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Speciation analysis of selenium in selenium-enriched products and

establishment of chemical scoring model

CHEN Yongbo'"*, LIU Shuqin'*, LIU Yao"*, CHEN E'*, ZHANG Chaoyang"*, HU Baishun'”,
QIN Bang'’, LI Weidong"?, HUANG Guangyu'”*
(1. Enshi Tujia and Miao Autonomous Prefecture Academy of Agricultural Sciences, Enshi 445000, Hubei, China;
2. National and Local Jiont Engineering Research Center for Devolopment and Application of Selenuim Rich Bio-food, Enshi

445000, Hubei, China)

Abstract: Se-substituted amino acids, selenite ions [ Se(IV) ] and other forms of selenium in 19 selenium products
including selenium protein powder, selenoprotein tablets, peptide powder and selenium -rich raw materials were deter-
mined by microwave hydrolysisTHPLC-HG-AFS method. As a percentage of total selenium, selenium in protein, Se
(IV) and other forms and the percentage of selenium amino acids in different structures were analyzed. On this basis, se-
lenium products can be divided into selenoproteins, selenopamino acid, selenium forms and mixed selenium in organic
and inorganic forms. Chemical scoring model was established on the basis of the regulation of DBS42/002-2014, the re-
sult showed that 18 of 19 selenium products are rich organic selenium products. According to the proportion of seleno-ami-
no acids in breast milk in suitable selenium area, the chemical grading standard of seleno-amino acids was proposed.
Based on this standard, among the 13 selenoprotein-based selenium products, the selenoamino acid, SeCys,, is the limit-
ing amino acid, and the SeMet was far more than that human need. In composition ratio, all seleno-amino acids are quite

different from that of human milk, and are not conducive to the balanced absorption and utilization of human body. The
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establishment of the scoring model has a guiding effect in the development and evaluation of selenium products.

Key words: selenium products; speciation analysis of selenium; seleno amino acid ; chemical scoring model
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K A B s BT A ) B B R R AT BN R R Al 5 A

U R B ROk H LS R A S Al & R A BR
YNGR IE R WEWN i Rk /R sl R/
A(E D).
1.2 AE Fo X )
1.2.1 {2

o 0 AH 83 - O ER Y : Waters2695 43
BAIE (L E) +SAP-10 T8 4 Wi kb B 2% B+ AFS-
930d JF F 2 e G A (b 2T 3% KALER A Al L a5 B &
A AT AN 25 O AR AT 5 G £ 1 AN (R R R
Milestone Ethos UP) ; 43 #7 K« /@4 0. 01 g.0. 000 1
g(FEZH ) ;pHIH(METTLER TOLEDO)
1.2.2 k5

R AR A Al AR B B S B
AR A A R R (P gl ) s AR e & R (SeCys,) b
E 7 W (GBW10087) | H 2 -l 1K 2 it 22 IR (SeMe-
Cys) b i % W (GBW10088) | ifi 18 25 4 % (SeMet)
B 7 W (GBW10034) | W i /2 AR 25 7 [ (Se(1V) |
FRUEVE R (GBW 10032) .
1.3 Bmegn

KSR IR T 9 kg ik,
1.4 AR RILE A Se(1V)#hm]

Pk B il 7 b 20 mg R 8 210 0. 1 mg) , A i
U AR 1 K S ASCTE S A A S Ad AR L A 6 mol/L £
PRV W 1. O mL, K 4 A X AR 4 0 FE & S 38 1 AR K
i PV E R 6 mol/L #R FR S W 120~150 mL, it A
B i S48 I RE 22 24 T P A R R R
FA 5 K it 2 1 5 AT TR AR T 350 1) i L 28 3 I, il L s
2~3 min J5 KM, FFT I A0 B, B A R0, 2~
0.3 MPa) 1~2 min, Mt & 3. & EH I 1500
W, iz 47 % % JHiE - 15 min TR & 150 °C, 4 4F 40
min, B 3 50 ‘CA AT, 4 16 AR 9 RE o i W5 7% 3
25 mL /NBEFR A, A 0. 95 mLL 6 mol/L & %A 1k 4l
W, H 1 mol/L & AL E A W 19 pHIE 2 7.5, 5%
A 25 mLAE®EN T, K& IR G, H0.45 pm
B AR i 8 g (K &) b U8 AR IR, SR JH HPLC-
HG-AFSME o [ s H 525
1.5 BEEH

HPLC i 70 58 414 - XP BB 7 28 ¥k (250
, Spem ), Ui s A A 40 mM
(NH,),HPO,, I B2 #35 pH=6. 0, i i# 1. 0 mL/min,
HERER R - 10~50 pl (B A R 405 3 v v 4 2 2 R
PV B 0 2 ) L 43 B JR DT - 8 miin

mmX4.6 mm 1. d.
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HG &A= % AL F A 0. 5% KOHA+-2. 0% KI
W IB R AN 0. 5% KOHA+1. 5% KBH, 15 1 ; 2 07%
F10% HCL; RAMT I .

AFSIE £ - TC R KT R Se 25 0 AR AT 5 B i
JE 24300 V5 kT H gt CEL L Uit /4 L 3 ) o 80/40 mA
# AR 300 mL/min; 5t i< 600 mL/min.

1.6 KA L 54

K WPS Office 715 FIE &, H b 2 P 248l =
SeCys,+SeMeCys+SeMet, H & JE & fifi = & fifi —
[ A +Se(1V) 1,

2 BEREHW
2.1 HESu ¥ G fe R R YA ME S 5T
1O Fofo i 7= it 9 BN TS 55 S R0 T 25 D 4 SR DL
Pl R 1P SR 3 Ul CF 3918 £ 45 i 25)
FoR o AR TE SO AR KR A T 28 R R K A
SeCys,. SeMeCys il SeMet, fifi ig 2 & [ Se (V1) ]
E R TR 7K fff 2o A v 3 SRR Se (TV) o 28 (A&l
SeCys,.SeMeCys . SeMet Z fl , H& JE 25 il fy & 1l
HEASM Se(IV)Z 2.
Ml LLFE R SRR

0. 54~3 356. 58 mg/kg, H i & fiffi £ 7£ 1 000 mg/kg
DA B B R K A R P AT R R R (K
FF RS B A I R AE 9 b, 100~1 000
mg/kg Z AWML G UEN A FEENA M
YA A - 145 4 Ff, 10~100 mg/kg 2 [d] i) A 1l 25
FIR Al A8 A DA ORG 48 2 P4 2248 7 R 4R )
S5 5P B #R A7 R 5 =K T 10 mg/kg.

G2 A AR B i S R
SIS IER: JSIN U N P S 2 S I U i A
S 13 S O A AN b A A A
1000 mg/kg LA I 094G A8 & 1100 G 1% BF L K ffk il A
% 580 ,100~1 000 mg/kg (A B FEKFE D4
LN ASINIE 2 T NS N AR - AR
10~100 mg/kg WA #EAKFH A W EH 7 270, 48
YIRGAE B PG LA T AR T R AN B AR 2 R A
6 Ffr 7= il AN 1 R 1A 5 KA AT R BBy LT 22 AR
B 25 P kY 2 06 0 R B R R S 6 Rl R AL R B A Se
(IV), Hofl 7= i B R 5 Se(1V) , 19 Fh 7= b A 5 F
7 R A 2R A A Se(TV) , 8 Bl = il & 2 11 il A
T Se(1V), 1Rl & Se(IV) AN & F I, A 5 Fp ™= &
JEREA & A & Se(1V) .

F1 IMBAFRPLANESHEE

Table 1 Contents of total selenium and speciation selenium in 19 selenium-enriched products

mg-kg ™'
R ST SeCys, SeMeCys SeMet AT Se(1V) HEES
R IR 1 3356.584-201.39 100.48+6.03 470.75-4-28.252233.314-134.00 2804.54 4 168.27 — 552.04+33.12
WIEE Ik 2 2453.514-147.21 138.56+8.31 452.72427.16 1674.97+100.50 2266.25+135.98 3.584-0.21 183.68+11.02
KA 1 1604.36-96.26 276.184-16.57 155.31+9.32 1132.614-67.96 1564.11+93.85 24.21+1.45 16.04+0.96
1P 7 £k 1537.22492.23 153.474-9.21 640.73+38.44 740.514-44.43 1534.72492.08 — 2.540.15
MK 3 1218.87473.13  68.5+4.11 325.25419.52 824.214-49.45 1217.96473.08 — 0.9140.05
JIR A 2100.29+126.02 63.23+3.79 241.94+14.52 638.9+38.33 944.06--56.64 20.96+1.26 1135.27+68.12
WA3E  2752.17+165.13 173.3+10.40750.76+45.05 — 924.06+55.44 — 1828.114109.69
AR 1333.44+80.01 43.88+2.63 161.4+9.68 402.48-+24.15 607.76=+36.47 — 725.68+43.54
il 22 4% 900.71+54.04 125.6247.54 336.75+20.21 — 462.37427.74 — 438.34426.30
s 2R - 2918.6+175.12 42.81+2.57 195.71+11.74 218.88+13.13  457.4+27.44  3.6+0.22 2457.64-147.46
SEUEA 560.96+33.66 29.084-1.74 87.865.27 265.72415.94 382.67422.96 — 178.29+10.70
BEAFEEH  204.94412.30  10.8640.65 85.39+5.12 - 96.254-5.78  0.1340.01 108.566.51
T2 19 65.5143.93 — — 62.92+3.78 62.9243.78 — 2.59+0.16
MR 1 100.946.05 — — — — — 100.946.05
MR R 2 71.85+4.31 — — — — — 71.85+4.31
[=ya 20.83+1.25 — — — — 9.3440.56  11.4940.69
il 2 79.8344.79 — — — — — 79.8344.79
HERMERY  29.54+1.77 — — — — — 29.5441.77
G 5 22 e 0.54-0.03 — — — — — 0.54=40.03
=" ROR AR

Note: “—" indicates not detected



- 82 - WA i I S < ) il G P 2 43 BT Ak 2 T 4 B T
2.2 PO A LM MR S kR Hen) £ 09
WL LAOWSE S R TR Se(IV) 2 = 0
B A Y B R A A 2 R (R gm
5> 5
T S8 5 S WP 1~ 6. % oALLLY R
{1 § 8 = = 3 ‘
358 g 5% 0 e, e T D
Ileel“ dwgnngEila R
\°120 MR S T “<ymmﬁ%%§ﬁ£ﬁg ==
0\100 %]%5 t%[ E M-E\N\-‘;é— %E @;A
i 80 h g =§
4 60 ., e
= 40 HH
E{ 28 B4 SeCys, hEAWMESSE
—‘5.\_', = 0N R 4 $eo — i ;\J;K §_ is. . 2. .
ﬁ?ﬁg?ﬁj’é;ﬁﬁ%ﬁﬁﬁ%;gﬁg%ﬁ Fig. 4 Proportion of SeCys, in total selenium
o = = EHMET R E L E B
iﬂﬂ% Hﬁ <Ly %m%@ﬁ«——«— gg
EES E E = a TEE X = 100
N = T =R o =80
= i i il
T 4 =0
& 40
1 EAWMSREMNESEE 2 20
Fig.1 P ti f sel tein in total seleni = 0
ig roportion of selenoprotein in total selenium %%ﬁ%%ﬁﬁ%%iﬁﬁgi%?%i%
o FEREER sHRESDDREEIE me
= SE S & HBXES: Y=
<50 EES & 5 oE & =E =
- N . = KN <
=4 25z E
S 20 i i
E/ 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 S SEMECYS£§EEEE@E§}€§
%%Eg%éiﬁ%g%ﬁlﬁ;;ﬁgiﬂ Fig. 5 Proportion of SeMeCys in total selenium
el gagorkwssm e
HE S THE T TogyeEET g
E{gi g R me;ﬂ_:—tgt% :}—( \=120
% g 5% ¥ {8 : = 100
= z2g I 80
7 i 4T 60
B2 Se(IV)H&AANTHEE = 5
. . . . 2} 1 1 1 1 1 1 1 1 1 J
Fig. 2 Proportion of Se(IV) in total selenium 0 AT ORRIELICLCORESE
EE%”&E%%QH%:HH{HQ_&WE%%
== EHErEE e e
8278 "¢ HwxXEfE ==
EE& t%n[ EJ P EE
=120 h % - s Hﬂg
~ = 2
! 1(8)8 i~ i
£ 0 H6 SeMet 5EEMUES SR
'\5\3 38 Fig. 6 Proportion of SeMet in total selenium
\ |
X CEERTESPEESEENINRERY Lo g mmahaRREA.EXES
FEeEL zwmesnoasmiie e & . &ET R RIT AE E
eef g = g%ﬁﬂgg e i P R R TR IO BEOR SR BER TR (AT
~ : ; = KRR p : A | ; A ;
" 88 ¢ BT R W R T AR S o
t 31.78%~84.20% , fEAL W W KE A 1 (A A 55 ER M
E3 HEESELISENESSE . e -
Fi . L PEHCY) AR A B A 5P A 7 1009 .
ig. 3 Proportion of other forms of selenium in total se-

R

lenium

6 1~ 151 6 B 45 538 20 B, Al 25 1 B K S il

B AR (1 R G R v 60 2 LR R S A
TE, i RV 2 Y 83. 55 %0 ~99. 93% ; Bk #r L 4%
E SN ISR 4 INUP S 2 4SNP AN TS N
R 2R B TG 15. 67 %0~68. 22 % 5 BR PG % 4k
M Se(1V) i Bl 1Y 54. 86 % 41, Hoe 7= i Se(1V) 1R

Bk o~1.51%. HE

TE 25006 B3 Al 25 B L K A

FEREE UM K A0 A A R IR S AR
HEA SEEADE AW EE L SeMet /£, 15
B AR 66.02%~100.00% , H Pl & A A
SeMet i 100% . 7E M 2 B 55 K 55 8 1 MR OK 55
W, 2R A 3 L) SeMeCys f7 7E , 15 72.83% ~
88.72% , £ SeMet; SeCys, £ 4 Fh & 1By Bk
PR G 220 I R T R AEAE AR B ARG AN
E G 3. 58%~27.17%

DL 3 B0l 4 2 1R 1) LU AE RT L 25 0 7 i rh



AW R - 83 -

TG 79 > < A8 2 By B0 R 2 A AR R 3K iR
it 75 (L BK By 4 FF = i SeMet: SeMeCys: SeCys, kb
fE~=74:16:10, it AT DUHE H 3% 28 28 (8 7T RE 2 AN
G 5 v B A, R Sy A e R 1 32 AR A R
SeMet, Ifif i K % 2R 1AM A9 35 22 1 45 /& SeMeCys.
LR 5 o O 8 B A AL A A 2 R A
¥, SeMet: SeMeCys: SeCys,~68: 25: 7; fiffi i &
JE 500G R B AR ALY A A S SR R 45 4, SeMet:
SeMeCys: SeCys,~48:42: 10 ; WK F 8 A FIHEK FH
LA HAUR AL IR 4548 , SeMeCys: SeCys,~ 15
285, M WK A R A ZE T M AR R AR A R
LW eI, P 26 Se(1V) 4 44. 84 %, K
B A Y 55.16% , A & i & (A 6 R
SeMet i 100% , ¥ T . — SeMet.
2.3 'Z AR S 09 ANAR LRGN
2.3.1 &AL S VRS T ik

AR DBS42/002-2014 ML AE"™, JC ML £ 4 /)N
TR 152 DL b O B A HURE S A AL D B
Tl 5 5 ML & 5 2 25, & A AL SO A 1 T
RN WO

A U 53 = [ CRV 5 — JCALAN & ) /G
FrEEX100% 1/(1—15%) X 100

A AL E 43 1 7E 100~120 =22 6], $F 43 85, A Bl
il 25 2 B 5 A2 7E 100 LR, A RETE K B A AL £
fi o F% MEIZARAE 1O FA 7 5 A LB I 4 I3k 2

e 2 PR VY 22 AEAT HUAR D43/ T 100 46, g e
A4S KT 100, 8 & A HLEE = 5o
2.3.2 WRACEFERR T4y 7 ik
@ Pk SeCys,. SeMeCys Hl SeMet Ky br #E (1 1k 2%
oy

2 MR S R 1 1 43 7 %, LAGE i b IX RE 2L
S & oA 25, 31 pg/L, B f# i SeCys, il SeMet
B0 R 21,41 pg/L A 2,51 pg/L"Y, SeMeCys
KA, T REAE B A I A A (AR R K M Je 23
B SeCys, . SeMeCys fll SeMet = F JE 745 , #F FL i il
FE LA VAL X AEAE , W SeMeCys & &8
1.39 pg/L, SeCys,.SeMeCys Hl SeMet (5 i 1)
11143 51 S 85 % (5% F110Y% , & Al 7= i w4 2 3 R
(R A R RN W

B AR B L TR IV = (7 A AR S R 5 i /7 b
HESWE ) /(N ERER & &/ A AAEAS
il % &) < 100,

S5 FCRER 7 A AR g R Y VT 43 Bz O
100, 5 ACFL APl 4R 20 56 2 1 EL 9] 32 45 1 iy, i Y
Ty 15 NAR W ORI T, 45 53 B AR S BR T 2 FE 1R

Tt
/z\

R2 19T RENENLFITES

Table 2 Score of seleno-amino acids in 19 selenium prod-

ucts

FE il 24 B A LA AR E S L/ Y A WL Sy
Tl 25 8 1 100.00 118
Tl 25 18 2 99.85 117
7K i 17 2K 14 98.49 116
i P+ 100.00 118
il 25 114 3 100.00 118
Jik 99.00 116
WK SE 100.00 118
A EE N 100.00 118
Tif§ 22 100.00 118
TG W o B R 99.88 118
BEEH 100.00 118
AR FEE N 99.94 118
=y 100.00 118
T PIRS A A 1 100.00 118
TG R 2 100.00 118
[iE=yia 55.16 65
T 100.00 118
TR R 100.00 118

DA SR FR o, 19 s il 7 b vp 13 b & 2 11 25l
B 7 i A T A R R O o A A, HPE 4 45 R
W23,

R4 2 3 v 13 R0 ™ i B PF 43, SeCys, ¥ 2 B il
fili A & FL R , 5 75 11 7 SeCys, Al SeMeCys S BR il
A AR B R, B oK 5 3 OK 55 4R 1 RIS 2 8 SeMet
£3 13 E 7~ % FLLSeCys,.SeMeCys #1 SeMet 4 #x 4

ML ZiT 5

Table 3 Score of seleno-amino acids in 13 selenium-en-

riched products base on SeCys,.SeMeCys and SeMet

FE 5 4 FR SeCys, SeMeCys SeMet
Tl 25 14 1 4 336 796
Al 25 1 4 2 7 400 739
K S A 1 21 199 724

il e 1 12 835 483
T2 R 3 6 459 722
N 8 513 677
TEKFE 22 1625 0
HAEE N 8 531 662
il 2 b 32 1457 0

i 2 2 B e 11 856 479

£ AR | 9 459 694
HEAFEEN 13 1774 0

il 25 1 Fr 0 0 1 000
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[T AVE B S i R == N i 2 = R/ v (I
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Table 4 Score of seleno-amino acids in 13 selenium-en-

riched products base on SeCys,+SeMeCys and SeMet

FE 54 B SeCystrSeMe- SeMet
Cys

Tl 26 1A 1 23 796
il 45 B 2 29 739
K e 106 2 31 724
il e 1 58 483
Tl 25 Ky 3 31 722
ik 36 677

[ 2 111 0
HAEEN 38 662
1§ £ 1k 111 0
il e 55 R 58 479
SR 34 694
HEARFEEN 11 0
fili 45 = 0 1000

AP IEOKTE WEOK TR AN 2 B SeCys, +
SeMeCys ¥ 43 #2100, {H SeMet A PR il i 18 2 J
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SeMet P43 L i T 100, 15 B FL rp il 48 20 5L 12 Lo 49145
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Y AR 22 A 5 R R 2 & 10000, AT RES

VT 22 Bl 2 Se’ s 25 DU 2602 A WL HLIR & B 7™ i
UNVE 2= A48, JOALAR & B, FTAE 2 A R Eh I A R
A S8 AR AR AR D B A IS NG 2 B
Fo BT AT ALAR 5™ it 060 A = R Y AL 7 D 23
B, 19 T 7 i oh AT 18 B O A LA 7 5 R 13
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B L A9 55 RE L R AR S AR 22 AR K, R R TR
WS o SR P B — A R B TG 7 it A M SR L A
TE BRI o

S % Sk

(1] X038, gkde, Bt 45 . i & 19 50 b H Tl ae B w5
JE[T]. v BE 2Rk, 2014, 50(7): 61-62.

LiuZ, Zhang F, Liang J b, ez a/. Advances in seleno-
protein family and its function [J]. Chinese Journal of
Veterinary Medicine, 2014, 50(7): 61-62.

[2] A ANRIEFMERZDAEMTEFTZENS . PEA

B I [ S bR, GB 5009, 93-2017 1§ % 4 1 K
B P A I (ST A s B AR A R
SR, 2017,
State Health and Family Planning Commission of the
People’ s Republic of China. National Standards of the
People’s Republic of China, GB 5009. 93-2017 Nation-
al standards for food safety, Determination of Selenium
in Food [S]. Beijing: State Administration of Food and
Drug Administration, 2017.

[3] Bk, 7R, BHELE 45 Accq. Tag ikl 2 & R

I 0 2 B R % (7). AR MR AN A W B, 2001, 23
(2): 59-63.
Chen Y B, Wang D S, Qin J H, ez a/. Determination of
amino acid content of amino acid oral liquid by Accq.
Tag method [J]. Amino acids and biological resources,
2001, 23(2): 59-63.

(4] 6, At s 0@ , % HPLC-ICP-MS I 52 il 2 1
HRl AR S B (0 5 ER (7). 2015, 25(5): 636-638, 641.
Xie Q, LiJ H,Huang W Y, e al. Determination of se-
lenium amino acid in selenium protein by HPLC-ICP -
MS [J]. Chinses J Heal Lab Technol, 2015, 25(5): 636~
638, 641.

[5] #hutit. FH HPLC-ESI-MS $ AR 5 i £{ 2 36w [J].
A4, 2019, 5: 136.

Zhong H L, Determination of selenium amino acids by
HPLC - ESI-MS technology [J]. Journal of Chinese
food, 2019, 5: 136.

[6] X7, 5k, Wi, 5% . 12l RPLCICP-MS X} & il i 1

R ST 0] B SRR 4, 2013, 32(12):



AW R

85

[10]

1261-1265.

Liu Y, Zhang T, Yang J, ef al. Analysis of selenium
morphology in selenium-enriched yeast by RPLC-ICP-
MS [J]. Journal of Food and Biotechnology, 2013, 32
(12): 1261-1265.

T RRCBH B . — bk B AR KR TR 6
75,1990, 8(4): 250-251.

Xie L Q, OuY Z. An improved hydrolysis of selenopro-
tein [J].
(4): 250-251.

RIKSE, BPFER PR 45 KRN B S A 508
WFFET]. A 05 R 25 2 4R (B SR B2 D, 2000, 34
(2): 223-225.

WuY Y, LuoZM, ChenJY, eral. Study on Se-pro-

tein and Se-binding morphology of rice [J]. Journal of

Chinese Journal of Chromatography, 1990, 8

Central China Normal University(Nutural Science Edi-
tion) , 2000, 34(2): 223-225.

FEEE R ASE, £0b, 5 0 K R KR 6
Lo il R R ) 45 M 28 RE [T). ' BkeE, 2013, 34(9):
1-4.

Wang 7 7, Zhang J L., Wang C, et al. Structural identi-
fication of selenium peptide and selenium - containing
amino acid in selenium -enriched maize protein hydroly-
sis [J]. Science Food, 2013, 34(9): 1-4.

WRIFUEE % 53 RSSO L 45 w8 80U (2 5 12 20 i o
Bt A EE 0L 5 A AR NE R (R, i B [ P
2 BTt 2, 2004,

Chen T F, Luo Y, Zheng W J, et al. Analysis of sele-
nogenic methionine and selenocysteine in selenium -en-
riched yeast by HPLC [R]. Shanghai: Shanghai Interna-
tional Chemical Analysis Seminar, 2004.

[11]

[12]

[14]

AR NRICHEEZ TAEMITRAEFTERS . EA
RO AN B AR, GB 1903, 28-2018 & dh % 4 M K
e v £ B SR SR AL R A (ST Jb AT B K 2
BB RS R, 2018,

State Health and Family Planning Commission of the
People’ s Republic of China. National Standards of the
People’s Republic of China, GB 1903. 28-2018 National
standards for food safety. Food nutrition reinforcement
selenoprotein [S]. Beijing: State Administration of Food
and Drug Administration, 2018.

/i 4 e e S I s R T = RS RR T A2 B
B 2 7, CN 201911133352, 3[P]. 2019. 11. 19.
Chen Y B, Liu S Q, Zhang C Y, et al. A method for
determination of selenium amino acids in selenium pro-
tein, CN 201911133352. 3 [P]. 2019. 11. 19.

16 4 £ dh % 4 5 R i, DBS42/002-2014, & A1 L
TG £ Al A i 2R [S] iU AR 2 5t 43,
2014.

Local Standards for Food Safety in Hubei Province,
DBS42/002-2014. Selenium content requirements for
organic Se - rich foods [S]. Wuhan: Hubei Provincial
Health Committee, 2014.

faf 2 3k . NFL Pl s AV T 2S5 43 A (D] db et o
Il g 1 5 4 i #2017,

He M J. Analysis of selenium content and selenium spe-
ciation in human milk [D]. Beijing: China Center for Dis-

ease Control and Prevention, 2017.

U
(i SKRITAL)



