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Occurrence of Branched- and Odd-chain Fatty Acids in a Mud-feedin~ 
Sea U rchiD, Strongylocentrotu8 franci8canUB 

Kenji HAYASHI* and Toru TAKAGI* 

Abstract 

The fatty acid composition of non-polar lipids consisting mainly in triglycerides 
of the gonad and viscera in a mud-feeding sea urchin, Strongylocentrotus franciscanus, 
is reported. In both the gonad and viscera, the percentage of the pentaenes of 0 20 

(ca. 20%), the monoenes of 016> 0 18 and 0 20 , and the saturate of 018 (each ca. 10%) 
are found as the major components, and the unsaturated acids are more abundant 
than the saturated ones. The contents of iso and anteiso fatty acids are 4.0% 
in the gonad and 3.2% in the viscera, and those of normal odd-chain fatty acids 
ranging 0 13 - 23 are 7.4% in the former and 5.6% in the latter. These significant 
amounts of branched- and odd-chain fatty acids are possibly derived in part from 
the dietary sediments of the sea urchin. 

Introduction 

The occurrence in nature and biochemistry of branched-chain fatty acidsl ,2), 

and the essential fatty acid activity of odd-chain fatty acids in fish3) have already 
been reviewed. Branched- or odd-chain fatty acids are now known to occur as 
common minor c::>ngtituents in the lipids of marine animals. Exceptionally, 
certain fishes have been very rich in odd-chain fatty acids in their lipids. The 
mullet, Mugil cephalus, of a vegetarian mud-grubbing species, normally 
contained lO-25% odd-chain fatty acids4,5,6). The smelt, Osrnerus mordax, from 
one specific location, was found to contain relatively larger amounts of odd-chain 
fatty acids1). The same was also true for a typical mud-feeding species, the 
holothurian, Scotoplanes theeli, which contained comparatively larger amounts of 
odd- and branched-chain fatty acids8 ). It is well known that microorganisms 
metabolized relatively high amounts of branched-chain fatty acids9,lO). The 
relatively high ratio of branched-chain to straight-chain fatty acids in the sediments 
was suggested to be of a bacterial originll). 

In this paper, we report findings on the relatively high contents of the 
homologues of branched- and odd-chain fatty acids in a mud-feeding sea urchin, 
Strongylocentrotus franciscanus. In this country, the raw or salted gonad of algal 
feeding sea urchins, Anthocidaris crassispina, S. intermedius and S. pulcherrimus, 
are known to be more tasteful than those of the S. franciscanus; the latter tastes 
mud. There are several reports on the fatty acid compo~ition of the algal feeding 
sea urchins, S. nudusl2 ) , Pseudocentrotus depressus12 ) , A. crassispinal2 ,14,l5) , S. inter-
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medius13 ) and S. pulcherrimus12•16) , however, there is little information on that of 
the sea urchin, S. jranciscanus. 

Experiments 

Sea urchin, S. jranciscanus, was collected at a depth of 20m off-Moheji near 
Hakodate, Japan, in April, 1973. The specimens of 66 individuals were 65 cm in 
average test diameter, the spine being excluded and 87 g in average weight. The 
pooled gonad and viscera of the above specimens were 360 g and 510 g in total 
wet weight, respectively. All the lipids in the gonad and viscera were extracted by 
the method of Bligh and Dyer11). The non-polar lipids were separated from the 
whole by chromatography on silicic acid-Oelite (2 :1) columns with the elution of 
chloroform. The fatty acids were recovered after removal of the unsaponifiable 
materials and were esterified with boron trifluoride-methanol reagentI8 ). The fatty 
acid composition of the non-polar lipids was determined by means of a YANAGIMOTO 

gas chromatograph (model G8) equipped with a dual hydrogen flame detector. The 
column used was 1.5 m X 3 mm i.d., U shaped, of stainless steel, and packed with 10% 
diethyleneglycol-succinate (DEGS) on Ohromosorb W AW. The oven temperature 
was 190°0 and the inlet pressure of nitrogen 0.7 kgjcm2• The fatty acid methyl 
esters were identified by comparison with known commercially available standards. 
An additional identification of both the saturated and unsaturated fatty acids was 
accomplished by a log plot of the retention times against the number of carbons 
in the chain, before and after hydrogenation of the fatty acid methyl esters. The 
part of fatty acid methyl esters has been hydrogenated in a n-hexane solution with 
an activated Raney-nickel catalyst, bubbling hydrogen at atmospheric pressure 
and at 40°0. The percentage of each fatty acid was calculated by measuring the 
area of the peaks. The analysis of the components of the non-polar lipids and 
unsaponifiable materials was accomplished by thin-layer chromatography (TLO); 
a thin layer of 0.25 mm silicic acid activated at 110°0 for 60 min, a developing 
solvent: petroleum ether-ethyl ether-acetic acid (90:10:1, vjv) or petroleum ether
ethyl ether (50:50, vjv), and a reagent: 15% phosphomolybdic acid in ethanol. 

Results and Discussion 

The lipid contents and the characteristics of the non-polar lipids of the gonad 

Table 1. Lipid rontents and the characteristics of the ncm-polar lipids of the 
gonad and viscera in the examined sea urchin. 

Non-polar lipid 
Part Lipid content Content 

I I 
I U.S.M.*** 

% % 
A.V.* I.V.** 

% 
Gonad 1.8 64.8 9.1 142.2 19.9 

Viscera 0.9 56.1 - 144.4 25.1 

* Acid value. ** Iodine value. *** Unsaponifiable materials. 
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Table 2. Fatty acid composition of the non-polar lipids of the gonad 
and viscera in the examined sea urchin. 

Fatty acid 
Weight percent 

Gonad Viscera 

Iso 12:0 tr* tr 
12:0 tr 0.1 
12:1 tr tr 

Iso 13:0 tr tr 
13:0 0.1 0.1 
13:1 tr tr 

Iso 14:0 0.1 0.2 
14:0 4.4 4.5 
14:1 0.2 0.1 

Iso 15:0 0.6 0.6 
Anteiso 15:0 1.3 0.9 

15:0 0.8 0.6 
15:1 0.3 0.2 

Iso 16:0 0.5 0.4 
16:0 9.5 10.4 
16:1 10.5 8.7 

Iso 17:0 0.6 0.5 
Anteiso 17:0 0.5 0.4 

17:0 0.7 0.4 
17:1 0.7 0.4 

Iso 18:0 0.2 0.1 
18:0 3.1 3.8 
18:1 10.3 8.5 
18:2 1.5 1.9 
18:3 1.3 1.5 
18:4 4.1 4.0 

19:0 0.8 0.5 
19:1 0.8 1.0 

Iso 20:0 0.2 0.1 
20:1 9.7 9.7 
20:2 1.0 0.9 
20:3 0.3 0.6 
20:4 4.6 7.5 
20:5 20.3 22.7 

21:1 1.6 1.0 
21:5 1.1 0.9 

22:1 2.8 2.4 
22:2 1.1 0.7 
22:5 0.8 0.6 
22:6 2.8 2.3 

23:0 0.5 0.5 

24:1 0.3 0.3 
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and viscera are given in Table 1. All the lipids of the examined species were in a 
viscous state with dark reddish brown for the gonad and with dark brown for the 
viscera. The lipid contents for the gonad yielded twice as much as those of the 
viscera, although the contents of both the gonad and viscera were lower than those 
of algal feeding sea urchins, A. crassispina,12) and S. pukherrimus16). It was also 
noted that there is a higher lipid content in the gonad than in the viscera, as a rule. 
The non-polar lipid contents in the gonad were higher than those in the viscera, 
whereas the polar lipids were abundant in the viscera. These data agree with the 
results on the sea urchins, S. pukherrimus16 ) and A. crassispina19). The TLO 
analysis of non-polar lipids in both the gonad and viscera revealed that triglycerides 
were the predominant components. Kochi16) has also reported that the major 
components of the non-polar lipids in both the gonad and viscera of the algal feeding 
sea urchin, S. pulcherrimus, were triglycerides. The iodine values for both the 
gonad and viscera in the examined species were relatively higher than those of 
A. crassispina14•19 ). The results of the TLO analysis showed that sterins were the 
larger components of the unsaponifiable materials for both the gonad and viscera, 
while hydrocarbons and glyceryl ethers were the smaller components. Small 
amounts of fatty alcohols were detected in the viscera. 

The fatty acid composition of non-polar lipids for the gonad and viscera in the 
examined species are given in Table 2. In addition, the comparisons of the 
saturated and unsaturated fatty acids based on the carbon numbers are listed in 
Table 3 for the gonad and in Table 4 for the viscera. As given in Table 2, the 
relatively predominant fatty acids for both the gonad and viscera were 20 :5, 18 :1, 
16:1, 16:0 and 20:1 acids. And the major carbons in the fatty acids were 020, 018 

and 0 16 acids, and the unsaturated acids were more abundant than the saturated 

Table 3. Oomparison of the saturated and unsaturated fatty acidB of the gonad in 
the examined sea urchin. 

Weight percent 
Fattya.cid 

Saturated I 
Unsaturated 

Monoenoic I Dienoic Polyenoic 

012 tr( tr)* tr** - -
013 0.1( tr) tr - -
C14 4.5(0.1) 0.2 - -
015 2.7(1.9) 0.3 - -
016 10.0(0.5) 10.5 - -
017 1. S(1.1) 0.7 - -
O1S 3.3(0.2) 10.3 1.5 5.4 
019 O.S O.S - -
C20 0.2(0.2) 9.7 1.0 25.2 
C21 - 1.6 - 1.1 
C22 - 2.S 1.1 3.6 
C23 0.5 - - -
C24 - 0.3 - -

Total I 23.9(4.0) I 37.2 I 3.6 I 85.3 

* The numbers in parentheses indicate the branched-chain fatty acids. 
** Trace. 
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Table 4. Comparison of the saturated and unsaturated fatty acids of the viscera in 
the examined sea urchin. 

Weight percent 
Fatty acid 

Saturated I 
Unsaturated 

Monoenoic I Dienoic I Polyenoic 

012 0.1( tr)* tr** - -
013 0.1( tr) tr - -
014 4.7(0.2) 0.1 - -
015 2.1(1.5) 0.2 - -
016 10.8(0.4) 8.7 - -
017 1. 3(0. 9) 0.4 - -
018 3.9(0.1) 8.5 1.9 5.5 
019 0.5 1.0 - -
020 0.1(0.1) 9.7 0.9 30.8 
021 - 1.0 - 0.9 
022 - 2.4 0.7 2.9 
023 0.5 - - -
024 - 0.3 -

I -

Total 32.3 3.5 40.1 

... The numbers in parentheses indicate the branched-chain fatty acids . 
...... Trace. 

I 
Total 

0.1 
0.1 
4.8 
2.3 

19.5 
1.7 

19.8 
1.5 

41. 5 
1.9 
6.0 
0.5 
0.3 

100.0 

acids, for both the gonad and viscera (Table 3, and Table 4). The monoenoic acids 
were greater in the gonad, whereas the viscera had more of the polyenoic acids. 
The typical mud-feeding holothurian, S. theeli8 ) , had a high percentage of 20:4 and 
20:5 acids in the fatty acid composition, although in the examined mud-feeding 
sea urchin only the 20:4 acid was less than that of the holothurian. The fatty acid 
composition of the non-polar lipids in the gonad or viscera of the algal feeding sea 
urchins. S. nwius12 ), P. depressus12), S. intermedius13 ), A. crassispina12.14.15), and S. 
pulcherrimus12.16), was reported to be relatively larger in 14:0 and 16:0 acids and 
smaller in 20:5 acid. In contrast, those of the examined mud-feeding sea urchin 
revealed larger 20:5 acid and smaller 14:0 and 16:0 acid contents. 

A linear-log plot of the DEGS retention values of the methyl-branched peaks 
yielded two straight lines, corresponding to the iso and anteiso fatty acids in the 
fatty acid composition for both the gonad and viscera in the examined species. 
Branched-chain fatty acids in the sea urchin which was examined contained 
significant amounts, namely, 4.0% in the gonad and 3.2% in the viscera. Iso and 
anteiso fatty acids were about equal in amount. The branched-chain isomers 
with even numbers of carbon atoms were relatively abundant compared with those 
of the odd ones. The C16 and C17 branched-chain fatty acids were relatively abund
ant. Recently, K6chiI6) has reported that the fatty acids in triglycerides of the 
major components of non-polar lipids obtained from the gonad and viscera in the 
algal feeding sea urchin, S. pulcherrimus, contained minor quantities of iso and 
anteiso fatty acids, namely, 0.8% in the gonad and 1.4% in the viscera. It has been 
reported that the typical mud-feeding species of the holothurian, S. theeli, 
contained comparatively larger amounts of 5.0% branched-chain fatty acids8 ), and 
the same was also true for the sediments at 1.5-7.2%11). Bya comparison of the 
ratios of even-chain saturated acids to the corresponding iso branched isomer for 
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C16 and C14, Leo et al.ll) found ratios between 1 and 20 for the sediments, compared 
to the ratios between 100 and 500 for a variety of higher marine organisms20). Lewis8) 

has also reported that the holothurian gave ratios between 2 and 11 for the C14, C16, 

and C18 acids. The same ratios calculated to Cw C16, and C18 acids for the 
examined sea urchin were between 16 and 44 for the gonad, and between 23 and 38 
for the viscera, agreeing closely with the ratios of the sedimentsll ) and holothurian8) 

and indicating a significant enrichment. The examined sea urchin fed upon the 
surface layer of the bottom sediments which was known to be rich in organic 
detritus and bacteria. Considering that bacteria lipids are noted for being rich 
in branched-chain fatty acids9•10), it is probable that these acids in the examined 
sea urchin might stem from bacterial sources contained in its diet. 

The contents of normal odd-chain fatty acids in the examined sea urchin were 
relatively higher, namely, 7.4% in the gonad and 5.6% in the viscera, compared to 
0.5-3.7% in the non-polar lipids of the gonad in algal feeding sea urchins, P. 
depressus12 ) , S. nudus12 ) , S. pulcherrimus12 ) , and A. crassispina12,14) , and 4.9% in 
triglycerides for both the gonad and viscera in S. pulcherrimus16). The normal odd
chain fatty acids in the examined species were adequately approximated to the 
amounts of 7.0% in the mud-feeding holothurian, S. theeli8 ), and of 3.6-6.4% in the 
sedimentsll). It is reported that the mullet, M. cephalus, of a vegetarian mud
grubbing species concentrated normally larger amounts, namely, 10-25% of normal 
odd-chain fatty acids 4. 5. 6), as compared to 1.8-3.6% for a variety of higher 
marine organisms20). Thus, it is presumed that the relatively high contents of 
normal odd-chain fatty acids in the examined mud-feeding sea urchin might also 
be related to its diet. 

It is inferred that the characteristic fatty acid composition, described above, 
in the non-polar lipids of the examined mud-feeding sea urchin, differed from those 
of the algal feeding sea urchins, and the difference was attributed in part to the 
sediment components of the sea urchin diet. 
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