
Phytochemirtry, 1973. Vol. 12, PP. 481 to 48% Papmm Ptwa. Printed in England. 

SEASONAL CHANGES IN THE CONSTITUENTS OF 
ULVA LACTUCA 

A. F. ABDEL-FATTAH and M. EDREES 

Laboratory of Microbiological Chemistry, National Research Centre, Dokki, Cairo and El-Nasr Company 
for Dehydrating Agricultural Products, Cairo, Egypt 

(Received 30 September 1972. Accepfed IS October 1972) 

Key Word Index-CJlw lactucu; Chlorophyceae; sea lettuce; green marine alga; seasonal changes; lipids; 
sterols; sugars; amino acids; proteolysis. 

Ah&act--The green marine algal species UIua luctuca, contains appreciable amounts of lipids, but there is 
no correlation between the lipid content and its unsaponified fraction. The sterol content of this alga 
depended on the proportion of the unsaponified lipid fraction in total lipids. The presence of cholesterol-like 
material was demonstrated. The algal material was characterized by a high content of rhamnose (28%) in 
April and glucuronic acid (15*74’%) in February. Variations were also found in the patterns of free amino 
acids and of those of the isolated algal protein. A milk-clotting factor was detected in the water extract of 
the algal material. 

INTRODUCTION 

MARINE algae have been studied intensively because of the industrial importance of their 
constituents, In the course of studies in our laboratory, the composition of some brown 
algae has been reported.’ Although the Alexandrian coast is rich in green algae, knowledge 
of their constituents is still scanty. One of the dominant algal species is Uluu luctuca and the 
present work was undertaken to investigate the constituents of this algal species as they are 
affected by seasonal changes. 

RESULTS AND DISCUSSION 

The data in Table 1 indicate that the ash content of Ultra luctuca reaches its maximum in 
November and minimum in August. However, in February and April the ash contents were 
nearly identical. 

Appreciable amounts of lipids were found in U. luctucu and other green marine algae as 
previously reported. 2--4 Sign&ant variation in lipid content was noticed from one season 
to another, reaching a maximum in November, which was nearly IO-fold that of the mini- 
mum in August. Considerable seasonal variation was found in the composition of the lipid 
material, but no correlation existed between the content of lipid and that of its unsaponified 
fraction. Although in August and November the alga contained the least and highest 
amounts of lipids, yet the unsaponified fraction constituted 71% of the first and 40 % of the 
latter, respectively. 

On the other hand, the sterol content reached its maximum in February, but the sterol 
content was not correlated with the lipid content and depended largely on the proportion 
of the unsaponified lipid fraction in total lipids. Sterols have been reported by many authors 

* A. F. ABDEL-FAT~AH and M. M. HUSSEIN. Phytochem. 9, 721 (1970). 
2 A. Mazu~ and H. T. Cm, J. Biol. Chem. 143,39 (1942). 
3 E. KL~vK, W. KRIPPRATH, D. EBFSUUGEN and H. P. KOOF, Z. Phykf. Chem. 334.44 (1963). 
4 G. W. P ETRRSON, &Uidr 6, 121 (1971). 
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in I/. lactuca and other marine green algae. z*c6 Nobuo et a1.s has also found that the sterol 
content in marine Chlorophyta is similar to higher plants. 

TLC of the unsaponi6ed lipid fractions revealed the presence of three compounds 
giving positive reactions with sterol reagents. The chromatographic pattern was the same in 
all seasons. One was identical with authentic cholesterol in mobility and chromogenic 
reactions. Thus, on spraying with methanolic sulphuric acid both the algal sterol and 
authentic cholesterol became red, and then turned to blue, violet and finally brown. The 
presence of cholesterol in U. lactuca and some marine green algae has also been recently 
reported.4*5 

TABLE 1. PERCBNTAGE COMPOSITION OF U1t.u lactuca AS INFLUENCED BY SEASONAL CHANGES 

Date of collection April 1971 August 1971 November 1971 February 1972 

Total ash 
Total lipids 
Unsaponified lipid fraction 
Total sterols 
Mannitol 

Periodate 
Extraction 

Glucuronic acid 
Glucose 
Arabinose 
Xylose 
Rhamnose 
Rh/G.A. 
Protein 
Total amino nitrogen 

24.03 
3.07 
0.70 
004 

1.92 
0.96 

11.68 
1.67 
2.07 
1.73 

28m 
240 
8.70 
2.25 

20.58 
MO 

0”:: 
35.89 24.42 

3.94 2.91 
1.57 1.90 
0.70 1.12 

1.72 2.01 1.65 
1.89 
5.73 
2.02 0.61 0.98 

2.38 2.51 
2.45 15.74 

0.67 0.25 1.18 
0.81 0.39 1.58 
6.08 1.47 1.96 
1.04 O-91 0.12 

33.75 21.16 30.13 
8.13 4.22 6.81 

Rh/G.A.-Rhamnose/glucuronic acid. 

Although mannitol is not common in green algae, small amounts were found in II. 
lactuca. The isolated mannitol samples were identical in m.p., m.m.p. and R, with authentic 
material. Mannitol has previously been found in small amounts in the green seaweeds 
Enteromorpha compressa’ and Tetraselmi.9 species but not in U. lactuca.* The small amounts 
of mannitol found in U. Zactuca, as compared to the higher amounts recorded in our local 
brown algae,’ may support the view of Craigie et al.* that the presence of mannitol in some 
green algae is due to epiphytic contamination. 

PC of the ethanol extracts of the algal material, after removal of mannitol and con- 
centration, indicated the absence of sucrose or any other low MW carbohydrate. On the 
other hand, mild acid hydrolysis of these extracts and chromatography afforded neither 
fructose nor glucose. This result provided additional evidence for the absence of sucrose in 
the algal material of different seasons. The absence of sucrose and low MW carbohydrates 
in our local U. Iactuca might be due to their loss during the process of washing the algal 
material. 

5 I. Noauo, M. NAOKO, T. KY~SUKE and Y. TAMAO, Stem& It,41 (1968). 
6 G. F. GIBBONS, L. J. Gem and T. W. GOODWIN, Phytochem. 7,983 (1968). 
’ B. LINDBERG, Acta Chem. Sd. 9, 169 (1955). 
a J. S. CRAKHE, J. MCLACHLAIH, W. MAJAK, R. G. ACKEAAN and C. S. Tocrre~, Cum J. Bot. -1247 (1966). 
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The acid hydrolysates of the algal material collected in different seasons showed the 
presence of glucuronic acid, glucose, arabinose, xylose and rhamnose. The absence of 
fructose among the hydrolysis products of the algal material confirmed the absence of 
sucrose in the algal ethanolic extracts. The content of each sugar component varied accord- 
ing to the season. Generally, the total carbohydrate content was maximal in April when 
maximal contents of arabinose, xylose, and rhamnose components were also noted. How- 
ever, in November, the algal material contained the least amounts of the sugars. Further- 
more, in April and February the algal species was characterized by high contents of 
rhamnose and glucuronic acid, respectively. 

The presence of all the above mentioned sugars, except arabinose, in the acid hydroly- 
sates of U. Zuctucu has been demonstrated previously.“’ l The presence of arabinose in our 
local U. luctucu may be due to environmental or climatic effect. Similarly, although mannose 
and galactose were not found in U. luctucu, conf?ming the results of Graigie et al.* Percival 
and McDowelP2 reported the presence of trace quantities of these sugars in the hydrolysates 
of this alga. However, arabinose was found in other green seaweeds like CIuukphoru rup- 
estris,13 Chuetomorphu linum and Chuetomorphu cupilluris.14 

Starch was detected in U. luctucu collected in different seasons. Thus, on extraction of 
the algal material with hot water, the extract gave a bluish purple colour with iodine. 
Percival and Woldl” also found starch in U. luctucu. However, on extraction of the algal 
material by grinding with cold water, the resulting extract gave no colour with iodine. 
Furthermore, after dialysis of the latter extract followed by acid hydrolysis and chromatog- 
raphy, the hydrolysate afforded glucuronic acid, glucose, arabinose, xylose, and rhamnose. 
The presence of glucose in the hydrolysate indicated that part of the glucose found in the 
acid hydrolysates of the algal material was derived from starch. 

Protein comprised the major component of U. luctucu, reaching its maximum in August 
and minimum in April. The total amino nitrogen in the algal species showed the same 
aspect of seasonal variation like protein. A more or less constant ratio between the protein 
and amino nitrogen contents was shown in all the seasons. 

The qualitative amino acid composition of the isolated algal protein and algal free 
amino acids varied seasonally (Table 2). In this respect, some similarity was shown between 
the amino acid pattern of the algal material in August and February. On the other hand, the 
algal material was characterized by the absence of cysteic acid, threonine and proline in 
April, valine and proline in August, and cysteic acid in November. 

The presence of free amino acids in the algal material might be due to enzymic digestion 
of the algal proteins. This is supported by the fact that, in most cases, the presence of a free 
amino acid seemed to depend on its presence in the corresponding protein. Conversely, 
the absence of a free amino acid was correlated to its absence in the protein of the same algal 
material. This led to a preliminary investigation of the ability of the dialysed algal water 
extract to clot reconstituted skim milk, as in proteolysis.15 Water extracts of the algal 

9 J. BRADINO, M. M. T. GEORQ-PLANT and J. HARDY, J. Chem. Sot. 319 (1954). 
lo E. I’rmcrvu and J. K. Worn. L Chem. Sot. 5459 (1963). 
I1 Q. N. HAQ and E. Pwcrva, in Some Conlemporory Studies in Ma&e Science (edited by H. BARNES), p. 

355, ALL~N & Unwin, London (1%6). 
I2 E. PERCIVAL and R. H. McDoweu, Chemistry andEnzymology of Marine &al Polysaccharides, p. 179, 

Academic Press, London (1967). 
I3 I. S. Fischer and E. PeRcrvti, J. Chem. Sot. 2666 (1957). 
‘* E. Hmsr, W. MACKIE and E. Pmmv,u, J. Chem. Sot. 2958 (1965). 
Is A. F. Amm-F~mm. S. S. MARROUK and N. M. EL-IIAwwmy, J. Gen. Mlcrobiol. 70,151 (1972). 
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material, collected iu different seasons, was able to clot milk within about 5 hr, indicating 
weak proteolytic action. On using previously boiled algal water extract as a control, clotting 
of milk did not occur for a period lasting for 3 days. 

TABLE 2. Trix AMINO ACID PATTERN OF THE ALGAL WATER EXTRAa IN DRTERENC SEASONS 

Type of amino acid 

Date of collection 
April 1971 August 1971 November 1971 February 1972 

A.A.P. FA A.A.P. FA A.A.P. FA A.A.P. FA 

Cysteic acid 
Aspartic acid 
Glutamic acid 
Serine 
Glycine 
Taurine 
Threonine 
Aianine 
Histidine 
Lysine 
Arginine 
Tyrosine 
Proline 
Valine 
Leucine 
Isoleucine 
Phenylalanine 

- - + + - - + + 
+ + + + 

: 
+ + + 

+ 
: - 

+ 
: 

+ + + 
+ + + 

- 

z - 

L 

4 
: + 

; - - 
+ : 
+ + 

- - 

: 
+ + - I 

+ + 
: 

- i + 
+ 
t- 

+ - + + _ + + 
+ - - + - + - 
+ - : - + - + - 
+ + + + - + + 
- - - - 

T 

- + z 
- - + + - 

: : + + + + 

z 
+ : + : + + + 
+ + + + + + + 

+ Present. - Absent. A.A.P. Amino acid in protein. FA: Free amino acid. 

EXPERIMENTAL 

Collection andpretreatment of algae. Ulva lactuca wascollected periodically in 1971-1972 from the same 
place at Roushdy, Alexandria. The number of plants included in each sample was about 500, all being at 
the same stage of development. The algae were thoroughly washed with running HsO, dried in the sun for 
several days and then ground. Ashlng was carried out at 8oo”. 

Total lfpfds. Lipids were isolated by subjecting the algal material to Soxhlet extraction with EtOAc for 
12 hr.r6 Thereafter, the filtered extract was evaporated under vacuum at 40” to dryness and the dry residue 
represented the total lipid content. 

Totul sterols. The lipid material was refluxed with 1 N ethanolic KOH (5 ml/g lipid) and benxene (SO ml) 
for 2 hr. Hz0 (2 vol.) was then added and the unsaponitied fraction was extracted by shaking with Eta0 
(4 vol.). The etheteal extract was evaporated to dryness and the residue obtained represented the unsaponitkd 
fraction. The total sterol content was then determined on the residue according to the Liebermann-Burchard 
colour reaction method.” A standard curve was constructed using an authentic sample of cholesterol. 

Chromatographic examination of the algalsterols. The unsaponified lipid fraction was dissolved in benzene 
and subjected to TLC using silica gel G. The solvent mixtures used were acetone-benzene (3: 17), toluene- 
CHCls-MeOH) (10: 10:3). and cyclohexane-CHCls-HOAc (15:S:O.l). Spots were detected with the Lieber- 
mann-Burchard reagent and with HaSO.-MeOH (1 :l). As reference substances, cholesterol, sitosterol, 
lanosterol, and stlgmasterol were used. 

Mannitol. Mannitol was determined by two methods; (a) by the direct periodate oxidation method of 
Cameron et al.,” and (b) by extraction and weighing. In the second method the alga was extracted with 
boiling 85% EtOH for 24 hr. After filtration, the extract was concentrated and then treated with excess 
acetone. On cooling, mannitol crystallixed out. After isolation of ctystalline mannitol, its m.p. and m.m.p. 

I6 A. F. ARDEL-FATUH and M. Enaxes, J. Sci. Food Agric. 22,298 (1971). 
I7 R. P. COOK, Chokzsterol. Chemtktry, Biochemistry and Pathobgy, p. 484, Academic Press, New York 

rs r?C_ao~, A. 0. Roes and E. G. V. P~RCWAL, 1. Sot. Chem. Imf. 67,161 (1948). 
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were determined. It was also detected by PC using py-ridine+EtOAc-HOAc-Hz0 (5: 5: 1: 3)19 as solvent, and 
the Dedonder chromogenic reagent.‘O 

Quantitative deter&nation if the sugar wmpnent~ in the algaJ hydolysate. Each algal material was 
hydrolysed by boiling under reflux with 85% HCOIH for 6 hr. The hydrolysate was then diluted with 5 
vol. Hz0 and the boiling extended for a further 2 hr. Quantitative PC separation of the algal hydrolysates 
was achieved on Whatman 3 MM paper using the solvent n-BuOH-pyridiae-Hz0 (6:4:3).2’ Spots were 
detected with aniline phthalate and aniline diphenylamine phosphate reagents.2z The unstained area corre- 
sponding to the position of each sugar was cut off and eluted with H1O. Glucuronic acid was determined by 
reaction with carbazole.a’ Reaction with orcino12* was used for the determination of arabinose and xylose, 
while gh~cose and rhamnose were determined by reaction with L-cysteine-H2S04.25*26 

Crude protein. Organic N was determined by the micro Kjeldahl method and multiplied by 6.25. 
Total amino nitrogen. The algal material was hydrolysed in 6 N HCl in a sealed tube for 16 hr at 105”. 

After removal of HCI by evaporation at 100” with occasional addition of H20, total amino nitrogen was 
determined in the hydrolysate as glycine according to the method of Muting and Kaiser.” 

Water extraction of the algal material. The algal material (5 g) was ground 2 x with distilled Hz0 (50 
ml) in a mortar for 20 min at room temp. The filtered extract was then deionised by dialysis against Ha0 
at 2”. 

Examination of miJk-&ttJng activity of the algal water extract. This was done by the method of Berridge? 
2.5 ml of buffered (0.02 M acetate buffer, pH 4.0) algal H20 extract were incubated with 10 ml recon- 
stituted skim milk (12 g dry skim milk/100 ml O-01 M CaC12), under toluene, at 40” and clotting was observed. 
A control was performed in the same manner using boiled algal water extract. 

Chromatographic examination of amino aci& in the algal water extract. Each algal material was extracted 
with H20 as described above and the undialysed extract was treated with 1 vol. acetone with 1% HCI. 
The protein ppt. was isolated by centrifugation, washed several times with acetone until it was free from acid 
and dried in vacuum oven at 40”. The supematant was washed several times with Et20 and the aq. layer 
evaporated to dryness. The residue contained the free amino acids in the algal material. Two dimensional 
PC of the alaal free amino acids was cerformed usina the solvent mixture n-BuOH-HOAc-Hz0 (4: 1: 5)‘9 
and phenol&O (4: 1, wt: vol.). 3o Tie amino acid composition of the isolated algal protein-was also in- 
vestigated chromatographically after hydroylsii with 6 N HCI for 16 hr at 105”. Dectection of spots was 
achieved with ninhydrin.22 

I9 F. G. FLXHER and H. D~RIEL, Hoppe-Seyler’s Z. Phydol. Chem. 301, 224 (1955). 
z” R. DEDONLXR, Bull. Sot. Chim. Fr. 874 (1952). 
21 E. J. B~URNJZ, P. G. JOHNSON and E. PERCIVAL, J. C/W~I. Sot. 1561 (1970). 
22 R. J. BLOCK, E. L. DURRUM and G. Z~EIO, A MwumJ ofPaper Chromatography and Paper EJectrophoreGs. 

Academic P&s, New York (1955). 
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23 T. Brrrm and H. M. Mum. Anal. Blochem. 4.330 (1%2). 
24 A. H. BROWN, Arch. B&&m. 11,269 (1946): ’ ’ 
z5 Z. DIWHEI, L. B. SHEI-XUS and M. Osmw, Arch. Blochem. 22,169 (1949). 
26 Z. DIXHE and L. B. SHETIUS, J. B&d. Chem. 175,595 (1948). 
27 D. Mtim~ and E. m Hoppe-SeyJer’s Z. Physiol. Chem. 332,276 (1963). 
2* N. J. Bwruwe, Chem. AnaJyst 77, 57 (1952). 
29 S. M. PAR-E, B&hem. J. 42,238 (1948). 
3o K. H. Surrro and J. PRIMOSIGH, Nuture, Land. 168, 697 (1951). 


