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Abstract: The purpose of this research is to separate and quantitate selenium species in some food samples
with HPLC-ICP-MS. Cation exchange chromatography showed efficient separation only for inorganic Se species
while reversed phase ion pair chromatography showed good separation for both inorganic and organic Se species.
Cg column (Symmetryshield™ RPg, 3.5 um, 4.6 x 150 mm) was used with optimum condition of 5% methanol
mobile phase, 0.05% of nonafluorovaleric acid ion pairing reagent. Five standard Se species of Se(IV), Se(VI),
SeCys(selenocystein), SeMet(selenomethionine) and Se-M-C(seleno methyl cystein) were separated successfully
under the optimum condition (mobile phase; 5% methanol, ion-pairing reagent; 0.05% nonafluorovaleric acid,
flow rate; 0.9 mL min™'). To extract Se species, microwave assisted and enzyme-assisted extraction methods
were studied. In enzyme-assisted extraction method, protease 1 for garlic, protease I plus trypsin for pork and
mackerel, and protease XIV for tuna showed the best extraction efficiency. With the optimum condition for
each sample, it was found that mostly inorganic Se, SeCys and SeMet are present in the sample studied ranging
from few ug g to few tens of pg g™'.
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Table 1. Some inorganic and organic selenium compounds
commonly found in environment

Chemical name Formula

Selenous acid (selenite) Se0;H,(Se052)
Selenic acid (selenate) Se0,H,(Se0,>)
Trimethylselenonium cation (CHj3);Se*

Dimethylselenide (CH;),Se
Dimethyldiselenide (CH;)Se-Se(CH3)
Methylselenenic acid CH;SeOH

HOOCCH(NH,)CHy-Se-H
HOOCCH(NH,)CH,-Se-CH;
HOOCCH(NH,)CH,-Se-Se-
CH,CH(NH,)COOH
HOOCCH(NH,)CH,CH,-Se-CH

Selenocysteine
Selenomethylcysteine

Selenocystine

Selenomethionine
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sodium selenate (SeVI), seleno-DL-methionine (SeMet),
seleno-L-cystine (SeCys), Se-(methyl)selenocystein hydro-
chloride (Se-M-C)& 20 3 20 pg ¢! 4
A zste] ARG, B Bads Sigma Aldrich/\}
9] protease type I (from bovine pancreas) % protease
type XIV (from Streptomyces griseus)S A8} Th.
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l powdered sample | | powdered sample |

| |

| sample 1 g + protease I 0.02 g | |sample 1 g + protease XIV 0.02 gl
| |

| Trypsin 300 puL | |
! |

add 5 g water |

| PBS 5 g | I 24 brs in 37 T Shaker |
| !

| 24 hrs in 37 T Shaker
i !

| | centrifuge(3000 rpm, 10 min.) |

| centrifuge(3000 rpm, 10 min.) | | fitering 2 times(0.45 pm) |
!

| filtering 2 times(0.45 pm) |

Fig. 1. Flow chart for the extraction process using protease
I + trypsin or protease XIV.
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Table 2. ICP-MS and HPLC operation conditions used in the

Table 3. Experiental conditions of ion exchange chromatog-

experiment raphy used for the separation of Se species
ICP-MS Condition Cation Column
RF Power, W 1560 Column Hamilton PRP X-200 (250 x 4.6 mm)
Plasma Gas, mL min™' 15.0 Guard column Hamilton PRP X-200
Carrier Gas, mL 0.92 Injection volume 50 L
Makeup Gas, mL min™"  0.12 Mobile phase A 15 mM pyridine formate (pH 5.8)
H, mL min™ 4.0 Mobile phase B 15 mM pyridine formate (pH 6.3)

HPLC condition

H ™
Column S}’mmetryShleld RPg 3.5 pm,

4.6 x 150 mm
Mobile Phase 5% methanol, pH 2.5
Ion Paring Reagent 0.05% NFVA
Flow Rate, mL min™' 0.9
15000 SeCys — 185
Se(1v)
SeMet
7 10000
;5—5 Se(vi)
= s
0
0 80 160 240 320 400 480 560

time(s)

Fig. 2. Separation of selenium 5 standards with Cg reverse
phase column in H, gas mode.
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Mobile phase

Gradient program

C 15 mM pyridine formate (pH 3.7)
0 - 3 min 100% A

3 - 10 min 100% B

10 - 15 min 100% C

15 - 25 min 100% A

16000

14000

12000 -

10000

8000 -

Intensity (cps)

6000

4000 -

2000 4

SeCys
Se—~(methy)—
Se-cys
Se(n
0 s 10 15 20
Time (min)

Fig. 3. Separation of Se standards with PRP X-200 cation
exchange chromatography.

wnoo: SeCys
25000
20000 -
£ w000 ]
g | Se(vn)
= 150004
10000
5000 _'~J
°3 : " B »
Time (min)
Fig. 4. Separation of Se with PRP X-200 cation exchange
column for a garlic sample.
Q) 2ol 8 F k. v} wHoA 2 vhsh
o B3I 2 AFAE Fig 49 Fig 591 JER)
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9000 -
] Se(v)
8000 -
7000 -

6000 -

5000 -

Intensity (cps)

4000 Se-cys
3000 SeC

2000 -

1000

T T 1
o s 10 15 20

Time (min)

Fig. 5. Separation of Se with PRP X-200 cation excahnge
column for a mackerel sample.
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Fig. 7. Selenium species (inorganic Se and SeCys) in a
garlic sample extracted by protease 1.
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— TSe
3000 Inorganic Se species

/

Intensity (cps)

560
time(s)
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Fig. 8. Selenium species in a pork sample extracted by (a) the
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€ 3EF g FE8HA Zauth. A, protease I +
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A5 eI
250 Al5A = protease I E=+= protease XIVE
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]

Q3 mlo|m RS o] &3l 54 protease | + trypsin
S o] &3 F& A= F7] Se £ SeCys, SeMet©]
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_g_

Hlws] BH Ax7E o g840|93 1 A3E
Fig 99 JERNIT. L0 Hx|27]9} v}171%)
2 F 24E I £kl AHEStE Zlol ¢ 28
Aoz Wk

A A BAA = Zad wEl o] 2ol B
FAA T protease XIVE ©]-8-3F FF0] 71 3344
15000 — TSe
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10000 } Inorganic Se /
species
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0 80 160 240 320 400 480 560
time(s)

Fig. 9. Selenium species in a mackerel sample extracted by
protease I + trypsin.
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microwave method, and (b) protease I + trypsin.

—
SeCys °Se

@ 40000
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S 2000
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Fig. 10. Selenium species in a bluefin tuna sample extracted
by protease XIV.

[o

A5 Fig 100] Ve ST
oel seEs
T A s ér%i
ofA FEFEAel ol o] UL FOR ¥

Hol 3 1
telARIE o] &3le W=

R e
=

d

foig

I

o

=
Z
&

0o v T go

3@ 2 o oo

34 HalE sEEel HaEs
Aol wE F2E 8] G § Qo 7h A
sojof ghr}, A B4 o]

goﬂ 9E K8 e A7

_t_;
_,E
< o
2
il
ifid
ol:o =
=2
rE r1r

NSL

m°"
B
2
of
i
N
i—’s

HPLC-ICP-MSZ ¥4 =

B3k 7S Al 7 st = AA] A gollME w7t
el 4 9orn® ntea e Ay FH94E
Al ZUEE st A delw v Awt ot
of g F a7k At



188 Hee-Young Jang, Hyungsik Min, Jonghae Lee and Yong-Nam Pak

Table 4. The concentration (ug g') of selenium species in
several food samples

Enzymatic =~ Microwave
digestion extraction
Garli Inorg. Se 8.5 -
arie SeCys 52 4.0
Inorg. Se 34.1 20.6
Pork SeCys 54.0 -
SeMet 9.2
Inorg. Se 61.8 17.0
Mackerel SeCys 74.8 22.1
SeMet 27.9 18.7
Inorg. Se 76.1 30
Tuna SeCys 84 -
SeMet trace 8.5
AYF 353 24 w25 S48 Table 49 3
g3t AAH R B wjo] E4aFEHo] nfolaw
HEEHET o §8208 AYF IgFES F=
e Ao APHET BE AgdE gEHoR ¥
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Aol 2F7he] SeCys® AN, TEAR
1

O
F’P 5’&%‘ T 019114 e l lEﬂﬂ— 71
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SeMet= F2HE THEo] 22 BE A|gof e
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