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ABSTRACT: Objective To study the form and content of selenium in commercial selenium-rich food. Methods
The inductively coupled plasma mass spectrometry was optimized, and the content of total selenium and inorganic
selenium in selenium-rich food were determined by using Ge element as internal standard and He collision cell model.
The 100 batches of selenium-rich food on the market were tested and the quality level of selenium-rich food was
analyzed according to relevant standards. Results The optimized method can effectively extract total Se and inorganic
Se from samples. The linear correlation coefficient was 0.9999, and the recoveries were 80%-110%, which could meet
the test requirements. The total selenium content of 30 batches of selenium-enriched foods was less than 80% of the
labeled value, which did not meet the requirements of GB 28050—2011 National standard for nutrition labeling of

prepackaged foods. The total selenium content of 8 batches of selenium-enriched rice exceeded the range of 0.04-0.30
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mg/kg stipulated in GB/T 22499—2008 Selenium-enriched rice. Two batches of rice contained more than twice the

maximum selenium limit. In addition, the proportion of organic selenium in 9 batches of samples was less than 80% of

the total selenium content, which did not meet the requirements of DBS 42/002—2014 Requirements for selenium

content in organic selenium-rich foods. Conclusion There are some quality problems in the selenium-rich food on the

market, such as the total selenium content is not up to standard or exceeding standard, and the proportion of organic

selenium is too low. In the samples sampled, 30% of the products' labeled selenium content does not conform to the real

value. The unqualified rate of total selenium content and organic selenium proportion in the selenium-rich producing

areas is significantly lower than that in the non-selenium-rich producing areas.

KEY WORDS: selenium-rich food; total selenium; inorganic selenium; organic selenium; inductively coupled

plasma mass spectrometry

0 31 =

Bl AR T R G, 5 AR R A o,
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WETAY) . SRR ESE  EEEEAE, A e
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50~200 pg/d, ¥R RMGEANBITUHACR, &8 H Ak
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TS JCHUAS 2 g ARl FLsg v e R, B A
(M JCHLAR 25 MR P 2210, A5 WU 28 MR R, S
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PIESHEZ, BAgEIE 20 25, FEAEEAE S
il WARFRER[Se(IV)] . FARER[Se(VI)] . i1 CAE Z MR (SeMet) |
A RDE R (SeCys2) LA K F LA A 2 Jbe 24 2 (MeSeCys)!'
XX RIS AL G4, BT 22 A N A T ik,
BEF RO EREE | RO RS
& B T 1K i % & (inductively coupled plasma mass
spectrometry, [CP-MS) !> 2% Y& JCAILAR (9 $L U 1T, A7 2 Ff
BT RPN R A KIREGE | BRARBUEP | R
e, AR S5 R B JUAM R BTG (%) A — 5 SR
BEE, [l f IR, 3 2 RS2 i A B DG AL FRE &
WIS e B R AR BHE T o it A5 f I il ie — 0o
WEWAE A AR B, 380 2o 7 B BBO HH im0 K A i WO
B JC AL B Rk, R AR M 8 5 25 (high
performance liquid chromatography, HPLC )42 B /i G

PRAR ML AR AR AT 70 1, SRJ5 I ICP-MS 2475 i AG il
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1.1 XBE5IRH

iCAPRQ HLEHE A 55 88 TR TS . U3000 =5 3508
HA AT (FEBR G R B 22 R ); BSA224S-CW HLF R
V- (FEZ R AR E AU A PR A], dbat); HH-100 #84¢fe
TR S (BT MG TAL AR A PR F]); H/TI6MM 8.0 Hl
() 7 o P 25 5 AT RN D); AS20500A #8735 Uk i
CRHE AR B AR A FRA A

IR A . BERR A . GRRA . BLEE . Ak
B HERGIMTAL) . EhER(t Al . B (G%al, FEZ5EA
AFRFAE R A, T R E (i 4, SEE Sigma
AN, AR AR IS [Se(IV)GBW 10032, (42.9£0.9) pglg,
LA Se 3. WiER ARV TR [Se(VI), GBW10033, (41.5+1.3) ng/e,
Ph Se iH1(h ETFRBHAFR D), S8 % K Milli-Q #
4K,

100 it EE M B 22 . B4R R, WEM
85 DL IR WSS o Jrf, XA SCRIRE A &
fifh S P= ML . A, TP AP A AR 61 Htvk, H
M A = = A 39 vk LATFTE AR 32, TR
mi i, R ARORAE 31 IR, AN 28 HEIR, ANEIREE
bk, FhH 7 bk, Rl 6 HEUR, KK 5 bk, Hith
BILAT 1S AR, WK, WP, BES 7 AN
12 XWHE
1.2.1 HSara®

(DTCHLRT R B ¥+

A4 5 B DR B LB S 4 0.25 mm (60 H )J8 Je i,
Bt i 5 kL 1.0 g, IMARHR(0.1 mol/L Wiz — 44
+60 mg/L B B2 W % W) 5 R PEIRVE 51248 2 h
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(70 °C. 1500 r/min), KH4LES (5000 r/min, 10 min),
0.45 um JEMELUE, Y AEUB IR AR

(2) M A v ARECRMARE B 0.2~0.5 g FARip iy
fiEiE b, A 5~10 mL fiff2, fnasilcE 1 h S0l i, e R HE
o, OB AOGETTIEAR . THRRT A SRR IR, H
KRN, B E AR IR AR -, T 100 °Chin
30 min, FIKERZE 25 mL, 1B, 0,
1.22 W &

(1) BRI

A BRI R A B A SR AR TN, L
Ge JUEAIENPIFR, R He R MAL, 2B M B
T 25 5 o

(2)FCHLAI

HPLC 5 ICP-MS H PEEK 4z, M ICHUHEIR
A RCRAR A, JOTEBRAR A W BRAR AT 4358, LA
Ge JCEAE AR, KA He R, FHIEMA SR
TR A T B, 5 B R S v A AR 0 STV G A
g
123 EKEEE

FERE S H 3 N 3 A KO B2 A S | AR AR .
TG R AR AR VA TR, b A8 TR e He R R JE MG 14 000 52 Ty
PEATIAE, T
124 LHEIEAK

HPLC: C;s fi%#E(150 mmx4.6 mm, 5 pm); HizhAH: 2%
FRE-+25 mmol/L MElR A —44+0.5 mmol/L DU T LAV B R
pH=6.0; i 1.0 L/min; F: 30 °C; #FREAFR 100 L.

ICP-MS: RF I 1550 W; ¥EIS itk 15 L/min; %
B i 0.8 L/min; 2K HE 1.14 L/min; RARRE 7 mm;
FAL B IR 2 °C; Ni RAREAE; Ni IS

1.3 HIEAIE

ST B AT 3 I GB 5009.93—2017 (&b
WA E FARME A E ) L B A A T
S S|z, THLM S & WAL S DBS
42/010—2018 (&b Z ey bnuE & & & Hh JCHL i
WAE I vE Y, BIVAT R £ (Se(VI))FIE Al R £k (Se(1V)) = F;
H HLARG e AR A e 2 E LA S . TR SEIR A 3
WEATIS, 450 « +s #oR, FIH Origin 9.0 #fF k4T
B A3 M Ab B

2 HR55%

2.1 FHEMZMSRE. BXRBMETHR

W AN ) e BRI R VA VR, AR AT AS [R] TR i i 2k
PEJTFRAASC R B0 X2 ORI T 11 R L 58 114
FE, VR 1L RIE bR EZE, 3 A5 AAR o 25 BT X I 1) 25
SRED A PR . N 1 TR, 5 Bl A S B 2R AR 56 R 5L
TE 0.9993~0.9999 Z[H], LMK FR RIF; LMEWHAE 0.5~
40 pg/L Z[8]; AR EAS R 0.01 meg/kg; JCHLAM ARG H
PRk 0.02~0.068 mg/kg. WFFT4SETRFHATZ I I ML RIS
H BRI BB 2 2R
22 FFEARIEINERMERE

Ay BITERE S HR I 3 AR BE K bR v T, ot
TR 4z HR AT AT S LA (400 22 vE AT I, TR IR,
ZERWAR 20 R 2 WAL, AS[E)E A O . O
(AR B TE 80%~110% 22 18], A X5 v I 2 (relative
standard deviation, RSD)N 1.7%~8.4%, FMHiZ FiEHAGK
B 1 I A 3 R 88

Tl ZMHE BXREMEHR

Table 1 Linear equations, correlation coefficients and limits of detection

WH R LRV (ng/L) KRB K HBR/(mg/kg)
JXii] Y=132.2593X+13.7037 0.5~40.0 0.9999 0.010
Kk Se(1v) Y=282.6984X+6.6667 0.5~40.0 0.9996 0.020
Kk Se(VI) Y=246.2120X+5.5556 0.5~40.0 0.9997 0.026
250t Se(1V) Y=125.2568X+0.3704 0.5~40.0 0.9994 0.052
50 Se(VI) Y=171.8652X+2.5926 0.5~40.0 0.9993 0.068
% F Se(1V) Y=163.0455X+1.4815 0.5~40.0 0.9995 0.034
% F Se(VI) Y=149.3452X+3.8713 0.5~40.0 0.9996 0.030
INZZJEZE Se(1V) Y=156.8863X+4.0625 0.5~40.0 0.9995 0.040
INEZJEZE Se(VI) Y=196.5874X+3.0219 0.5~40.0 0.9994 0.036
AL Se(IV) Y=256.3120X+1.4528 0.5~40.0 0.9996 0.031
FLiif Se(VI) Y=238.0346X+2.6642 0.5~40.0 0.9998 0.029

FE: X N BTV, pg/L, Y 5 53R Se(IV) R EAMERER (L) Se i1), Se(VDliERER (UL Se 1)



5062 R i g Rl R 5512 4
x2 FEMERERFBEEEN=3)
Table 2 Recoveries and precisions of this method (n=3)

iH AJRAE /g JinkrtE/ug W2 {E /g [T R /% RSD/%

pSN T 0.57 0.5 1.04+0.042 94 3.2

0.57 1.0 1.54+0.030 97 4.6

0.57 2.0 2.52+0.046 97.5 3.2

KK Se(IV) 0.16 0.1 0.24%0.019 87.5 5.0
0.16 0.2 0.33+0.042 85 6.1

0.16 0.4 0.54+0.021 95 4.6

KK Se(VI) 0.12 0.1 0.230.008 110 2.5
0.12 0.2 0.310.027 95 3.6

0.12 0.4 0.510.056 97.5 42

5 Se(IV) 0.21 0.2 0.39+0.042 90 3.8
0.21 0.4 0.580.065 92.5 4.1

0.21 0.8 0.99::0.035 97.5 8.4

2K Se(VI) 0.15 0.1 0.2320.042 80 5.1
0.15 0.2 0.3420.058 95 3.4

0.15 0.4 0.53+0.051 95 6.5

F F Se(IV) 0.11 0.1 0.22+0.040 110 7.1
0.11 0.2 0.29+0.062 90 5.3

0.11 0.4 0.52+0.035 102.5 2.6

# R Se(VI) 0.18 0.1 0.27+£0.041 90 6.3
0.18 0.2 0.370.068 95 42

0.18 0.4 0.59+0.037 102.5 1.7

INFERRZE Se(TV) 0.23 0.2 0.42+0.052 95 5.8
0.23 0.4 0.61£0.028 95 6.1

0.23 0.8 1.02£0.030 98.8 2.3

INFEIRZE Se(VI) 0.31 0.3 0.60+0.023 96.7 47
0.31 0.6 0.90+0.052 98.3 2.6

0.31 12 1.5240.041 100.8 45

FLii i Se(IV) 0.13 0.1 0.2420.030 110 3.0
0.13 0.2 0.34+0.018 105 5.9

0.13 0.4 0.52+0.026 97.5 4.1

Ll Se(VI) 0.19 0.2 0.40+0.036 105 6.0
0.19 0.4 0.60+0.052 102.5 7.1

0.19 0.8 1.0+£0.064 101.2 43

23 MAERELRMKER AL R VIR, BRI TR TR T AE

RARRYE R S W AT 16 ME Gy, BT

i, Hofh s Gy RERD UK T 5 4>

N G B
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TCHUAR . AP S ARG DL, 455 03 3.

M 3 ATAIAL . A, TEIRAIBRTE 4 B B TS
EHEHALT 50%, 433K 29.6%.35.3%.37.5% . 42.9%, H:
HEI AL RS 5 A% R AR AR, 7T RE th T AL 1 KR A
dHEL BIRTT. TR TR AR 50%, 4
H 60.0%. 57.1%. 50.0%, HABART 5 HEUKARE TR &
b, REAREME, B AT
24 R ERENTHES

TR A G IR A AT AR H Ay, RO B AR LR P R
ThRIY BT, A WALENG . LA G BRI S
FAR G A YCRAEWIRE AL I 3 AN Bl 3277 b WAL
Bt A S BEVE S o K A R E A b A A
TEASEAE LI TG T (T 5 R TS, 4550

K1, BRPEEEH ., A & . A0 R 3 A Al 7= b ) B
AR LLBR, R 0. 14.3%F01 25.9%, I TlHLIX
AR TP, TR BIBTAEHERNINH 37.5%. 50.0%.
57.1%. 60.0%, FA 2 HERFFFEA A BEE RAEFAL,
TER BRI, MARR{EA 5 8 ug/100 g, 15.0 pg/100 g,
FEAERE AR SR B S S O

25 AHESLERERER

1t DBS 42/002—2014 { &b EaMrtrdE B4
HUAT SAT o B oK ) W A LG 55 8 1 >80% e A 15 £,
Xof SR £ B B b R A ML 2 o R B RS T bT, 45 SRR
81% B & T &y AP 32 22 DA WL O FE S A7 AR, A MLl &5
WA ST 80%, A 9 #HLUCH LN & LA ERR, NS
K9 %, HRWIE 4,

#®3 FAREFHIBLEERENH(N=3)

Table 3 Distribution of unqualified rate of selenium of different producing areas (n=3)

g FERBAEA  BEIAEHEIM AHEASHEI O RERIUNTAT REEERAEUA O REHE%
e 27 7 1 8 8 29.6
LB 17 4 4 8 6 353
bIBiN 8 3 0 3 3 37.5
S| 7 3 0 3 3 42.9
IO 10 5 1 6 5 50
7R 7 4 0 4 4 57.1
BB 5 3 0 3 3 60
7174 4 0 0 0 0 0
uT 2 0 0 0 0 0
=H 1 0 0 0 0 0
IR 3 1 0 1 1 333
i) 2 1 0 1 1 50
e 2 0 2 2 2 100
it 2 2 0 2 2 100
TH 2 2 1 3 2 100
AR 1 1 0 1 1 100
At 100 36 9 45 41 41

TE: PHONERG TR TV 3 A PSRN SRR IR I 2 B, 13 1 A LA A
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Fig.1 Statistics of unqualified rates of total selenium

*4 ANBAEEESRT

Table 4 Statistics of unqualified rate of organic selenium

)il BMBANEA AERDEUA AEHE%

o 36 2 5.6
Al B 64 7 10.9
&t 100 9 9

HEE 4 W] R A LA S A R AT
A A o A A X AT IR 2 HER B AR, AL
il 5 He AR AR, SN 5.81%F1 22.05%, J5LH AT BE 2 TERE K
R 2 i v TP O LA AR B b AN 4, Bl 2 e
TCAIAT R W7 7 Aok TR

3 &

AU T ICP-MS A U £ 5 Hh S . TSR )
Ji, FOT R RS FR AT, RSO o 2 A A 0
SR, WRTFEME S 8. BT, WRE
B 100 LV AT b Y R S B B HAE e T S R AT 0
SEIRFW, AR A3 X4 AT R A LA AN A5 A% 25 35 b A
Hb DX R o B B A AR AR, BRAHA & i AR 1
B 2l R g XURS:, I URIRBIE Y 100 it UK Al i o
A 8 MK BB 5 R ) GB/T 22499—2008 (&
MRS ) FRRAE . 534, A A 0 s A T R B e T A
MIAFTETERS, AR UCRAE A B Al B i KR 43 32 22 LU HLATTE
BAETE, BF 4 AR B E =5 A YL & KT 50%, 1]
REFE N 1 Al A rh A ML AL AL AR 58 4, P BOHLARG 5% BR
e BRSO R A S M, B ok
PG 5 e T T 23 L, R A 1 A A RR bR,

PR HLAN & i, 51500 2 IR AN, AR E H
M 25 N A A SR ) XS o
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