Compositional Differences of Agar Polysaccharide of Gelidium amansii

through Various Extracting Conditions

By
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Agar is a complex mixture of polysaccharide extracted from the agarophytes of red
seaweed. It is thought to consist of chains having alternating o - (1 -~ 3} and §- (1 - 4)
linkages and to have the following three structural extremes of polysaccharide: agarose,
pyruvated agarose and galactan sulfate.

It is well-known among agar manufacturers that a low yield of agar forming a elastic
gel is obtained under mild conditions of exiraction, whereas a high yield of agar forming
a rigid and brittle gel is obtainable under severe conditions of extraction, even if the
agarophyte collected from the same place and/or in the same season is used as raw
material.

The above-mentioned fact known through experience suggests to us that the poly-
saccharide composition should differ among agars depending on not only the harvest
place and/or the harvest season of the agarophyte but also on the conditions of extraction
of agar from the agarophyte.

In this paper, the polysaccharide composition of agar from Gelidium amansii collected
at the coast of VYoshimi, Shimonocseki, in June 1969 was studied by anion-exchange
chromatography in connection with the extracting conditions oi agar.

The results obtained are summarized as follows:

1. The polysaccharide composition varies among agars according to the extracting con-
ditions (Fig. 2). Agar Afextracted at 100°C for 1 hour) was rich with highly sulfated poly-
sacchatide, and Agar C (extracted at 120°C for 3 hours) was rich with neutral or lowly
sulfated ones. Agar B(extracted at 110°C for 3 hours) was intermediate between the two
in polysaccharide composition.

2. There are two possible explanations of the above fact. One is that the hydrolysis of
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glycosidic linkages may be predominant in highly sulfated polysaccharide, and the other is
that the predominant desulfation from them may take place, under severe extraction
conditions. However, the following conclusion is drawn from the combined results given
in Figs. 2 and 3, and in Table 3.

Highly sulfated polysaccharide is easily extracted even under mild conditions. Under
severe extraction conditions, degradation takes place predominantly rather than desulfation
in highly sulfated polysaccharide. The resuliing fragments are removed out of the frozen
gel during the thawing process in agar preparation. On the other hand, the complete
extraction of neutral polysaccharide requires considerably severe conditions.

Consequently, the polysaccharide composition varies with the extracting conditions of
agar; agar extracted under mild conditions becomes rich with highly sulfated polysaccharide,
while agar under severe conditions becomes rich with neutral or lowly sulfated poly-
saccharides.

3. The sulfate content was highest in Agar A, followed by Agar B, Agar C, in order of
decreasing conteni. The sulfate content of polysaccharide eluted from the ion-exchanger
increased in order of elution through each agar. On the other hand, the molar ratio of
3,6 - anhydrogalactose to galactose was approximately unity through each of the eluted
fractions, with some exceptions (Table 2).

4. The sugar content of Fraction 4 was exceptionally low in all the agars, and a con-
siderable amount of ash consisting of mainly the salts of Ca and Mg was found in Fraction
4 of Agar A (Table 2).
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Table 1. Vield and gel properties of agars extracted from Gelidium amansii.

Agar No. Exiracting conditions F;j)ld %61”52 Sgﬁ?ﬁ%; Defor(ﬂjicion **
A 101~103%C, 1hr 3.5 99 8.0
B 110°C, 3hr 37.8 113 5.5
C 120C, 3hr 39.5 98 5.0

* measured on Curd meter M 301—A (lio Eleciric Co.).
** depth of hollow on gel surface loaded with 100 g/7 mm?.
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Fig. 1. Stepwise elution chromatogram of Agar C on
Dowex 1x2 column (200 ~ 400 mesh, formate form,
3 x 45 cm, 80°C).
Assay by phencl-sulfuric acid.
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Table 2. Composition of the eluted fractions of Gelidium agar.

Fraction Gal;gg/:;»se * 3,6 —Anh(%cil)'ogalactose S?%a)te Gel formation **
Agar A 34,1 60. 1 2.26
Fr. 1 37.3 57.2 0.09
Fr. 2 44,6 35. 3 0.79
Fr. 3 39.1 53.7 1.40
Fr, 45k 2L 2 30. 4 2.09
Agar B 38. 2 59,2 171
Fr. 1 30.1 56. 9 0. 06
Fr. 2 37.4 56. 6 0.75
Fr. 3 32.0 56.0 0.84
Fr. 4 41.1 20. 8 2.62
Agar C 39.5 58.1 1.69
Fr. 1 35.4 57.0 0.07 +++
Fr. 2 38.4 54.6 0.84 +4
Fr. 3 37.9 517 0.89 +
Fr. 4 23.9 35.3 2.14 —

* calculated by substracting the anhydrogalactose content from the total hexose content
determined by phenol -sulfuric acid method.
R degree of jelly strength of a 1% gel, -: no gel at a concentration of 1%.
#¥% contained 22.1% crude ash.
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Fig. 2. Bar diagram showing the fractionation of agars
on Dowex 1 x 2,
The polysaccharide was eluted from the iom-ex-
changer with water (Fr.1) and 0.IM (Fr. 2), 1M
(Fr. 3) ammonium formate and 2M ammonium
salicylate (Fr.4). Fr.5 shows the polysaccharide
irreversibly bound to the column, which was calcu-
lated by substracting the total yield of the poly-
saccharides eluted from 100%.
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Fig. 3. Degradation of highly sulfated polysaccharide
(S04, 5.17%) on heating at 120°C.
The polysaccharide was fractionated with dimethyl-
sulfoxide from the agar extracted at 160°C for | hr.
*glyeol chitosan

Table 3. Degradation of lowly sulfated polyszaccharide* (80,, 0.51%) on heating at 120°C.

N/200 GCh™*™* reacted with sulfate Specific viscosity at 50T
Heating time at 120 T
Amount Decrease Tsp Decrease

Ohr 0.39m/ 0% 1.04 0%
1 0. 36 8 0.81 22
2 0. 35 10 0.64 38
3 0.27 31 0.55 47
4 0.27 31 0. 43 59
5 0.23 41 0.43 59

* fractionated with dimethylsulfoxide from the agar extracted at 100°C for 1 hr.
*¥ glycol chitosan
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