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The fatty acid composition of water organisms is more complicated than 
that of land animals. The complexity is caused by the polyunsaturated fatty 
acids of long carbon chains occurring in great quantities in the fat of water 
organisms. The major part of analytical data are related to marine animals 
— primarily on fishes — much less is known about the fat of animals living in 
fresh water. A good part of these data was obtained by fractionated vacuum 
distillation, a method that does not result in a complete elucidation of the 
sample’s fatty acid composition. Fats of freshwater fishes were investigated 
first by L overn  (1932) then by PATHAKandhis co-workers (1957 — 1958) with 
this method. Gruger  et al. (1964) analyzed the fatty acid composition of 
three fishes gas chromatographically. Earlier, we already published data on 
the fatty acid composition of fishes from Lake Balaton; these results (Farkas 
and H erodek  1962) were obtained by fractionating the samples according to 
T w itch el , by hydrogenating the alcohol soluble fraction and by paper chroma­
tographic analyses of the fractions. This way we could determine in the samples 
the distribution of the fatty acids according to their chain length but no in­
formation was received on the proportions of the differently unsaturated fatty 
acids. In the present work the fatty acid composition of several fishes from 
Lake Balaton was investigated with gas chromatographic method.

Material and method

The fatty acid composition of the intestinal fat of following fish species 
was studied: Aspia aspia L., bream (Abramis brama L.), shad (Pelecus cul- 
tratus L.), pike (Esox lucius L.), pike perch (Ludoperca ludoperca L.) and 
roach (Leudscus rutilus L.). Adipose tissues were excised from freshly killed 
animals, were grounded with anhydrous Na2S04 and the fats were extracted 
by petroleum ether. The extracts were evaporated in vacuum then sealed under 
indifferent atmosphere with some ml of petroleum ether. The samples were 
stored at —20 °C till utilization. Fat samples were obtained from adipose 
tissue of 5—5 fish. The fatty acid methyl esters were prepared by transesteri- 
fication of the original samples. I t took place with abs. methanol containing 
5% HC1 at 80 °C in sealed test tubes. Previous fractionation of the extract



22
 6

и -*

О

mm 100 90 70 60 SO kO 30 20

tótó

Fig. 1. Chromatogram of 
pike-perch (Lucioperca lu- 
cioperta L.) intestinal fat 
methyl esters a., before and 
b., after hydrogenation 
Süllő (Jucioperca lucioperca 
L .)  intentiális zsírjának 
gázhromatografiás képe a., 
hidrogénezés előtt és b., után
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proved to be unnecessary as preliminary thin-layer chromatographic analysis 
showed that the quantity of lower diglycerides, phospholipids and fatty acids 
is negligible.

Gas chromatographic analyses were performed with a Chrom III TKZ 
type equipment operating with flame ionization detector. The column length 
was 3 m, its inner diameter 6 mm. As stationary phase 20% ethylene glycol 
succinate was used, the support was Chromosorb W of 80 mesh. The carrier 
gas was N2 (flow rate 100 ml/s). The column temperature was 182 °C. The 
temperature of the sample heater was at the injection 340 °C.

As reference standards for the identification of the peaks the NIH fatty 
acids (C18 : 0, C18 : 1, C18 : 2, C18 : 3, C20 : 1, C20 : 5, C2 2 : (6 and a fish oil sample 
of known composition (menhaden, Bevoortia tyrannus) were used.

Quantitation was performed with triangulation technique. Correction 
factors were calculated on the base of a mixture of known fatty acid compo­
sition. The values were in good agreement with the composition of the hydro­
genated samples. Hydrogenation was carried out in acetic acid in the presence 
of d-catalizator.

Results

In Fig. la. the chromatogram of fatty acid methyl esters of L. lucioperca 
L. is demonstrated. Similar picture were obtained for other fishes. I t  can be 
seen that the fats of fishes consists of several fatty acids. Gas chromatographic 
analysis of hydrogenated samples showed that the fatty acids belong to the 
C14_ 2 2  series (Fig. lb). Nearly all fatty acids reported by other authors for 
fish fat are to be found in the fat of Lake Balaton fishes. We could not identify 
reliably one C16 polyenoic fatty acid, with a retention time close to that of 
stearic acid and it is questionable, too, whether the samples contain C18 : 4 
fatty acid at all. The series C2 0 _ 2 2  was represented bytetra- penta- and hexa- 
enoic forms. However, in the fat of marine fishes also a small amount of less 
unsaturated С2 0 - 2 2 was described, we could not demonstrate these acids in 
the fat of the investigated fishes.

Table 1 summarizes the percentual distribution of fatty acids. I t can be 
seen that the difference among the fat of individual fishes appears primarily 
in the quantity of C2 0 - 2 2  fatty acids. The quantity of docosahexaenoic acid is 
the highest in the three predatory fishes (A . aspius L. lucioperca., and E. Indus) 
and is the lowest in A. brama and P. cultratus. The quantities of stearic and 
eicosatetraenoic acids are strikingly high in the fat of Abramis b. I t  can be cal­
culated from Table 1 that the total quantity of C2 0 - 2 2  polyenoic fatty acids 
(with the exception of C. carpio) is near to each other.

In one of his papers L overn  (1932) demonstrated differences between 
the fatty acid composition of freshwater and marine fishes, reporting that the 
quantity of unsaturated fatty acids is lower while that of Cl8 unsaturated and 
palmitoleic acids are higher in freshwater than in marine fishes. Table 2 com­
pares the average fatty acid composition of Lake Balaton fishes, and that of 
marine ones. The average fat composition of marine fishes is calculated from 
the gas chromatographic data, published by several authors. This table de­
monstrates that marine fishes in average contain nearly twice as much doco­
sahexaenoic acid than the fishes in Lake Balaton, but the percentage of eico­
satetraenoic acid in our fishes is higher. The quantity of oleic acid is about the
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Table 1 —  1. Táblázat

The fatty acid composition of fishes from Lake Balaton 
Balatoni halak zsírsav-összetétele

Chain
length
Zsírsav

lánchossz

N um ber of 
double bonds 
K ettős köté­
sek szám a

A s p iu s  
a s p iu s  L.

L u e ico p erca  
sa n d r a  L.

E so x  
lu c iu s  L.

R u ti lu s  
r u tilu s  L.

C y p r in u s  
c a p r io  L.

A b ra m is  
b ra m a  L.

P elecu s  
cuU raius L.

14 0 5.5 3.3 3.9 3.0 1.5 2.4 5.6
1 1.2 1.6 1.0 0.9 0.7 1.1 1.5

16 0 10.8 14.9 14.8 12.1 14.3 12.7 11.5
1 11.2 10.2 14.6 13.4 13.4 11.3 16.0
2 0.9 0.7 1.1 0.5 3.6 — 0.7

18 0 3.0 3.6 3.5 2.7 4.1 8.8 3.2
1 22.7 25.0 17.8 19.0 19.0 23.7 21.6
2 6.6 5.4 7.6 8.0 7.0 5.1 10.1
3 6.0 4.1 5.4 13.9 9.7 4.2 3.4

20 1 2.0 1.7 2.2 2.0 2.2 1.9 1.9
4 7.9 8.6 7.0 4.1 3.7 3.2 9.6
5 5.9 6.0 7.1 8.4 0.8 19.9 8.7

22 1 2.0 1.1 1.8 0.1 8.2 0.5 11.8
4 1.3 1.2 1.1 1.9 2.5 2.3 0.61
5 4.0 2.8 2.6 4.0 2.7 — 2.3
6 8.7 10.5 8.2 5.8 6.3 2.7 2.3

same in the two groups. In agreement with L overn’s classification the quanti­
ty of palmitoleic and C18 polyenoic fatty acids is higher in the Lake Balaton 
fishes than in the marine ones.

Table 3 presents the distribution of fatty acids according to their chain 
length in the fat of fishes originating from different places. It is conspicuous 
that with regards to the distribution of fatty acids according to their chain 
length the fishes in Lake Balaton stand near to the fishes common in the 
Atlantic and Pacific coastal regions of the United States of America.

Discussion

The fats of the investigated fishes from Lake Balaton fit well into the 
picture formed during the last 30 years on the fatty acid composition of water 
organisms. On the basis of the work of H ild itch , L overn and others it 
became evident that water organisms by the complexity of their fatty acid 
composition differ from land organisms; moreover the unsaturated acids of 
long carbon chain, characteristic for water organisms, were also found in the 
fat of those land vertebrates (reptiles, amphibians and birds) that are feeding 
on water organisms. H ild itch  (1965) K len k  and his co-workers (1960) and 
Mead and his co-workers (1966) demonstrated that the structures of these 
fatty acids may be traced back to the linoleic and linolenoic acids, both pres­
ent in large quantities in vegetable oils. Animals cannot synthethize these



143

The average fatty acid composition of marine fishes and of fishes sampled from Lake
Balaton

Table 2 —  2 .  Táblázat

Balatoni és tengeri halak átlagos zsírsav-összetétele

Chain length 
Zsírsav 

lánchossz

N um ber of double 
bonds

K ettős kötések száma

Origin —  Gyűj tőhely *Gruger  e t al. (1964) 
R e i s e r  e t al. (1963) 

De Witt  (1963) 
L asker e t al. (1962)Sea —  Tenger* Balaton

14 0 4.7 3.6
1 0.3 1.2

16 0 21.2 12.7
1 8.5 12.7 P <  0.01
2 1.0 1.2 (?)

18 0 4.2 4.1
1 20.3 21.1
2 1.9 7.1 P <  0.02
3 1.1 6.6 P <  0.01
4 2.0 —

20 1 4.5 1.7
4 2.0 6.3 P < 0.01
5 9.9 7.1 NS

22 1 _ 2.1
3 0.3 ---  .
4 — 1.6
5 2.3 3.0 NS
6 13.6 6.3 P <  0.01

acids, but they are able to elongate them. Further experiments (K elly  and 
his co-workers 1958) demonstrated that the main bulk of the polyunsaturated 
fatty acids stored in the fat of fishes is of alimentary origin, as also fishes can­
not elongate the chain at a greater extent.

The fatty acid composition of fats in fishes is determined obviously by 
two processes:

1. Synthesis of polyunsaturated fatty acids of long carbon chain at the 
lower level of food chain;

2. Dilution of polyenoic fatty acids taken up in food with endogenous 
fatty acids.

Concerning the first step we demonstrated earlier with paper chromatog­
raphy (Farkas and H erodek  1962) and recently with gas chromatography 
(H erodek  and F arkas 1967) that in the fat of certain plankton crustaceans 
(Copepods) the quantity of polyunsaturated fatty acids of long carbon chain 
is high. If these crustaceans were fed on algae of known fatty acid composition 
(no C2 0 - 2 2  were present in their fat) we found in their fat always rather great 
quantities of C2 0 _ 22 polyenoic fatty acids (Farkas and H erodek  1964). Thus 
it is obvious that the main part of these fatty acids originates within the 
food chain: phytoplankton — crustacean plankton — fish, in the crustaceans.

Gas chromatographic analysis on the fatty acid composition of plankton 
crustaceans from Lake Balaton demonstrated that in the fat of these organisms
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Table 3

The fatty acid composition of fisheső 
Különböző gyűjtőhelyekről

Sampling site 
G yűjtőhely

N um ber of 
samples 

M inta szám a

A nalytical 
procedure 

Elemzési eljárás

SAT.

Сц j cie C18

India (Ganges) ...............

Balaton ..........................

в

7

Vacuum
dest.

GLC.
3.6
3.5

23.9
14.3

8.6
4.1

Tenger — Sea (Atlantic and 
Pacific coasts of USA) — 
(USA Atlanti és Pacific 
p a r t)........................... 20 GLC. 4.3 19.6 3.9

Herring from the North 
Sea — É-tengeri hering Vacuum

dest.
5.9 11.0 0.2

both the oleic and the palmitoleic acids are present in lower quantities than in 
fishes (H erodek  and F arkas 1007). In Table 3 it can be seen that in the fat of 
fishes collected at different places the quantity of C16 (palmitoleic) and C18 
(mainly oleic) unsaturated fatty acids is different. If we arrange the fishes 
according to the increasing C22 content of their fats a sequence is obtained in 
which the amount of palmitoleic acid decreases. The C18 unsaturated acids 
show a similar tendency. This sequence corresponds to the arrangement of 
fishes according to the temperature of their environment. The decrease of 
temperature obviously decreases also the formation of the endogenous fatty 
acids (C18_18) saturated and monoenoic), and the stored fat gets more and 
more similar to the alimentary fat. Our earlier investigations demonstrated 
the increase of the long chain polyenoic fatty acids by decreasing temperature 
in fats of crustaceans, therefore the true difference exists not between the 
fatty acid composition of the marine and freshwater fishes but between the 
fat metabolism of planktonic crustaceans and fishes living under different 
climatic conditions.

Summary

The fatty acid composition of seven fishes from Lake Balaton was ana­
lysed by gas chromatography. The fats of the investigated fishes show the 
general characteristics known for fats of water origin. The level of C20_22 
fatty acids in fishes from Lake Balaton was higher than in the freshwater 
fishes reported by other authors.
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— 3. Táblázat
kiving under different climate
származó halak zsírsav-összetétele Present date

UNSAT.
Note — Megjegyzés

C„ 1 Clt 1 c,, 1 c„ o 22

2 .0
1.1

16 .5
13 .9

3 1 .0
3 5 .0

8 .0
16.3

5.6
12 .7

P a t h a k  et al. 1957 . 
Jelen adatok

6.3 8 .8 2 3 .4 15.2 14 .5

G r u g e r  et al: 1964 
R e i s e r  et al: 1963 
Ds W i t t : 1963 
L a s k e r  et al: 1962

0 .2 4 .7 2 0 .0 2 7 .3 2 4 .0 L o v e r n : 1932
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VIZSGÁLATOK BALATONI HALAK ZSÍRSAV-ÖSSZETÉTELÉN 

Farkas Tibor és Herodek Sándor

összefoglalás
Hét balatoni halfaj zsírsav-összetételét elemeztük gázkromatográfiásán. A vizsgált 

halak zsírjai azokat a jellegzetességeket mutatták, melyek általában a vízi szervezetekre 
jellemzőek. A C20_ 22 zsírsavak mennyisége magasabb volt, mint az eddig mások által 
megvizsgált édesvízi halakban.

ИЗУЧЕНИЕ СОСТАВА ЖИРНЫХ КИСЛОТ БАЛАТОНСКИХ РЫБ 

Тибор Фаркаш и Шандор Херодек

При помощи газовой хроматографии был изучен состав жирных кислот семи видов 
балатонских рыб. Жиры изученных видов рыб обладают такими же характерными свой­
ствами, как и жиры других водных организмов. Содержание жирных кислот Сго-щ было 
выше, чем у остальных видов рыб, описанное другими авторами.
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