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ABSTRACT. Lipid content and fatty acids composition of non-predatory fish: roach, Rutilus rutilus (L.),

bream, Abramis brama (L.), vendace, Coregonus albula (L.), and of predatory fish: Eurasian perch, Perca

fluviatilis L., pike, Esox lucius L. and burbot, Lota lota (L.) were examined. These fish were caught from

three lakes of Mazurian Great Lakes (Kisajno, Dargin, Niegocin). The content of total lipid and some fatty

acids varied widely within and among species. Generally, the lipid content was low (0.56-2.78%). Among

the saturated and monounsaturated fatty acids, the predominant fatty acids were palmitic C16:0

(19.24-33.44%), stearic C18:0 (4.37-6.87%), palmitoleic C16:1 (4.51-12.93%), and oleic C18:1 n-9

(6.85-14.49%). Arachidonic C20:4 n-6 (3.17-6.55%), eicosapentaenoic C20:5 n-3 (4.14-8.91%), and

docosahexaenoic C22:6 n-3 (5.91-24.67%) acids were the most abundant polyunsaturated fatty acids. In

the case of all the freshwater fish, with the exception of bream, higher contents of saturated fatty acids

than monounsaturated fatty acids were noted. Among the fish studied, the highest value of total n-3

polyunsaturated fatty acids (43.86%) was noted in vendace, whereas bream contained the highest content

of total n-6 polyunsaturated fatty acids (11.21%). The ratio of n-3/n-6 ranged between 1.50 (burbot) and

4.40 (vendace). Differences in the content of fatty acids in fish with different feeding strategies

(non-predatory and predatory) were measured. Non-predatory fish were found to have lower values of

saturated fatty acids than predatory fish (P � 0.05). Non-predatory fish contained significantly more

eicosapentaenoic acid (EPA) than predatory fish (P � 0.01), whereas the amounts of monounsaturated

and n-3 and n-6 polyunsaturated fatty acids in non-predatory and predatory fish were not statistically

significant (P > 0.05). The total n-3 polyunsaturated fatty acids was higher in non-predatory fish, but not

statistically significant (P > 0.05). Similarly, the differences in DHA and n-3/n-6 ratio in muscles of

predatory and non-predatory fish were not statistically significant (P > 0.05).
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INTRODUCTION

The consumption of fish provides humans with essential long-chain fatty acids which

are beneficial to cardiovascular health (Ackman 1996, Uauy and Valenzuela 2000,
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Kris-Etherton et al. 2003). The lipids of fish, especially marine, contain n-3 and n-6 poly-

unsaturated fatty acids (Gruger et al. 1964, Viswanathan and Gopakumar 1978, Vlieg

and Body 1988, Rao et al. 1995, Steffens 1997, Holub and Holub 2004, Kolanowski and

Laufenberg 2006). Noteworthy are acids like eicosapentaenoic (EPA, C20:5 n-3),

docosahexaenoic (DHA, C22:6 n-3), and arachidonic (C20:4 n-6) that are not synthe-

sized by humans and must be ingested with food (Glogowski and Ciereszko 2001). These

essential polyunsaturated fatty acids occur, although in minor amounts, in freshwater

fish. Despite this, previous studies of the fatty acids content of freshwater fish lipids

showed that these fish can be good sources of polyunsaturated fatty acids (Aggelousis

and Lazos 1991, Andrade et al. 1995). The average per capita consumption of fish in

Poland in 2001 was 5.6 kg person-1 year-1. The consumption of fish in Poland is twofold

lower than that in western countries and other countries from the Baltic region. The

inland surface waters in Poland are inhabited by 83 fish species. Annual commercial

fishing catches are about 4000 tons of fish from lakes and 1000 tons from rivers and

water reservoirs (Ministry of Agriculture and Rural Development 2004). In this way,

inland fisheries profit from the resources of the Mazurian Great Lakes located in north-

eastern Poland. Fish available for purchase on local markets are caught regularly in these

lakes and include roach, Rutilus rutilus (L.), bream, Abramis brama (L.), pike, Esox lucius

L., perch, Perca fluviatilis L., vendace, Coregonus albula (L.), eel, Anguilla anguilla (L.),

and pike-perch, Sander lucioperca (L.) (Wróblewska 1998).

For the reasons stated above, the aim of the current study was to determine the fatty

acids composition of the lipids of freshwater fish inhabiting the lakes of northeast

Poland and to determine differences in the content of fatty acids in fish with different

feeding strategies (non-predatory and predatory).

MATERIALS

Roach, bream, vendace, Eurasian perch, pike, and burbot, Lota lota (L.) were

caught in June 1997 from three lakes (Dargin, Niegocin and Kisajno) located in the

Mazurian Great Lakes region. Samples of fish were collected the same day. Body

weight and total length were measured (Table 1). Muscles (without skin) were dis-

sected from the dorsal section using a plastic knife and stored in a freezer at -18�C until
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analysis, which was begun two months later. In the case of large roach, perch, bream,

burbot, and pike (body weight > 200 g), samples were prepared from muscles taken

from one to four specimens, whereas for small roach and perch, samples were prepared

from muscle tissue taken from nine to eleven and six fish, respectively. In the case of

vendace, samples were prepared from muscles taken from one or two fish.

METHODS

The lipids from the fish muscles were extracted according to the

Schmidt-Bondzynski-Ratzlaff procedure (Berg and Nilsson 1997). BHA

(2-tert-Butyl-4-hydroxyanisole) was added to all the samples during preparation. The

fatty acid methyl esters were prepared from total lipid with the Peisker method with a

mixture of chloroform: methanol: sulphuric acid (100:100:1 v/v) (¯egarska et al.

1991). The fatty acids of the methyl esters of each fish muscle sample were analyzed

with capillary gas chromatography with a flame-ionization detector (FID), a mass selec-

tive detector (MSD), and a column (dimension 30 m � 0.25 µm with a 0.32 mm internal

diameter) coated with Supelcowax 10. The injector and flame-ionization detector tem-

peratures were 225 and 250�C, while the column temperature was 180�C. The helium

carrier gas flow was 1 cm3 min-1 (FID) and 0.8 cm3 min-1 (MSD). Individual fatty acids

(below 0.1%) were identified by comparing the relative retention time peaks to known

standards of Supelco using the flame-ionization detector. The identification of fatty

acids detected in higher amounts than 0.1% were made using gas chromatogra-

phy-mass spectrometry (GC-MS).

STATISTICAL ANALYSIS

Significant differences between the contents of fatty acids in the muscle lipids of

fish with different feeding strategies (non-predatory and predatory) were calculated

using test t for independent samples. In all cases, statistical significance was estimated

at P � 0.01 and P � 0.05. The contents of fatty acids in the fish muscles are expressed as

the percentage of total fatty acids.
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TABLE 1

Body weight, total length and fatty acid composition of total lipids of freshwater fish muscles (%) (mean±SD)

Fatty acids Roach (27) Bream (4) Vendace (11) Perch (10) Pike (6) Burbot (1)

weight (g) 152.6±118.4 924.4±551.9 67.2±8.0 346.0±449.6 1394.5±968.8 524.7
length (cm) 21.7±4.3 42.2±7.3 20.1±0.9 25.3±9.4 55.2±11.1 39.3
total lipid (%) 0.64 1.03 2.78 0.89 0.56 0.80
Saturated

C14:0 3.29±1.43 1.18±1.44 4.27±0.60 3.24±0.16 2.35±0.54 4.90
C15:0 0.63±0.10 0.50±0.08 0.49±0.08 0.61±0.15 0.51±0.14 0.91
C16:0 25.06±6.49 20.98±3.93 19.24±1.59 26.56±6.34 26.25±3.20 33.44
C17:0 0.57±0.36 0.58±0.10 0.59±0.06 0.56±0.10 0.48±0.10 0.60
C18:0 5.83±1.30 6.67±1.30 4.37±0.57 6.47±2.69 6.87±0.89 6.00

Monounsaturated
C14:1 0.42±0.34 0.44±0.13 0.57±0.12 0.43±0.04 0.23±0.10 0.59
C16:1 9.53±1.97 12.93±4.86 4.51±1.50 7.32±4.42 4.64±0.73 9.77
C18:1(n-9) 11.27±4.14 12.40±3.87 8.34±1.50 10.25±3.73 6.85±2.87 14.49
C18:1(n-11) 4.16±0.38 6.74±0.16 2.50±0.28 3.95±0.26 1.84±1.45 6.70
C20:1 (n-3) 0.47±0.41 0.30±0.08 0.56±0.14 0.25±0.07 0.24±0.06 0.47
C20:1 (n-6) 0.57±0.25 0.36±0.19 0.20±0.04 0.49±0.55 0.15±0.06 TR
C22:1(n-9) 0.06±0.12 0.29±0.23 0.19±0.07 0.22±0.24 TR TR

PUFA n-6
C18:2 1.69±1.28 3.55±0.40 3.62±0.50 1.72±1.56 2.33±0.32 1.80
C20:2 0.48±0.08 0.51±0.11 0.53±0.03 0.24±0.05 0.28±0.19 0.35
C20:3 0.33±0.22 0.37±0.02 0.25±0.04 0.23±0.05 0.18±0.02 TR
C20:4 5.49±0.55 5.83±1.33 3.17±0.90 6.55±0.72 5.46±0.23 5.65
C22:4 0.32±0.18 0.39±0.08 0.39±0.11 0.47±0.03 0.31±0.04 TR
C22:5 1.27±0.96 0.57±0.23 2.02±0.44 1.25±0.24 1.66±0.28 0.77

PUFA n-3
C18:3 2.92±1.23 2.24±0.45 4.65±0.70 1.68±1.16 3.70±1.50 1.43
C18:4 0.56±0.36 0.32±0.11 3.17±0.92 0.47±0.36 0.42±0.28 0.73
C20:3 0.65±0.24 0.32±0.06 0.51±0.12 0.20±0.07 0.24±0.01 TR
C20:4 0.97±0.28 0.65±0.06 1.97±0.59 0.69±0.26 0.75±0.07 0.54
C20:5(EPA) 6.71±1.88 8.91±1.04 8.28±0.93 6.06±0.65 6.43±0.92 4.14
C22:5 2.17±0.25 2.41±0.64 2.69±0.43 1.95±0.28 2.75±0.34 0.11
C22:6(DHA) 14.16±4.01 9.83±2.96 22.58±3.46 17.77±1.68 24.67±2.70 5.91

Other
C16:2 0.44±1.13 0.79±0.48 0.33±0.05 0.33±0.13 0.42±0.19 0.70

n-3/n-6 2.94 2.20 4.40 2.75 3.82 1.50
EPA+DHA 20.88 18.73 30.86 23.84 31.10 10.05

TR – trace amounts (below 0.01%), PUFA – polyunsaturated fatty acids, EPA – eicosapentaenoic acids,

DHA – docosahexaenoic acid

RESULTS

The fish muscles contained from 0.56 to 2.78% of total lipid (Table 1). The content of

fatty acids varied within and among species. The total amount of saturated fatty acids var-

ied between 28.95 and 45.85% (Fig. 1). In all the species, palmitic acid C16:0 was the

dominant saturated fatty acid (SFA), accounting for 19.24% (vendace) and 33.44%
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(burbot) (Table 1). Almost all freshwater species, with the exception of bream, contained

lower amounts of monounsaturated fatty acids (MUFA) than saturated fatty acids (Fig.

1). The monoenes ranged between 13.95% (pike) and 33.44% (bream). In the present

study, the monounsaturated fatty acids found in the highest content were C18:1(n-9) and

C16:1. Palmitoleic acid C16:1 ranged from 4.51% (vendace) to 12.93% (bream), whereas

oleic acid C18:1(n-9) accounted for 6.85% in pike and 14.49% in burbot (Table 1).

The relative contents of n-3 PUFA (12.86-43.86%) was higher than the n-6 polyun-

saturated fatty acids containing from 8.57% to 11.21% (Fig. 1). Arachidonic acid

(C20:4 n-6) was the dominant polyunsaturated (n-6) fatty acid, except in vendace

(Table 1). The level of C20:4 n-6 ranged between 3.17 (vendace) and 6.55% (perch).

The percentage of linoleic (C18:2 n-6) acid ranged from 1.69% (roach) to 3.62% (ven-

dace). The most abundant polyunsaturated (n-3) fatty acids in all the fish examined

were C20:5 (EPA) and C22:6 (DHA). The percentage of docosahexaenoic acid (DHA),

ranging from 5.91% (burbot) to 24.67% (pike), was higher than that of

eicosapentaenoic acid (EPA). The level of C20:5 n-3 varied from 4.14% in burbot to

8.91% in bream. In all the species, the n-3/n-6 ratio was higher than 1 and ranged from

1.50 to 4.40 (Table 1). Vendace had a higher n-3/n-6 ratio than the other fish species,

while a lower n-3/n-6 ratio was observed in burbot.

A lower value of saturated fatty acids (SFA) was noted in non-predatory than in

predatory fish (P � 0.05) (Table 2). The amounts of monounsaturated (MUFA) and n-6

polyunsaturated fatty acids were close to those of predatory fish (P > 0.05). Total n-3

polyunsaturated fatty acids and PUFA were higher in non-predatory fish than in preda-

tory fish, but not statistically significantly (P > 0.05).
TABLE 2

Differences in the content of fatty acids and the n-3/n-6 ratio in muscle lipids of non-predatory and
predatory fish (%) (mean±SD)

Non-predatory fish Predatory fish

Ó SFA 31.25±5.77a 38.22±6.87b

Ó MUFA 22.84±8.05a 20.37±8.37a

Ó n-6 PUFA 10.05±1.66a 10.09±1.01a

Ó n-3 PUFA 35.42±9.65a 30.89±9.66a

Ó PUFA 45.47±14.62a 40.98±12.65a

EPA 7.86±1.49a 5.94±1.04b

DHA 17.65±6.28a 19.03±6.98a

EPA+DHA 25.51±7.77a 24.98±8.03a

n-3/n-6 ratio 3.53±1.23a 3.06±0.92a

Values in the same row with the same letter index do not differ significantly statistically (P > 0.05)
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Similarly, the differences in the DHA and n-3/n-6 ratio in the muscles of predatory

and non-predatory fish were not statistically significant (P > 0.05). Non-predatory fish

contained significantly more eicosapentaenoic acid (EPA) than did predatory fish (P <

0.01).

DISCUSSION

The total lipid content of the fish muscles studied varied considerably both within

and among species (Table 1). The same regularity was observed by Belinsky et al.

(1996). Significant interspecific differences in the content of lipid was noted by Grela

and Dudek (2007). The bream caught in the waters of Greece had 1% lipid (Aggelousis

and Lazos (1991), and similar values were found in the present study (Table 1). The

percentage of total lipid in pike from James Bay Cree of Quebec (Canada) was 0.4%

(Belinsky et al. 1996), whereas the content of total lipid for pike examined was 0.56%

(Tab. 1). These findings are not consistent with levels noted by Czerwiñska (2005).

According to Ko³akowska et al. (2000), the content of lipid in muscles (together with

skin) of freshwater fish (crucian carp, Carassius carassius (L.), carp, Cyprinus carpio L.,
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Fig. 1. Total fatty acids in muscles of selected freshwater fish.



rainbow trout, Oncorhynchus mykiss Walbaum, pike-perch, roach, burbot, and

whitefish, Coregonus lavaretus (L.)) and marine fish (garpike, Belone belone (L.), Euro-

pean flounder, Platichthys flesus (L.) and sprat, Sprattus sprattus (L.)) ranged between

1.61 (burbot) and 19.05% (carp). The muscles of the burbot studied (without skin) con-

tained twofold lesser amounts of total lipid (Table 1). Similarly, the content of total lipid

in the muscles of the roach examined was lower than that observed by the authors cited

above. Previous studies showed that the total lipid contents in commonly consumed

fish species in India were from 0.78 to 1.28% (freshwater) and from 0.32 to 1.82%

(marine) (Rao et al. 1995). Whereas, the muscle tissue of the fish examined by Passi et

al. (2002) contained 1.23-5.83% total lipids.

In the case of freshwater fish from Greece, the most abundant fatty acids were

palmitic (C16:0), palmitoleic (C16:1), oleic (C18:1), eicosapentaenoic (C20:5 n-3), and

docosahexaenoic (C22:6 n-3) (Aggelousis and Lazos 1991). This concurs with the

present study (Table 1). According to Andrade et al. (1995), the most dominant satu-

rated acids in freshwater fish from south Brazil were palmitic (C16:0) and stearic

(C18:0), whereas palmitoleic (C16:1) and oleic (C18:1) acids were the major compo-

nent among monounsaturated fatty acids. Among saturated and monounsaturated

acids in the fish studied, palmitic acid was the highest, followed by oleic acid (C18:1

n-9) and stearic acid (C18:0) (Table 1). Grela and Dudek (2007) also found that the

palmitic (22.2%) and stearic (10.98%) acids were the dominant component among sat-

urated acids in muscle lipids of pike from ponds. The content of oleic acid (14.22%)

observed by the same authors was higher than the content of this acid in the pike exam-

ined (Table 1). Ko³akowska et al. (2000) noted that the roach contained higher

amounts of saturated (34.98%) and monoene (46.83%) fatty acids than total polyunsat-

urated fatty acids (18.19%). Total saturated, monounsaturated, and polyunsaturated

fatty acids in burbot measured by these authors were 32.30, 32.60, and 32.36%,

respectively. These results were not consistent with the findings of the present study

(Fig. 1). Only the values of saturated fatty acids in roach and monounsaturated fatty

acids in burbot were close to those of the roach and burbot examined. Aggelousis and

Lazos (1991) obtained similar amounts of total saturated (30.4%) and total n-6 polyun-

saturated fatty acids (10.7%) in bream to those observed in the present study (Fig. 1).

According to these authors, the value of total monounsaturated fatty acids (67.1%) in

bream was higher than other groups of fatty acids. Similar findings were reported by
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Kujawa et al. (2005). The same authors found that the value of PUFA in the muscle

lipids of pike was superior to the monounsaturated fatty acids. Total PUFA in the pike

examined was lower than total PUFA observed by the above authors for the same spe-

cies (Fig. 1). The results for pike published by Grela and Dudek (2007) also concur

with the results mentioned in the present study, because these authors found that total

PUFA in muscle of pike was higher than total saturated and monounsaturated fatty

acids. Perch from three reservoirs located in Italy had more total PUFA (37.93-46.97%)

than saturated (29.08-33.68%) and monounsaturated fatty acids (15.18-27.31%)

(Orban et al. 2000). These observations are consistent with the data of the current find-

ings (Fig. 1). Passi et al. (2002) showed that total polyunsaturated fatty acids in marine

fish (Mediterranean Sea) were the highest (21.7-61.5%), while amounts of saturated

(16.9-41.3%) and monounsaturated (9.1-42.8%) fatty acids were lower. Similar obser-

vations were made by other authors for zander and cod, Gadus morhua (L.) (Grela and

Dudek 2007). Jankowska et al. (2003) and Rennert et al. (2004) showed that the total

contents of some fatty acid groups in the lipids of zander depended on food composi-

tion. The same regularity was observed by Henderson et al. (1996) for herbivorous

piranha, Mylossoma aureum (Spix and Agassiz) and carnivorous piranha, Serrasalmus

nattereri (Kner).

The present study found that the fish contained more DHA and EPA in comparison

to other PUFA n-3. This concurred with the findings of other investigators (Grela and

Dudek 2007). The percentage of EPA (11.8%) and DHA (15.3%) in bream caught in the

waters of the Evros River (Greece) was higher than other n-3 polyunsaturated fatty

acids (Aggelousis and Lazos 1991). The present studies confirmed the findings of these

authors (Table 1). The values of DHA and EPA in the muscle lipids of burbot (with

skin) measured by Ko³akowska et al. (2000) were 17.21 and 6.38%, whereas the per-

centages of the same fatty acids for roach were 8.76% (DHA) and 4.03% (EPA). In the

case of the burbot from the present study, the results were lower than those obtained by

the authors above (Table 1); therefore, the percentage of DHA and EPA in the muscles

(without skin) of roach in the current study were higher. The ratio of n-3/n-6 for roach

and burbot observed by these authors was 11.9 and 13.9, respectively. These values

are not consistent with those of the present study for the same species. The ratio of

n-3/n-6 in perch from three reservoirs in Italy ranged from 1.99 to 4.47 (Orban et al.

2000). The same ratio in the muscle lipids was determined in the current study with
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regard to perch (Table 1). In the case of bream, the n-3/n-6 ratio (2.1) reported by

Kujawa et al. (2005) is close to result noted in the present study, whereas the ratio

n-3/n-6 for pike (6.4) is superior to that of the current study (Table 1).

The ratio of n-3/n-6 ranged from 1.50 to 3.82 (predatory fish) and from 2.20 to

4.40 (non-predatory fish) (Table 1). This did not confirm previous data reported by

Bieniarz (2005), because the ratio of n-3/n-6 in predatory fish (2.39-3.45) was higher

than that in non-predatory fish (0.74-1.68). The predatory fish (asp, Aspius aspius (L.),

and pike) had higher n-3/n-6 ratios than did non-predatory fish (bream) (Kujawa et al.

2005). The percentage of polyunsaturated fatty acids measured by the same author

were from 23.3 to 44.1% (predatory fish) and from 16.2 to 30.3% (non-predatory fish).

Although total PUFA in the muscle lipids of the predatory fish examined was lower, it

was not statistically significantly lower (P > 0.05) than PUFA in non-predatory fish

(Table 2). Carp, as a representative of non-predatory fish, had lower total PUFA and

total saturated fatty acids than did predatory fish (pike and pikeperch) (Grela and

Dudek 2007). These results concerning saturated fatty acids concur with the results of

the present study. Bieniarz (2005) found that it is possible to influence the polyunsatu-

rated fatty acids composition of lipids through rearing conditions, particularly feed

type. According to Jankowska et al. (2006), the qualitative fatty acids composition as

well as saturated and unsaturated fatty acids of the meat of tench, Tinca tinca (L.), was

not dependent on the diet, whereas tench reared on formulated feed had higher

amounts of monounsaturated fatty acids and respectively less polyunsaturated fatty

acids than did tench fed natural food. In the case of catfish, Silurus glanis L., the feeding

type did not influence the total share of saturated, monounsaturated, or polyunsatu-

rated fatty acids (Jankowska et al. 2004). On the contrary, these authors observed dif-

ferences in total PUFA n-6 and n-3 between catfish fed natural feed (reared in ponds)

and artificial feed (fattened in a recirculating system).

As in the case of the fish studied by Aggelousis and Lazos (1991) or Grela and

Dudek (2007), the fish from the present study are good sources of docosahexaenoic

(DHA) and eicosapentaenoic (EPA) fatty acids.

THE COMPOSITION OF FATTY ACIDS IN MUSCLES OF SIX FRESHWATER... 175



REFERENCES

Ackman R.G. 1996 – DHA: Can it benefit salmon marketing? – J. Aquat. Food Prod. Techn. 5: 7-26.
Aggelousis G., Lazos E. S. 1991 – Fatty acid composition of the lipids from eight freshwater fish species

from Greece – J. Food Comp. Anal. 4:68-76.
Andrade A.D., Rubira A.F., Matsushita M., Souza N.E. 1995 – ù3 fatty acids in freshwater fish from south

Brazil – J. Am. Oil Chem. Soc. 72:1207-1210.
Belinsky DL., Kuhnlein H.V., Yeboah F., Penn A.F., Chan H.M. 1996 – Composition of fish consumed by

the James Bay Cree – J. Food Comp. Anal. 9: 148-162.
Berg H., Nilsson S. 1997 – Determination of fat content in meat and meat products with NMR or SFE –

Proc. Euro-Food Chem IX, 24-26 Sept., Interlaken Switzerland 1: 59-64.
Bieniarz K. 2005 – Fish – an important component of the human diet – Wszechœwiat 106: 142-144 (in Polish).
Czerwiñska D. 2005 – About fish– Prz. Gastr. 6: 6 (in Polish).
Glogowski J., Ciereszko A. 2001 – Why we should increase fish consumption, especially that of rainbow

trout – Mag. Przem. Ryb. 2: 95-102 (in Polish).
Grela E.R., Dudek R. 2007 – Nutrient content and fatty acids profile in the muscle tissue of some marine

and freshwater fish – ¯yw. Cz³ow. Metab. 34: 561-566 (in Polish).
Gruger E.H., Nelson Jr. R.W., Stansby M.E. 1964 – Fatty acid composition of oils from 21 species marine

fish, freshwater fish and shellfish – J. Am. Oil Chem. Soc. 41: 662-667.
Henderson R.J., Tillmanns M.M., Sargent J.R. 1996 – The lipid composition of two species of serrasalmid

fish in relation to dietary polyunsaturated fatty acids – J. Fish Biol. 48: 522-538.
Holub D.J., Holub B.J. 2004 – Omega-3 fatty acids from fish oils and cardiovascular disease – Mol. Cell.

Biochem. 263: 217-225.
Jankowska B., Zakêœ Z., ¯mijewski T., Szczepkowski M. 2003 – Fatty acid profile and meat utility of wild

and cultured zander, Sander lucioperca (L.) – EJPAU, Fisheries 6(1): http://www.ejpau.me-
dia.pl/volume6/issue1/fisheries/art-02.html

Jankowska B., Zakêœ Z., ¯mijewski T., Ulikowski D., Kowalska A. 2004 – Impact of diet on the fatty acids
profile of European catfish (Silurus glanis L.) – Arch. Pol. Fish. 12: 99-110.

Jankowska B., Zakêœ Z., ¯mijewski T., Szczepkowski M., Wunderlich K. 2006 – The impact of diet on the
slaughter yield, proximate composition, and fatty acids profile of fillets of tench (Tinca tinca (L.)) –
Arch. Pol. Fish. 14: 195-211.

Kolanowski W., Laufenberg G. 2006 – Enrichment of food products with polyunsaturated fatty acids by
fish oil addition – Eur. Food Res. Technol. 222: 472-477.

Ko³akowska A., Szczygielski M., Bienkiewicz G., Zienkowicz L. 2000 – Some of fish species as a source of
n-3 polyunsaturated fatty acids – Acta Ichth. Piscat. 30: 59-70.

Kris- Etherton P.M., Harris W.S., Appel L.J. 2003 – Fish consumption, fish oil, omega-3 fatty acids, and
cardiovascular disease – Arterioscler Thromb Vasc Biol. 23: 20-31.

Kujawa R., ¯mijewski T., Jankowska B., Mamcarz A. 2005 – Comparison of the slaughter yield and proxi-
mate composition of three species of freshwater fish: asp, common bream, pike – Komun. Ryb. 5:
21-23 (in Polish).

Ministry of Agriculture and Rural Development2004 – Fisheries and fish processing 2004-2006. Sectoral
Operational Programme – Attachment to the decree of the Ministry of Agriculture and Rural De-
velopment of August 11, 2004 (position 2027). Warsaw, February 6, 2004. 140 p. (in Polish).
www.rsi.org.pl/dane/download/sporyby.pdf

Orban E., Masci M., Bongiovanni E. 2000 – I prodotti ittici dei laghi del Lazio. Le caratteristiche alimentari
certificabili delle produzioni ittiche quale strumento di conoscenza per il consumatore, il recupero
di tradizioni e la valorizzazione del ruolo dei pescatori – Instituto Nazionale di Ricerca per gli
Alimenti e la Nutrizione, 45 p.

176 J. £UCZYÑSKA et al.



Passi S., Cataudella S., Di Marco P., De Simone F., Rastrelli L. 2002 – Fatty acid composition and antioxi-
dant levels in muscle tissue of different Mediterranean marine species of fish and shellfish – J.
Agricult. Food Chem. 50: 7314-7322.

Rao V.S., Adhikari H.R., Nair P.M. 1995 – Fatty acid composition of some Indian fish varieties – ASEAN
Food J. 10: 62-65.

Rennert B., Wirth M., Günther M., Schulz C. 2004 – Influence of nutritional status of zander fingerlings
(Sander lucioperca) on survival during wintering – IGB, Annual Report, 2003. Berichte des IGB
Heft 20/2004: 161-168.

Steffens W. 1997 – Effects of variations in essential fatty acids in fish feeds on nutritive value of freshwater
fish for humans – Aquaculture 151: 97-119.

Uauy R., Valenzuela A. 2000 – Marine oils: The health benefits of n-3 fatty acids – Nutrition 16: 680-684.
Viswanathan Nair P.G., Gopakumar K. 1978 – Fatty acid composition of 15 species of fish from tropical

waters – J. Food Sci. 43:1162-1164.
Vlieg P., Body D.R. 1988 – Lipid contents and fatty acid composition of some New Zealand freshwater

finfish and marine finfish, shellfish, and roes – N. Z. J. Mar. Fresh. Res. 22: 151-162.
Wróblewska H. 1998 – Monitoring the Great Mazurian Lakes (results of studies from the 1990-1998 pe-

riod) – WIOŒ, Suwa³ki (in Polish).
¯egarska Z., Jaworski J., Borejszo Z. 1991 – Evaluation of the Peisker modified method for extracting

methyl esters from fatty acids – Acta Acad. Agricult. Techn. Olst. 24: 25-33 (in Polish).

Received – 12 November 2007

Accepted – 04 April 2008

STRESZCZENIE

ZAWARTOŒÆ KWASÓW T£USZCZOWYCH W MIÊŒNIACH SZEŒCIU GATUNKÓW

RYB S£ODKOWODNYCH Z WIELKICH JEZIOR MAZURSKICH (PÓ£NOCNO-

-WSCHODNIA POLSKA)

Okreœlono zawartoœæ t³uszczu oraz sk³ad kwasów t³uszczowych lipidów tkanki miêœniowej p³oci,

Rutilus rutilus (L.), leszcza, Abramis brama (L.), sielawy, Coregonus albula (L.), okonia, Perca fluviatilis L.,

szczupaka, Esox lucius L. i miêtusa, Lota lota (L.). Ryby od³awiano z trzech Wielkich Jezior Mazurskich

(Kisajno, Dargin i Niegocin). Stwierdzono ró¿nice wewn¹trz- i miêdzygatunkowe zawartoœci t³uszczu oraz

sk³adu kwasów t³uszczowych. Zawartoœæ t³uszczu mieœci³a siê w zakresie od 0,56 do 2,78%. Wœród nasy-

conych i monoenowych kwasów t³uszczowych dominowa³y kwasy: palmitynowy C16:0 (19,24-33,44%),

stearynowy C18:0 (4,37-6,87%), palmitooleinowy C16:1 (4,51-12,93%) i oleinowy C18:1 n-9

(6,85-14,49%) (tab. 1). Wœród kwasów polienowych dominowa³y kwasy: arachidonowy C20:4 n-6

(3,17-6,55%), eikozapentaenowy C20:5 n-3 (4,14-8,91%) i dokozaheksaenowy C22:6 n-3 (5,91-24,67%)

(tab. 1). W przypadku wszystkich ryb, z wyj¹tkiem leszcza, odnotowano, ¿e procentowy udzia³ nasyconych

kwasów t³uszczowych by³ wy¿szy ni¿ monoenowych kwasów t³uszczowych (rys. 1). Najwy¿sz¹ zawartoœæ
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kwasów z grupy n-3 zaobserwowano w t³uszczu sielawy (43,86%), natomiast leszcze zawiera³y najwiêcej

kwasów z grupy n-6 (11,21%) (rys. 1). Stosunek polienowych kwasów t³uszczowych z grupy n-3 do kwa-

sów t³uszczowych z grupy n-6 wynosi³ od 1,50 (miêtus) do 4,40 (sielawa). Ni¿sz¹ zawartoœæ nasyconych

kwasów t³uszczowych odnotowano w przypadku ryb spokojnego ¿eru (P < 0,05) w porównaniu z rybami

drapie¿nymi (tab. 2). Ryby spokojnego ¿eru zawiera³y wiêcej kwasu eikozapentaenowego ni¿ ryby drapie-

¿ne (P < 0,01). Nie stwierdzono istotnych ró¿nic w zawartoœci monoenowych oraz n-3 i n-6 polienowych

kwasów t³uszczowych pomiêdzy rybami spokojnego ¿eru i rybami drapie¿nymi (P > 0,05). Podobnie,

zawartoœæ kwasu dokozaheksaenowego oraz stosunek kwasów n-3/n-6 w miêœniach ryb drapie¿nych

i spokojnego ¿eru nie ró¿ni³y siê istotnie (P > 0,05).

178 J. £UCZYÑSKA et al.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


