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Fatty acids of total lipid, neutral lipid, triglyceride, sterol 
ester and phosphatidylcholine of Cerethidea cingulata 
(Gmelin) have been determined. Levels of 16:1 (14%), 
20:5co3 {15%} and nonsaponifiables (40%) were found. 

The molluscs constitute one of the more important inverte- 
brate groups in the animal kingdom and are divided taxonomi- 
cally into seven classes, of which Gastropoda, Bivalvia and 
Cephalopoda comprise major marine fishery resources and are 
commercially important worldwide (1). In addition to their 
commercial value, current interest in the role of dietary polyun- 
saturated fatty acids in human health, particularly that of 
eicosapentaenoic (20:5o~3) acid in amelioration of certain cardi- 
ovascular diseases (2-4), also focuses attention on the molluscs, 
as well as other marine fishery products, which are excellent 
sources of polyunsaturates. 

Sunderbans mangrove environment constitutes a complex 
ecosystem at the confluence of the deltaic estuarine complex of 
the river Hooghly and the Bay of Bengal. The enormous salt 
marshes and mud flats of this mangrove system support a lux- 
uriant benthic macrofauua, of which molluscs, perhaps, consti- 
tute the major population. Fatty acid distributions in various 
lipid classes of the gastropod Cerethidea cingulata, one of the 
dominant gastropod animals of this mangrove area, have been 
determined. They were not investigated previously. 

EXPERIMENTAL 
Sample collection and extraction of lipids. Samples were col- 
lected from the southwest coast of Sagar island, between the 
latitude 21 ° and 21.53°N and longitude 88.02 ° and 88.15°E. 
Flesh of 100 animals was taken out of the shells, and lipids were 
extracted according to the method of Bligh and Dyer (5). Lipid 
was weighed and stored in n-hexane at -18 C. Analytical data 
for the lipid was acquired by the official methods of AOCS (6). 

Saponification of total lipid, separation of nonsaponifiables 
and fatty acids. The total lipid was saponified in an atmosphere 
of nitrogen gas, according to Hilditeh (7), using methanolic 
KOH. Nonsaponffi_ables were extracted with diethyl ether, 
pooled, dried and weighed. Fatty acids were liberated by acidify- 
ing the aqueous layer with 4N H2S04 in an atmosphere of nitr~ 
gen and e x t m c ~  by diethyl ether. Pooled ethereal extract of 
fatty acid was dried and methylated using diazomethane (8). 

Fractionation of mixed methyl esters of total lipids by argenta- 
tion column chrarnatography. The m~ed methyl esters of the 
total lipid were fractionated by argentation column chroma- 
tography (9). Altogether seven fractions, from saturated to hex- 
aenoate esters, were obtained as descrfl~ed previously (10). 

Fractionation of total lipid into various classes. The total lipid 
was fractionated into neutral lipid and pbospholipid by column 
chromatography on silicic add (11). The neutral lipid was frac- 
tiouated into hydrocarbons, sterol esters, triglycerides, free fatty 
acids and sterols by preparative TLC (12), using a solvent system 
of light petroleum ether (40-60 C), diethyl ether and acetic add 
(80:20:1, v/v/v). With this solvent system hydrocarbon and sterol 
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ester bands were overlapped; these were resolved by rechro- 
matography using n-hexane as developing solvent. Phosph~ 
lipids were resolved into components on preparative TLC plates 
coated with alkali treated adsorbent (13). 

Extraction and methylation of fatty acids of neutral lipid, 
triglyceride and phosphatidylcholine. The fatty acids of neutral 
lipid, triglyceride and phosphatidylcboline were obtained by 
alkaline hydrolysis (7) and were methylated by diazomethane (8). 

Lipolysis of sterol ester on TLC plates and separation of the 
products. Sterol ester was lipolyzed on a TLC plate (14), using 
lipid-free (15) porcine pancreatic lipase. Sterols and fatty acids 
were separated on the same TLC plate and were recovered. Fatty 
acids were methylated using diazomethane. 

Separation of the components of nonsaponifiables. Sterols, 
hydrocarbons and alkoxy lipids were separated and isolated 
from nonsaponifiables by preparative TLC (16) using light 
petroleum ether (40-60 C) and diethyl either (1:1, v/v). The 
alkoxy lipids were recovered from the origin, which gave 
yellow spots with 2,4-dinitrophenylhydrazine reagent (17). 

Gas liquid chromatography. The instrmnent used was a Pye 
Unicam model 104 gas chromatograph equipped with dual 
glass column (1.8 m x 3 mm) and dual flame ionization detec- 
tor. Fatty acid methyl esters were analyzed on 10% DEGS li- 
quid phase supported on 80-100 mesh Diatomite C (AW, DMCS 
treated). Sterols were analyzed as acetates and also as 
trimethylsilyl ether derivatives on 3% SE-30 and 3% OV-17 
columns (14), respectively. The hydrocarbons were analyzed 
directly on 3% OV-17 column (17). For preparative GLC, a 15% 
DEGS column (2.1 m x 8 mm) was used (28). 

Catalytic reduction. Aliquots of all the fatty acid methyl 
ester samples were reduced catalytically, using platinum oxide 
catalyst (20). 

Peak identification. Fatty acid methyl ester peaks were 
identified using (i) cod liver oil fatty acid methyl esters as 
secondary standard according to the method of Ackman and 
Burgher (18); (ii) semilogarithmic plot (19) of relative retention 
times (RRT) against carbon chainlengths of the fatty acids of 
cod liver oil and fitting the logarithm of RRT of the fatty acids 
under investigation into these plots; (iii) comparison of the 
equivalent chainlength (ECL) values with those published 
(18,27); and (iv) comparison of the chromatograms of the 
hydrogenated and nonhydrogenated samples. 

Hydrocarbon peaks were identified by comparison of the 
retention times with those of authentic standards and by semi- 
logarithmic plots of RRT against carbon chainlengths. 

Mass, NMR, UV and IR spectroscopy. The mass spectra of 
20"3oJ9, 20:4o~6 and 20:5oJ3 acids were taken on a low resolution 
mass spectrometer, model MS-30 by AEI, UK. The NMR spectra 
of these three fatty acid methyl esters were recorded on a 90 
MHz spectrometer by Varian Associates, California. The UV and 
IR spectra were recorded on instnnnents by Hilger-Watts, UK. 

Determination of double bond positions of 20:3~9, 20:4~6 and 
20:5~3. The double bond positions of the three fatty acids were 
determined by 0 partially reducing them with hydrazine 
hydrate (21) to produce maximum amounts of monoenoic acids; 
(ii) recovery of monoenes by TLC on silver nitrate-treated 
plates (22); (iii) permanganate-periodate oxidation (23) of the 
monoenoic acids; (iv) separation of mono- and dicarboxylic 

JAOCS, Vol. 63, no. 2 (February 1986) 



224 

A.K. DUTTA ET AL. 

acids on TLC plates (24), and (v) final identification of the 
mono-and dicarboxylie acid esters by GLC. 

RESULTS AND DISCUSSION 

The total lipid was 10% of the tissue on a wet weight basis, 
with an iodine value (Wijs) of 70. Nonsaponifiable content was 
40% of the total lipid, which was quite high but comparable to 
that of B. boddaerti (25), another detritus-feeding benthic 
animal of this ecosystem. 

The total lipid was fractionated into neutral lipid and phos- 
pholipid by column chromatography. The neutral lipid fraction 
was further fractionated into various classes, which have been 

TABLE 1 

Composition of Various Lipid Components of C. cingulata 

Components % w/w 
of total lipid 

Hydrocarbon 1.7 
Sterol ester 12.0 
Triglyceride 9.3 
Free fatty acid 2.1 
Sterol 31.1 
Phosphatidylcholine 39.2 
Other phospholipids 2.6 
Alkyl glycerol ethers 2,0 

presented in Table 1. Phosphatidylcholine was over 93% of the 
total phospholipid and was also the major component among all 
the lipid classes. Other minor constituent phospholipids were 
phosphatidylserine, phosphatidylethanolamine and lysophos- 
phatidylcholine. The abnormally high level of nonsaponifiables 
was due to substantially high levels of sterol and sterol ester in 
the total lipid. GLC analysis of the derivatized sterols from the 
nonsaponifiables revealed the presence of a component (80%) 
with retention time identical to that of cholesterol and three 
minor components with higher retention times. Although the 
major sterol in the present study had a retention time identical 
to that of cholesterol, the structure may be different, par- 
ticularly with respect to the side chain, which is common in 
marine sterols (26). GLC analysis of the hydrocarbon fraction 
indicated the presence of saturated components with 20- to 
38-carbon chainlengths, of which 21-, 31-and 33-carbon 
chainlengths were absent. Major components were C-28 
(30.5%), C-29 (12%), C-30 (8070), C-32 (6°70) and C-36 (6070). 
Among the branched chain hydrocarbons of the iso-series, C-23 
(2070) and C-29 (4.5070) were present. 

The mixed methyl esters of total lipid were fractionated by 
argentation column chromatography into seven fractions con- 
taining 0-6 double bonds. The three biologically important fatty 
acids, viz 20:30D, 20:40~6 and 20 :5~ ,  were isolated by prepara- 
tive GLC of the fractions containing tri-, tetra- and pentaenoic 
fatty acids, respectively. The mixed methyl esters of neutral 
lipid, triglyceride, sterol ester and phosphatidylcholine were 
analyzed directly by GLC. The peaks were identified on the 
basis of RRT, ECL and hydrogenation data. The fatty acid 
methyl ester samples did not show the presence of any con- 

TABLE 2 

Fatty Acid Compositions (% w/w} of Various Lipids of C. cingulata 

Fatty Total Neutral Sterol 
Triglyceride 

acids a lipid lipid ester 
Phosphati- 
dyl choline 

ECL 
values b 

12:0 0.8 0.5 0.5 1.5 1.0 12.0 
14:0 0.7 2.0 2.0 5.5 1.5 14.0 
16:0 12.0 13.5 14,0 18.0 13.0 16.0 
18:0 4.0 7,0 7.5 12.0 3.0 18.0 
22:0 0.3 2.5 4.5 3.0 0.5 22,0 

12:1 0.2 0,5 0.5 0.5 0.3 12.4 
14:1 6,0 6.0 6.5 6.5 5.5 14.5 
16:1 14.0 13.0 13.5 11.5 13.5 16.6 
17:1 1.5 0.5 0.5 0.5 1.0 17.4 
t8:1 9.5 11.5 12.0 15.5 9.5 18.5 

20:1 1.0 1.0 1.5 1.0 1.0 20.4 
21:1 0.8 0.5 0.5 0.2 0.5 21.3 
22:1 0.5 0.5 0.5 0.2 0,5 22.7 
18:2co6 4.5 6.0 6.0 6.0 4.0 19.4 
20:2co9 0.8 1.0 1.5 1.0 0.8 20.85 

22:2o~9 0.5 1.0 1.0 0.5 0.5 22.75 
18:3co3 8.0 7.5 7.5 6.0 10.0 20,4 
20:3(o9 3.5 2,5 2.0 1.0 3.5 21.6 
18:4co3 1.0 0.5 0.5 0.5 0.5 21.3 
20:4(o6 3.0 2.5 2.0 1.0 3.5 22.8 

20:5co3 15.5 12,8 10.5 6.0 15.0 24.0 
21:5(o3 4,5 1.5 0.3 0.3 3.5 24.95 
22:5co6 1.5 1.5 1.5 0.5 2.0 25.5 
22:5co3 1.9 1.0 1.2 0.5 2.4 26,0 
22:6co3 4.0 3.2 2.0 0.8 3.5 26.25 

alsomeric monoenoic esters could not be distinguished. 
bEquivalent chalnlength (ECL) values. 
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jugated unsaturation or unusual groups, on examination by UV 
or IR spectroscopy. The fat ty acid compositions of various 
samples and the ECL values of the various fat ty  acids have 
been presented in Table 2. 

For the structural confirmation of 20:3~9, 20:4~6 and 
20:5~3 acids, they were isolated in the pure state by 
preparative GLC. Oxidation of the monoenes obtained by the 
partial reduction of these acids produced mono- and dicarbox- 
ylic acids, carbon chainlengths of which were determined by 
GLC; double bond positions were ascertained (25). Catalytic 
reduction of the three acids produced arachidic acid (20:0). 
Molecular weights of the methyl esters of 20:3~9, 20:4~6 and 
20:5~3_ acids were 320, 318 and 316, respectively, as deter- 
mined from the mass spectra. NMR spectra of 20:3~9, 20:4~6 
and 20:5a~3 were identical to those of the synthetic 20:3e9 acid 
(28), authentic 20:4~6 obtained from Nu-Chek-Prep. Inc., Ely- 
sian, Minnesota, and previously isolated 20:5~3 acid (25), 
respectively. 

The fat ty acid compositions of total lipid, neutral lipid, 
triglyceride, sterol ester and phosphatidylcholine have been 
presented in Table 2. Qualitatively, all the lipid components 
have identical fatty acid compositions with quantitative varia- 
tions. In all the lipids, proportions of unsaturated fat ty  acids to 
saturated ones were higher. Highest proportion (82.2%) of un- 
saturated fat ty  acids was in total lipid, whereas the lowest 
(60.0%) was in sterol ester. The proportion of unsaturated fatty 
acids in phosphatidylcholine was also comparable (81.9%) to 
that  in the total lipid. Among the unsaturated fat ty  acids, the 
proportions of monoenoic fat ty acids were highest in all the 
lipids and were always over 30% of the total fat ty  acids. 
Among the polyunsaturated fat ty acids, proportions of total 
pentaenoic fat ty  acids were relatively high in the total lipid 
(23.4%) and phosphatidylcholine (22.9%). Of the pentaenoic 
fat ty acids, levels of 20:5~3 were as high as 15.5% in the total 
lipid, comparable to that in B. boddaerti (25). The 20:5~3 fatty 
acid is important because it can form biologically active pro- 
staglandins (29,30). The highest level of 20:5u~3 hitherto 
reported ranges up to 18% in pacific pilchard oil (31). The other 
prostaglandin precursor acid, viz 20:4~6 (32), was present in 
low levels. The other biologically important fat ty acid, viz 
20:3¢9, which is produced in animals with essential fatty acid 
deficiency (33), was present in all the lipids, though in low 
levels. The overall fatty acid profile of C. cingulata lipid was 
comparable to that  of B. boddaerti (25), another detritus- 
feeding benthic animal of this ecosystem. 
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