2023 4F 5 H oo K Vol. 42, No. 3
May 2023 ROCK AND MINERAL ANALYSIS 523-535

R, WEBEER, XU, A5 5 RO (U — i RS 5 45 B A B R A MR 2 AE AR A [0 ] H I, 2023,42(3)
523-535. doi: 10. 15898/j. ykes. 202209190176.

LI Qianyu, YAO Xiaohui, LIU Liping, et al. Selenium Speciation in Broccoli by High Performance Liquid Chromatography—Inductively
Coupled Plasma—Mass Spectrometry[ J]. Rock and Mineral Analysis,2023,42(3) :523-535. doi: 10. 15898/]. ykes. 202209190176.

Vo S A £ 5 — VRSB 4 55 B TR S T o Bt s v 22 4E R
il I A%

g 2" mpr B xImMET, B bt 1 E? e’

(1. HHPBERIR AL T ESBE, Jb5T 100069;

2 e e S R oGy, B ERZ W IR BOR A ST A S R E b 100013 ;
3. et AT ARAMRBR 2= B A ™ SN T 5 & B RIS, dEat 100097)

WE., BE—FRAG R TE,BATRERBAT AT AR £ RAH w0y A ERER
LBk FAAE R mLFBEEmmEA RS2SR P REABYSJToTHRT LA TEHE L,
AICK R B RCaA k- B8 e F B TR A% (HPLC-ICP/MS) R A H R o AF A T 742 5 2 38 b ik
AE[Se(VI) ], EAHBERAR[ Se (V) ], A4 Bt & B2 (SeCys, ) . T A& A8 4K, F Bk & 82 ( MeSeCys ) | A8 X, & & B
(SeMet) , VA% &8 XIV Fo Tris—HCl 2% 775 7% A8 FIRIG 23 P A, KA C18 RARE AL A o 4T 4E,
10mmol/L #4742 8% F2 Smmol/L T2 #5854 (pH=4.0,4 1% F B2) AR 48, 5 E 28 B0, 8min W T 2 ILAET &
MY BEMNE, F kL MEE A 0.3~100. Oug/L, &A% 28 (r)33 KT 0.999,Se(VI). Se(IV).
MeSeCys . SeMet #9544 H FRAE 1.2~6. Opg/kg( VA Se 1) FEE A, 28 24 st /71K F & = /ANRE KT8
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MS) ! TR - AR AR T AL A 14 43
TET A B TR o T LS00 4 7
SEF AT R MR AT, AT R T hR v SR A AT 7S
PEAT S8 43T, (LR A A B 5 HL 07 52 BI85 R 1 B
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XA R R AR K AR E R E X E A
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MeSeCys Aifift 2, 87 2R ( SeFt) , 43 M &R # 4-, H
IR RN 0. 86 ~2. T9ng/L, RFEA R E—4
L. Pedrero 251V R ] HPLC-1CP/MS %} & #iff 4
2469 Se(IV) | SeCys, . SeMet , MeSeCys 147 i il ,
10min NI 4 FRARTE A5 009 3 825, /3 i el 44

R T B A SRR A AT A ] AR5
Fil HPLC-ICP/MS, X ZORBAX SB-Aq C18 X AH &
FXF A Ry A B A, X BT 22 e Se (V) |
Se(IV) .SeCys, .MeSeCys . SeMet 3t 5 Fiifi J2 25 447
ST, RV 22 AR S SR AR A SRR

1 s
1.1 U2

1260 7Y i3 250 AR Lk A B2 7700x B L RS G
LB TR TR (£ Agilent 23 7)) ; Milliplus 2150
AR Al KA 2R 45 ( SE[F Millipore 23 7] ) 5 8 7 W% T U6
BLCT IR 2 A R B A B 7)) R R B DL
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PERAE S OB VG 2278 . AL BT 1 T 2 )
FoRIEBI AR A L & R A P 2 AR
QB — W T W VLI I 1) Tl 5 P 22 AR S B3 (R )
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ARAl K (HL PR 18. 2MQ - em, B4l /K ZbFE 2
el es) R R (g ol [ 24 4 A Ak 273850 A PR
INT)) s CE R R A (P g2l [ 24 45 Ak 250 A
FRAT]) 3 B (HPLC 2%, 35 [# Sigma A A)) ; &K
(g ati, B 25 45 Ak A R A BR A 7)) 5 85 A
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fiti £ 2F Bt 2 W ( GBW10088 ) | fili f{ & 2 MR
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(ERM®-BC210a, 4T LGC frfEF AT ) .
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1.3 a3 5ME
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14 WBASMRER LR 1000 | W /L

0 . . .

BU1.0~1.5g P2 AERES TR A S OE T, 2
T 1 BB R U HC 0. 3¢, AT A 12mL 100mmol/L
SRR LA L F e Eh R AR 52 W ( Tris—HCI, pH =
7.4,% 6mg/mL B A XIV), WiERA G T
37°C N M #AGHE 7 3h, £ 4°C F 9000r/min &5 0>
10min, B ETFRZS 0. 22m 7K 2R JE IRt 0% | 5] I i
ESiEI =

2 gER5PHE
2.1 il ket

WL 2520 M7 % ] Hamilton PRP-X100 B85 132
e fa3ERE (4. Immx250mm , 10pwm ) 272 F1 A 25 %t
R Ho 1) Hamilton PRP-X100 €835 &
Z (BRI RE Sh IS, T AR B D A
U 25 1 22 RO SR R AR BB 3k B Ko T4 o
SO TERE R I, S B EE  H  a
%7577, Hamilton PRP -X100 55 % 2 £ & R 43 #7
SeCys, MeSeCys .Se (IV) . SeMet F1 Se ( VI) iX 5 Ffififf
JEASTE 16min W] 58 53 25, SeMet Fll Se (VI) R B
B AT HA =R, s LA 1a,

SRETAE ik e B 457 il ZORBAX SB-Aq
C18 SRR %t (il At 5 A R A 2 I A8 7 X ik
7 O REi RN 7T LAZE 8min PN SEER R AT T 25 A8
BRATE, A 25 R A, Hoh kg 2
AR SRR AR R e M X e S IR, PR AR
SR M A% SR A T 5T, i Tl DL 1
2.2 FERATCERZPELAL

HE) R ) B2 BT TR A R Atk AR R AR
BELL B SR A AlK R B — i R
REFRIUTCHLARN S K 7S PR 2 L 1R, XYk N 5 K
TR AL A RO U R A 25 | H R B LA B R
YIRS . R AR S R S A i o s L
TR A, AR T AU B kR, A
207 e I [0 R i /6 2 25 2 A, RIS P R 75 el B
FE ORI A B AE B, AR 5% R FH 8 75 il B 42 B
o BGCR) AN A g A AP 2 | 1 D R B R [ 3k
e,
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Fig.1  Chromatograms of 5 forms of selenium mixed standard
solution under different columns ( 10pg/L).
(a) Hamilton PRP — X100 column; (b) ZORBAX
SB-Aq C18 column.

2.2.1 RGN Rk RE

AW IERE— A& iR 0. 81mg/ kg MY VE 2446
FEfh, LURBZEK 22w B A XTV A5 2 il
VR4 BR300 2ok o 7 A B P B 0T 7 22 AE R Y
FRIBUHCR . 2 1 SR EHERI 3 F XTIV /R IR
BRI Y B2 BUSCR e, PRIHCASBIF 9 18 T 48 1 il
XIV ARG T R S A 0 i oe
2.2.2 HEMAE XV AR

TEFH AR B XTIV 30 , itk — P H 5k
PG XTIV 3 % B2 BUBOR 52 e, g & 2R 1
XIV ¥ K (2.4.6.8mg/mL) B Tris—HCl 2% th ik
(pH=7.4) X VG 2248 5 FPAm i 25 FE A7 B, 5256
SESRULIE 2, ZESR LM S FRARTE 25 S b AR ARG
XIV Ve B 38 Jnimi 35 n, 24 & 1 XLV Ok B R
6mg/mL Hf B BOSUR S5 45 24 288 g XTIV R B2 1 n
#] 8mg/mL F} SeCys, . MeSeCys , SeMet {9 £ HU A4 S
AHFT TR, Se (IV) Hl Se ( VI) 48 B34 S TE 22 931l
I, VEFRAE B XTIV ¥ N 6mg/mL,
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1 ASEIERGA P 22 AERE S 58 ARSI A 550
Table 1

is the best to use for extracting.

Extraction results of selenium speciation in broccoli sample using different extractants. As shown in the table, proteinase XIV

BEEGH Se( VI) & & Se(IV) & SeCys, i MeSeCys i SeMet & 5 RIS & B 22 Al
Y (me/kg) (mg/kg) (mg/kg) (mg/kg) (me/kg) (me/kg)
LRI 0.029 0. 020 0.019 0. 136 0.051 0.255
100mmol/L Tris—HCI
vk 0.025 0.021 0.017 0.124 0.012 0.199
ZEnhil
XTIV 0. 026 0.018 0.042 0. 140 0.300 0.526
HAENH 0.028 0.015 0. 000 0. 108 0.244 0.395
0.600 0.400
0.500 - 0.350 - e
. /\ 0300 t T .
2 0400 + ——SeMet  —a— Se(IV) £l o 7=~ Se(V) —— MeSeCys
Ey e MeSeCys —— Se(VI) T 0250 | —o— Se(IV) -=- SeMet
E 0300 —e- SeCys, m% 0200 | —— SeCys,
B 0200 F R . 4 0150 | ‘—4‘/‘\,
0.100
0.100 | — P o
0.030 f !Qggzégq
0 1 1 1 1 0 A ] ) )
2 4 6 8 6 10 12 15
EERXIVIR E (mg/mL) SN F(mL)
Pl 2 AT (UG XIV AT AERERT S BB 3 Al pho B £ ol s M 0 22 4E BBl 5 RN JE 25
MBIURR HUUHCR 5
Fig.2  Effect of different concentrations of proteinase XIV on the Fig. 3  Effects of different volumes of buffer solution on the
extraction of five selenium speciation from broccoli extraction of five selenium speciation from broccoli
samples. As can be seen from the graph, the content of samples. The graph shows that the best extraction
the five selenium speciation increases and then decreases results were obtained when the buffer solution was added
with the increase of concentration of proteinase X1V. The at 12mlL..
best extraction efficiency was reached when the
concentration of proteinase XIV was 6mg/mL. N S
2.2.4  {REUE AL
R 75 5% 4 IBUIRE [ X 32 OBOR 952, B T
2 sy Lt N o
2.2.3 ZMEHMARIRA Th 3hSh.7h DU/ FEECHH LR S FGIE 45 10 2 B

Tris—HCl 2% Wi A 0 e FER 11 s ), 8
WEEM pH R, 5 E AW XIV B A VR Nl &
A3 B0 B R EL AT A O RCR Y AR B A gk R
Tris—HC 2% g N $2 U, 5 28 T % iRl
(pH=7.4, % 6mg/mL H 1§ XIV) I A (6,10,
12 15mL) X} 5 R A5 i SR ISR, 25 3 LA 3,

B 28 WS AR B N, 4508 28 B S USSR e 18
W S R ARG , 5 MR T 5 5 R — B, T RE R IR
B 2% WS TR A AR A i B AR v R L A T
TG E, WX K A BN 58 4 T Ik B B AT
AIFRBUSCR . M3k e R R T, B 2% i A
TR R R A /NS EUR BCR TR, 53 MR
VA TR I 8 0 25 5 BOR VA B BTG, PRI L e 28 Tris—HCL
GEIAE I ARFLR 12mL,
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RIATIRGE . TR R JEHUR A Th B4 %
3h, BRI A9 & P S & B 4 & (X SeCys, A
BT FE) . 3h 5 5h & BUCRAR Y IS IK T 7h £2
BCHCR 8 A B ) SR ROSCRARAT B2 1L, K
(Bl B 25 T 251 SeMet LA K SeCys, a5 P f%
IR0 PR fpe Ak PR R IR 18] O 3, B4 J 43 A7
P )L il B 285 ] g e 46
2.3 Jiikge MG TR

A 0.0.0.5.1.0.5.0,10. 0.25. 0,50. 0
#1100. Opg/L 1 Se ( VI) .Se (V) . SeCys, . MeSeCys
I SeMet Ht 5 il 2508 G bR ifE R 5, TR0 ALY
SR T AT R SR, S EG A5 R SR I AE
0.3~100. Opg/L JEFIN 5 FHAlTE L6 E ¢ R R 4F,
MM R T (r) IR T 0.999,
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PR A RSO (1 - LR S A B T R B e M WSV 22 AR R A

LV

TEZS FRE S 43 3 A 0.5.0.4.0.3.0. 2,
0. 1.0. 05wg/ L FARIES RS TAR L 285 5 5 0 | AR
P2 A R E 45 R 5 5105 3 5 EMR L (S/N)
AFNCT 7 B4 e JBE A i T 265 A ) BRE, BIR SR G 1 B
) 348, MG =S AR S AR EE &R 1. Og, A
FEIGAR 12mL B THR A B S5 L3R 2,
2.4 JiiLIEHERARER M
2.4.1  FEAIAR EHSORDRS 2 B 1A

BEI—NTH B P 22 AR i, RIS il 4 6 /R
3N = ASAN R BE K1) 5 FAlIE 2508 S An e
VWA T IR [T SRS 2% B, D e 25 R L3R 3,
Se(VI) .Se( IV) . MeSeCys . SeMet F il p 0] e R ¢
81.9% ~ 105. 3% {5 [l ¥, SeCys, AR o1l R 0
7.91%~10.5%, 5 FHAIEZ) RSD #/MF 5%,

2 JEZNETIRE AOG R BON TR

EF XV 246 SeCys, A [ ICRAIG i) B 4 0t
11 T — 205, 78 25 1l 5] o A [R) ok
(1,24, 6mg/mL) 1 & 1 B XIV J 10pg/L 1Y
SeCys, FRfEF & , W FH T 8 7 09 77 vk 264 s [l
R, ZEHRBUA R XF SeCys, B 5E PERY R, & 3R
BEZE B XTV 32 TH R, SeCys, 15 5 {H A%, H P
= ASRFIE (U, U, \Uy) (5 S (BB T, Ui
FIiE XTIV A3k 25200 SeCys, Fa e M, T2 i
TEEIULIE 4, BARZAERR ) 5 B I XTV $2 5L
PR Z VY 24 46 HPR R 285 0 $ ORI B4, (H 2R g
XIV ¥ JE 25200 SeCys, B M, IR 6 22 FE R
i 1 SeCys, IR BISCRAR A G &0, Ui 2R 1 il XTV
W BRI 2= 4RI T S R2 R SeCys, IIHERRINE

Table 2 Linear equations, correlation coefficients, and detection limit of the method.

P LRV S R REL SRR J7 A Y PR
(pg/L) (r) (pe/ke) (ne/ke)
Se( V) 0.9~100.0 y=2243. 12-650. 8 0.9999 10.8 3.6
Se(IV) 0.6~100.0 y=2165. 7x-412.7 0.9999 7.2 2.4
SeCys, 1.0~100.0 y=2183. 6x-765.0 1. 0000 - -
MeSeCys 0.3~100.0 y=2385. 0x—1544. 4 0.9999 3.6 1.2
SeMet 1.5~100.0 y=2169. 5x-607. 9 1. 0000 18.0 6.0

TE: = " FR SeCys, WMARRIERART 80% JCIEHER & &, MOR T I GG R

Note; “og v

accurately quantified.

3 0L RIS B (n=6)

indicates that the detection limit of the method was not calculated because the spiked recovery of SeCys, was less than 80% and could not be

Table 3 Determination results of precision and recovery rate of broccoli (n=6).

—— AJRME ik 6 Uil e i T [l i RSD
(mg/kg)  (mg/kg) (mg/kg) (%) (%)

0.12 0.123 0.126 0.123 0. 125 0.126 0.124 102.2~105.3 1.0

Se( VI) ND 0.36 0. 366 0.367 0. 360 0. 366 0. 369 0. 366 100. 0~102. 1 1.6
0. 60 0. 609 0.620 0.594 0. 608 0.614 0. 604 99.0~103.3 1.3

0.12 0.099 0.100 0.099 0. 100 0. 100 0.100 82.7~85.2 1.0

Se(IV) ND 0.36 0.305 0.295 0.296 0.295 0.296 0. 301 81.9~85.6 1.7
0. 60 0.501 0. 505 0.502 0. 500 0. 505 0.497 82.8~84. 1 0.7

0.12 0.009 0.010 0.010 0.010 0.011 0.010 7.91~8.77 4.4

SeCys, ND 0.36 0.036 0.034 0.034 0. 034 0. 034 0.036 9.47~9.97 2.0
0. 60 0. 060 0. 061 0.058 0. 063 0. 063 0. 062 9.74~10.5 2.5

0.12 0.107 0.106 0. 107 0. 108 0. 108 0.106 88.1~89.7 0.7

MeSeCys ND 0.36 0.323 0.311 0.313 0.315 0.317 0.317 86.4~89.6 1.4
0. 60 0.544 0.542 0.544 0. 554 0.553 0.554 90.4~92.4 1.3

0.12 0.126 0.124 0.125 0. 125 0.127 0.127 98.4~102.9 0.7

SeMet ND 0.36 0.350 0.354 0.349 0. 350 0.353 0.353 97.0~98.2 0.8
0. 60 0.591 0.595 0. 595 0.599 0.617 0. 605 98.4~102.9 1.9
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(@) y, (b)
600 600
SeCys, U,
500+ 500
2 2 SeCys,
2 400 2 400
z z
% 300 g 300 -
= =
— 200 — 200+
Se(IV) sey) U, U,
100 100F gy E i
O 1 1 1 1 1 O 1 1 1 1 1
0 100 200 300 400 500 600 0 100 200 300 400 500 600 700
1(s) 1(s)
700 700
U, (© (@
600 600 U,
500+ 500
a SeCys, a SeCys,
L 400 | S 400
z 2z
% 300 é 300 -
E 200 E 200
r r 6)
Se(I) U, U, ’Se( U,Y;
100 Se(VD) P H 100 | Se(VD) ﬂ h
O 1 1 1 1 1 O 1 1 1 1
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
1(s) 1(s)

(a) THEAEF XIV N Img/mL; (b) FEEAM XIV #E N 2meg/mL; (o) FEEAM XIV #KE N 4mg/mL; (d) EAM XIV #JE 4 6mg/mL,

B4 AFIHEEE ARG XIV A SeCys, baifia i fae Ve

Fig.4 Effect of different concentrations of proteinase XIV on stability of SeCys, standard solutions. The concentration of proteinase

XIVis: (a) Img/mL; (b) 2mg/mL; (¢) 4mg/mL;(d) 6mg/mL.

T3A0 RV AT Se (V) Jinkr [ S 56 1)
AL, RURTR A VG 22 A6 X Se (IV)) [0 2
RO, X BERER) = ANTE L AERE AR (a b o) AT
Se(IV) A [m] i ik 48, FR B — 22 19 FE &, A
1. 2mL ¥ B A 100pg/L #9 Se ( IV) A v 7 T 2 X
053 =0 T RV o R A2 et = S
BN TR IR K 2 81. 6% >69. 9% > 1. 5% , #k4T
Kruskal—-Wallis #& G , =& Ibp BICR HAA W3
P25 (P<0.05) , HIRZE R WK 4,
PEAEM R (¢) , BPZ Al sm 4k 5 09 VG 22 fE7% Uk
TR Se (V) ks [T 58 B b BRAIG , i2F— 2015 hin
AR XTIV 23] 8mg/mL, BB AT

2 12mL, 45 BRCR IT TC B S 2R | 18 BN A7 A TR i
B it DL RO ARUN R 5 S S PRI (), #E
DT RERAE A B AT B SRS T 23 520 Se (V)
TbR IS 0 25 3 DU IR T PG 24 48 A7 A i B 2
AR T Se(IV) B E , Cuderman %57 138
TRUMIE, GBI G (TR T ) %R
12100 Cw/w) B ECAFT A SRR AR 1 75 W B, 37°C
SR FH R I W i 24h J5 &2 B Se (V) mi B T B
20% , VLW By 25k G W 25 W Se (IV) P 72, Tian
SOV TR VY 2 6 00 &l o B it i R ik A B
2 (A & i —Fh ) S s3I ; IR RE , Gui %%
WGE B, FE VY 22 AEAS BRIV i Tt J2 B 0 ST 1 M

4 EANFEBIELET Se(IV) BRI SERER (n=3)
Table 4  Analytical results of spiked recovery test of Se( IV) for three broccoli samples (n=3).
; AJER S Jbr 3 YIS b [T e R Rl IENE &S - -
R H P
Friia (m/kg) (m/ke) (%) (%) fi fi
PE=4E(a) ND 0.11 81.3 81.0 8I.1 81.1
V22 4ER K (b) ND 0.40 68.1 68.4 72.1 69.5 7.20 0.027"
PE2AEH A (c) 0. 008 0.40 1.55 1.53 1.53 1.53

TE: ND FR MR TR R« =7 P E/NT 0.05 HEREAGIFAENL,

indicates that p—value of less than 0. 05 is considered a statistically significant difference.

Note: ND indicates below detection limit; “ * ”
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Fig. 5 Chromatograms of samples. The chromatogram shows
that the predominant speciation of selenium in the

sample is methylselenocysteine.

3 45

AT 5 380 3 WA i BRI A3 AT S5 1 B AL
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Selenium Speciation in Broccoli by High Performance Liquid Chromatography
—Inductively Coupled Plasma—Mass Spectrometry

LI Qianyu'?, YAO Xiaohui®, LIU Liping'** , CHEN Shaozhan® , LIU Yang'*, HE Hongju’
(1. School of Public Health, Capital Medical University, Beijing 100069, China;
2. Beijing Center for Disease Prevention and Control, Beijing Key Laboratory of Dignostic and Traceability
Technologies for Food Poisoning, Beijing 100013, China;

3. Institute of Agri—food Processing and Nutrition, Beijing Academy of Agriculture and Forestry Sciences,

Beijing 100097, China)

HIGHLIGHTS

(1) Selenium speciation in broccoli was extracted by proteinase XIV and Tris—HCI buffer solution.

(2) HPLC-ICP-MS equipped with ZORBAX SB-Aq C18 reversed—phase column with 10mmol/L citric acid and
Smmol/L sodium hexane—sulfonate as mobile phase was applied to analyze the selenium speciation in broccoli.

(3) Methylselenocysteine is the main selenium speciation in broccoli.

(4) The stability of the SeCys, standard solution is influenced by the proteinase XIV content and the sample

matrix.
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ABSTRACT

BACKGROUND: Selenium is an essential trace element and a typical bifunctional element that can affect human
health if consumed in insufficient or excessive amounts. The biological activity of selenium depends not only on its
intake level but also on its chemical speciation. Selenium comes in various speciation and is divided mainly into
inorganic and organic selenium. Inorganic selenium includes selenate [ Se ( VI) ] and selenite [ Se (IV) ], and
organic selenium mainly includes selenocysteine (SeCys, ), selenomethionine (SeMet), and methylselenocysteine
(MeSeCys). It has been found that organic selenium has high bioactivity and bioavailability. At present, while the
nutritional effects of selenium are drawing more and more attention, it is very important to analyze and study the
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different speciation of selenium in food. Since the analysis of selenium speciation is closely related to the sample
matrix, the extraction efficiency and stability of different selenium speciation are also related to many factors. At
present, the analysis method of selenium speciation in food is still in the research stage. Broccoli is rich in
nutrients, such as protein, flavonoids, polyphenols, and vitamins, and is widely loved by people because it
contains many kinds of thioglucosides and has a strong ability to gather selenium, which has antioxidant and anti—

cancer medical values. Therefore, the analysis and study of selenium speciation in broccoli is of some significance.

OBJECTIVES: To establish a method for the determination of Se( VI), Se(IV), SeCys,, MeSeCys, and SeMet
in commercial broceoli by high performance liquid chromatography—inductively coupled plasma—mass spectrometry

( HPLC-ICP-MS).

METHODS:; Firstly, the chromatographic conditions were selected by examining the separation and sensitivity of
Se(VI), Se(IV), SeCys,, MeSeCys, and SeMet on a Hamilton PRP —X100 anion column with 40mmol/L
diammonium hydrogen phosphate (pH=35 with 1% methanol) as the mobile phase and on a ZORBAX SB-Aq C18
reversed—phase column with 10mmol/L citric acid plus 5Smmol/L sodium hexane —sulphonate ( pH =4 with 1%
methanol) as the mobile phase. Secondly, the sample pretreatment conditions were optimized, including the
selection of extraction reagents, the amount of extraction reagents, and extraction time. Four extraction reagents
(ultrapure water, Tris — HCl buffer solution, proteinase XIV and complex proteinase ) were selected for
optimization. The effect of proteinase XIV concentration on the extraction was investigated by adding 2, 4, 6, and
8mg/mL proteinase XIV to broccoli samples with selenium content of 0. 81mg/kg ( calculated as Se). The effect of
adding 6ml., 10mL, 12mL, and 15mL of Tris—HCI buffer solution on the extraction was compared. The extraction
time of the samples also had a great influence on the extraction efficiency of the selenium speciation. The effects of

four extraction times of 1h, 3h, 5h and 7h on the extraction were compared.

RESULTS: The ZORBAX SB—Aq C18 separation system was used in this study because of the short analysis time
and high sensitivity of each selenium speciation. Protease XIV was the most effective extraction reagent for
selenium ; therefore proteinase XIV was chosen as the extraction reagent. The concentration of selenium speciation
increased with the concentration of proteinase XIV. The maximum concentration of selenium speciation was reached
when the concentration of proteinase XIV was 6mg/mL. It was reported that the use of Tris—HCI buffer solution
with proteinase XIV at appropriate pH conditions could further improve the extraction efficiency and maintain the
stability of selenium speciation. The volume of Tris — HCl buffer increased, the extraction efficiency of each
selenium speciation gradually increased and then decreased, and the final selection of Tris—HCI buffer solution
addition was 12mL. A longer extraction time would help to increase the extraction effect, but too long an enzymatic
digestion time would also cause a decrease in the stability of SeMet and SeCys,. To ensure high extraction efficiency
and reduce the conversion of selenium speciation, an extraction time of 3h was preferred. After optimization and
selection, the final analysis method was determined as follows; weighing a certain amount of broccoli sample into
12mL of Tris—HCl (pH=7. 4, containing 6mg/mL proteinase XIV) at a concentration of 100mmol/L, vortexing
and mixing, and then sonicating at 37°C for 3h. After centrifugation, the extraction were eluted with 10mmol/L
citric acid and 5mmol/L sodium hexane sulfonate (pH=4 with 1% methanol) on ZORBAX SB-Aq C18 reversed—
phase column. ICP/MS was used for analysis and determination.

This method can achieve effective separation and determination of five selenium speciation within 8 minutes.
The linearity range of the method was 0. 3—100. Opg/L, with linear correlation coefficients (r) greater than 0. 999.
The detection limits of Se (IV), Se ( VI), MeSeCys, and SeMet were within the range of 1. 2-6. Opg/kg
(calculated as Se). The standard recovery tests were carried out on broccoli samples at low, medium, and high
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concentration. The recoveries of these four selenium speciation, Se( VI), Se(IV), MeSeCys and SeMet, were
81.9%-105. 3% with relative standard deviations (RSD) less than 5%. The method established in this study was
used to determine SeMet in the EU—certified reference material (ERM BC210a, wheat flour) , and the measured
value of SeMet was within the range of its standard values.

More than 20 commercially available broccoli samples collected from different regions of China were analyzed
and determined. The results showed that the selenium speciation in commercially available broccoli was mainly
MeSeCys, with small amounts of Se( VI), Se(IV), and SeMet, and also a small amount of unknown selenium—
containing compounds was also present. Two problems identified in the methodological study were explored.
(1) The effect of proteinase XIV dosage on the stability of SeCys, was investigated by adding 1, 2, 4, and
6mg/mL of proteinase XIV to SeCys, standard solution, respectively. The results showed that as the concentration
of proteinase XIV increased, the signal value of SeCys, gradually decreased and the signal value of three unknown
peaks gradually increased. At the same time, the recovery of SeCys, in broccoli samples decreased to 10%. Based
on the above conditions, it is assumed that the content of proteinase XIV and the matrix of broccoli samples affect
the stability of SeCys,.

(2) Three different broccoli samples were selected for Se (IV ) standard recovery tests: fresh commercially
available broccoli samples, freeze —dried powder of commercially available broccoli, and freeze —dried powder of
broccoli fortified with Se (IV) selenium fertilizer. A certain amount of the above three samples was added with
Se(IV) standard solution and 100mmol/L Tris—HCl (pH=7. 4, containing 6mg/mL of proteinase XIV). The
determination was then carried out according to the proposed analytical method and the mean recoveries of the three
samples were found to be 81. 1%, 69. 5% and 1. 53%, respectively. The Kruskal—Wallis rank sum test showed
that the recoveries of Se (IV) were significantly different among the three samples (p < 0. 05). Previous
investigations have found that phenolic substances can affect the stability of Se (IV) and that the addition of
selenium fertilizer during the growth of broccoli can change the phenolics. Based on the above, it is assumed that

the presence of phenolics in broccoli samples may affect the determination of Se(1V).

CONCLUSIONS: A method for the determination of Se(IV), Se( VI), MeSeCys, and SeMet in commercially
available broccoli by HPLC —ICP —MS is established by selecting and optimizing the sample pretreatment and
analytical conditions. The Tris —HCl buffer solution containing proteinase XIV is chosen for the extraction of
samples.

It is found that the stability of SeCys, is affected by the concentration of proteinase XIV and broccoli samples
matrix. It is hypothesized that the presence of large amounts of phenolics in the samples can affect the determination

of Se(IV) for reasons to be further explored.

KEY WORDS: broccoli; selenium speciation; high performance liquid chromatography — inductively coupled

plasma—mass spectrometry; proteinase XIV
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