M XU (Thiry et al., 2012) ; LA fif
P B RIATG 2 11 A Q2 A FLAT 8 A R0 5 JC AL 5 Ak
FUAH L, #E AR, AR R e e o F9ESR
B A0 N A rp 2 DU AR (TR R FEVE R L il
J& L SeMet)E 2UA77E 178 HLATI RE 5545 %4 Hh By L i ke
Z (Thiry et al.,2012), FEATEAHHEC R B
AR 22 A AR 255 i, A SO S ZR AR
ot VR PR 0 B A5 43 M 1) T AL R ATAS I
2%, LAY R £ 5 Al s A 50 A I & R RS
1 RpNE
L1 TETTE
L1 RN A IR IR AR 00T AL TR A R
(HNO,) Fll 5 S B2 (HCIO.) o S fff FTHNO A i 1k
Y ST 285 L3 O AR, L R A PR T - — R AE T A
LT S i = R = T s QT 1 B N £ =R 1 7
AN I TR RS [ — e Se(TV) 1o 1B
TH R RE 58 AL AR X (B FER K
B L RO R, B R S R R &, 52
L SCE e

11,2 MOLHM R AR R AR —it A Ak
A (HNOs-HO) VE N TE AL W, H v H.0, 32 226 21 in
PR R E AR i VR o Bl (s N O, TH
fif TR BB I AH0.J5 , i TH.0,%Z
O3t BETAE N ) DT IR S R 3R iR e 2 52
TCEE I o X — S a7 B A A (K BR8] PR
FIPCEL) , AT LA SRR (HCL) ¥ Se (VI 34 54 Se
(IV) , B #2100 & H 2l & & (Tuzen and Pekiner,
2015) o 55 R AT T AR LU kDB A PR L
TR, HA AR R A FERTE R R A
SISO, H T P R I o R AR T
IR HORBERE T A A R Se (IV) , T A Ji7
FKESe (VD) id i Ry Se (1V) |, 38 5 28 FHHCIVE Ay id Ji
R T2 GIE L (AFS) A TR B, I
b J5 500 CER PR FR e FPR R ) T B2 TE Al 179 8 4L Ak
Yy, M2 2 25 4 (Garcia et al.,2005)

1. 1.3 Htbzax SEGMHEMKIIEMIL, —L8
B4 SR PE IR R D, SR AT, L
PRI R AR 32K, B R . Tuzen$
(2007) | FH & S84 B 5 Se (IV) B AL UTTE , I 5E 42
7 A2b B 5 7K RO r ) SRR 3 i 2O
B T LA o ValeS5 (2007) FF & T —Fi bl |
A HE A W B AR O, LT ARG i DL
TE AR W R AR IBURAG | L R 5 I T R o 5 S T
2 5 SRR AR, SR A (IR, pH 7.5),
H R IR TR B, vk B w0 (5 5 (% vk
il FF A 2 2 XTIV, AN 36 T B A K AL B 4
R BB P AT, E AR ARG R B AR S 1
WXL T 5 A B (AT il 7 VR AR L /il R ek
I, LRI, HLREA SR 3 2%, B85 ik
HERAYE . ShrivasFPatel (2011 )i fH#R 7 fii Bhrhas 21
A AR AR AR BT 0 A S R K R T, B
LR AL B IS pHIE 2£.0.8~3.0, IN A B R 2s 27 4 |, SR
J& TR B BT N3 L BRI, 15 min AT
SE AT HR I 5 285 50 % IR G R L P AS 32 4 b 6 I
FRISEIA , REfA] SR PR SR IR 22 A iR b i Se (TV) , H
For I PR (80 ng /L) Lt i 75 il Bl [ AH %< B (100 ng/L)
1 Hede s R ASREFE IR Se (V) , VT A $R TR in AR
J5L K5 Se (VI) 18 J5 4y Se (IV) . Ohki %5 (2016) 1
220 °C N I B K AL R 1 4R B Rt 5 (fa 3540 T
I R B AE ), DA rh R SRR I 0 L
FTFDURE , 235 55 0 inde 0 A DU e 5 SR — 305 120 IR Ll
FHAK AN FH e PR i il , 4 BB P B, S AR, 452
YETRT ¥, Altunay 1 Giirkan (2017 ) FH iR Ab B 22 Ffi 167
PR (BE AL SRR A0 A5 ) KA 7= i (ROK P 1A
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FIBE 25 55 ) I, (it FRURR P I8 2l B B IO R B BT
107110 minBIAlESe(1V) SR 8 1 IS 1E 7K
U G Y DIK ARG R 2 32 10T, 20t B TG e AL 3L, 9
AT AR 0 S5 A SR HES S MORVE L TC
TS I IR 95%~103% , iZ R BUT A 3
REMEGERTH T B BRI & L4l fLRE
B R E R BCR , DA O, A AR b R
B & SR alifb i iz i H
1.2 #iuEAR

FRYEAS I H A YA [R] , 203 T8 A X R ] 9%
HEAT AT 5 BOH Ui B IR 2 ) Se v 48 I PR T
WM. AFS . HLUBGR A 55 5 TR TS 1 (ICP-MS) Fl iR
T IO ETEE (AAS ) 55 7 L HRAE T B, ARG B P
o HH BIR AT , 325 A5 IR A A SN (LS A A
o Hob, Sk B A — R T Ik (HG-AAS) 1]
PRTAD M i S5 0T ORI 43 5 Rkt S FL A A 5T 1Y
T, 2 D i G 2 i UL IR vk 2 — (PRI 5%,
2011) , H R BRAE R A b, I A AL 8K Se
(VD) i J5 5 K VE R Se, H , 18 1 2% SOk S Ak 76X
SANRBITIE A 345 | SeHAZ 5 U 43, 85
il 25 it Ay LS R 72570, AT R A oG 2 I RRAIE &
55 . S5HG-AASH L, A B4 — 7 Wik
(GF-AAS) HAAHT BRI R SR (R SR T4 R
b3 BT 45 2 507 B, PRI PR S T A e B
R 5 R 2 R IR D 25 R T e O,
Rybinova%s (2016 ) FI| 1 5 4Mi A Se (VI ik 5% AL Ak
FER MR (2 minf) , SR 5 B HEE AR TR0
TG 28 A ARG 3% vk A o8 FH v 4l S Ak
FIHCL, fR T AT PRAK (27~102 ng/L) , & —Ff
RN 0 B P S i

FEE S R A E Y, GB 5009.93—2017
CE e 2 E PR UE 0 Tl i I e ) 76 1H B4R 1Y
FEfih L3 T ICP-MSSH AR =k, SRR G BT
FHLIRFR A 55 2 A R SOk ik (ICP-OES) A I,
HA Yok RGN EE RS T. HRRTE
FRPEFREE TR i LUK IR A O U5 | AR
T SRS AR B RO X A B AR R I
AR R AL TRAE B R B Sl A Y
O3 KRG B A TR b Al . A2 45 (2009) 7R
SE 8 A g R T 22 R R il B s i, X T ICP-MS
TR OB (03— e 3, 3- R LB IR 4ot
JEVE 3N T i, I A AR AR, A £k 4331 24 0.18
0.26 110.49 pg/L, H = S0 AH % — 2 7 Al
ICP-MS 1Y R A% 4 i, (HICP-MS HLA T i £k 1k
JL I (1.0~500.0 pg/L) 36 HYER . ICP-MSE A& i

A A F 3 ) ARSI ik 2 — |, (H LR A AG:
5 AR R G 2% SR b AT B B A T e

A UL 239650 B 1 5 9 5t 40 S B 1 S S
i, T e T B A R 57 A A 3 AT B4 0 5 S g,
50 53 51 R 3,3- R LR i (DAB) #12,3-—
RHAZE(DAN) , TR P T DU 2B B W' (B 5
PR E (AR P555,2011 ; Dadfarnia et al.,2014) , X
PN 7 A 2B T, RS A S s i
B, OAAEZ N (AT B E S R R A, T
AN, 25 TR, TR 25 2
Jo, LRSI SR A AR, AN IR A A ARG (2
45 2009; BTN, 2012) o UTAE, TR TS LSBT
(Zembrzuska et al.,2014) . GEE O EIXH L T 96
3% (Li and Yu,2016) F1 R HERH 23 — B &
S TS (OhKi et al.,2016) 25 )7 EEAE £
SRV I A PR BN . A5 AR S A EL
Y FURG: )5 A 51, U4k BRIt P 7y B 4R I A
sty AT B A AR v T AR ARG B, e R DU
W WSO VE SR A B i), S ICP-MSAH L, BAT SR 046
HBR, 7£3.5~80.0 ng/LIEH Py, vl FH 460 £ & R
AT R . F LGS T & S 1
AR BRI A

2 WLFERISS

2.1 ftEmByTALE

T TRUAL SRR IE 25 43 B v ) SCBE A0 B A
T HLS , AR IR A & A i As , HLZEB 1k
R0 2, DISSIE S 6 (R R . R 00 T4 2 5
FRALHE NI it v il Ak 40 F) BB e i AT A= 5 . XoF
FE A A D B S CRRVICRESE ), 7 DTG 22 11738
T T B W A . IS i, IR S Y
TANEE VL NER2 R

1 i P T RO £ i A 5 VRRE AR BT
HH B AE IO [ AH 3 %6 B S5 (Dadfarnia et al., 2014;
Min et al.,2017; Wang et al.,2017) . 7E 2 BUid f
H N [RE A AR 25 5) 52 S0 3 BUR R 5 T i 52
Wi 1717 2 A2 JE A G AR B 2, e i 2 A5 £ i 1)
TEA B T S A TR G R il B A R AR
ATART R A [ IRE2 RAAIGATG () 40100 R . i B o
PEUAR R A 0l 0 H 75 2 — S s P, — 45
LB AT 3, RS B AR AR AR A/ (H B U R A
A 5 1 22 25 26 BUn] AR 4k 25 P i 1) T 25 5 U R BBOR [
IO, B B B M A S PR R (A& 2
ARG  ARXECERERE & P A ) S
2.1 1 RABFER AR E AR KR R
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Table 2 Speciation analysis method of selenium in various food samples

b L TIAL 357 A 5 vk xR E= PG
Food Selenium form Pretreatment method Detection method Detection limit Reference
A S H S Se(IV) SET BRI [ Ak i i IR LR R 0.19ng/L  Chenetal.,2015
Selenium-rich tea leaves Se(VI) B RN S 0.26 ng/L
and tea infusion
YL 7K Se(1V) R Bl A — Atk E— 12 ng/L Tuzen and
Beverage, water S WO — ORI B Ji IS Pekiner, 2015
IR R KGR Se(1V) BRI — Vi iy AE- 7 1.6 pg/L Dadfarnia et al.,
Water, selenium S WO — TR S B 2014
plus tablet, garlic
Tl b 72 SeCys IRPEIBC IS PO 81— PR 1pg/l  Zembrzuska etal.,
Selenium nutritional SeMet TRy 26 T B U R T 0.2 ug/L 2014
supplement Se-MeSeCys 0.1 pg/L
FHEAIG R (MSA) 0.9 ug/L
Se(1V) 3.5 ug/L
Se(VI) 0.7 pg/L
JK Rice Se(1V) FET AR RAERAC GG 15.8 pg/L Min et al.,2017
SRR DIRESL
AT LT AE R R Se (1V)
PN R N Se(1V) PG (R K e BB (i — 0.15 pg/L RETRAE,2017
Garlic, cabbage, Se(VI) SRR G BT 0.15 pg/L
mushroom SeMet LN SR 0.2 pg/L
SeCys, 0.3 pg/L
Se-MeSeCys 0.25 pug/L
SeEt 0.35 pg/L
fiffh bY H 6 45 Se(VI) M (R IEXTV) SR T B X 3 — 0.30 pg/L Bryszewska
8FIA™ i SeMet MR G B T 0.43 pg/L and Mage, 2015
Eig(}ilt kinds (;lf aquati.(z1 Se(1V) TR 0.54 png/L
roducts such as squid,
%ounder and squit;l, etc. Se-MeSeCys 0.55 pg/l
SeCys, 0.57 pug/L
SeOMet 0.72 pg/L
NSNS Se(IV) PP I (R P RGEXTV) B ) 0.92 ug/L  Grijalba et al., 2017
Wine, beer, yeast, garlic Se(VI) RBORAR E— 0.86 pg/L
SeMet %4&%7}25'3— 1.41 pg/L
Se-MeSeCys SRk 1.19 pg/L
G R SR IOR SeMet [T AR A S EE— 0.143 ng/kg  Gionfriddo et al.,
Selenium-enriched Se-MeSeCys — T PR AT 0.210 pg/kg 2012
potato extract TEE
PR SeCys, P AT TR eSO (3 — 0.6 pug/L BRFLECAF, 2018
Selenium-rich apple Se-MeSeCys SRR G T 0.7 pg/L
Se(1V) NREEISEE N 0.9 ug/L
SeMet 1 png/L
Se(VI) 1 pg/L
AT #2425 [oE =N AP BIK AR FAKAHEAE S — 146 pg/lkg  Bierla etal., 2017
Torula yeast R S5 B T
Ttk | B R Se(1V) AL 28R e RO A (A — - TSR, 2013
Feed, selenium- Se(VI) TRV WAREL SR
enriched yeast SeMet T
SeCys
JK Water DMSe 1 A A AR B TGS MO E— 24 ng/L Vriens et al.,2015
DMDSe T EE I 27 ng/L
15 P Clam meat Se(1V) XU E  Bf 2 B AETE— 0.008 ng Giraldez et al.,
SeMet A USRS 0.180 ng 2015
Se-MeSeCys 0.070 ng
o G P B SeMet EHE K LR oy % all] 039 ug/L  Dengetal.,2009
Selenium-rich yeast AELRI
R SeMet e GRIEPREEV V)] B G T 24 ug/L. Duan and Hu,2009
Selenium-rich yeast SeCys, Cu(1D)-ALOAKEZ 5W) [ENGiNisrS 21 pg/L
Kk 7K Garlic, water Se(1V) B AR — 3 OB — A A I FL PR RO A 15ng/L  Martinis et al., 2011
KR B Se(1V) T P B B ek S AR YRR TR 245 ng/L Altunay and

Water, juice, food

Giirkan,2016
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B oF Rk F R 50 &

TRt R AR A2 B AEE  B foff RO 25 BRI ZE BOA [
TSR, B ICR 5 850CR M H IG5 — A B )y ik
Al T4 S AR BCHCR , e T iR (AN
RS o KBRS — PR PR PR O T, R
B RAE R, 2 4R B % da Silva 4
(2013 ) FH 7 i B 7K S 76 DA 2 75 IR R rh 42 i SeMet
FARAC 2R (SeCys,) o REE IS S IL R /AT Hh I
W7 ARSI Z R TR AR E , Tl A R A A%
AT HEEL, ] 40 7E S50 °C 7 fdi 4 mol/L HC1iZ 2
50 h, ZhRAEY) T (BCR-414) 5ol , iZ 32 U7
Fr [T e % 491% (da Silva et al.,2013) , {H 2 B[]
K. BEEEE T A MU 2 , Rao%F (2010)
75% £ T HC ML e £ v i 5 (4 AT £k 0 (R ) S G
BRI ) o B AR BRI , AN AR A AR (T
A E AR B [ R BORAN m , AREHAFIE S
(R 5€ 4 3R B HE o, 3 T BB A7 76 16 1 T S e Ak o
BryszewskafllMage (2015 ) 7ERE R 2% w85 1
FiEEXTV HEBUAR [A] 7K 7= i b 6 R 25 0 A [ Se (TV) | Se
(VI) .SeMet . fifti FF FE AP A2 bt 24 R (Se-MeSeCys) .
SeCys, FA Lt & 2 iR (SeOMet) |, 57£37 CF
FHRCE 5 Bl 2R U XTV 2 B SeMet . Se-MeSeCys . Se
(VI) #1Se(1V) (Grijalba et al.,2017) A1 L, ilds B i
AL (90%~108%) o A7 >R FHHE 75 il B AOK B2 R
R FBGXTV 4320 BRI 6 R B FR b se i TR 6 R A5 1
Tl , o 22 MoK SR U 19 5% 8 P E AT A, AP S 1)
SeMet & 1o J2: A — 4 HUL AY 1045 , 1A 4340 PP HHRL
A R A A HE BUCR (Zembrzuska et al.,2014)

2. 1.2 ZAMHFR(LPME) RAHGZEBUE —Fh
TR AR B 1%, 04 B MR S B T2 VA
TR TRURT 3 ST — VAR R A A , AR 331 3 P TR o
RIS E G ZE M %2 . TuzenFlPekiner (2015 ) {i FH # =
T B B YRR — 43 ESOU — R A A B I T e
W R AR S 10F i T Se (IV) I 7
i, TR BOK S A G A 0 A1 A% i F
W, SR AR R T BRI AR
W5 , i HL S R AR e O (i e Al e
TRV A0 S B 2 — P R R PR AR |
A HLI R S R 4 R - (R ZE O %, E Rk
ZHTWOEICE M. ChenZ5(2015) K FH & 17 W4
[ A S A BRI 5 A 25 v e %) b 285 [ B 5 AT
IR AR AHLE Se(IV) K Se(VI) THIZM i R
%R R R N 9 500, KR ELAT AR 38 Y B AR
AET7 o PhATHREEL(CPE) & 2 7 3 1 1 157 78
I TR, 548 B TR R &9, v
A B R BN ) AR B T, TR0y

AR RS AR , AR TR REORRE AR IO I 1Y)
JEAA A5, ELE R PR RN, A
ZE I B AR (Pytlakowska et al.,2013) ., Wang%
(2017)FF & T AU S AR TR 7 X 12808 7= 5 R
wACE AT R, 5 GECPEAALL , FTIH BR &
T T PR R SR A e A R A, K Se (TV ) -
APDCHEAL M5 Se (V) , ISR IOEAH 5 o

2. 1.3 EAMER(SPME) [FAIHAEBUE —Fh
TCEFN AT, FEF R AR S AE A [ ) AR R
J2 H R 38 [ — < T — A R o s R -, AT
FE R DUy [T AL 0T v 40 85 e T AR O R R A
st R DU A0 BT, — P Ry de A K TR ol 2 BURA T
25 [E AR BB R 32 A AR BGE T T
TSR RAREE 5 R R R MLAL A9, i
0025 [ AR R AR R 328 T 53 0 52 2% 5 o v A4 R
FREAE LA DAL AP (BRER R 45, 2012) , 4N — HI 3
fifi (DMSe) Fl — H & —fififik (DMDSe) . &1, KZ£
BOK AT P Pl AN i 42 0 P 1A B B, 75
Fr A T LA Ak A% & PR AL E T 25 8. Gion-
friddo &% (2012) 4 PR GESEERVEAT AR 70, U E T
il 2 % 25 HE O H i SeMet f1Se-MeSeCys 7 i 5 1%
T A RO 2 A 2 K S W R AT AR R BRE
i, X PR A4 () TR 264 82.3%~116.3% fiiH1:
R I B0 A B2 — o 2R 1) [ AR A B A, LA
SEARARFRS , B i, JCe MR-, ml kA
S PP B, B8 1 BI04 5] B S A B AR AL
SOFERISE,2011) 28R BT Z & MR
Mri Fish 2

2.2 WERSSTTRIRNT %

3 35 AN [ ) A B %, T A TR IBOAR (7]
TEASHIRIAL S , 38 5 22 P08 25 OB 23[Rl AE 7, 764G
DR X A T2 o H TR 18 7 v e RO A
3% (HPLC) (P& FacHi (Bl B 1 ik (1C) L B4
EHLIKAIE (CE) A EE (GC) 4, HICP-MS
AFSHIAASTFERM 5 56 o Bk B AR T 1 42
PRAERIE SR B, B RS & rr s s, 2ok
FICS TR SET A . F2 045 T A E & ke i
Tl I BT 7 i
2.2, 1 FHRRAEHE—BBEAZES B TFIRFERA
% (HPLC-ICP-MS)  HPLCEHE 2550 & i i
(4% 85 J7 ¥, # 5 1CP - MS T MS A6 I 2% 3¢ FH | fii
HPLC-ICP-MSEX FHH A 5HPLC-MSAHH L, EAT B iK%
ARG R, B = ) R LR (Zembrzuska et al.,2014) ,
H F T Y 2 — B S e A i (1=9.75 eV) , ffif5 &
TALRCRA N BAR ; A E 2R 25758 11T
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P, WCACCAC N Se \CABAT R ¥ Se AT AT Se |
TCI'CI X Se J2 " Br'H Se % (R i E 45 , 2006) , FEAK
TICP-MSH) RBUE SR, PIE P it
HPLCH 143 B, AR A [0 5 - X6) [ 2 A
AT 25 5 S B4 25, F T 4 B A T AL TG
(REZRAF,2017) R4z L (k FLFL55,2018) , 43
BN A, K Y BRAE0.6~1.0 pg/L. Bryszewska fll
Mage (2015) i FH J5z 7] 5 F- (i ( (43544 X Bridge Cis)
5 U B A5 B TR TSI R (RPIC-ICP-MS)
43 B H 6 RMIE S, 6 R AL ) 75 23 min PN B¢ A
Sy Es, HAor e e ki R 290.30~0.72 pg/L. 5B
BT A8 W15 AH [, RPIC-ICP-MSHE 2% & , 46 i R
15, REIRIA 43 B8 Z AL S A0, )32 F Tt e & 1)
TS B AR IR oy B RO B A . X
FTTE S B9, GB 1903.28—2018¢ £ it 22 4 FH %
PRt B ahE SRR AR A ) T O ST T SeMetly
R 7 %, HE BT v SR P e A B B, I FHHPLC-
ICP-MSI FHE AR BEATHLI , SEAD T 02 50 B bs i
TENZH.

2.2.2 ZHERMMEFE D[R E—RTRAIK
7 #% (HPLC-HG-AFS) & AbW) &k — R 19500
T (HG-AFS) S A I 22 14 32 2205 1%, 1EEh IR A it
IR B Se (TV) IR JFUA Al AL &, USRS E A
P AL S BRI h o 8, O A SR e A g b
T 0 TR B ORI T & 5O 1 — e i
W, HoOnm i S5l & 2 E e R . i THG-AFS
FABRLMERE , SHPLCE: S T F F A AS [H]
AN, 4524 (2013) ] HHHPLC-HG-AFS i,
DR S 1 AR R Al AR Se (TV) . Se(VI) \SeCys
JeSeMet, Ji 2 -2 RIS 470.0%~86.5% 14 BT
WA (ILs) B M EIHPLC I i sl AH | B Rk 36 A
BB I TCHLARG 4 53 B A5CR (B 25 IR S TILs X i AL ) 7
HG-AFSll 5 I} (8 520 , GrijalbaZs (2017) i FH CobE:
TEpH 6.0 F L&A 0.1% (v/v) &AL 1- 0 FE-3- F BL g
A B YRR hy 38 S AH R AT A B VB, 12 min P4 58
TCHUAR RN HLAR A 4325 , B 5 fLfk T HG-AFSIl & 4%
7, BUAR 22 A7 AEILs , W REA K2 i Ak I EHG-
AFSH) AL ;12771 ) F LR | e BE R R
GEMIRIE S AT, K HBR O 0.86~1.41 pg/L, B
1% FHPLC-ICP-MS Y #5I FR0.30~0.72 pg/L. i
— LU FER AL #2273 A, HPLC-ICP-MSHK
AR BRI R B HEHPLC-HG-AFSH o

2.2.3 AME#E —RERME(GC-MS) SAHM
TEBR T R85 10 2 15 A WAt Ak g ( — VP LA i — FP 3

TS i REA R AT AR I R M AR Ak AN S
MU A TR A, (2 B Rk | Bl s X i 7 4
B, Gionfriddo%s (2012) FISPME-GC-MS X & fiffi &
A BB UG P 1Y SeMet FT Se-MeSeCys i 17 /& 1 Ko
W AR AR S R S T 1R , BRI 2 AR
15 5 AT A A, HAZ AT AR RN 2 A 2 IR /K 3 F
(TS & Y= X (SR N TR 7 BN R & )
82.3%~116.3%, £ t1 BR 4371 47 0.143 F10.210 pg/kg.
Giraldez55 (2015) 73 A S W R 5 T TR A 4-54-1,2-
7R X SeMet . Se-MeSeCys M Se (IV) i1 1741k,
FH LT 1 W B 2 IO 37 A= 4 1 45 v 4, 1 FH
GC-MSHKM HA i, Se(IV) . SeMetFlISe-MeSeCysf)
6 B 43 511 24 0.008 . 0.180 F110.070 ng. Vriens %5
(2015) R4 A sl B A B A IR AR R )
PRI 2 7KV W LOF % & M dot BE AL AT RN AL &
Y1, 1 B0 SAH EIE— BB #E 7e il g
DMSeFDMDSe i i R 4371 247127 ng/L, [0
N 83%~103%. FJ UL, 5 1 R 3 — HL I 55
BT R 5 B F R (Zembrzuska et al., 2014) 2
] 1 SSOROR L T — A ) A — RS FH AR
(Grijalba et al., 2017) FIHPLC-ICP-MS ( RE 3 %%,
2017) 555 AR LG, FHSE R S5 T BRAE A #4 k A
BRI, 45 AR FHGC-MS XTI AE 913084143 Hr
i, B AR A AR
2.3 HfAE

B4E BIKE W H TR IR S 0 53 25
T3 s ABAE S 2% 006 b 3 0T v AR AN 1, o Y
BRI o L PR S R AT A AR A Y F Uk
i 5 1) 22 0T S B, B A0S TP AR o3 15 AL 53 1 WL
JEE R HL [ A HL K i R B A T B Y % R
Deng %5 (2009) R F & 4145 H1 Uk 5 FL Ak 2% & S
IRELRI R TE R AR A 00 e A p B
i) SeMet 2k M ¥k B2 Y0 [ 40.001~0.8 ng/L, A5 2%k
90.9996 , KM BR 40.39 pg/L, [ 4198.6%

AR AR o —FR 25 — B R )
12 0 TR 9T B i v R R RN R B S A (Jaya-
singhe and Caruso, 2011) }z H: 4% BB %) %8 % (Bryan
et al.,2017) , % J7 1k fE R B 0 7 22 Fh A W) B 2540
ZembrzuskaZ§: (2014 ) K FRAH €6 135 —H W 25— ot %
I5¢ FH B AR X 6 R oA MG 7™ i o i 6 Fl O 258 [ SeCys
SeMet. Se-MeSeCys . ! ZEA iR (MSA) . Se(IV) FlSe
(VD) [T , BRSe(IV) 4, HABSFIIE A il 447
AR PR (0.1~1.0 pg/L) .

B FHICP-MS th T XA JE 253254 T4 M A
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DuanFl1Hu(2009) 7 & T H0E A Cu (1D -ALO 4K B
EYRREERE, HAEpH 9.0FIpH 4.0 F 7] 43551 W% ff &
1§ /5% £ 7K 32 W& rh f SeMet 11 SeCys,, 1.0 mol /L
HNO W5 B E AICP-MSHEA T % s A, {H 1%
D7 3% BRI B AH X 55 155, SeMet A1 SeCys, Kl 435
24121 pg/L, AGE T B Al e B
3 RE

il i 25 5 B 1k B AR W T A VAR O, BRI
B BRI Bl S W8 7 X Tk —20
A I 7 5 7 b e 1) B B A LA DG ™ i o o
WHAFELEZE X, BET, X THOE S5 58
AEAEVEZ2 [ URTHE £ 2 (1) A HTLAT P 000 3 5 3 i
ZEVRIETH AT B, DRt FE o BR AT ML Y e
PSS S, — M B 75 B BSOS R, AN
RE 70 A MLAN 5 TCHLA 43 2, WEmf M 22 5 (2) &L
it 1 000 RSB e A A LA 38 3 %7
REAG RU PRI (451 R 23, fin bR s 1k 23, k2 g 1 )
e EH P s e i SO PR A A — o fa Rk
(3) B ST T AR IO AR 25 A 5 R4
i B B I B WA BB 55, B IR v R A
AR PRI A TR (AR BRI, FERT S
(4) H 57X AT 25 0 1 32 B 5 1 SFRIE 2 B il [ Se
(IV) .Se(VI) .SeMet,SeCys#Se-MeSeCys |, 1 T H:
I8 25 B 25 1 AR B A5 44 52 %, Xk LA Jo v 3 B
Y8 5 (5) ANV SR S o A A 2 AT i i R FE
B3, AR IAE A B $E S5 0

PRI, 4 Bl 285 43 A B A 9 B 0 1 4 g 1
A HE T T , AN 2 ST 2 i 2B S 34T, K
T ENTE 95 T i =Py g L[S TE 7ol S P ST E s
WURA 5 A S 7 1) 5 U e T 2 AR IS 1,
G 5 ik, DIAE Tk AR 5 56
SRR AN B AR, R PR g LA I — A
AR A SRR B A, Jinse et T 37 v s w = i S
EFRAFTRNA W o —FILL A GRAN 2 AR B A
FIWFFE XS 42, Hom TR, 2 245 RNk
A P AR, HA RO 205 I, S0
PR A JE R o 2R S BT U T oA
AR E WL IR , i AR AT B B 21
FhZ LR ——SeCysHMIE , A Bl i 1% 5 i [Alint 5
FAt 20 LT B FERR AT 04T , LW 2 PRI PELF |
R R = A R PR R IR BRI, B ORE
T — L 25 BT I EOR Ry P & e IR R B LD
W2 IS AN E A AT RE , s AN [RDE 2800 4 4)
TS PERBESE A B L 4 A S D REVERR

miro FER Z2 s DXCAR AL T SRR , £ i Al e
AT ERZE H RO T S s B 62 i P A
AL, AP REVEN & 5 B B, T A AR
G RN 7 ity AR R 3 SR £ T AT, DA 92 PR e
IS COEZ U Y 22 o

&

SE Lk

2 5. 2014, (P EE REERERESHRAL)2013E1T
W fai A [J]. BS54, 36(4) :313-317. [Cheng Y Y. 2014.
Introduction to the revised edition of the Reference Referen-
ce for Dietary Nutrients of Chinese Residents[J]. Acta
Nutrimenta Sinica,36(4):313-317.]

UMY, ARG B, RN U A R 2012, 3,3'- SR EK
A3 O CREE A [T ], B4 B, 44(6)  74-76.
[Jia S S,Zhu L Q,Zhu F H, Gong Q J, Chen F. 2012.
Determination of selenium by 3,3'-diaminobenzidine spec-
trophotometry[J]. Animal Husbandry & Veterinary Medi-
cine,44(6):74-76. ]

PHE. 2014, & RATXATR T OCTEE I E R T 1678
Yoo R B 1] B 5 (f2= 20t ) L 50(2) 1 217-
219. [Li M. 2014. Determination of 16 mineral elements
in pine nuts by total reflection X-ray fluorescence spec-
trometry[J ]. Physical Testing and Chemical Analysis(Part
B:Chemical Analysis),50(2):217-219.]

ARV, WK, EIRE, R oF  FRlE A H W)L 2011, J5FI
WO E 2 Rl AR (D], e TR S RRIFIT
28(1):41-42. [Ma Z J,Chen Y B,Wang E H,Zhu Y F,
Cheng Q, Shi Y M. 2011. Determination of selenium and
copper content in tea by atomic absorption spectropho-
tometer method[J]. Studies of Trace Elements and Health,
28(1):41-42.]

IREEAE, TROR , B8RS, 2006, W A M st e (0], O
g 58T, 26(9) : 1692-1701. [Qiu J H, Wang Q
Q, Huang B L. 2006. New approaches to selenium spe-
ciation [J]. Spectroscopy and Spectral Analysis, 26 (9) :
1692-1701.]

TR AME T R AR, 7522 AL 2013, WA 6k — )5
FHICERE A (HPLC-HG-AFS ) F A Xk K & ff e
B A A9 04T [ ], Bk Tolk, 34(1) :47-50. [ Wang
JR,FuZ L,Xing Z,Zhao Y L,Su L L. 2013. Analysis
of selenium speciation in feed and selenium-enriched
yeast by liquid chromatography-atomic fluorescence spec-
trometry coupled with HPLC-HG-AFS[J]. Feed Indus-
try,34(1) :47-50.]

FHER, EBAL, X, AN SREL, SR, AR 2013,
AW K A — I 5 D E G A b JE LA A BTG
[J]. & 5Bla%,34(4):183-185. [Wang S C,Wang Y H,
Liu Y H,Cui J H,Zhang H,Qi W,Li L P. 2013. Determi-
nation of inorganic and organic selenium in duck eggs
by hydride generation -atomic fluorescence spectrometry
[J]. Food Science,34(4):183-185.]

A2 B, A, B KGE , BRI, BRI 22, 2009. ICP-MS
A5 =R g e R R T R LA LT ). g 5O
PE43H7,29(3) :815-818. [Wang Y, Tie M, Kang P L, Lii
Y T,Ben S B, Chen C L. 2009. Comparison of ICP-MS



12 4 RIEPEF: o Py

+ 2795 -

and two other analytical methods for determination of se-
lenium content in cordyceps militaris[J]. Spectroscopy and
Spectral Analysis,29(3):815-818.]

HZEW]. 2011, H LRSS FRIE ST B[ ], 5 R4, 33
(4):329-334. [Xia Y M. 2011. Review of Chinese hu-
man selenium nutrition research[J]. Acta Nutrimenta Si-
nica,33(4):329-334.]

RETR W A7, 3858 Wi AR, 2017. HPLC-ICP-MSTELLHR ]
3BT R it R JC LA A S B R I 2 LT ). 0 Tl
$%,38(4):67-72. [Xiong J,Qin Y L,Gong L,Lai Y D.
2017. Simultaneous quantification of the speciation of in-
organic selenium and Se amino acids in food by high per-
formance liquid chromatography combined with induc-
tively coupled plasma mass spectrometry[J]. Science and
Technology of Food Industry,38(4):67-72.]

VERRNI 5 R F  ZE0RE. 2011 45814 05 B 4K B A 1 52
HERT]. 3t fk%,39(11):1766-1773. [Xu Z G,Hu Y L,
Li G K. 2011. Recent research progress in stir bar sorp-
tive extraction[J]. Chinese Journal of Analytical Chemis-
try,39(11):1766-1773.]

WRFEE, S, B, AL, X, A2kl 2018, ESR
ARG 35— R 45 B T A R VR A e S SR S
WA (Y], B b B Al 24, 9(3) :475-480. [ Yao
Z Z,Ha X J,Ma Z H, Wang B H,Liu J,Li B R. 2018.
Determination of 5 kinds of selenium species in selenium-
enriched apples by high performance liquid chromatogra-
phy-inductively coupled plasma mass spectrometry[J].
Journal of Food Safety and Quality,9(3):475-480. ]

R M, T, 2R, 2016, A BEDIRE A
BURE XS HROTFEIERE [J]. AWEARIEE, 6(6) :396-405.
[Yuan L J, Yuan L X, Yin X B, Qin L Q. 2016. Physio-
logical function, deficiency and its solutions on selenium:
A review([J]. Current Biotechnology,6(6) :396-405. ]

FRERPT , AR, FP K XK. 2012, AEWIRE S P AT 2503
B Ak B AR (230 [T]. A5, 31(3) 1 407-412.
[Zhang L Y,Yu X P,Guo Y F,Deng T L. 2012. Pretreat-
ment techniques for selenium speciation analysis in biosa-
mples[]]‘ Rock and Mineral Analysis,31(3) :407-412. ]

A, TN B SH )RR, 2011, TR b T
FE SRl R TIPS [T ], AL2=058 5001, 23(8)
1106-1110. [Zou T, Wang X H, Huang W Q, Hu G L.
2011. Determination of selenium in two Se supplements
and estimation of their bioavailability[J]. Chemical Re-
search and Application,23(8):1106-1110. ]

Altunay N, Glirkan R. 2016. Separation/preconcentration of ul-
tra-trace levels of inorganic Sb and Se from different sam-
ple matrices by charge transfer sensitized ion-pairing using
ultrasonic-assisted cloud point extraction prior to their sp-
eciation and determination by hydride generation AAS
[J]. Talanta,159:344-355.

Altunay N, Giirkan R. 2017. Determination of sub-ng g' le-
vels of total inorganic arsenic and selenium in foods by
hydride-generation atomic absorption spectrometry after
pre-concentration [J]. Food Additives and Contaminants:
Part A,34(3):390-403.

Bierla K, Suzuki N, Ogra Y, Szpunar J, Lobinski R. 2017.
Identification and determination of selenohomolanthionine

—The major selenium compound in Torula yeast[J]. Food
Chemistry,237:1196-1201.

Boyd R. 2011. Selenium stories [ J]. Nature Chemistry,3(7) :
570.

Bryan C E,Bossart G D, Christopher S J, Davis W C, Kilpat-
rick L E,McFee W E,O'Brien T X. 2017. Selenium pro-
tein identification and profiling by mass spectrometry: A
tool to assess progression of cardiomyopathy in a whale
model[J]. Journal of Trace Elements in Medicine and Bio-
logy,44:40-49.

Bryszewska M A, Mage A. 2015. Determination of selenium
and its compounds in marine organisms[J]. Journal of
Trace Elements in Medicine and Biology,29:91-98.

Cardoso B,Roberts B R,Bush A I,Hare D J. 2015. Selenium,
selenoproteins and neurodegenerative diseases[J]. Metal-
lomics, 7(8):1213-1228.

Chen S Z,Zhu S P,Lu D B. 2015. Solidified floating organic
drop microextraction for speciation of selenium and its
distribution in selenium-rich tea leaves and tea infusion
by electrothermal vapourisation inductively coupled plas-
ma mass spectrometry[J]. Food Chemistry, 169:156-161.

da Silva E G,Mataveli L R V, Arruda M A Z. 2013. Specia-
tion analysis of selenium in plankton, Brazil nut and hu-
man urine samples by HPLC-ICP-MS [J]. Talanta, 110:
53-57.

Dadfarnia S, Shabani A H, Nozohor M. 2014. Dispersive li-
quid-liquid microextraction-solidified floating organic drop
combined with spectrophotometry for the speciation and
determination of ultratrace amounts of selenium[J]. Jour-
nal of the Brazilian Chemical Society,25(2) :229-237.

Deng B Y,Shi A H,Li L Q,Xie F,Lu H,Xu Q X. 2009. De-
termination of selenomethionine in selenium-enriched
yeast using capillary electrophoresis on-line coupled with
electrochemiluminescence detection[J]. Microchim Acta,
165(3):279-283.

Donovan J, Copeland P R. 2010. Threading the needle: Get-
ting selenocysteine into proteins[J]. Antioxidants & Re-
dox Signaling,12(7):881-892.

Duan J K, Hu B. 2009. Speciation of selenomethionine and
selenocystine using online micro-column containing Cu
(I1) loaded nanometer-sized ALO; coupled with ICP-MS
detection[J]. Talanta,79(3):734-738.

Garcia B, Krachler M, Chen B, Shotyk W. 2005. Improved de-
termination of selenium in plant and peat samples using
hydride generation-atomic fluorescence spectrometry (HG-
AFS)[J]. Analytica Chimica Acta,534(2):255-261.

Giraldez I, Ruiz-Azcona P, Vidal A, Morales E. 2015. Specia-
tion of selenite and selenoamino acids in biota samples
by dual stir bar sorptive extraction-single desorption-ca-
pillary gas chromatography/mass spectrometry[ J]. Micro-
chemical Journal, 122:197-204.

Grijalba A C, Fiorentini E F, Wuilloud R G. 2017. Ionic li-
quid-assisted separation and determination of selenium
species in food and beverage samples by liquid chroma-
tography coupled to hydride generation atomic fluores-
cence spectrometry[J]. Journal of Chromatography A,
1491:117-125.



2796 -

B oF Rk F R 50 &

Gionfriddo E, Naccarato A, Sindona G, Tagarelli A. 2012. A
reliable solid phase microextraction-gas chromatography-
triple quadrupole mass spectrometry method for the as-
say of selenomethionine and selenomethylselenocysteine
in aqueous extracts: Difference between selenized and
not-enriched selenium potatoes[J]. Analytica Chimica Ac-
ta, 747 :58-66.

Hoffmann F, Hashimoto A, Shafer L A, Dow S, Berry M J,
Hoffmann P R. 2010. Dietary selenium modulates activa-
tion and differentiation of CD4(+) T cells in mice through
a mechanism involving cellular free thiols[J]. Journal of
Nutrition, 140(6) : 1155-1161.

Jayasinghe S B, Caruso J A. 2011. Investigation of Se-contai-
ning proteins in Bertholletia excelsa H.B.K.(Brazil nuts)
by ICPMS,MALDI-MS and LC-ESI-MS methods[J]. In-
ternational Journal of Mass Spectrometry,307(1-3):16-27.

Li X L,Yu Z S. 2016. Determination of selenium in biologi-
cal samples with an energy-dispersive X-ray fluorescence
spectrometer[J]. Applied Radiation and Isotopes,111(12):
45-49.

Martinis E M, Escudero L B, Berton P, Monasterio R P, Filip-
pini M F, Wuilloud R G. 2011. Determination of inorga-
nic selenium species in water and garlic samples with on-
line ionic liquid dispersive microextraction and electro-
thermal atomic absorption spectrometry[J ]. Talanta, 85
(4):2182-2188.

Mariotti M, Ridge P G, Zhang Y, Lobanov A V,Pringle T H,
Guigo R, Hatfield D L, Gladyshev V N. 2012. Composi-
tion and evolution of the vertebrate and mammalian sele-
noproteomes[ J]. PLoS One,7(3):e330663.

Min M, Shen C,Fang L,Zhu B R,Li J H, Yao L Y, Jiang Y
J, Xiong C H. 2017. Design of a selective regenerable
cellulose microcolumn for selenium efficient recovery and
economic determination[J]. Chemical Engineering Re-
search and Design, 117:773-783.

Naziroglu M. 2009. Role of selenium on calcium signaling
and oxidative stress-induced molecular pathways in epi-
lepsy[J]. Neurochemical Research,34(12):2181-2191.

Ohki A, Nakajima T, Hirakawa S, Hayashi K, Takanashi H.
2016. A simple method of the recovery of selenium from
food samples for the determination by ICP-MS[J]. Mi-
crochemical Journal, 124:693-698.

Pytlakowska K, Kozik V, Dabioch M. 2013. Complex-for-
ming organic ligands in cloud-point extraction of metal
ions: A review[J]. Talanta, 110:202-228.

Rao Y, McCooeye M, Windust A, Bramanti E, D'Ulivo A,
Mester Z. 2010. Mapping of selenium metabolic pathway
in yeast by liquid chromatography-Orbitrap mass spec-
trometry[J]. Analytical Chemistry,82(19):8121-8130.

Rayman M P. 2012. Selenium and human health[J]. The Lan-
cet,379:1256-1268.

Rybinova M, Musil S, Cerveny V, Vobecky M, Rychlovsky P.
2016. UV-photochemical vapor generation of selenium
for atomic absorption spectrometry: Optimization and "Se
radiotracer efficiency study[J]. Spectrochimica Acta Part
B, 123:134-142.

Saygi K O, Melek E, Tuzen M, Soylak M. 2007. Speciation
of selenium(IV) and selenium(VI) in environmental sam-
ples by the combination of graphite furnace atomic ab-
sorption spectrometric determination and solid phase ex-
traction on Diaion HP-2MG [J]. Talanta, 71 (3) : 1375-
1381.

Shrivas K, Patel D K. 2011. Ultrasound assisted-hollow fibre
liquid-phase microextraction for the determination of sele-
nium in vegetable and fruit samples by using GF-AAS
[J]. Food Chemistry, 124(4):1673-1677.

Solovyev N D. 2015. Importance of selenium and selenopro-
tein for brain function: From antioxidant protection to
neuronal signalling [J]. Journal of Inorganic Biochemis-
try,153:1-12.

Steinbrenner H, Sies H. 2009. Protection against reactive oxy-
gen species by selenoproteins[J]. Biochimica et Biophysi-
ca Acta,1790(11) :1478-1485.

Thiry C,Ruttens A, De Temmerman L, Schneider Y, Pussemier
L. 2012. Current knowledge in species-related bioavai-
lability of selenium in food[J]. Food Chemistry, 130(4):
767-784.

Tuzen M, Pekiner O Z. 2015. Ultrasound-assisted ionic liquid
dispersive liquid-liquid microextraction combined with
graphite furnace atomic absorption spectrometric for sele-
nium speciation in foods and beverages [J]. Food Che-
mistry, 188:619-624.

Tuzen M, Saygi K O, Soylak M. 2007. Separation and specia-
tion of selenium in food and water samples by the combi-
nation of magnesium hydroxide coprecipitation-graphite
furnace atomic absorption spectrometric determination
[J]. Talanta,71(1):424-429.

Vale G, Pereira S, Mota A, Fonseca L, Capelo J L. 2007. En-
zymatic probe sonication as a tool for solid-liquid extrac-
tion for total selenium determination by electrotherma-
latomic absorption spectrometry[J]. Talanta, 74(2) : 198-
205.

Vriens B, Mathis M, Winkel L H E,Berg M. 2015. Quantifica-
tion of volatile-alkylated selenium and sulfur in complex
aqueous media using solid-phase microextraction[J]. Jour-
nal of Chromatography A, 1407:11-20.

Wang M, Zhong Y Z,Qin J P, Zhang Z H,Li S, Yang B Y.
2017. Determination of total selenium in food samples
by d-CPE and HG-AFS [J]. Food Chemistry, 227: 329-
334.

Xie J H, Shen M Y,Nie S P, Liu X, Yin J Y, Huang D F,
Zhang H, Xie M Y. 2013. Simultaneous analysis of 18
mineral elements in Cyclocarya paliurus polysaccharide
by ICP-AES[J]. Carbohydrate Polymers,94(1):216-220.

Zembrzuska J, Matusiewicz H, Polkowska-Motrenko H,
Chajduk E. 2014. Simultaneous quantitation and identifi-
cation of organic and inorganic selenium in diet supple-
ments by liquid chromatography with tandem mass spec-
trometry[J]. Food Chemistry,142:178-187.

(FTtEshit ¥ m)





