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Ah&&-An hrvestigation of the etkct of seasonal variation on the composition of three brown aigae showed 
that Cystoscia was richer in its mannitol content (1070/ than Surgussum (6.70/. In all three specks, hmi- 
narin ranged from 224 % to 4.42 % during most months but was absent in June. Alginic acid content (3&32O%) 
was at its maximum in August for the two Cysroseiru species but was high both in April and August in S. 
limf~ium. The uranic acid composition of alghtic acid as well as the fucose and galactose contents of the algal 
species showed definite seasonal variation. 

INTRODUCTION 

STUDIES on marine brown algae have been carried out for a long time because of the industrial 
importance of their constituents, like alginic acid, matitol and laminarin. Ecological 
conditions influence, to a great extent, the types and the proportions of the constituents of 
any algal species. The effect of seasonal variation on such algal components have been 
reported by many investigators. I-3 Recently, Motwalli’ has made ecological studies on the 
local brown algae of the Alexandrian coast. These studies, however, have been confined to the 
alginic acid content. 

The present work was undertaken to investigate the composition of three local brown algal 
species not previously studied, as intluenced by seasonal variations. This may provide the 
necessary information as regards the appropriate time of harvesting the algal species for the 
production of one or more of their constituents. 

RESULTS AND DISCUSSION 

Cystoseira barbata, C. abrotanifolia and Sargassum lini~olium were found in all the months 
investigated, except that C. abrotanifori was absent in April. In June, August and November, 
C. abrotanijblia was present in especially large amounts. 

The data recorded in the table indicated that the ash content reached its maximum in 
June and minimum in November. This result is in accordance with that obtained by Black’ 
for Laminaria cloustoni. C. barbata showed, however, the highest and lowest ash content of 
any of the species. Also in June the amount of Mg was either equal to or higher than that of 
Ca. In this month, the ash was characterized by its lowest content of both metal ions. On the 

l Part I in a projected series “Biochemical Studies on Marine Algal Constituents”. 

r W. A. P. BLACK, J. Sot. Chem. Ind. 67,165 (1948). 
1 N. S. V.umt and K. S. PILLN, Bull. CentmI Research Inst. Univ. TF uaancure, 11,33 (1952); cited from C.A. 

47, 1871 (1953). 
3 G. K. YAZJENKO, Nauckn. Dokl. VysskeiShkoiy. BioI. Nauki 1,149 (1%3); cited from C.A. 59,5497 (1963). 
* A. M. MO~~ALXJ, M.Sc. Thesis, Faculty of Science, Alexandria Univ. (1966). 
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other hand in November, at which the ash content reached its minimum, the amount of Ca 
was significantly higher than that of Mg, except in the case of C. abrotanifolia which was 
always characterized by a high Mg/Ca ratio. 

The Cystoseira species proved to be richer in mannitol than S. Zin$dbrn. For all species, 
mannitol was at a minimum in spring. Both methods of mannitol estimation gave the same 
results, indicating that the direct periodate oxidation of the algal material did not affect 
constituents other than mannitol. Mannitol was readily crystallized by adding acetone to the 
alcoholic extracts and the algal samples were identical in m.p. and R, with authentic material. 

TABLE 1. Co MPOSITION OF SOME BROWN ALGAL SPECIES AS INFLUENCED BY sEAsoNAL VARIATION 

Algal species 

Total Caz+ in Mg*+ in Crude Mannitol (%) 
Date of ash ash protein I 1 Laminarin 

collection (%) (%) (%) Periodate Extraction (%) 

Cystoseiru barbata 

C. abrotamyolia 

Sargaswm rinifolium. 

Algal species 

Cystoseira barbata 

C. abrotanifolia 

Sargassum linifolium 

11.1967 12.17 
4.1%8 15.50 
6.1968 25.57 
8.1968 17.02 

11.1967 15.72 
6.1968 24.68 
8.1968 22.81 

11.1967 17.23 
4.1968 1846 
6.1968 24.60 
8.1968 18.49 

Total 
Date of lipids 

collection (%) 

11.1967 O-96 
4.1968 1.01 
6.1968 1.33 
8.1968 144 

11.1967 0.61 
6.1968 1.03 
8.1968 1.20 

11.1967 0.47 
4.1968 0.43 
6.1968 0.45 
8.1968 0.60 

18.91 5.76 1944 
5.71 9.20 1444 
4.32 438 15.88 
9.51 5.15 1744 

8.79 14.95 15.18 
4.98 6.04 10.31 
7.35 7.99 16.56 

2043 5.03 15.94 
15.53 8.25 14.56 
7.25 9.35 1394 

19.48 8.37 2244 

Alginic acid (%) 
I 

Gravi- Colori- 
metrically metrically 

18.23 23.47 
21.92 26.27 
23.78 27.31 
25.04 30.56 

17.12 23.20 
22.55 25.68 
23.97 30.92 

17.94 22.81 
2645 32.06 
20-23 27.31 
26.72 32.22 

8.19 
2.96 
9.03 
8.05 

10.70 
6.94 
8.54 

6.72 
3.12 
3.27 
4.74 

7.99 2.69 
2.83 2.26 
9.32 Traces 
8.21 2.24 

IO.01 4.42 
7.15 Traces 
8.49 3.37 

6.15 2.28 
2.91 2.26 
3.41 Traces 
4.82 4.29 

M/G in 
alginic Fucose Galactose 

acid (%) (%) 
1.80 1.10 0.33 
1.25 1.28 0.19 
0.92 1.88 0.29 
O-80 1.18 0.18 

1.54 O-87 0.51 
0.93 1.52 0.93 
0.93 1.35 0.19 

0.85 0.51 078 1.88 8:: 
0.87 0.69 0.37 
0.77 066 0.21 

M/G : Mannuwnic/Gukronic. 

Contrary to the earlier findings of Cameron et al.,s n-butanol was found to be unsuitable 
for the complete extraction of mannitol from the brown algae investigated. This solvent 
required longer periods of successive extractions which led to the contamination of the 
product with much coloured substances. On the other hand, a single and continuous extrac- 
tion with boiling 85 per cent ethyl alcohol for 24 hr was found sufficient to remove all the 
mannitol present. 

s M. C. CAMERON, A. G. Ross and E. G. V. PERCIVAL, J. Sot. Chem. Znd. 67,161(1948). 
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Laminarin was also found in our local brown algae but in small amounts. C’@oseku 
species were similar in that their highest content of laminarin was found in November, while 
that of S. Iinzjblium was in August. The three species were similar in lacking laminarin in 
June. Lipids constituted a minor component of the algal material; Cystoseiru species were 
relatively richer in lipids than S. Zinzfohm. 

Alginic acid comprised the major component of brown algae, reaching its maximum in 
summer and minimum in autumn. The three species were similar in that the lowest alginic 
acid content was associated with the least amount of ash. The alginic acid hydrolysates 
revealed the presence of only mannuronic acid, guluronic acid and their respective lactones. 
However, the uranic acid composition of the different alginates also showed seasonal varia- 
tion. Generally, the proportion between mannuronic acid and guluronic acid (M/G) in the 
alginates of the algal species was relatively higher in November than in August, at which 
months the minimal and maximal contents of alginic acid were noted. On the other hand, the 
alginates of Cystoseira species showed higher M/G values than those of S. linifolium. 

The acid hydrolysates of the different algal species showed the presence of mannuronic, 
glucuronic and/or guluronic acids as well as their lactones. In addition, glucose, galactose 
and fucose were also detected. The results for fucose indicate that the brown algae studied 
contain little fucoidin. As expected, the contents of fucose and galactose in these algae varied 
according to the species and season. 

Collection a&Pretreatment of Algae 
EXPERIMENTAL 

The di!Terent organisms of brown algae used throughout this work were Cystoseirubarbuta, C. ubrotumifolia 
and Surgussum linifolium. They were cd&ted periodically in 1967-1968 from the same place at RaaElteen, 
Alexandria. The number of plants included in each sample was about 400, at the same stage of development. 
This number represented the sum of triplicate collections which were achieved within a week, nearly at the 
middle of each of the months stated. The algae were thoroughly washed with running water for about 3 min 
to remove foreign substances, spread and left in the sun for several days and &ally milled. The values were 
calculated on a dry weight basis. 

Determination of Ash, Culcium and Magnesium 
After ashing at 800°, Ca and Mg were determined complexometrically according to the method of Flaschka.6 

Crude Protein 
Organic N was determined by Rjeldahl’s method and multiplied by 625. 

Man&o1 
Mannitol was determined titrh&rically by the direct periodate oxidation ushrg the milled algal material 

and titration of the liberated iodine with standard sodium thiosulphate solutions and gravimetrically by con- 
tinuous extraction with boiling 85 % ethyl alcohol for 24 hr. In the latter method, the filtered alcoholic extract 
was concentrated and then treated with acetone. On cooling, mannitol aystalhxed out. After isolation of 
crystalline mannitol, its m.p. and mixed m.p. were determined. It was also detected chromatographically using 
n-BuOH-HoAoHzO (12:3:5, v/v)’ as solvent and the Dedonder reagent* as detecting agent. 

LamiMrin 
Laminarin was determined by isolation fromalgaeaccording to the method of Black et a1.9 

6 H. FLASCHICA, Mikrochim. Acta 39,38 (1952). 
’ I. Sm, Chromatographic and Electrophoretic Techniques, Vol. I, p. 246, William Heinemann Medical 

Books Ltd., London (1960). 
* R. DEDONDER, Bull. Sot. Chin. Prunce 874 (1952). 
9 W. A. P. BLACK, W. J. CORNHILL, E. T. DEWAR and F. N. WOODWARD, J. Appl. Chem. 1,505 (1951). 
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Acid Deconqwsition of Laminarin 
Theisolaadlaminarinwaspartiallyhydrolysedwith0.3NHCIinaboiliapwatetbethfor23ht. The 

hydrolysate was chromatographed on Whatman No. 1 paper using the same solvent as for mamsitol. The 
glucose produced was detected by spraying with ammoniacal AgNOs. p-aminophenol and aniline diphenyl- 
amine phosphate.r” 

Total L&ids 
Total lipids were isolated by soxhlet extraction with n-hexane for 12 hr. The diierence in weight before and 

after extraction represented the total lipid content. 

Alginic Acid 
After extracting alginic acid with NasCOs according to the method of Cameron et al? it was determined 

gravimetrically by precipitation in 5 % HCI (w/v). Calorimetric determkmtion of aiginic acid was also achieved 
in another similar extract using the carbazole reaction acc&ing to the method of Percival and Ross.’ r 

Acid Hydrolysis of A&tic Acid 
The isolated alginic acid of each organism was hydrolysed in 2 N HsSOIzz and the hydrolysis products 

compared with authentic manmuonic, guluronic, glucuronic acids and their la&mea by paper chromato- 
graphy using EtOAo-pyridiHOAc-Hz0 (5 : 5 : 1: 3, v/v) and pyridin+EtOAc-HsO (11:40: 6, v/v)‘~ and 
aniline phthalate and hydroxylamine hydrochloride as spray reager~ts.‘~ 

Quantitative Determination of the Uranic Acid Composition of Alginates 
This was achieved according to the method of Haug and Larsen’s in which mannuronic and guhuonic 

acids in each hydrolysate were separated on a column of anion exchange resin, Dowex 1X8 (2OO400 mesh), 
by linear gradient elution with 05 N to 2 N HOAc. Mannuronic and guluronic acids were determined in the 
eluates by the or&o1 method.” The uranic acid composition of the different alginates was given as the pro- 
portion between mammronic and guluronic acid residues (M/G). 

Acid Hyakolysis of Brown Algae 
The algal material of each species was hydrolysed in 2 N HISO,‘” and the hydrolysate was chromato- 

graphedasforalginicacid. 

Quantitative Determikation of Fucose and Galactose in the Algal Hydrolysates 
Quantitative paper chromatographic separation of the algal hydrolysates was achieved on Whatman No. 

3MM uauer using EtOAc-uyridine-HOAc-H,O (5 : 5 : 1: 3). The unstained area corresuonding to the no&ion 
of fuc&e-or gala&se was & off and eluted w%h &er. Reaction with L-cysteine and &SO4 &us used for the 
determination of fucot@ and galactose.” 

Preparation of Mannaronic and Guluronic Aciak 
Mannuronic and guluronic acids were prepared by hydrolysing alginic acid and separation of the mannu- 

rone and gulurone produced by chromatography on cellulose accordii to the method of Fischer and DiWe1.r” 
The lactones were transformed to the uranic acids by the addition of sufBcient NaOH to keep the solution at 
pH 8 for 1 hr. Theomfter, the solution was treated with cationex&angeresin Lewatit SlOO. 
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