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ABSTRACT. Spirulina was cultured in Selenium solution and the total concentration was determined with isotope dilution
technique. Low-molecular-weight-Selenium species for the water extract of Spirulina were separated and quantified with HPLC ICP/
MS. Water extraction was used first and then protein enzyme (protease XIV) was used to digest and extract for the Se species
in both water extract and residue. The total Se was 414.9 + 4.0 pg g™ and 77% existed in water extract while 22% remained in residue.
Se species in supernatant was mostly inorganic selenate (222.7 pug g™'). After hydrolysis of protein, SeCys (15.20 ug g™') and
SeMet (12.13 pg g') were found. In residue, SeCys and SeMet were found with little inorganic Se. After protein hydrolysis
of residue, more of Selenoamino acids SeCys (9.35 pg g™') and SeMet (18.23 ug g!) in addition to MeSeCys (1.5 pg g™)
were found. It is thought that inorganic selenium is mostly adsorbed on the surface of spirulina and can be easily removed by a
simple distilled water extraction while most of organo-seleniums are remained in residue.
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Table 1. The condition used for spirulina incubation

Incubation form Non-exchangeable water incubation

Light dose White light 200 + 20 pmol photons'm™s™'
Light cycle 24(Light) : 0(Dark)
Incubation temperature 30+£2°C
Incubation vessel 15 L each in plastic round water tank
Incubation term 11~12 day
Se concentration 150 mg L™
Selenium NaxSeO,
Administration method ~ At a flow rate of 0.30 to 0.40 mL min"
for about 36 hours
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Table 2. The experimental condition for spirulina incubation

Column Hamilton PRP X-100 column (5 pm, 4.6x250 mm)
Injection volume 100 pL
Flow rate 0.7 mL min™!
Mobile phase M Ammonium Acetate (299.99%) pH 5.20
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Figure 1. Pre-treatment procedure of spirulina sample. (A) water

extraction, (B) pre-treatment of supernatant, (C) pre-treatment of
residue.
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Figure 2. Chromatogram of selenium standard solution mixture
(99.6 ng g™' SeCys, 100 ng g™ MeSeCys, 98.9 ng g™' Selenite,
101 ng g~! SeMet, 400 ng g' Selenate).
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Figure 3. Chromatogram of spirulina with water extraction for
supernatant.
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Figure 4. Chromatogram of spirulina with water extraction for
residue.
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Figure 5. Chromatogram of enzyme blank.

= Z TR FEA Aol v E delw
T A o] A5t ke filtering™=| = Wi ol = LEHLA] 9
, TS EoietelS wofl Hj=ar UBhtb= o=
Holth SFAYE residues T Ealasz E3fAIZ]
Fig. 6-(B)2] AZ0ETIHS B {§7] 34852l SeCys}
SeMet ¥ MeSeCys 7} 2 WrepLpn 7] A3 52 7] 2
Ve Q1A] ot A, o] At Yol residued] =
F71 delese] @i FH 2 2ATS g
Utk FEAlofl, s Holl= EH—'T'*HQJ 771 Adsat of

Zhe] @ gl {7] Aol FEHIL deS Eo

5

¢

5N
Po
go -
i)

g
Iy
rr

Y A, 29 S wopaye] 1

oo &
ox Mo
o
oo
o ol
— =
S
)
=
=2
x
)
o
an)
JE
= M
e
Jo
N
o
i)
o
)

N %
Ko

ol
2

x
ot
o o

-

o F

2

SL

a3

52
=1

0

o

u

H

©

A

Jo

N

=

i

r

flo

>

X oo fr
o 12
o
u
e
4z
I
N
o

f
K
i
S
50
:

>

2 N 5
oX M
I
L
E 0
i
|
tlo
o
(M)
o o
offt
40
i
B
Lo
>,
i3
[o
o
oo

315
ol &
9|L
pach
o
o
i
1)
]
J_ :
s
o
3
)
ul
=
32
iu)

b 339

{r

1000

[ Supernatant + protease XIV]
SeCys
800
Selenate
[72] 4
i 600

o
g

S 400 -
[72]

200 -

04

0

Time, min
(A)
1000
Residue + protease XIV|
SeMet ‘ P |
800 —
SeCys

2 600
o
©
=)

& 400 -

2004 MgpeCyg
Selenate
0 T T
0 5 10 15 20 25 30 35 40 45 50
Time, min
(B)

Figure 6. Chromatogram of enzyme decomposition for super-
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BEAE A EYE F7] selenate7} F AROE FEE
2227+ 11.1 pg g (n=3)0] 1 §-7] A5 3HgHE21 SeCysit
SeMet7} A YElF o w 7k7) 1520 +3.78 ug g9}
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55ug g ol BlaalE Ao J A4 Bl ofgh Al 3}
SHE o] =127} 250.0 + 11.8 pg g ' O & 78.5% AL o|t}. =,

Table 3. Concentration and percentage of selenium in selenium-enriched Spirulina (unit; pg g™)

Spirulina (total)
4149+4.0
Supernatant Residue
318.3+5.5(76.72%) 90.86 + 0.53 (21.90%)
Water extraction Enzyme extraction Water extraction Enzyme extraction

Selenate 2064 +£13.8 222.7+11.1 trace trace

SeCys - 1520+ 3.78 - 9.35+0.27

SeMet - 12.13+£0.84 5.43 18.23+£2.47
MeSeCys - - - 1.5+04

Total 206.4+13.8 250.0+11.8 5.43 29.1+2.49
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Figure 7. Composition of selenium species for supernatant and
residue after enzyme hydrolysis of selenium fortified spirulina.
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