
 

Journal of Food and Nutrition Sciences 
2015; 3(1-2): 84-87 

Published online January 28, 2015 (http://www.sciencepublishinggroup.com/j/jfns) 

doi: 10.11648/j.jfns.s.2015030102.26 

ISSN: 2330-7285 (Print); ISSN: 2330-7293 (Online) 

 

Pre-cooking of edible marine brown algae for reduction of 
arsenic contents 

Masayuki Katayama
1
, Yohko Sugawa-Katayama

1
, Kaori Murakami

2 

1Department of Health and Nutrition, Osaka Aoyama University, Mino-o, Osaka 562-8580, Japan 
2Department of Food Sciences and Biotechnology, Hiroshima Institute of Technology, Hiroshima 731-5193, Japan 

Email address: 
katayama@osaka-aoyama.ac.jp (Y. Sugawa-Katayama) 

To cite this article: 
Masayuki Katayama, Yohko Sugawa-Katayama, Kaori Murakami. Pre-Cooking of Edible Marine Brown Algae for Reduction of Arsenic 

Contents. Journal of Food and Nutrition Sciences. Special Issue: Food Processing and Food Quality. Vol. 3, No. 1-2, 2015, pp. 84-87.  

doi: 10.11648/j.jfns.s.2015030102.26 

 

Abstract: Marine brown-algae are important edible seaweed in Japanese diets, because they are rich in nutritionally beneficial 

elements and dietary fiber as well for their umami-taste. In contrast to these benefits, they accumulate arsenic during their growth. 

To overcome this inconvenience, some appropriate pre-cooking processes are desired to reduce arsenic contents. Quantitative 

determinations of arsenic contents after such processes with important species of marine brown algae, Hijiki (Sargassum 

fusiforme) and Akamoku (Sargassum horneri), are described here. Commercially available dried Hijiki was soaked in 4% acetic 

acid or 4% sodium hydrogen carbonate solution for certain periods of time and then the soaking solution was separated. 

Commercially available Akamoku was passed through boiling sodium chloride solution for short periods of time. After these 

processes, arsenic contents in Hijiki were found to be successfully reduced, as found with pure-water soaking. Loss of beneficial 

elements, iron, calcium, zinc and magnesium were described in the previous report
1, 2)

. Arsenic contents in Akamoku are reduced 

in a shorter time than with Hijiki. The elution pattern of arsenic from Akamoku suggests that arsenic in Akamoku may exist in a 

loosely bound state than in Hijiki tissues. 
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1. Introduction 

Marine brown-algae accumulate higher levels of arsenic 

than other classes
3)

 of seaweeds. For example
3)

, Arame 

(Eisenia) contains 28 µg As/g dry weight, Konbu (Luminaria), 

30~95 µg As/g dry weigh, Wakame (Undaria), 34~110 µg 

As/g dry weight, and Hijiki (Sargassum) 110 µg As/g dry 

weight.  Out of them, Hijiki contains much ratio of inorganic 

arsenic compound
4, 5)

. 

However, many members of this class have been utilized in 

Japanese dishes for long time. Most of them have delicious 

tastes as well as they are rich in nutritionally beneficial 

elements and dietary fiber.  

Thus, it is necessary to have a means to remove arsenic as a 

pre-cooking process. In the previous report, the results of 

arsenic removal from the dried Hijiki after water-soaking
 
at 

various temperatures
5-7)

, and effects on the contents of arsenic 

after treatment with artificial digestive enzymes
8 ）

were 

reported. On the other hand, Akamoku (Sargassum horneri) is 

a brown algae, recently used as an unique foodstuff
9)

. 

Akamoku grew widely along Asian coast, so it is easy to 

harvest. 

Although Akamoku is less popular than Hijiki as foodstuff, 

and it accumulates greater amounts of arsenic
10)

 than Hijiki
11)

, 

but the arsenic contents in Akamoku could be effectively 

reduced by parboiling in a sodium chloride solution
12)

. In 

comparison with Hijiki, differences in the existing state of 

arsenic in Akamoku may vary. 

In this report, effects of acetic acid and sodium hydrogen 

carbonate solutions on the arsenic diminution in dried Hijiki 

and effects of temperature on the arsenic-content reduction in 

Akamoku are described. 

2. Methods 

2.1. Plant Materials 

Hijiki plants: Hijiki, Sargassum fusiforme, grows on rocks 

on the sea-coast of Japan, bathed by the Kuroshio Current 
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stream. The embryos of Hijiki are fixed on rocks and 

germinate in summer. In early winter, they grow to the 

primary-leaf stage through the germlings in autumn. 

Thereafter, Hijiki grows to become adult plants
13-15)

. Hijiki 

was harvested at seashores of Tsushima Archipelago, Japan, 

and processed for preparation of commercial products as dried 

Hijiki. Dried Hijiki samples were stored under 4℃ until use. 
 

Akamoku plants: Akamoku, Sargassum horneri, grows in 

large areas along the coasts of Japan. Akamoku grows at an 

ocean depth of several m from winter to summer. After 

maturation, it drifts away from their growing sites.  Fresh 

Akamoku plants were harvested in Yamada Bay, Iwate 

Prefecture, and stored under -30℃ until the experiment. 

2.2. Sample Treatments 

Hijiki: The dried Hijiki sample contained 89.1±6.4µg As/g 

dried matter. The samples were cut into pieces of 0.5 cm to 1 

cm in length and soaked in a 4% acetic acid solution or a 4% 

sodium hydrogen carbonate solution at various temperatures 

for a period of time as indicated. One gram each of the 

samples was mixed with 30 volumes of the solutions. The 

mixtures were separated through a filter under a reduced 

pressure. The residues were lyophilized and the solutions 

were spotted on a piece of filter paper, dried, and the whole 

was subjected to the radioactivation analysis for the 

determination of arsenic.  

Akamoku: Ten grams each of wet samples was mixed with 

50 ml of the solutions for 5 min. The mixtures were 

centrifugally separated at 3,500 rpm for 5 min. The samples 

were stored under -30℃. The arsenic contents in the extracts 

were determined by HPLC-ICP MS spectrophotometer. 

2.3. Arsenic Determination  

i) Neutron activation analysis
16, 17)

: The dried samples or 

the water-soluble fractions spotted on a piece of filter paper 

were set in the center position of a research reactor of Kyoto 

Research Reactor Institute, Kyoto University. The thermal 

neutrons were irradiated at 10
13 

neutrons・cm
-2
・sec

-1
 for 20 

min. After the cooling time of 72 hr, the arsenic content in the 

samples was determined by gamma-radiation from 
76

As using 

a pure Ge gamma-detector at 559.1 keV.  The energy levels 

of 
60

Co and 
137

Cs were used for calibration. 

ii) HPLC-ICP MS spectrophotometer: High performance 

liquid chromatography (HPLC) – Inductively Coupled 

Plasma – Mass (ICP-MS) spectrophotometry was performed 

in a HNO3 solution of liquid samples to determine the arsenic 

contents of the samples. 

2.4. Reagents 

Reagents were Special Grade Reagents of JIS or equivalent 

grades.  

3. Results and Discussion 

Hijiki: The effects of water-soaking on arsenic reduction in 

dried Hijiki were reported in the previous paper
5-7)

. By the 

water soaking, more than 70% of the total arsenic compounds 

were eluted. Out of the eluted arsenic, 60% was inorganic 

arsenic, arsenate, and another was an organic arsenic 

compound. Their elution pattern suggested the inorganic 

arsenic compound existed in different state from the organic 

compounds in the tissues of the dried Hijiki samples. By a 

scanning electron microscopic observation, the 

freeze-fractured samples of Hijiki tissues showed dramatic 

changes during the water-soaking
18)

. These suggested the 

different distribution of the inorganic arsenic compounds 

from the organic arsenic compounds in the tissues. 

The effect of pH in the soaking solution is interesting, as the 

existing state of arsenic is obscure, yet. Moreover, in 

consideration of regular home kitchens, acetic acid (4%) and 

sodium hydrogen carbonate (4%) were used for preparation of 

the soaking-solution. As the result, the dried Hijiki samples 

soaked in 4% acetic acid solution for 60 min at 60℃ released 

79% of the arsenic originally present in the tissues and at 90℃, 

85% of the total 
18)

 (Fig 1).  

 

Fig 1. Effects of temperature on the reduction of arsenic contents in the dried 

Hijiki residues by soaking in 4% acetic acid solution18).  

Hijiki samples of 1 g were soaked in 30 ml of 4% acetic acid solution at 

various temperatures and separated by filter under reduced pressure. The 

residues were lyophilized and a portion was determined for arsenic 

determination by neutron activation analysis. The ordinate expresses retained 

arsenic contents in the residues after the soaking, µg As/g dried matter of 

Hijiki samples. The axis of abscissa expresses 1,000/T. T expresses the 

absolute temperature (°K). The experimental conditions were as described in 

the text. 

In contrast to the pure-water soaking, the elution pattern by 

acetic-acid acidity seemed to be simpler. This may suggest 

that the acidic condition had changed the barrier of Hijiki 

tissues in the releasing of arsenic compounds. 

Under the same conditions, the samples soaked in 4% 

sodium hydrogen carbonate solution released also at 60℃, 

77% of the total arsenic and at 90℃, 78% of the total 18) (Fig 

2). 

In alkaline solution brought by sodium hydrogen carbonate, 

the barriers in the cell walls of Hijiki tissues seemed to be 

weakened, too. Thus, the inflexion point was not clear in 

reciprocal curves as the Fig. 2. More investigation on these 

points should be done, as next problem. 
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Fig 2. Effects of temperature on the reduction of arsenic contents in the dried 

Hijiki residues by soaking in 4% sodium hydrogen carbonate solution18). 

Hijiki samples of 1 g were soaked in 30 ml of 4% sodium hydrogen carbonate 

solution by conditions as described in Fig 1 and in the text. 

During these procedures, some other elements were also 

released1). The loss of nutritionally important minerals, iron 

(Fe), calcium (Ca), zinc (Zn) and magnesium (Mg) were 32%, 

49%, 70 % and 77 %, respectively, of the original contents in 

dried Hijiki samples, at 30℃ during 30 min of water-soaking. 

Akamoku: Growing Akamoku accumulates twice 

concentrations of arsenic
10)

 in comparison with Hijiki plants
11)

 

growing at the same sea-coast area where Akamoku was 

harvested. Thus, the arsenic reduction is essential in the 

pre-cooking procedure. By parboiling the Akamoku in 

sodium chloride solution, 90% of arsenic was removed
12)

 by 

changing the immersing water three times. To know the detail 

of the arsenic-elution process, the arsenic release was 

measured by changing the elution temperature
19)

 (Fig 3). 

 

Fig 3. Effects of temperature on the elution of arsenic from Akamoku tissues 

into solution19). 

Akamoku samples of 10 g were mixed in 50 ml of water at various 

temperature for 5 min and separated centrifugally under 0℃. The arsenic 

concentration in the solution was determined as acidic solution in HNO3 by 

HPLC- ICP-MS spectrophotometry and expressed in µg As/ml eluting 

solution. T on the axis of abscissas expresses absolute temperature (°K). 

These curves showed that the arsenic release occurred more 

easily in Akamoku than in the case of Hijiki, suggesting a 

more releasable form of arsenic exists in Akamoku than in 

Hijiki. 

In general, each member of the brown-algae class should 

be studied for their existing organic state of arsenic as well as 

inorganic state of arsenic with their accumulating minerals, in 

order to utilize these algae more sensibly. 
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