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Abstract. This study focused on comparing slaughter yield,

proximate composition, and fatty acid profiles of meat from

wild vendace, Coregonus albula L. caught in natural

conditions (lakes; group W) and from cultured vendace

reared on formulated feed in recirculating systems (group C).

The slaughter yield of gutted vendace (group C) was

approximately 2% higher that the value determined in group

W (P � 0.05). Carcasses of cultured fish contained 2.5 times

more fat in comparison to fish from group W (11.12 vs

4.86%), which was compensated for by water content. No

differences in protein content were noted among groups

(P > 0.05). The relative combined share of monounsaturated

fatty acids (MUFA) in carcasses of fish from group C were

significantly higher (49.98 vs 31.53% of total fatty acids

(tFA)); however, the share of polyunsaturated fatty acids

(PUFA), including n-3 PUFA, was lower at 18.55 vs 24.71%

tFA and 8.36 vs 14.89% tFA (P � 0.05), respectively. As

a result of these lipid content values, the levels of the

eicosapentaenoic (EPA; 20:5n-3) and docosahexaenoic

(DHA; 22:6n-3) acids and n-3 PUFA and PUFA, expressed in

mg 100 g-1 carcass, in cultured vendace carcasses were

significantly higher than those in the meat of wild vendace.

Keywords: fatty acids, proximate composition, slaughter

yield, vendace

Introduction

Excessive exploitation of natural resources by

fisheries coupled with environmental pollution and

water eutrophication have caused substantial de-

creases in harvests of aquatic organisms (FAO

2019a). This fact and increasing demand for fish and

sea food provide the impetus for the concerted devel-

opment of marine and freshwater aquaculture (FAO

2019b). Species that have high environmental re-

quirements are particularly sensitive to environmen-

tal pollution. These include salmonids, one of which

is vendace (Coregonus albula), a species that inhabits

the fresh, cool waters of the northern hemisphere

(Bryliñska 2000). The vendace population
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abundance in the waters of northern Europe has de-

creased significantly, which is primarily because of

water pollution and climate change (Elliott and Bell

2011).

This species is of high culinary value and is in

great demand in areas where is occurs naturally

(Setälä 1999). Deficits in its harvest provided the im-

petus to undertake research with the aim of develop-

ing methods for its active conservation through

restocking programs (Wzi¹tek et al. 2009). Fish cul-

ture in recirculating aquaculture systems (RAS) has

developed dynamically in the past few years (Martins

et al. 2010). Technologies have been developed to

produce both restocking material and commer-

cial-sized fishes of new species to aquaculture

(Badiola et al. 2012). Preliminary pilot studies have

indicated that vendace can also be produced in RAS

(Szczepkowska et al. 2014).

Fish culture in RAS is based on high-energy for-

mulated feeds containing fish meal and oils or vege-

table oils (Watanabe 2002). It is known that diet has

a significant impact on the proximate composition,

including the fatty acid (FA) profile, of fish bodies

(Steffens 1997, Lie 2001, Cejas et al. 2004, Steffens

and Wirth 2005, Jankowska et al. 2010). From the

viewpoint of the potential consumer, it seems impor-

tant to determine the impact this type of culture has

on the slaughter yield and nutritional value. This is

all the more important, since, to the best of the pres-

ent authors’ knowledge, this paper is the first to pres-

ent these types of results regarding this species. The

aim of the present study was to determine the slaugh-

ter yield, proximate composition, and fatty acid pro-

file of vendace culture in RAS on formulated feed

and wild specimens of a similar body weight that fed

on natural feed and were caught in a natural lake.

Material and methods

Fish origin

Vendace were cultured in RAS at the Depart-

ment of Sturgeon Fish Breeding, Inland Fisheries In-

stitute in Olsztyn (IFI Olsztyn, Poland). Study

material was obtained through the artificial repro-

duction of vendace obtained from Lake Mamry

(Masurian Lake District, northeastern Poland). The

fish were cultured in a RAS with a volume of 70 m3

that was equipped with square tanks made of an arti-

ficial material with a working volume of 1 m3

(Szczepkowska et al. 2014). The initial stocking den-

sity of each tank (3 tanks) was 1,000 individuals.

From day 105 of culture, the fish stock was reduced

leaving 400 randomly chosen fish in each tank.

During culture until 304 days post-hatch (DPH),

the fish were fed Nutra commercial feed (Skretting,

France). These were composed of 52.0% protein,

20.0% lipids, 8.5% carbohydrate, 11.0% ash, and the

digestible energy was 19.9 MJ kg-1 (manufacturer’s

data). For the subsequent 12 months, the fish were

fed E-Stella 1P feed (Skretting, Norway) composed of

47.0% protein, 14.0% lipids, 21.0% carbohydrate,

7.5% ash, and 2.9% fiber (granulate size – 2.5 mm).

The feed was delivered using an automatic band

feeder (FIAP, Germany). The fish were fed for

12 h d-1 (19:00-07:00). The daily feed ration was

0.5% of the stock biomass.

The mean water temperature during culture was

18.0°C (range 13.0-21.5�C). Oxygen concentration

at the culture tank outflows was higher than 6.2 mg

O2 l-1, and the water pH range was 7.20-7.67. The

level of total ammonia nitrogen (TAN = NH4
+-N +

NH3-N) at the tanks outflows did not exceed 0.35 mg

TAN l-1, and the nitrite content (NO2-N) did not ex-

ceed 0.25 mg NO2-N l-1. The tanks were cleaned

daily of excrement and unconsumed feed and fish

mortalities were recorded.

In September, 12 specimens were collected from

the culture tanks and from the wild. The wild fish

were caught in Lake Harsz (Masurian Lake District,

northeastern Poland) using gillnets with mesh size of

22 mm. The fish were selected so that each group

comprised the same number of males and females (6

specimens each) and the mean body weights were

similar. The cultured vendace (group C) weighed 73

g, and the wild specimens (group W) weighed 69 g

(age of 2+; determined from scale readings;

Bryliñska 2000). Immediately following capture, the

fish were cooled and held on ice for 24 h. Then they
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were gutted and headed. All of the parts obtained,

i.e., the gutted fish, the combined viscera (visceral fat,

liver, gonads), liver, gonads, gutted and headed fish,

head and pectoral fins, were weighed (± 0.1 g) and

the percentage of total body weight (BW) of these

parts was calculated. The ground (3 mm mesh screen

openings) gutted and headed fish was the material

used to determine the proximate composition and for

the analysis of the fatty acid composition.

Determining proximate composition

Moisture content was determined by drying samples at

a temperature of 105�C to a constant weight. Total pro-

tein was determined with the Kjeldahl method using

a multiplier of 6.25. The lipid content was determined

with the Soxhlet method using a petroleum ether sol-

vent. The total content of mineral components was de-

termined by mineralizing the samples at temperatures

of 550-600�C (AOAC 1995). The energy value was cal-

culated using individual caloric or energy equivalents,

i.e., 4.0 kcal g-1 protein and 9.0 kcal g-1 lipid or 24 kJ

g-1 protein and 39 kJ g-1 lipid (Cichoñ 2003).

Determining fatty acid composition

Analyses of fatty acids was performed after sepa-

rating lipids from the formulated feed and from the

vendace carcasses with cold extraction with

a mixture of chloroform/methanol (2:1, v/v). The

procedure used was identical to that used in previous

investigations (Jankowska et al. 2006).

Statistical analysis

The results were analyzed statistically with Statistica

(StatSoft Inc., USA). Data normality was verified us-

ing the Shapiro-Wilk test and the homogeneity of

variance was verified with Levene’s test. Means were

compared with one-way analysis of variance

(ANOVA). When statistically significant differences

between experimental groups were confirmed

(P � 0.05), further statistical analysis was performed

using the Scheffe test. Prior to statistical analyses, all

values expressed in percentages were transformed

using the arcsin function.

Results and discussion

The slaughter yield of gutted vendace (group C) was

about 2% BW higher than that confirmed in the wild

vendace (group W). This is linked mainly with the

higher gonad weight in the wild fish (Table 1). While

differences between groups with regard to headed
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Table 1

Slaughter yield of wild (group W) and cultured (group C) vendace. For explanation see Materials and methods

Units

Fish groups

Pgroup W (n = 12) group C (n = 12)

Body weight (b.w.) g 68.75 ± 13.95 73.30 ± 16.37 ns
Gutted fish weight g 60.18 ± 10.53 66.42 ± 13.85 ns

% b.w. 88.02 ± 3.02 90.93 ± 2.71 *
Gonads weight g 4.02 ± 2.68 1.89 ± 1.84 *

% b.w. 5.34 ± 2.94 2.27 ± 1.84 **
Liver weight g 0.77 ± 0.29 0.74 ± 0.29 ns

% b.w. 1.09 ± 0.25 0.98 ± 0.17 ns
Viscera weight g 7.73 ± 3.34 5.42 ± 2.48 ns

% b.w. 10.76 ± 2.88 7.16 ± 2.07 **
Head weight g 10.15 ± 1.50 14.17 ± 2.65 ***

% b.w. 14.94 ± 1.29 19.52 ± 1.44 ***
Carcass weight (without head and viscera) g 49.72 ± 9.29 52.06 ± 11.25 ns

% b.w. 72.56 ± 2.12 71.17 ± 2.07 ns
Loss g 0.91 ± 0.39 1.45 ± 0.75 ns

% b.w. 1.79 ± 0.78 1.91 ± 0.78 ns

Mean values ± SD; ns – differences not statistically significant P > 0.05; *P � 0.05; **P � 0.01; ***P � 0.001



and gutted fish were detected, they were statistically

insignificant (P > 0.05; Table 1). The slaughter yields

of this species in gutted (88-91% BW) and gutted and

headed (71-73% BW) fish were high, and the values

were more advantages than in other species of fish

(Jankowska et al. 2003, 2007b). This fact stems from

the small head of this species in comparison to those

of other fishes (Bryliñska 2000). In the current study,

only two stages of vendace processing were analyzed

(fillet slaughter yield was not considered), because

this species is only traded and consumed as gutted

fish or gutted and headed fish (e.g., smoked, fried,

marinated) (Z. Zakêœ, unpublished materials). Feed-

ing fish intensively with high-energy feeds often re-

sults in higher viscera weight, which is usually linked

with the deposition of visceral fat in the abdominal

cavity. This trait can lower the slaughter yield of this

type of individual, for example, in comparison with

wild fish that feed on natural food (Mairesse et al.

2005, Jankowska et al. 2006). Formulated feed does

not always lead to changes in the slaughter yield of

a given species. Significant differences in the values

of this parameter were not calculated for cultured

and wild pikeperch, Sander lucioperca (L.) and for

wels catfish, Silurus glanis L. (Jankowska et al. 2003,

2007b). Thus, the impact of feeding fish formulated

feed, expressed as changes in slaughter yield, can be

considered to be a trait specific to species.

The lipid content of vendace from group C was

6.3% higher (more than twofold) than that of the wild

fish (Table 2). The caloric value of cultured vendace

was about 50% higher (174 vs 117 kcal 100 g-1) (Ta-

ble 2). Data from the literature indicates that the lipid

content of wild vendace is fairly variable and ranges

from 0.5 to 4.9% (Muje et al. 1989, Linko et al. 1992,

WoŸniak et al. 2013). From a nutritional perspective,

vendace meat is classified as lean (< 2% lipid) or

moderate-fat (4-8% lipid; Macrae et al. 1993). Lipid

content is determined by the feeding conditions in

a given lake, seasonal fluctuations in food availability

(zooplankton), and the sexual maturity stage of the

fish (annual gonad development cycle) (Linko et al.

1992). The lipid content of the vendace from group

W was in the upper range of the figure cited above

(4.86%). This is certainly linked with the prevailing

feeding conditions in the lake and also with the fish

being caught in September, which is when the period

of intense somatic growth in vendace finishes (Linko

et al. 1992). Muje et al. (1989) noted, for example,

that in vendace occurring in a Finnish lake the mus-

cle lipid content increases from about 1% at the be-

ginning of June to about 2.5% in August. The lipid

content in vendace from group C was decidedly

higher and reached values in excess of 11% (in com-

parison to the wild fish this was an increase of more

than 6%). This is one of the highest increases in the

lipid content observed in fish (cultured vs wild). To

date, mainly predatory fish species have been stud-

ied, and the reported lipid content in fillets of individ-

uals fed formulated feed is in the range of 1-5% (Xu

et al. 2001, Mairesse et al. 2005, Jankowska et al.

2006, 2007a, 2007b, 2010). Feeding vendace feed
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Table 2

Proximate composition (% of wet weight) of gutted and headed wild (group W) and cultured (group C) vendace. For explanation
see Materials and methods

Fish groups
P

group W (n = 12) group C (n = 12)

Water 75.24 ± 0.84 68.80 ± 1.57 **

Fat 4.86 ± 0.78 11.12 ± 1.32 **

Protein 18.30 ± 0.93 18.23 ± 1.43 ns

Mineral components 1.49 ± 0.12 1.65 ± 0.18 *

Caloric value (kcal 100 g-1) 116.98 ± 5.77 173.86 ± 11.86 ***

Energetic value (kJ 100 g-1) 628.98 ± 25.40 871.36 ± 54.49 ***

Mean values ± SD; ns – differences not statistically significant P > 0.05; *P � 0.05; **P � 0.01; ***P � 0.001



with high contents of lipids and carbohydrates re-

sulted in a significant increase in the lipid content of

the carcasses. Excess energy supplied by the diet is

stored as triglycerides in the muscles and/or it is de-

posited in other fat tissues of the fish, i.e., as visceral

fat, and also in the liver and gonads (Jobling 2001).

The weight of the viscera was similar in the cultured

and wild vendace, so it appears that in this species

excess fat reserves were deposited mainly in the

muscles.

The qualitative composition of the fatty acids

(FA) in cultured and wild vendace were similar.

Thirty FA were identified in each group of fish. Sig-

nificant differences were confirmed in the quantita-

tive composition of the FA. The relative quantity of

FA (% of total fatty acids (tFA)) did not differ signifi-

cantly (P > 0.05) between cultured and wild vendace

in only five of the 30 FA confirmed. These were the

following acids: 16:1; 20:3n-6; 20:5n-3; 22:1n-9;

22:5n-3. Particularly large differences were noted in

the content of oleic acid (C18:1cis 9), the contents of

which in cultured vendace were about 17% tFA

higher (Table 3). In the case of FA that are particu-

larly significant from a dietary perspective, i.e.,

eicosapentaenoic acid (EPA; 20:5n-3) and

docosahexaenoic acid (DHA; 22:6n-3), the differ-

ences were not as pronounced (Table 3). Differences

in the percentage share of individual FA resulted in

different fatty acid profiles, i.e., saturated fatty acids

(SFA), unsaturated fatty acids (UFA),

monounsaturated fatty acids (MUFA), and polyun-

saturated fatty acids (PUFA) (Table 3). MUFA in fish

from group C comprised nearly 50% of the tFA, while

the content of PUFA in these individuals was over 6%
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Table 3

Content of selected fatty acids (% total fatty acids) in formulated feed and in carcasses of wild (group W) and cultured vendace
(group C)

Formulated feed

Fish groups

Pgroup W (n = 12) group C (n = 12)

16:00 19.92 25.22 ± 1.14 20.60 ± 1.27 ***

18:1cis9 27.58 14.58 ± 0.95 31.70 ± 1.18 ***

18:2 n-6 10.12 6.15 ± 0.37 8.97 ± 0.46 ***

18:3 n-3 1.45 3.90 ± 0.41 1.19 ± 0.14 ***

20:4 n-6 0.72 1.74 ± 0.25 0.36 ± 0.06 ***

20:5 n-3 7.18 2.68 ± 0.54 2.69 ± 0.67 ns

22:6 n-3 1.89 3.37 ± 0.85 2.41 ± 0.84 *

SFA1 30.59 43.75 ± 2.00 31.47 ± 1.86 **

UFA2 69.41 56.25 ± 2.00 68.53 ± 1.86 **

MUFA3 44.85 31.53 ± 1.39 49.98 ± 1.49 **

PUFA4 24.56 24.72 ± 2.92 18.55 ± 2.26 **

n-3 PUFA5 12.66 14.89 ± 2.43 8.36 ± 1.92 **

n-6 PUFA6 11.76 9.12 ± 0.64 9.80 ± 0.51 *

n-3/n-6 1.08 1.63 ± 0,21 0.85 ± 0.17 **

1 SFA – saturated fatty acids, � 12:0, 14:0, 15:0, 16:0, 17:0, 18:0, 20:0, 22:0.
2 UFA – unsaturated fatty acids, � 14:1, 16:1, 17:1, 18:1cis9, 18:1cis11, 18:2n-6, 18:3n-6, 18:3n-3, 18:4n-3, 20:1n-9, 20:1n-7,
20:2, 20:3n-6, 20:4n-6, 20:3n-3, 20:4n-3, 20:5n-3, 22:1n-11, 22:1n-9, 22:5n-6, 22:5n-3, 22:6n-3.
3 MUFA – monounsaturated fatty acids, � 14:1, 16:1, 17:1, 18:1cis9, 18:1cis11, 20:1n-9, 20:1n-7, 22:1n-11, 22:1n-9.
4 PUFA – polyunsaturated fatty acids, � 18:2n-6, 18:3n-6, 18:3n-3, 18:4n-3, 20:2, 20:3n-6, 20:4n-6, 20:3n-3, 20:4n-3, 20:5n-3,
22:5n-6, 22:5n-3, 22:6n-3.
5 n-3 PUFA – n-3 family PUFA, � 18:3n-3, 18:4n-3, 20:3n-3, 20:4n-3, 20:5n-3, 22:5n-3, 22:6n-3.
6 n-6 PUFA – n-6 family PUFA, � 18:2n-6, 18:3n-6, 20:3n-6, 20:4n-6, 22:5n-6.
Mean values ± SD; ns – differences not statistically significant P > 0.05; *P � 0.05; **P �0.01; ***P �0.001.



tFA lower (P � 0.01; Table 3). Cultured vendace

contained less n-3 PUFA (8.36 vs 14.89% tFA) and

more n-6 PUFA (9.80 vs 9.12% tFA). This was re-

flected in the values of the n-3/n-6 ratio, for which

a higher value was confirmed in wild fish (P � 0.01;

Table 3).

Comparisons of the contents of individual PUFA

and groups of these acids (n-3 and n-6 PUFA) in 100

g fish carcass from group C and W revealed large dif-

ferences (Fig. 1). The content of linoleic acid

(18:2n-6) in cultured fish was more than threefold

higher (699.5 vs 209.5 mg 100 g-1; P � 0.001), while

that of á-linolenic acid (18:3n-3) was lower (93.07 vs

133.79 mg 100 g-1; P � 0.001). The level of

arachidonic acid (AA) was higher in wild fish (59.14

vs 28.26 mg 100 g-1; P � 0.001). The combined con-

tent of n-3 PUFA, n-6 PUFA, PUFA and EPA and

DHA was significantly higher in cultured vendace

(Fig. 1).

Higher MUFA and lower PUFA contents in the

meat of freshwater cultured fish in comparison to

wild fish is often observed (see Mairesse et al. 2005,

Jankowska et al. 2006, 2010). Higher MUFA values

in cultured fish are mainly linked to higher contents

of oleic acid (18:1cis9). It must be emphasized that

the contents of 18:1cis9 in cultured vendace was

lower than that in the formulated feed. Thus, it can

be concluded that this FA was a source of metabolic

energy. It is also noteworthy that the content of DHA

noted in cultured vendace was also higher than that

in the formulated feed. This can be associated with

the selective retention of this FA or the metabolic

conversion of fatty acids from the n-3 family with

shorter carbon chains and fewer double bonds into

longer-chained, more unsaturated derivatives. The

phenomenon of n-3 fatty acid bioconversion has

been observed in other freshwater fish species (see

Xu et al. 2001, Jankowska et al. 2003, 2010). How-

ever, it is important to emphasize that the vendace

from group C had lower contents of n-3 PUFA and

a less advantageous n-3/n-6 ratio in comparison to

the fish from group W and also in comparison to that

noted in the formulated feed.

The decidedly higher content of AA in wild ven-

dace is noteworthy. Ahlgren et al. (1999) reported

higher contents of AA in wild grayling (Thymallus

thymallus), while Cejas et al. (2004) did so for white

seabream (Diplodus sargus). The vendace diet com-

prises primarily zooplankton (Cladocera, Copepoda)

(Linko et al. 1992). Freshwater invertebrates contain

more AA than formulated feed (Bell et al. 1994). Un-

fortunately, data regarding the fatty acid profiles of
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Figure 1. Content of selected fatty acids (mg 100 g-1 carcass wild (group W) and cultured vendace (group C)) (mean values ± SD;
*P � 0.05; **P � 0.01; ***P � 0.001).



the natural food of wild vendace are lacking, but the

results obtained with regard to artificial feed indicate

that the low contents of AA in the meat of vendace

cultured in RAS correspond to the low content of this

acid in the formulated feed. There is a view that

freshwater fish are capable of converting C18 essen-

tial fatty acids (EFA) 18:3n-3 and 18:2n-6 into

n-3PUFA and n-6PUFA, in other words, EPA, DHA,

and AA (Sargent et al. 1995). The present study indi-

cates that the phenomenon of EFA bioconversion

from the n-6 family in vendace is either limited or

does not occur at all.

From the perspective of the nutritional value of

fish meat, it is important to reduce the relative

amount of DHA in cultured vendace. The present re-

sults differ from those obtained in earlier studies of

other freshwater fish species, i.e., pikeperch and wels

catfish, in which the application of formulated feed

either did not change the percentage share of this

acid or resulted in higher levels in comparison to wild

individuals of these species that had fed on natural

feed (Jankowska et al. 2003, 2007b). It should be

noted, however, that because of the significant in-

crease in the content of lipids in vendace from group

C, the content of EPA, DHA, n-3 PUFA, and PUFA in

100 g edible vendace (gutted and headed fish) was

significantly higher than that determined in wild in-

dividuals of this species.

Summary

Conducting vendace culture in RAS on high-energy

artificially formulated feed produced fish with

a slaughter yield for gutted and headed fish did not

differ significantly from that of wild fish, but this

product contained many times more lipids and a dif-

ferent fatty acid composition than did vendace that

had fed on natural food. Cultured vendace was char-

acterized by higher total MUFA and lower PUFA, in-

cluding n-3 PUFA. However, because of the higher

lipid content in the cultured fish, the contents of EPA

and DHA and n-3 PUFA and PUFA in 100 g edible

vendace (gutted and headed fish) was significantly

higher than in wild vendace. It should be emphasized

that in the current experiment vendace were cultured

on commercial formulated feed that did not fully

meet the nutritional requirements of this species. It is

possible that applying another type of diet could have

a different impact on the proximate composition and

the nutritional value of vendace meat.
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