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Behavior of minerals and arsenic in dried Hijiki, Sargassum fusiforme.

Masayuki KATAYAMA

Osaka Aoyama University, Department of Health and Nutrition,

Summary Dried Hijiki, Sargassum fusiforme, is rich in nutritionally beneficial minerals such as calcium (Ca), iron
(Fe), magnesium (Mg) and zinc (Zn). The concentration of arsenic (4s) in Hijiki is also found to be higher than that in
most other classes of seaweeds. Japanese people traditionally had eaten Hijiki since ancient times, thus their
biological behavior is a subject to be elucidated.

We incubated water-swollen Hijiki in the presence of digestive enzymes (pepsin and pancreatin) in vitro, and studied
time courses of the dissolution of arsenic (4s) into water. The amount of arsenic dissolved by the digestive enzymes
was not so high; thus the augmentation of arsenic absorption via the digestive tract by the digestive enzymes is not
likely. When Hijiki is ingested, the arsenic retained in Hijiki after water-soaking would be mostly excreted into the
feces.

The other minerals loosed by water-soaking as the pre-cooking process could be supplied by co-cooking with several
food stuffs, as found in Japan’s traditional dishes.

The concentrations of various minerals in members of several classes used as foodstuffs, such as Phaeophyceae
(brown algae), Rhodophyceae (red algae), Chlorophyceae (green algae), Ulvophyceare and Cyanophyceae (blue green
algae) were referred.

Keywords : Hijiki, Sargassum fusiforme (Harvey) Setchell; Phaeophyceae class, brown algae; arsenic (4s);
calcium (Ca); Iron (Fe); magnesium (Mg); zinc (Zn); digestive enzymes; water-soaking;
t V& (Sargassum fusiforme (Harvey) Setchell), #57#:%H (Phaeophyceae), t 3% (4s),
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b U (Hijiki, Sargassum fusiforme (Harvey) Setchell”,
[H¥:% (3 Hizikia fusiforme Okam.) |[3ifprEMEERETH
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b V33 HASN SO BEAGE S R ORI OG5
EAEBLTOwS (BE 1), BT, faFnrdsF L &
OAER LI T, 4~5 Hicid 1 mELRicffiRd 5,
H~FKITFBALE « laF e TRNE L5 5, DF
TR, 4~ HICRESNTHRET 1 ~ 2 HRKHE
BESNTHr o, HEBEES LTRIIOY o AR
frEshcws (BE2),

AL RER I —ER D DHBEREP R T v L R
BEEMICAN SN T2 ~ 3B SN 5, KBERK
Hz# & 7o 3BVE R S N CEBV Ny T RA S h i
A~ E TV R, B1 S,

BHE1. BFOEGICETT 2 v
Hijiki, Sargassum fusiforme, growing on rocks in the
intertidal zone of the ocean-side coastline along the Japan
Kuroshio current. (Kushimoto, Wakayama)

The cruidly dried Hijiki.

* Katayama M. et al, unpublished data
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Half-dried Hijki
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#®E (EHe9LrH) v
R7AVLRAEE (KRBEKE) TE#H
Boiled in a big iron cauldron (traditional style) or
in a stainless steel cooker (modern factory)

 J
RBEBRECISRER IR
Dried up under the sunshine or in a hot air stream

4
RHEMRE. KD
Contaminants removed and
a range of sizes selected for packaging

1. #hke vFEETR
Fig.1 The process to produce dried Hijiki
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Table 1. Mineral contents in various algae **

EVFICBIEEHE IR EBLEDOEF 3

)

Ca(mglg) Fe(ugle) Mg(mgle) Zn(ug/g)
Brown algae
Sargassum Hijiki 14 550 62 (7.1) 18 (22)
Undaria Wakame 10 7 11 (8.9) 3 (23
Laminaria Kelp, Makonbu 7.1 39 51 “4.8) 8 (7.7
Blue-green algae
Aphanothece Suizenjinori 0.63 25 0.18 (3.7) 1 @16)
Red algae
Funori (Raw) 33 48 73 (2.5 18 (5)
E‘E:)lz%(l)l}j e:;zoss 1.6 71
Porphyra Amanori 14 107 34 (32 37 (29
Campylaephora Egonori 2.1 68 57 4.2) 20 (12)
Green algae
Prasiola Kawanori 4.5 613 25 (3.7 55 (77)
Enteromorpha Aonori 7.2 748 13 (26) 26 (13)
Ulva Aosa 4.9 530 32 (94 120 (11)

The values in parentheses were cited from Ref. 4.
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b, LIFLEREORIEAEE SR LTWE, Th
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o TWB YAy Y IHEHED Y v IRERE T 0.01pmol /L
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As (63 @FooZEEED iz P (V) v) &FL
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Bl 13 ) vERDSEL DA E N B REKA D B H5, T ORKEK
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B5E, TICHEFT S IEHIR) vIRORD D ITE B
ZWINT B & D178 B,

OH OH

O—P—OH O—As—OH

OH OH
Phosphoric acid Arsenic acid

2. ) vk, eBRO[LFHLE
Fig.2 Chemical structural formulas of phosphoric acid and
arsenic acid.

J. Osaka Aoyama University, 2010. vol.3
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Fig.3 The time course of changes in the retained arsenic
concentration during water-soaking without the
digestive enzymes at 37°C.
The values were interpolated from the values'
30°C and those at 45°C.

) at

HPEIC IR ARNE - TV AHENH 5, T TR
IR ZHEEAN ETEAAA TWT, BIRICTE > TN
BT RS N THEICT O EE > TV 5, i
BANRTIE LA T » TV T, YiLiEEH o KE
B RIS RS L TEREBREICE - TV 5, T0D
Lo sl (FAE. KEEGHED S VAT » v 2 HEE)
HLTOAMEEIREL TAD & SIEEIC 4 BIRINGE
BEShTWwa ™, BREOHEEICIMEYNET S 7 b v
bR CBIHE bEV, 20k S IR 5 K
AR eBREomWEEFEEEL TV 0T, M
Hc GO L BAERLTL 57,

S THEEEHIC IZ—EHIC s ME Vs ICERK LTV
BDOTH BN, EVFITBOLTHHA TRV, KLEFE,
B RO A v N —TREZL DA A5 IBERIK
W, BHE (R2)Y TRT7TAYD As BEXSVOTH S
DILHHEE DI EIC LD ETAF D As BRI b - &
BWEThH-1cEW0 I,

b Y+ OBEITE MFEREE AN & - T s
THROERMARICE L ->TVE (R3O &',
M O EHEEREE U 7okl o W Tk A ARIE L 72
fERO—EE5IHT 2 & K3 « T4 OFIHE L EEE(R
ZE»PSHSPIEE ST, BRTEPHE—HNTHEIC
Lo T HEVEEA—DEANTEHNICL - Tas EFE
(BREHDKIFITHER > T, T o DEHI ST
1 As BEFEDMED > 72 b D TH B, [7 & 17 IR
DIREITH B0, WA WA IR TR & N R
D WTHIEL TA 2 &L R0 A[ED OIEHEED &
iz (R5)2,

*% Benson AA: Private communication.

K2, SEHEFICBY 3 e R cRoaER D"

Table 2. Arsenic contents in various algae **
As
(ug/g Dry weight)
Brown algae
Sargassum Hijiki 110
Undaria Wakame 34
Eisenia Arame 28
Laminaria Kelp, Makonbu 62
Green algae
Prasiola Kawanori 14
Enteromorpha Aonori 7.2
Ulva Aosa 86
Blue-green algae
Aphanothece Suizenjinori 4.2
Red algae
Porphyra Amanori 17
Campylaephora Egonori 0

* Commercially available dried samples were used.
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xR3. It e vFEATo L ZESEE UER-1)'Y Table 3. Arsenic levels in fresh Hijiki plants '

. Samples Means ** + SD
Harvesting areas
Stocks Stalks with leaves ug As/g Dry weight of Hijiki
S A A-1 523 £2.08
A-2 4.67 +£3.63
A-3 9.03 +0.61
A-4 7.18 £2.01
B B-1 6.61 254
B-2 6.18 =+2.76
B-3 7.01 =£524
B-4 597 =£0.68
C C-1 411 =4.06
C-2 476 =£3.55
C-3 7.19 =£0.70
A A-1 4.70 =£2.57
A-2 3.97 =£3.75
B' B-2 5.00 =3.56
B-3 544 530
C' C-1 342 £348
(¢} A A-1 5.66 12.68
A-2 4.74 =*£3.70
B B-1 6.61 =£1.81
B-2 6.74 =£5.67
B-3 4.16 =£3.69
C C-1 1.88 +£2.88
C-2 226 *£2.57
A A-1 5.03 =+4.66
B' B-1 6.31 430
C' C-2 205 =237
C A A-1 3.83 +£323
A-2 4.08 £4.82
A-3 201 *£1.73
A-1 392 £3091
A-3 207 *£222

*  Harvesting areas of the Hijiki plants are abbreviated as alphabet letters.
** The values are means + SD of pg As/g of dry weight of several 10cm sections of each stalk with leaves (1 to 4)
from the stocks (A~ C, A' ~ C"). (The data of the Table 3 in Ref. '*.

R4, P e vXEADTO e ZEEE QUEF-2) Y Table 4. Arsenic levels in fresh Hijiki plants'”

. Samples Means**+ SD
Harvesting areas -
Stocks Stalks with leaves ug As/g Dry weight of Hijiki
U A A-1 ~ A-3 1224 =+6.13
Ou A A-1 ~ A-2 839 =£2.07
Ts A A-1 ~ A4 8.82 =£9.78
As A, B, C A-1~A-2, B, C 945 =+3.43

* Harvesting areas of the Hijiki plants are abbreviated as alphabet letters.
** The values are means = SD of pg As/g of dry weight of several 10cm sections of each stalk with leaves (1 to 4)
from the stocks (A~ C,A' ~ C"). (The data of the Table 3 in Ref. 11).

5. MEEE Yo e ZEHROBIER ?

Table 5. Arsenic concentrations in commercial products of dried Hijiki'?

Harvested sites of

products in Japan Harvest year Tissues As ug/g dry weight of Hijiki
A 2000 Stalks =
2000 Leaves 38
B 2000 Stalks 108
2000 Leaves 60
2003 Stalks 37
AFC 2003 Stalks + Leaves 146

As was determined by thermal neutron activation analysis'>'?.

J. Osaka Aoyama University, 2010. vol.3
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Fig.4 Freeze-fractured SEM of the leaf section of a dried Hijiki sample (A) and that of a water-swollen

Hijiki sample (B).
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Fig.5 The time course of changes of the arsenic cocentrations in the Hijiki residues during incubation with

the digestive enzymes, pepsin and pancreatin, at 37°C, for 3, 6, 15 and 24 hr.
conditions were as describd in the text of Ref 18.
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skk  Katayama M. ef al: in preparation for publication.
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Table 6. Mineral contents in dried Hijiki'®

Ca Fe Mg Zn
(mg/g tissues) (ug/g tissues) (mg/g tissues) (pg/g tissues)
18.6 886.0 6.87 13.5

The element analysis was performed by ICP-spectrophotometry'.

The values are means of duplicated or triplicated determinations.

®7. KRLULHEREZO £ ¥ FEEICRRFENTOS I %
LY

Table 7. Ratios of minerals retained in Hijiki residues after
water-soaking (%) '

Ca Fe Mg Zn
48.6 315 76.5 70

The ratios of the elements in the residues were calculated from the
average values of the respective fractions of retained and solubilized
minerals.

32%. Mg D T7%. Zn @ 10%0KiEmHIcimtd 5 (&
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