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Marine algae, maintained for one month under blue, white and red light were rather rich in
lipids but obviously poor in fat (triacylglycerols). These lipids consisted predominantly of glyco-
lipids and phospholipids. Irrespective of the light quality, the major constituent fatty acids in
lipids of these algae were, in most cases, those with 20 carbon atoms. The light quality had a
definite effect on the proportion of arachidonic acid in the lipids of certain algae. Thus, the
proportion of arachidonic acid in Enteromorpha intestinalis maintained under white light was 45%
and in Sargassum salicifolium kept under red light 25% of the total constituent fatty acids in the

total algal lipids.

Introduction

Marine algae are sources of valuable natural prod-
ucts such as alginic acid, mannitol, laminarin [1],
agar [2] etc. The role of phytoplankton in solving
problems of pollution, energy replacement and pro-
tein shortage in the future has been reviewed [3].

Earlier lipidologists often reported that marine
algae are rich in “fat”, but in fact, such reports have
been concerned with “total lipids” rather than with
“fat”. Unlike the lipids from fresh water algae those
from marine algae contain relatively high propor-
tions of polyenoic fatty acids with 20 carbon atoms or
more [4—8]. Arachidonic acid (C 20:4), one of these
polyenoic acids, has become of industrial value be-
cause it is used as a precursor in the synthetic produc-
tion of prostaglandins [9, 10]. So far, arachidonic
acid is obtained mainly from animals [10]; its produc-
tion from common marine algae is certainly recom-
mended.

The main objective of the present communication
is to study whether or not higher levels of
arachidonic acid can be produced in the lipids of cer-
tain common marine algae maintained continuously
under specific light qualities.

Materials and Methods

Four algae belonging to Chlorophycophyta namely
Ulva lactuca L., Enteromorpha intestinalis (L.)
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Link., Codium tomentosum f. tomentosum (Hudson)
Stack and Codium tomentosum f. divericatum Ag., as
well as one belonging to Rhodophycophyta. Geli-
dium latifolium Born. and one to Phaeophycophyta,
Sargassum salicifolium (Bert.) J. Ag. were collected
from the Mediterranean Sea at the coast of Alexan-
dria, Egypt. The algae were maintained in sea-water
in glass jars that were wrapped with blue (transmit-
ting maximum 520 nm waves), colourless or red
(730 nm) cellophane paper purchased from the local
company “Racta”. The jars were incubated for one
month at 25 °C in an illumination chamber, 1 m?,
provided with 6 fluorescent lamps, 40 watt each. The
sea-water was changed in intervals of 2 days.

Lipids were extracted and purified following estab-
lished methods [11, 12]. The classes of nonpolar
lipids were separated by TLC on silica gel with
hexane—ether—acetic acid (90:10:1) [13]. The classes
of polar lipids were resolved by two-dimensional TLC
with chloroform—methanol—7~ NH,OH (65:30:4)
in the first direction and chloroform—methanol—
acetic acid—H,O (170:25:25:6) in the second direc-
tion [11]. Lipid classes were identified by comparing
their chromatographic behaviour with that of refer-
ence samples and by their reactions with specific
spray reagents [14, 15]. Quantitative analyses were
done by determining the constituent fatty acids in
TLC fractions by GLC using 17:0 as an internal
standard [16].

Aliquots of the total lipids and fractions resolved
by TLC were subjected to methanolysis [17]. The
resulting methyl esters were purified by TLC [13]
and analyzed by GLC on a polar (15% DEGS on
Anakrom D) and nonpolar column (10% Silar 5 CP
on Gas-Chrom Q).
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Results
Lipid contents

The total lipid contents of various marine algae
that, after their collection, were maintained for one
month in sea-water under continuous illumination
with blue, white and red light are presented in Table 1.

It is apparent that the total lipid contents varied,
not only according to the alga studied but also, for
the same alga, with changing the light quality.

Composition of lipid classes

The TLC analyses showed that in all lipid extracts
of marine algae maintained under white light the
ionic and other polar lipids predominated over the
nonpolar lipids. The polar lipid classes consisted of
mixtures of phospholipids and glycolipids. The major
phospholipids in all extracts were diacylglycerophos-
phoglycerols and diacylglycerophosphoethanol-
amines. In the extracts of the green alga Ulva lactuca
only relatively high proportions of diacylglycero-
phosphoinositols were also observed. Low propor-
tions of other unidentified phospholipids occurred in
the various extracts. In the lipid extracts from the
different marine algae the levels of diacylglycero-
phosphocholines were very low. The glycolipids con-
sisted of monogalactosyldiacylglycerols (MGDG)
and digalactosyldiacylglycerols (DGDG) with the
former class obviously predominating over the latter.
The quantitative analyses of these two classes in the
lipid extracts from Ulva lactuca showed that MGDG
and DGDG made-up 15.1 and 3.0% of the total
lipids, respectively. The nonpolar lipids in the vari-

Table I. Lipid contents (% of dry wt.) of algae maintained
under different light colours.

Algae Red White Blue
light light light

Green algae:

Ulva lactuca 6.9 9.8 8.2

Enteromorpha intestinalis 11.5 11.5 16.9

Codium tomentosum 27.4 10.6 28.2
f. tomentosum

Codium tomentosum 34.7 17.4 31.3
f. divericatum

Red alga:

Gelidium latifolium 11.6 14.9 37.8

Brown alga:

Sargassum salicifolium 4.9 7.1 4.7
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ous extracts consisted of triacylglycerols, sterols and
hydrocarbons. The proportions of triacylglycerols
were low.

The TLC analyses did not show any obvious varia-
tion in the levels of the various lipid classes, with the
exception of the glycolipids, in response to changing
the light quality. As a rule, the proportions of
MGDG in the lipids from algae maintained under
white light were higher than their proportions from
algae kept under blue or red light. The quantitative
analyses showed that the ratio MGDG/DGDG in the
lipids from Ulva lactuca decreased from about 5.0
under white light to about 0.5 and 1.0 under blue and
red light, respectively.

Fatty acid patterns of total lipids

The total lipids from marine algae maintained
under different light colours contained fatty acids
with even carbon chains ranging in length between 14
and more than 20 carbon atoms. Irrespective of the
light quality, the major fatty acids in the extracts
from the green algae studied were those with 20 car-
bon atoms (Fig. 1).

The C 20 fatty acids also predominated in the
lipids from the red alga Gelidium latifolium but only
from the samples that have been maintained under
white light. Under blue and red light the major fatty
acids in the lipids from this red alga were those with
16 carbon atoms. The lipids from the brown alga
Sargassum salicifolium maintained under various
light colours contained almost equal proportions of
the fatty acids with 14, 16, 18 and 20 carbon atoms.

The data in Table II show that, in most cases, the
lipids from the various marine algae contained, as a
major saturated fatty acid that with 20 carbon atoms
(arachidic acid). The lipids from the red alga
Gelidium latifolium kept under blue or red light con-
tained palmitic acid (C 16:0) and those from the
brown alga Sargassum salicifolium maintained under
red light contained myristic acid (C 14:0) as the pre-
dominant saturated fatty acids.

In the various extracts there were different propor-
tions of unsaturated C 14, C 16 and C 18 fatty acids
with up to 3 double bonds in addition to unsaturated
C 20 acids with up to 5 double bonds. There were no
common correlations between the proportions of
these unsaturated fatty acids in the lipids of various
algae and the light quality under which these algae
have been maintained. However, certain algae main-
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Fig. 1. Constituent fatty acids of total lipids from marine
algae separated according to the chain length of these
acids.

tained under specific light qualities contained in their
lipids high proportions of arachidonic acid (C 20:4).
Thus, the green alga Enteromorpha intestinalis kept
under white light and the brown alga Sargassum
salicifolium maintained under red light contained in
their lipids 44.7 and 24.9% of arachidonic acid,
respectively.

Discussion

The study of the lipids from marine algae is impor-
tant both for basic science as well as from the indus-
trial view-point. Algae of various colours are suitable
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materials in basic studies concerned for example with
investigating the role of certain lipid classes in photo-
synthesis [8]. From the industrial view-point, marine
algae, being of wide distribution may represent suit-
able sources of valuable lipids and/or fatty acids.

Our results show that although marine algae con-
tain considerable amounts of lipids, their “fat” con-
tents are rather low. It appears that these organisms
possess only a limited capacity to accumulate triacyl-
glycerols.

Resembling other photosynthetically active plants
and plant organs, marine algae contain in their total
lipid extracts mainly phospholipids and glycolipids.
Confirming earlier findings [18, 19] the levels of
diacylglycerophosphocholines are very low but the
proportions of diacylglycerophosphoglycerols, the
only phospholipid in the chloroplasts [8], and diacyl-
glycerophosphoethanolamines are relatively large.
This information is also of interest from the phylo-
genetic point of view because it is known that Cyano-
bacteria synthesize as a major phospholipid only
diacylglycerophosphoglycerols [20]. The two classes
of glycolipids always found in the lipids from photo-
synthetically active plants and plant organs, namely
MGDG and DGDG, are also found in the lipids
from marine algae. As in higher plants [21] and iso-
lated chloroplasts [9, 22, 23] the proportions of
MGDG are higher than those of DGDG in the lipids
from marine algae maintained under white light but
not from those kept under blue or red light.

It appears that there is no common correlation be-
tween the light quality and the lipid contents of vari-
ous marine algae. Yet, the two varieties of the green
alga Codium tomentosum studied accumulated more
lipids under blue and red light than under white light.
Also the red alga Gelidium latifolium produced more
lipids under blue light than under white or red light.
These results were basically confirmed in several
analyses.

An interesting observation is that arachidic acid
(20:0) is the major saturated fatty acid in the lipids of
several marine algae. It is well-known that palmitic
acid (16:0) is the predominant saturated fatty acid in
the lipids from fresh water algae and higher plants. It
thus, appears that marine algae are among the most
suitable plants for obtaining fatty acids with higher
chain length.

The levels of arachidonic acid (20:4) in the lipids of
several marine algae exposed to specific light qual-
ities are especially high. Thus, for example 45% of
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Table II. Constituent fatty acids of total lipids from various marine algae®.

Fatty Green Algae Red alga Brown alga
acids Ulva lactuca Enteromorpha Codium tomentosum Codium tomentosum Gelidium latifolium Sargassum
intestinalis f. tomentosum f. divericatum salicifolium
Red White Blue Red White Blue Red White Blue Red White Blue Red White Blue Red White Blue
light light light light light light light light light light light light light light light light light light
14:0 3.7 1.9 42 7.4 2.6 251 9.1, 1.6 6.5 4.2 1.7 1550 118" 6.7 4.1 ' 13.1 17.5 747
14:1 tr. i Ir. tr. tr. tr. tr. tr. {r. tr tr. tr. tr. tr. tr. tr. tr. tr:
14:2 tr. tr. ir. 19 1 2 o tr. tr. tr. s tr. (i tr. iy i e i tr.
14:3 1.8 7.4 2.0 0745553 40 91 34 4.3 Sela 0.7 0.6 3:58 6.7 SRR 057 ] 174
16:0 2.4 2.1 2.1 1.4 0.1 0.5 43 06 6.0 1.7 42 2160 36: 11t 24.8 tr. 3.5 6.8
16:1512 910 1.7 3.6 3.3 OFSEER31EER 020 33 tr. 6.2 260 118" 6.7 29,1 7.5 2.0 4.4
16:2 8 trs LT tr. jies tr. tr. tr. tr. tr. tr. tr. tr. tr. tr. tr. 8168ty tr.
16:342.07.6.6 1E5T Nt Ll QL6 LT 4.6 2.9 7.4 4.8 tr. tr. tr) e ThiTh 5] S.1
18:0 45 6.0 795 2167 030 3151 S8R9 9D 05 7.9 12.8 6.4 3.5 146 43 3.3 7.3 722
18:152:8 3.7 230 118.50 29 SIBHE AT DS 4.7 21.8 6.4 3.0 8.1 74 s Sin: 1.3 2.0
18:05 5 11 2Ee3 7. SOl 18I 0MNS I 8850 5 OV NS SNST S 5.0 2.9 8NT 2 5.2 40 7.8 41 146 7.9 6.5
18:310.6 8.2 10.0 tr. tr. tr: tr. 2.9 tr. 2.8 ir: 12.5 (- 3Teitr: 53 54 tr. tr.
20:025.1716:521.2; *19:8 *19.9: 23.30512:5434.1518.9 4.0 19.5 2.0 1.9 145 083 ety W20 RIT131D
20:11 055 57025 F 125 0§ 141 S AR 3.8 145 145 148 1290252 =307 3.8 itr; (535 =ty 7.3 4.1
20:2 0.6 1.3 08 4.7 5.3 4.9-5914.3° =05 tr. 1.4 -3 tr. T tr: {E; 8.0 1.6 tr.
20:35 41 tr. tr. T tr. tr. tr. i (i tr. 1 tr. tr. ir: 12 tr. i (it
20:413.4 96 16.7 45 447 11.6 7.7 109 5.0 3.0 10.6 6.1 3.8 10.1 49 249 19 2.9
20:513.2 . 10.7 8.8, 2.7.0 1.6 3.3ty 3.4 tr. 6.2, tr. 1.0 11.4 24.6 1297 itr. tr. tr.
20003108 5132 3100t ir. trs 816 30N SEEN00: 018206 1 16.8 tr. tr. tr. {3 L o8 tr.

* Data are expressed as wt. %.

arachidonic acid is produced by Enteromorpha inte-
stinalis exposed continuously to white light. In this
context, it is to be noted that marine algae in their
natural environments occur at various depthes and
are consequently exposed to various light qualities
throughout the day only.
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