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A very significant part of the enormous biomass of water organisms
consists of lipids. Mankind utilizes of this quantity about 1 million metric
ton a year. This rate will only increase in the coming years due to the quick
progress in sea-fisheries (Swain 1958). As the utilization of fish fats depends
on their chemical composition numerous data are already known in this field
(Hirditch 1956).

According to these analyses the fats of fishes differ characteristically
from those of land animals. Experiments in aquaria showed (Kerry et al.
1958, Farkas and Herodek 1964) that food determines basically the compo-
sition of fats in fishes. As a source of the fat in fishes primarily plankton crus-
taceans can be taken into account. With fractionated destination the fatty
acid composition of altogether four crustacean species was investigated
previously (Lovern 1935). In our earlier papers (Farkas and Herodek
1959, 1961, 1962, 1964) we published paper chromatographic analysis on the
composition of fatty acids of ten species.

The resolving power of both fractionated distillation and paper chroma-
tography is rather restricted. The aim of this paper is to give a more detailed
and correct picture on the fatty acid composition of several crustaceans with
gas chromatographic method.

Material and methods

Plankton crustaceans were sampled with a Ko. 6 net trawled by a row-
boat. Living animals, kept in water were brought to the laboratory where the
species composition of the samples were determined. If a sample contained
Cladocerans and Copepods the water was bubbled through in order to separate
them, in this way the Cladocerans were brought to the surface while the Co-
pepods stayed at the bottom. Only samples were determined where the spe-
cies to be investigated was present in at least 99%. Therefore the analytical
data are characteristic for the given species. The needed quantity of the Am-
phipods were collected with pincers.

From each species samples of some grams in fresh weight were obtained.
The water was blotted from the animals with filter-paper then they were ground-
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ed with anhydrous NazZS04. The fat was extracted in N2atmosphere under
reflux three times with petroleum ether. For 1 g sample 30 ml solvent was
used. An aliquot of the extract containing 40 mg lipid was evaporated under
N2and taken up in 1 ml hexane. Fatty acids of this lipid were transmethylated
with absolute methanol containing 4% of cc HC1. To the lipids dissolved in
1 ml hexane 5 ml of this hydrochloric acid-methanol mixture was added and
the samples were kept for 4 hours at 80° Cin a heating block. When they cool-
ed down the upper phase containing the fatty acid methyl esters was removed.

The analysis was carried out by a Chrom Ill. IKZ (Laboratorni
Pristroje CSSR) gas chromatograph. The length of the column was 3 m, the
inner diameter was 6 mm. 20% ethylene glycolsuccinate on 80—100 mesh
Chromosorb W was used as stationary phase. The carrier gas was N2 its
flow rate 100 ml/min. The column pressure was 1.5 atmosphere, its tempera-
ture 184° C. The equipment operated with flame ionization detector. The
fatty acid methyl esters, dissolved in hexane were injected with a micro-
syringe. For the time of injection the temEerature of the sample heater was
240° C. The identification of the peaks took place by comparing the chroma-
togram with that of standard fatty acids and of samples of known composition.
Peak areas were determined by triangulation. The correction factors for the
individual fatty acids were determined by means of known fatty acid mixtures
of similar composition as the samples. The percentual fatty acid composition
was calculated in using these factors.

Results and discussion

In Fig. 1 the gas chromatogram of the fatty acid methyl esters of a
plankton crustacean species is demonstrated.

The fatty acid composition of different samples is summarized in Table 1.
The accepted abbreviation techniques were used here, too, fatty acids are
characterized with two numbers, the first giving the length of the carbon chain,
the second after the colon (:) is the number of double bonds for I molecule.

From Table 1 it can be seen that the same fatty acids are present in
all crustaceans only with quantitative differences. These fatty acids are the

Table 1

The fatty acid composition of freshwater crustaceans (per cent wt.)

14:0 14:1 14 :2 16 :0 16 :1 16 :2 18 :0

1. Cyclops vicinus UT.T...ccnncen 7.8 0.3 0.3 13.6 5.9 0.7 4.4
2. Eudiaptomus gracilis (c. 0. sabs 9.7 tr tr 17.7 7.5 0.2 3.8
3. Daphnia cucullata (. 0. sabs) 7.0 0.8 0.1 16.4 5.7 6.8
4. Daphnialongispina 0. F. Mulleb 2.5 3.0 0.8 11.7 14.6 0.8 3.7
5. Simocephalus vetulus v. F. M. 35 3.8 1.4 12.8 12.1 5.1
6. Bosmina longirostris f. pellucida

Stingeun ... 25 2.3 2.8 14.0 10.3 7.4

7. Gammarus ¢ Uivulogammarus,
roeseli Gebvais e v 1.4 1.5 1.7 12.1 12.3 4.1
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Figure 1. — 1. 4bra
The gas chromatogram of the plankton Crustacea an Cyclops vicinus
A Cyclops vicinus planktonrak zsirsav-metilésztereinek gazkromatogramja

same ones considered as characteristic for fats in fishes and even their quanti-
tative relations are greatly resembling to those in fishes (Grtiger 1964, Far-
kas and Herodek 1967). The similarity of the fatty acid composition of crus-
taceans and fishes also at the resolving level of gas chromatography furnishes
further evidence for the hypothesis that plankton crustaceans are the main
source of fats for fishes. The only fatty acid occurring in much lower quanti-
ties in crustaceans than in fishes is oleic acid. It seems that fishes, like land
animals, store their endogenous fatty acids mainly in the form of oleic acid.

Among the species of Table 1 there are two Copepods (Cyclops vicinus
and Eudiaptomus gracilis), sampled in the area before our institute from Lake
Balaton at 6 C° water temperature, on the 16th and on the 23rd November
resp., 1966. The fatty acid composition of these two species is extraordinarily
similar. This may be explained by the identic biotop, equal living habits and
the relationship. On the other hand the fatty acid composition of Daphnia
cucullata, sampled at the same time and from the same place of Lake Balaton
was definitely different, deviating chiefly by the lower level of 22 : 6 fatty
acids in it. In contrary to the above-mentioned two species Daphnia cucullata
belongs to the Cladocerans. On the 29th November three further Cladocera
species were sampled, Daphnia longispina and Bosmina longirostris from the

— 1. Tabl4zat
Edesvizi rakok zsirsav-6sszetétele slyszazalékban

18:1 18:2  18:3  18:4  20:2  20:4  22:1 20:6  22:4  22:5 22:6
52 9.9 6.6 92 15 97 i.i 119 0.2 4.6 101
6.1 10.6 6.9 8.8 17 42 10.5 tr 34 8.9
83 155 82 6.3 11 6.7 7.6 54 41

101 4.2 113 15.8 0.7 13 0.6 174 15
118 6.0 6.8 78 20 6.6 18.9 0.4 10
193 41 5.7 2.8 17 54 21.7

245 16.0 6.7 19 73 105
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pond Bels6-t6 in Tihany and Simocephalus vetulus from Lake Velencei-t6.
Water temperature of both lakes was 3 °C. In the fatty acid composition of
all the four Cladocerans there are definite differences, however, in all of them
there is much more less 22 : 6 than in Copepods. To decide the generality of
this phenomenon will be only possible in the knowledge of analytical records
of much more species.

One Amphipod species, Gammarus roeseli was sampled from the detritus
of the Asz6f6i-Séd brook. In this crustacean similarly to Bosmina longirostris
we could not detect fatty acid of 22 carbon atoms and it also contained great
amounts of oleic acid. The crustaceans analyzed show a certain regularity in-
sofar that the less 22 : 6 is present the higher is the level of 18 : 1.

Previously we demonstrated that the fatty acid composition of fresh-
water crustaceans changes according to a regular yearly cycle (Farkas and
Herodek 1964). By altering the composition of their fat the crustaceans can
assure that the melting point of the fat should be some degrees lower than the
water temperature, that means that the fats can stay all the year round in
the suitable liquid state. In this sense data of Table 1 do not represent a con-
stant, unalterable property. A comparison among the different species is
possible only in that case if it takes place among samples collected at the same
time and at similar water temperatures. In our present investigations all
species were sampled in the second half of November. Samples collected during
summer presumedly will prove to be more saturated. According to our earlier
results (Farkas and Herodek 1962) parallel with the decrease of water
temperature the iodine value of the fat increases, demonstrating the rising
unsaturation. Furthermore we found paper chromatographically that the
cLuantity of fatty acids of 20 and 22 carbon atoms increases too. We supposed
that these can be penta- and hexaenoic fatty acids and in their quality may
contribute to the decrease of the fat’s melting point to a great extent. Paper
chromatographically this hypothesis could not be stated unequivocally, but
our recent gas chromatographic data justify this hypothesis. The 20 : 4 and
22 : 5 fatty acids originate from linoleic acid, the 20 : 5 and 22 : 6 fatty acids
from the linolenoic fatty acid by chain elongation and by dehydrogenation
in divinyle-methan rhythm (Mead 1960). The data of Table 1 show that in
crustaceans more fatty acid originates in the linolenoic than in the linoleic acid.

Summary

The fatty acid compositions of the following crustaceans were determin-
ed: Cyclops ricinus U1j., Eudiaptomus gracilis (G. O. Sars), Daphnia cuculla-
taG. O. Sars, Daphnia longispina O. F. Mut1er, Simocephalus velulus V. F. M.,
Bosmina longirostris f. pellucida Stingetin, Gammarus (Rivulogammarus)
roeseli Gervais.

From the different species the same fatty acids could be demonstrated.
The fatty acid composition of crustaceans is greatly similar to those published
for fishes suggesting that the bulk of the fats in fishes originates in the crus-
tacean plankton.

There was more C2 polyunsaturated fatty acid in the investigated Co-
pepods than in the Cladocerans. The changes in the quantity of oleic acid in
the different samples are showing an inverse tendency to the quantity of C2
polyunsaturated fatty acids.
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NEHANY EDESVIZI RAK ZSIRSAV-OSSZETETELENEK
GAZKROMATOGRAFIAS ELEMZESE

Herodek Sandor és Farkas Tibor
osszefoglalas

A kovetkezd rakok zsirsav-osszetételét hataroztuk meg: Cyclops vicinus Ulj.,
Eudiaptomus gracilis (G. O. Sars), Daphnia cucullala G. O. Sars, Daphnia longispina
O. F. Murter, Simocephalus vetulus V. F. M., Bosmina longirostris f. pellucida Stingetin,
Qammarus ﬂRlvqugammarus) roeseli Gervais.

A kilénbézd fajokbdl ugyanazokat a zsirsavakat lehetett kimutatni. A rakok
zsirsavOsszetétele nagyban hasonlit a halakrol kozolt adatokhoz, ami arra utal, hogy
a halak zsirsavainak z6me a Crustacea planktonbdl szarmazik.

A vizsgalt Copepodakban tobb C2 tobbszordsen telitetlen zsirsav volt, mint a
Cladocerakban. Az egyes mintak kozott az olait')sav mennyisége a C2 tobbszdrdsen
telitetlen zsirsavak mennyiségével ellentétes iranyban valtozik.
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Koszonetiinket fejezziik ki dr. Ponyi Jen6nek a rakok meghatarozasaért, és
a rakokra vonatkozé hasznos felvilagositasaiért.
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AHANN3 COCTABA XWPHbIX KWCNOT HEKOTOPLIX MPECHOBOAHbIX
PAKOB TOCPEACTBOM 'A30OBOUN XPOMATOIPA®UI

LLlaHgop Xepogek n Tubop dapkatl

CocTaB XMPHbIX KWCMOT onpegensncs y cnegytowmx Buaos: Cyclops vicinvs U ri.
Eudiaptomus gracilis (G.O. Saks), Daphnia cucvllata G.O. Saks, Daphnia longispina
O.F. Mat1er Simocephalus vetulus V.F.M., Bosmina longirosiris f. pellucida Stingeltin,
Qammarus (rivulogammarus) roeseli Gervais.

Y pasHbIX BULOB OOHApY>XMBAETCS OWH W TOT >Ke COCTaB >XUPHbIX KucnoT. CocTas
XKMPHBIX KUCMOT PakoB COBMALAET C COCTABOM >KMPHbLIX KUCIOT pblb, UTO yKa3blBaeT Ha To,
yTo 66/bINast YacTb XKMPHBLIX KWCMOT pbl6 MPOUCXOAUT M3 MIAHKTOHHBIX PakooOpasHbIX.

B Konenogax ObU10 HaifeHo 60/bLie C2 HEeHAChILLEHHbIX XMPHBIX KACNOT YeM B Kfa-
fouepax. B oTaenbHbIX Mpo6ax coAepXaHue ONIEVHOBONM KWUC/OTbI M3MEHSNOCh 06paTHO Npo-
MOPLMOaTbHO  KOMMYECTBY MHOFOKPATHO-HEHACBILLEHHBIX YXUPHBIX KUCHOT.
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