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Fatty Acid Compositions of Nineteen Species of Marine Algae

Mainly Obtained from the Yamaguchi Prefecture Coast

Masaki Kaneniwa'', Yoshio Kaminishi*?, and Masahiko Kunimoto®?

The fatty acid compositions of five species of Chlorophyta, six species of Phaecophyta and eight spe-
cies of Rhodophyta mainly obtained from the Yamaguchi prefecture coast were examined by capillary
column gas chromatographic analysis. All of the samples contained of 16:0 more than 10% of the total
fatty acid, The major fatly acids other than 16:0 were 16:3n-3, 16:4n-3, 18:2n-6, 18:4n-3 and 22:5n-3 in
Chlorophyta, 14:0, 16:1n-7, 18:In-9, 18:In-7, 18:2n-6, 18:3n-3, 20:4n-8 and 20:5n-3 in Phaeophyta, and 14:0,
16:1n-7, 18:1n-9, 18:1n-7, 20:4n-6 and 20:5n-3 in Rhodophyta.

The carbon number of the major polyunsaturated fatty acids of Chlorophyta were Cigand Cip, Cyg
and Cyy in Phaeophyta, and C,y in Rhodophyta. The algae examined in this study revealed character-
istic fatty acids feature in the class level.

In the gas chromalographic analysis of the fatty acids of Codium fragile and Laurencia okamurae,
a high content of unknown components was detected. These unknown components comprised 10% (C.
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Sragile) and 16% (L. okamurae) of the total fatly acids,

1 Introduction

There are many marine algae f{lourished in
Japanese waters. Some of them are used as food or
industrial materials, bul many species of marine
algae have not been available for industrial use.
These unavailable marine algae are expecled for
new f{isheries resources, and it is important to know
the chemical components and contents of the marine
algae for utilization.

On the other hand, it has become apparent that
various marine algae can produce useful fatty acids
such as arachidonic acid (20:4n-6) and icosapen-

tacnoic acid (20:5m-3)' 7). Especially, it is known

that Gracilaria aciatica (Japanese name, “Ogonori” )

2)

contains 20:4n-6,' "% and produces large amount of

prostaglandin Ep from 20:4n-6 by some stimuli such

as cutting or soaking in fresh water’ 7%, New bio-
logically active lipid resources like these marine
algae have been developed in many laboratories.
There are several studies on the lipids of marine
algae6 Mm). We examined detail fatty acid composi-
tions of nineteen species of marine algae mainly ob-
tained from coast of Yamaguchi prefecture by the
capillary column gas chromatography (GC) for the
utilization of algae and development of new lipid re-

s0urees.
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2 Materials and Methods

The samples of algae used are shown in Table 1.
Marine algae were identified by professor Hitoshi
Kito and Noboru Murase, National Fisheries Uni-
versity. The contents of water were determined by
drying method at 105°C until reached constant
weight. The total lipids of the algae were extracted
according to the procedure of Bligh and Dycrm. The
lipids were converted to fatty acid methyl esters ac-
12)

B

cording to the procedure of Prevot and Mordret
and furthermore, the free fatty acids in the lipids
were methylated by diazomethane. The methyl es-
ters obtained were purified by a thin layer chroma-
tography (TLC) with Kiesel gel 60G plate of 0.5mm
thickness by developing with n-hexane ether (85:15,
v.”/v). The capillary column GC of the methyl esters
was conducted with a Shimadzu GCl4A instrument
(Shimadzu Seisakusho Co.), with a flame ionization
detector on a fused-silica capillary column coated
with Silar 5CP (80m x 0.32mm i.d.). The carrier gas
was Nz. The column, and the injector and detector
temperatures were 210°C and 230°C, respectively.
Each peak area percentages were calculated with
Shimadzu integrator C-R2A. Each peak on the gas
chromatogram was identified on the basis of the

agreement of relative retention time with those of

Kaneniwa, Kaminishi, and Kunimoto

authentic specimens. The log plot procedures and
. . 13)
systematic separation factor procedures™™ were used

concurrently for the identification.

3 Results and discussion

The fatty acid compositions from nineteen spe-
cies of marine algae are shown in Table 2 — 4,
Saturated fatty acids occupied 21-54% in total fatty
acids. The ratio of total monoenoic fatty acids in
total fatty acids were 4-20% in Chlorophyta and
Rhodophyta, and 22-36% in Phaeophyta, respec-
tively, and those of polyunsaturated fatty acids
were 30-70% in Chlorophyta, 28-37% in Phacophyta,
and 27-66% in Rhodophyta, respectively.

All the samples contained 16:0 as one of the
major fatty acids and the ratio in total fatty acids
was more than 10%. The major fatty acids other
than 16:0 were 16:3n-3, 16:4n-3, 18:1n-9, 18:1n-7, 18:2n-
6, 18:3n-3, 18:4n-3 and 22:5n-3 in Chlorophyta (Table
2), 14:0, 16:1n-7, 18:2n-6, 20:4n-6 and 20:5n-3 in Phaco-
phia (Table 3), and Rhodophyta were 14:0, 16:1n-7,
18:1n-9, 18:1n-7, 20:4n-6 and 20:5n-3 (Table 4), respec-
tively. The total amounts of major fatty acids, de-
scribed above, were up to 709 of the total fatty
acids in all samples.

Carbon number of major polyunsaturated fatty

Table 1. Species of marine algae and contents of water and total lipids
Class Japanese Name Scientific Name Date Place :zﬁtgfnscm gg:i]e;{gzgﬁ) *
Anaaosa Ulva pertusa 31, Jul, 1896 Yoshimo, Yamaguchi 76.1 4.0
Usubaaonori Enteromorpha linza 21, May, 1996 Kawatana, Yamaguchi 838 85
Chlorophyta  Hitoegusa Monostroma nitidum 21, May, 1996 Kogushi, Yamaguchi 74.1 L7
Fusaiwaduta Caulerpa okamurae 31, Jul, 1996 Yoshimo, Yamaguchi 95.8 4.9
Miru Codium fragile 27, May, 1996 Yoshimo, Yamaguchi 94,5 5.1
Kurome Ecklonia kurome 21, Apr, 1996 Kiwado, Yamaguchi 80.7 2.8
Arame Eisenia bicyclis 30, May, 1996 Yoshimo, Yamaguchi 83.3 27
Phacophyta Wakame Undaria pinnatifida 21, May, 1996 Kogushi, Yamaguchi 93.1 4.7
phy Hijiki Hizikia fusiformis 21, May, 1996  Kogushi, Yamaguchi 88.1 37
Habanori Petalonia binghomiae 3, dJun, 1986 Kawatana, Yamaguchi 80.9 4.6
A species of Hibamata  Ascophyllum nodosum 25, Sep., 1896 Nahant, Mass, U.S.A. 40.4 34
Susabinori Porphyra yezoensis 12, Dec., 1995 Yanagawa, Fukuoka N 13.8
Ogonori Gracilaria asiatica 21, May, 1996 Kawatana, Yamaguchi 84.7 4.6
Tsukumonori Nemalion multifidum 3, Jun, 1996 Kawatana, Yamaguchi 93.4 33
Rhodophyta Tsunomata Chondrus occellatus 28, May, 1996 Yoshimo, Yamaguchi 76.5 1.2
Fukurofunori Gloiopeltis furcate 3, Jun, 1996 Kawatana, Yamaguchi 84.5 1.8
Makusa Gelidium elegans 3, Jul, 1998 Kawatana, Yamaguchi 72.4 2.9
Mitsudesozo Laurencia ohamurae 21, May, 1998 Yoshimo, Yamaguchi 80.7 9.0
A species of ltogusa Polysiphonia lanosa 25, Sep,, 1996 Nahant, Mass, U.S.A. 715 6.5
* Total lipid contents were presented in the percentage ot dry matter,
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Table 2. Fatty acid composition of the lipids of Chlorophyta (%)

" - . > U, pertusa E. linza M. nitidum C. ohamurae C. fragile
Fatty acid + 1 RRT* 2 BCL# 3 (Anaaosa) {Usubaaonori) (Hitoegusa) (Fusaiwaduta) (Miru)
14:0 0.3 0.8 2.2 2.6 1.6
160 0288 14.00 31 307 17.2 263 6
0.547 16.00 1 ! “ 6
16:1n-7 0618 16.40 1.7 2.5 1.6 4.3 2.5
16:2n-9 ’ y 1.2 0.7 0.1 6.0 14
. 0.708 16.85 ! —
Unknown 0.806 17.30 * - - 9.8
16:3n-3 y . 1.2 0.8 29 11.4 -
0.866 17.52 p
16:4n-3 . 4.5 13.8 14.9 - -
0.931 17.76
18:0 1.000 18,00 0.2 0.3 1.5 0.6 1.2
18:1n.9 : y 33 03 1.2 15 12.5
1119 18.37 -
18:1n.7 1143 1844 12.5 76 0.7 19
18:2n-6 } ’ 174 8.0 2.6 16.2 5.1
1.323 18.92
18:3n-6 1457 19.93 1.0 1.1 0.1 1.0 1.9
18:3n-3 1‘645 123.63 124 17.7 26.7 14.3 15.4
18:4n-3 1.802 ]9'9,% 2.7 9.3 14.8 0.5 13
20:4n-6 2-824 21'4‘1 2.3 0.8 0.1 38 2.3
20:4n-3 iy y 0.1 0.7 1.2 0.3 0.2
3.233 21.86
22:0 3872 29.00 04 0.7 1.2 0.1 28
20:5n-8 o o 06 1.8 14 2.9 1.8
3.435 22.06
240 6117 23.97 - - 0.8 1.0 1.4
22:5n-3 6'425 24'13 08 1.8 5.4 0.4 0.3
Others g ' 3.2 2.6 3.7 5.0 4.1
Sat. 35,0 324 228 30.7 41.3
Mono. 115 10.4 3.6 7.7 15.0
Poly 44.3 54.6 70.0 56.6 298
Unknown - - - - 9.8

*1 Sat.: Saturated fatty acids, Mono.: Monoenoic {atty acids, Poly.: Polyunsaturated fatty acids.

#2 Relative retension time.
*#3 Equivalent chain length.
#4 Not detected.

acids of Chlorophyta were Cig and Cjg, Phacophyta
were Cig and Cgp and Rhodophyta were Cap.

These features of fatty acids composition among the
phyta were similar to the results of previous papers
reported on the fatty acids in 10 species of Chloro-
phyta, 25 species of Phaeophyta and 22 speceis of
Rhodophyta, that collected in Australian waters,
Scotland coasts and Japanese watc&rs1 —38.8 —10)'
Whereas C16:3 n-3 and Cl16:4 n-3 were not detected in
falty acids of Codium fragile (Chlorophyta) in pre-
sent study. In the present study, unknown peaks
were detected in the gas chromatograms of C. fragile,
Ascophyllum nodosum and Laurencia okamurae.
The component percentages in the unknown peaks
comprised 10% (C. fragile), 1% (A. nodosum) and
16% (L. okamurae) to their total fatty acids. The
structural analysis of the component has not been
done. But it is presumed that the structure of these

components are (rens monoenoic, odd-chain or

branched-chain fatty acids from the retention data
of gas chromatograms. The existence of ¢rans 16:1n-
13 in G. asiatica was described Araki et al. 2)‘
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Table 3. TFatty acid composition of the lipids of Phaeophyta (%)

T : s . - : : A. nodosum

+ . S o E. kurome E. bicyclis U. pinnatifida H. fusiformis P, binghamiae s

Fatty acd* 1 RRT* 2 ECL* 3 (urome)  Chrame)  (Wakame) (ki) (Habanori) (A species of
Hibamata)

12:0 0.151 12.00 4.0 0.3 0.0+% 0.5 0.0 0.0
Unknown 0.254 13.61 1.5 0.4 - 0.3 - -
Unknown 0.271 18.81 - - - 1.2 - -

14:0 0.288 14.00 5.9 7.0 5.6 3.0 8.5 9.3
16:0 0.547 16.00 24.4 231 36.0 335 303 1.1

16:1n-7 0.618 16.40 7.8 10.3 12 6.3 11 1.5

18:0 1.000 18,00 0.7 0.7 33 0.5 1.0 0.5

18:1n-8 1.119 18.37 13.8 135 216 8.1 21.1 -

18:1n-7 1.143 18.44 - 0.6 - - 1.3 34.0

18:2n-6 1.323 18,92 6.0 5.1 5.9 3.6 6.8 7.1

18:3n-6 1.457 19.23 1.2 0.8 08 0.3 0.3 0.3

18:3n-3 1.645 15.63 2.3 3.4 1.6 6.9 2.8 2.8

18:4n-3 1.802 19.83 3.0 4.7 2.3 2.2 2.3 2.4
20:0 1.840 20.00 2.2 L7 1.4 0.3 1.8 0.2
20:in-9 2.048 20.35 0.2 0.4 - 2.6 0.1 0.2
20:1n.7 2.169 20.54 - - - 1.4 - -
20:2n.6 2415 20.90 0.3 0.2 0.2 0.2 0.3 1.8
Unknown 2.584 21.12 - 0.1 - 0.1 0.) 38
20:3n-6 2.671 21.23 0.9 0.4 1.2 0.5 0.5 0.5
20:4n-6 2.824 21.41 16.0 17.5 14.0 13.8 9.1 12.8
20:4,5,11,14,17 3.139 21,76 - - - 0.1 - 1.3
20:5n-3 3.435 22.06 35 4.5 38 5.7 7.0 6.8
22:1n-9 3.680 22.28 - - - 4.0 - 0.3
22:5n-3 6,425 24.13 - - -~ - - 1.1
Others 6.1 53 1.0 5.8 6.4 2.1
Sat. 37.3 328 46.2 378 41.7 21.1
Mono. 220 24.8 228 21.5 238 36.0
Poly. 33.2 36.6 289 333 28.1 37.0
Unknown 15 0.5 - 1.6 0.1 3.8
*1  Sat.:Saturated fatty acids, Mono.: Monoenoic acids, Poly.: Polyunsaturated fatty acids,

*2  Relative retension time.

#3  ITiquivalent chain length.

*4 Noi detected.

*5  <0.06%

Table 4. Faity acid composition of the lipids of Rhodophyta (%)

. . i , P. ianosa
atte nel . . o Poyeroensis G asiaticn N, multifidum  C. oceellatus . furcata G. elegans L. okamurae ’ -
Fatty acid# L BRT* 2 ECL* 3 (gichino) (Ogonort)  {Tsukumonori)  {Tsunometa}  (Pukuro funor) (mekusa)  { Mitsudesozo) l(tg‘gu;f)mw of

12:0 0.151 12,00 0.1 0.2 1.0 0.1 0.1 0.2 0.1 0.1
80 ~14:0 0.241 13.52 - 0.0-5 - - 0.0 - 2.2 00

14:0 0.288 14.00 0.1 5.2 3.7 57 2.8 4.3 7.3 33
Unknown 0.422 15.23 - - - - - -~ 2.5 -~

16:0 0.547 16.00 220 40.0 35.1 46.9 26.1 409 308 321

16:in~17 0.618 16.40 3.6 0.7 1.7 1.2 1.2 1.1 1.4 8.3

17:0 0.7563 17.00 - - 0.0 0.1 0.0 0.1 0.2 6.4
Unknown 0.774 17.16 - - - - - — 6.9 —~

18:0 1.000 18.00 0.5 0.7 0.6 1.1 2.1 1.0 0.4 0.5

1&1in-98 1,118 18.37 1.7 4.3 5.3 12.6 16.1 6.3 5.8 2.2

18:in—7 1.143 18.44 0.4 1.0 1.9 - 24 - 25 6.7

18:2n—6 1.323 18.92 1.6 0.8 0.7 0.7 1.3 0.5 0.8 4.0

18:3n—6 1457 19.23 0.4 0.6 0.2 0.5 04 0.2 0.5 0.6
Unknown 1.643 19.42 - - 0.0 - - ~ 6.9 -

18:3n -8 1.645 19.63 0.1 0.0 0.2 0.1 0.3 0.1 0.1 1.2

18idn—3 1.802 19.93 0.3 - 0.1 0.2 0.1 0.1 0.1 1.1
20:in~9 2.048 20,35 29 - - 0.0 0.1 = - -
20:2n—6 2416 20.80 1.0 0.2 0.1 - - - 0.1 -
20:3n~6 24671 21.23 19 38 1.3 0.6 1.3 0.3 0.7 0.6
20:4n—6 2.824 21.41 3.4 41.2 5.7 17.7 11.8 20.8 6.9 9.2
20:5n—3 3435 22,06 57.5 0.1 37.2 118 30.5 20.4 179 207
Others 2.4 14 5.1 1l 3.5 39 57 3.1
Sat. 228 46.0 40.5 538 31.0 46.4 41.0 42.4
Mono. 8.6 6.0 8.9 139 19.8 T4 9.8 17.2
Poly. 86.2 46.7 45.5 N2 45.8 423 271 374
Unknown -~ -~ 0.0 = - - 164 -

*1 Sat.: Saturated fatty acids, Mono.: Monoenoic faity acids, Poly.: Polyunsaturated fatty acids.
*2 Relative retension time.

*3 Dquivalent chain length.

x4 Not detected.

*5  <0.05%
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