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Abstract This study investigated the possibility of using a finishing feeding strategy and

to apply a dilution model for the calculation of the content of fatty acids (FA) in farmed

brook char (Salvelinus fontinalis). Four duplicate groups of fish with an initial weight

153.3 ± 4.9 g-1 were kept in a flow-through system for 135 days, during which they more

than triplicated their weight. Control groups were fed the same unmodified commercial

diet with 100 % fish oil (FO) or with 60 % fish oil and 40 % rapeseed oil (RO) mixture.

Two groups were fed by RO diet followed by 45 (RO:45FO) and 90 (RO:90FO) days of

FO diet, respectively, at the end of the growing period. The fillet FA composition at the end

of the experiment corresponded with the FA composition of the lipid source in the diet for

the tested groups. A significant (p\ 0.05) impact on FA composition with a decreasing

tendency in the representation of n-3 HUFA with a prolonged feeding period with the RO

diet was observed. The application of a dilution model enabling the prediction of the

content of a given fatty acid in a given time was successfully performed.
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FA Fatty acids

FCR Feed conversion ratio

FM Fish meal

FO Fish oil

n-3 HUFA Highly unsaturated fatty acids (20:4n-3, 20:5n-3, 22:5n-3, 22:6n-3)

LA Linolenic acid

MUFA Monounsaturated fatty acids (16:1, 18:1n-9, 18:1n-7, 20:1n-9)

OA Oleic acid

PUFA Polyunsaturated fatty acids (18:2n-6, 18:3n-3, 20:2n-6, 20:3n-6, 20:4n-6,

20:4n-3, 20:5n-3, 22:5n-3, 22:6n-3)

RO Rapeseed oil

SFA Saturated fatty acids (14:0, 16:0, 18:0, 20:0, 22:0)

SGR Specific growth rate

Introduction

Animal husbandry, whether on land or in water, depends on the availability of sources for

feed. Two key sources of feed components in aquaculture are fish meal (FM) and fish oil

(FO). Both have their origin in traditional ocean capture fishery (De Silva et al. 2011).

During the last 25 years, aquaculture has been the fastest growing animal husbandry sector

with an annual increase of on average 8.5 % (FAO 2012). The demands for FM and FO are

constantly rising, especially in carnivorous fish culture globally. Nowadays, more than

50 % of the total production of FO is used for feed production for salmonids while the

amount of produced salmonids reaches only 4 % of the total aquaculture production (FAO

2012). At the same time, there is an increasing problem with overfishing (Tacon and

Metian 2009; Tacon et al. 2011), and therefore, there is a growing pressure on replacing

FM and FO more sustainable plant components (Turchini et al. 2009) or other sources

(Berge et al. 2013).

However, FO is well known for a high content of nutritionally beneficial n-3 highly

unsaturated fatty acids (HUFA; C20 carbon atoms and C3 double bonds), including

eicosapentaenoic (EPA) and docosahexaenoic (DHA) acid (Pike and Jackson 2010; Mráz

et al. 2012a). Concerning human nutrition, it has been shown that n-3 HUFA consumption

has an anti-inflammatory effect, maintains cell’s homoeostasis and has a protective

function in the prevention of cardiovascular diseases (Adamkova et al. 2011; Simopoulos

2002).

Vegetable oils, on the other hand, do not contain HUFA, but polyunsaturated fatty acids

(PUFA) with shorter chains and monounsaturated (MUFA) (Pickova and Mørkøre 2007).

In addition, most vegetable oils are rich in n-6 PUFA and low in n-3 PUFA being con-

sidered as adipogenic, atherogenic and causing inflammatory disorders (Simopoulos 2002).

Subsequently, the use of, for example, rape seed oil will significantly affect the nutritional

quality of farmed fish resulting in a decreased intake of n-3 HUFA.

Both the European Food Safety Authority (EFSA) and the World Health Organization

(WHO) recommend the consumption of at least two portions of fatty fish per week to

maintain good health. However, this recommendation is based on fish with a ‘‘normal’’

fatty acid (FA) composition, which is rich in n-3 HUFA, especially EPA and DHA. The

recommendation for the daily intake of the individual FA is: 2 g a-linolenic acid (ALA),
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10 g linoleic acid (LA) (n-3:n-6 ratio 1:5) and at least 250 mg EPA ? DHA for the normal

healthy population (WHO/FAO 2003; EFSA Panel on Dietetic Products 2010).

One of the possible ways to deal with the decrease of n-3 HUFA in fish, farmed with

vegetable oil, is to use a finishing feeding strategy. This is based on the use of a diet where

a substantial part of FO is replaced by a cheaper and sustainable vegetable oil during the

first rearing period and for the final period (several weeks) before slaughtering, a diet with

100 % FO is used to increase the final proportion of n-3 HUFA (Rasmussen et al. 2000;

Bell et al. 2003; Regost et al. 2003; Torstensen et al. 2004; Bell et al. 2005; Lane et al.

2006; Mráz et al. 2012b; Thanuthong et al. 2012). For this approach, Robin et al. (2003)

developed a mathematical dilution model which can predict the changes in fillet FA

composition during the finishing feeding period. This model allows to predict and tailor

lipid quality, as verified for other species, for example by Jobling (2004) (Atlantic salmon),

Torstensen et al. (2005) (Atlantic salmon) or Mráz et al. (2012b) (common carp, Cyprinus

carpio). Simultaneously, it has been shown that there is no negative influence of a sub-

stantial FO replacement by vegetable oil on fish growth, health status or mortality of many

farmed fish as reviewed by Turchini et al. (2009).

The brook char (Salvelinus fontinalis) is a North American salmonid species introduced

to Europe in the nineteenth century. Its popularity among Czech fish farmers is currently

increasing (Svinger et al. 2013; Kopp et al. 2014) due to a high muscle quality and

tolerance to lower water pH values. It is suitable for flow-through as well as recirculating

aquaculture systems. Earlier studies confirmed that brook char has the potential to become

as good aquaculture species as rainbow trout (Rasmussen and Ostenfeld 2000; Amin et al.

2014). Therefore, this species was chosen to test and evaluate the use of a finishing feeding

strategy in the present study.

The primary aim of this experiment was to investigate how the replacement of 40 % FO

in the feed followed by subsequent finishing feeding periods of different lengths influences

growth, survival and fillet FA composition of brook char. A secondary aim was to evaluate

the applicability of the dilution model developed by Robin et al. (2003) to predict FA

composition after finishing feeding period.

Materials and methods

Diets, fish and experimental design

The finishing feeding experiment was carried out between May and September (135 days)

at the fish farming facility Annı́n (Klatovské rybářstvı́ a.s., Czech Republic). A total of

2400 brook char juveniles (average weight 156.3 ± 4.9 g) were randomly distributed as

four duplicated groups into eight concrete channels with flow-through water supply

(1 9 1 9 8 m), 300 individuals per channel.

As base for the experimental feed, a commercially available complete feeding mixture

with a 60 % reduced fat content (compared to the original recipe) was used. To this feed,

we manually added either fish oil (FO) or rapeseed oil (RO) until saturation by spraying.

The final fat content in both diets was 26 % (initial 15.5 %) (Table 1). The experiment was

designed as follows: two concrete flow-through tanks served as a control group, the fish

were fed with the FO diet for the whole experiment (FO group), two fish groups were fed

for 45 days with the RO diet and for the rest 90 days with the FO diet (RO:90 FO group),

two fish groups were fed for 90 days with the RO diet with subsequent change into the FO
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diet for 45 days (RO:45 FO group). The last two fish groups (second control) were fed with

the RO diet for the whole 135 days (RO group). The feeding ratio was, depending on the

actual water temperature, maintained between 0.8 and 1.5 % of actual biomass in the

channel. Water inflow was ensured from the River Otava (49�10029.600N 13�30049.300E) and
the temperature was (14.3 ± 2.8 �C) measured continually using stationary data logger

(Minikin, EMS, Brno, Czech Republic). Oxygen saturation (8.9 ± 1.2 mg l-1) and the pH

value (6.4 ± 0.4) were measured regularly once a day. All the other water quality indi-

cators such as ammonia, nitrite and nitrate were controlled once a week and their values

did not reach risk levels.

Sampling

Fish were sampled at the beginning of the experiment (day 0), at times of diet changes

(days 45 and 90) and at the end of the experiment (day 135). At each sampling day, 33

individuals per channel were caught, and fish were weighed and measured for the purpose

Table 1 Proximate (% of wet
weight) and fatty acid composi-
tion (% of identified[0.5 %) of
two experimental diets for brook
char (Salvelinus fontinalis)

FO—the diet with 100 % fish oil
as lipid source; RO—the diet
with 40 % of fish oil substituted
by rapeseed oil; SFA—saturated
fatty acids (here 14:0, 15:0, 16:0,
18:0, 20:0, 22:0); MUFA—
monounsaturated fatty acids
(16:1, 17:1, 18:1n-9, 18:1n-7,
20:1n-9); PUFA—
polyunsaturated fatty acids
(18:2n-6, 18:3n-3, 20:2n-6,
20:4n-6, 20:4n-3, 20:5n-3, 22:5n-
3, 22:6n-3); n-3 HUFA–highly
unsaturated fatty acids of n-3
series (20:4n-3, 20:5n-3, 22:5n-3,
22:6n-3)

% FO RO

Crude protein 47

Crude lipid 26

Carbohydrates (NFE) 17

Fibre 2.8

Ash 6.5

C14:0 7.88 5.08

C16:0 18.29 14.12

C16:1 7.51 5.08

C17:1 0.77 0.58

C18:0 3.17 2.89

C18:1n-9 12.80 24.72

C18:1n-7 2.92 2.69

C18:2n-6 7.16 16.51

C18:3n-3 2.08 4.62

C20:1n-9 3.05 1.81

C20:2n-6 6.53 3.98

C20:4n-6 0.85 0.53

C20:4n-3 7.22 4.19

C20:5n-3 9.19 6.06

C22:5n-3 1.19 0.80

C22:6n-3 8.16 5.28

SFA 30.57 23.15

MUFA 27.04 34.87

PUFA 42.39 41.98

n-6 14.55 21.02

n-3 27.84 20.96

n-3 HUFA 25.76 16.34

n-3/n-6 1.91 0.99
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of modification of feeding dose and to calculate specific growth rate (SGR) and feed

conversion ratio (FCR) as follows:

FCR ¼ F= Wt�W0ð Þ
SGR ¼ lnWt� lnW0ð Þ= t½ � � 100

where Wt = final weight of fish; W0 = initial weight of fish; F = amount of feed fed;

t = time (days).

At each sampling day, 10 randomly chosen fish were killed and filleted. The left fillet

with skin was use for laboratory analyses of lipid content and composition. Samples were

packed, marked, frozen in liquid nitrogen and stored at -80 �C until analysis.

Lipid analysis

Samples were thawed and the whole fillet with skin was cut into approximately 2 cm large

pieces and homogenized in a kitchen-sized food processor. Lipid extraction was carried out

with hexane–isopropanol (3:2, v:v) following the method of Hara and Radin (1978) with

slight modifications described in Zajic et al. (2013). Lipids were methylated with the use of

borontrifluorid–methanol complex (BF3) as described in Appelqvist (1968) and the

obtained FA methyl esters were analysed with a gas chromatograph (Trace Ultra FID,

Thermo Scientific, USA) equipped with a flame ionization detector and PVT injector,

using a BPX 70 silica capillary column (SGE, Austin, TX, USA), length 50 m, id 0.22 mm

and film thickness 0.25 lm (Fredriksson Eriksson and Pickova 2007). Helium was used as

carrier gas at a flow rate of 1.2 ml per min and nitrogen was used as make-up gas. The

peaks were identified by comparison with the standard mixture GLC-68D (Nu-Check Prep,

Elysian, MO, USA) and other authentic standards. For calculation of the absolute amount

of individual FA, an internal standard (21:0) (Nu-check Prep, Elysian, USA) was used.

Dilution model

The obtained results of fillet lipid composition were later compared against predicted

values calculated by the dilution model designed by Robin et al. (2003):

PiT ¼ PiF þ
Pi0 � PiF

QT=Q0

where PiT is the predicted percentage of taken FA at time T; PiF is the percentage of taken

FA at time T in the fillet of control fish (from FO group); Pi0 is the percentage of taken FA

in the lipid of treated fish at the beginning of the finishing feeding period; QT is the value

of fish weight (kg) multiplied by the lipid content (%) in the fillet of treated fish at time T;

Q0 is the value of fish weight (kg) multiplied by the lipid content (%) in the fillet of treated

fish at the beginning of the finishing feeding period.

Statistical analysis

Results were processed in STATISTICA CZ, version 12.0 software package. All data are

presented as mean ± standard deviation. Differences among fillet FA compositions were

determined using one-way ANOVA by analysis of variance and Tukey’s HSD test.
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A regression analysis was performed to evaluate the differences within each experi-

mental group during the experiment. Differences with a p level\0.05 were considered

statistically significant.

Results

Table 2 shows the production data of the experiment. There was a normal mortality during

the experiment which did not exceed 4 % in all channels. The growth of the fish did not

differ between the groups, indicating that the 40 % substitution of fish oil by rapeseed oil

did not affect the growth of the brook char. Similarly, no influence of dietary oil on weight

variability was shown. There are a slightly lower value of SGR and marginally increased

FCR in FO group compared to the others, but these differences are not statistically sub-

stantiated. On average, all fish more than tripled their weight over the duration of the

experiment.

The fillet lipid content at the beginning of the experiment was 5.25 ± 1.23 %. At the

time of the first diet change (t - 45) it increased in all groups, however there was sig-

nificantly lower value found in RO:45FO and non-significantly in RO:90FO and RO

(Fig. 1) compared to the FO control group.

There were no differences between the groups at the time of the second diet change

(t - 90) as well as at the end of the experiment (t - 135). However, there was a slightly

lower fat content found in the finishing feeding groups (9.92 ± 1.64 % in the RO:45FO

group and 9.74 ± 1.79 % in the RO:90FO group, respectively) compared to the control

groups (10.3 ± 2.66 % in the FO group and 10.35 ± 1.70 % in the RO group, respec-

tively) at the end of the trial.

The fillet FA composition at the end of the experiment clearly corresponds with the FA

composition of the lipid source in the diet for the tested groups. Data are presented in

Table 3. There is significantly decreasing amount of total SFA in the groups with longer

rapeseed oil feeding period (RO:45FO and RO, respectively). A clear effect of the presence

of rapeseed oil is also seen in the total MUFA content, resulting in a higher amount of

MUFA in the fish lipids with a longer RO feeding period. On the other hand, while the total

PUFA content was stable in all experimental groups, there is a significant difference in the

proportion of n-3 and n-6 PUFA between tested groups. With prolonged time the content of

n-3 PUFA decreased in the RO group while the content of n-6 PUFA conclusively

Table 2 Production characteristics of the experiment with brook char (Salvelinus fontinalis) reared dif-
ferent feeding strategies on fish oil (FO) or rapeseed oil (RO) diets only for 135 days or a RO diet for 45 or
90 days followed by a FO diet 90 or 45 days

Group Initial weight Final weight Survival (%) SGR FCR
T0 (g) T135 (g) % per day

FO 158.3 ± 1.0 503.5 ± 94.2 96.1 ± 0.65 0.92 ± 0.05 1.01 ± 0.02

RO:90FO 159.5 ± 2.2 520.1 ± 96.9 96.5 ± 0.15 0.97 ± 0.06 0.98 ± 0.03

RO:45FO 153.1 ± 2.2 507.5 ± 82.3 96.3 ± 0.35 0.99 ± 0.05 0.98 ± 0.03

RO 154.5 ± 5.7 520.5 ± 87.9 96.3 ± 0.15 0.96 ± 0.03 0.97 ± 0.06

Initial and final weight data are presented as mean (n = 66) ± SD, SGR, FCR and survival as mean of
duplicated groups (n = 2) ± SD
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increased at the same time. Similar results have been achieved also by determination of FA

as absolute amounts (mg 100 g-1 flesh). Practically all the FA identified in the brook char

fillet increased their amounts during the experiment together with a rising fat content.

There was a significant (p\ 0.01) increase of all identified n-3 HUFA (20:4n-3, 20:5n-3,

22:5n-3, 22:6n-3) with prolonged time of feeding the fish oil-based diet. Simultaneously,

representation of MUFA (specifically oleic acid; 18:1n-9) increased substantially in the RO

and RO:45FO groups (p\ 0.01), while it remained stable in FO and RO:90FO. Consistent

in experimental groups (RO:45FO and RO:90FO) are the amounts of ALA.

The applicability of the dilution model for the prediction of a given FA in the fillet of

brook char is presented in Table 4. It is evident that with a shorter finishing feeding period

the accuracy of estimation is rising. There was high prediction accuracy in both tested

periods (45 and 90 days) for the most of chosen FA. However, the analysed representation

of ALA, EPA and DHA and n-3 HUFA, respectively, after the 45 days finishing feeding

showed more accurate predictions compared to the same FA after the 90 days finishing

feeding period. But, simultaneously, the coefficient of determination (R2) is very close to 1

for both 45 and 90 days of finishing feeding (R2 = 0.9991 for 45 days finishing feeding;

R2 = 0.9978 for 90 days, respectively). It was also shown, that in case of brook char a very

accurate prediction of the filet FA composition can be done based on the FA composition

of the finishing diet. Figure 2 demonstrates the accuracy of this prediction for both 45

(Fig. 2a) and 90 (Fig. 2b) days of finishing feeding. The prediction accuracy increases with

shortening the finishing feeding period.

Discussion

This experiment aimed to show whether the replacement of 40 % fish oil in the feed for

brook char followed by a finishing feeding strategy has an influence on fillet FA com-

position. So far this strategy was tested in many economically important fish species, such

as rainbow trout (Thanuthong et al. 2012), rohu (Labeo rohita) (Karanth et al. 2009),

European seabass (Dicentrarchus labrax) (Mourente and Bell 2006), Atlantic salmon

(Torstensen et al. 2005) or common carp (Mráz et al. 2012b), but in brook char farming

Fig. 1 Fillet lipid content (%) of brook char (Salvelinus fontinalis) at the times of diet changes during
finishing feeding. Data are mean ± standard deviation (n = 8); different letters above the columns at t-45
express statistical differences between groups (p\ 0.05)
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only studies on partial replacement of dietary fish oil were published (Guillou et al. 1995;

Simmons et al. 2011).

At the end of the experiment, fish from all groups showed nearly the same final weight

but with high variability, which is suggested to be caused by territoriality and feeding

aggression of adolescent brook char males (Svinger et al. 2013). Nevertheless, this vari-

ability was similar in all groups and the final average weight was not influenced (p[ 0.05)

by the partial replacement of fish oil. No differences between the groups were observed in

survival (96.1–96.5 %). Despite the manual intervention (manipulation with lipid part) of

the commercial diet, the FCR was between 0.97 and 1.01 and the SGR ranged between

0.92 and 0.99 % per day with no differences between the experimental groups. These

values are in agreement with results published by Amin et al. (2014). Rasmussen and

Ostenfeld (2000) showed a lower (0.81) FCR with a comparable SGR (1.00). Our results

concerning growth showed a relatively high variation within the groups (approximately

20 %). However, as this variation was similar in all groups, the results of the present study

Table 4 Comparison of chosen fatty acids (% of identified) observed after 45 and 90 days of finishing
feeding strategy of brook char (Salvelinus fontinalis) with those predicted by the dilution model

Fatty acid 45 days finishing feeding 90 days finishing feeding

P O Difference P O Difference

O–P %a O–P %

14:0 4.02 4.30 0.28 6.96 4.53 4.85 0.32 7.13

16:0 13.57 13.67 0.11 0.79 14.32 14.73 0.41 2.89

16:1 5.94 6.4 0.46 7.82 6.64 6.92 0.29 4.32

18:0 2.61 2.56 -0.06 -2.29 2.68 2.76 0.08 3

18:1n-9 25.81 25.6 -0.22 -0.84 23.45 22.43 -1.02 -4.33

18:1n-7 3.2 3.38 0.19 5.83 3.23 3.48 0.25 7.82

18:2n-6 13.82 14.01 0.19 1.39 12.01 11.55 -0.47 -3.89

18:3n-3 6.43 5.63 -0.8 -12.41 6.39 5.20 -1.19 -18.59

20:1n-9 1.61 1.65 0.03 2.15 1.91 1.87 -0.04 -1.86

20:2n-6 3.67 3.96 0.28 7.71 4.03 4.45 0.42 10.51

20:3n-6 0.54 0.48 -0.06 -11.43 0.57 0.55 -0.02 -3.71

20:4n-6 0.93 0.96 0.03 3.16 1.01 1.1 0.1 9.83

20:4n-3 2.48 2.52 0.04 1.6 2.7 2.48 -0.23 -8.42

20:5n-3 4.81 4.91 0.11 2.21 5.35 5.57 0.22 4.14

22:5n-3 1.51 1.54 0.03 1.75 1.75 1.82 0.07 3.81

22:6n-3 8.51 8.19 -0.31 -3.7 8.86 9.76 0.9 10.18

SFA 20.45 20.77 0.32 1.55 21.7 22.61 0.91 4.18

MUFA 36.77 37.03 0.26 0.71 35.47 34.79 -0.67 -1.9

PUFA 42.7 42.2 -0.5 -1.17 42.67 42.48 -0.19 -0.45

n-3 PUFA 23.73 22.79 -0.94 -3.96 25.06 24.83 -0.23 -0.9

n-6 PUFA 18.96 19.41 0.44 2.33 17.62 17.65 0.03 0.19

n-3 HUFA 17.3 17.16 -0.14 -0.82 18.66 19.63 0.96 5.16

HUFA highly unsaturated fatty acids, MUFA monounsaturated fatty acids, O observed values, P predicted
values, PUFA polyunsaturated fatty acids, SFA saturated fatty acids
a Calculated as % of difference between O (100 %) and P
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indicate that the replacement of a substantial part (40 %) of fish oil by rapeseed oil in the

diet has no significant influence on growth parameters, feed utilization or survival of brook

char.

Fillet lipid content of experimental fish rose linearly in time depending on the growth of

fish, which is a common trend (Hamilton et al. 2005; Şahin et al. 2011). After the first

45 days, a significantly lower lipid content was observed in the group fed the diet with

rapeseed oil (RO:45FO; p\ 0.05) with a trend of lower lipid content also in the RO:90FO

and RO groups (p = 0.125) compared to the FO group fed the same diet as prior to the

experiment. With time, however, these initial differences disappeared. Most likely this was

due to the sudden change to a new feed. A similar situation was described in a study on

common carp by Mráz et al. (2012b) who recommended to mix the feeds in order to adapt

fish stock more easily to the new feed composition and probably the taste. At the end of the

experiment (after 135 days), all lipid content values in all tested groups were similar. Thus,

the replacement of 40 % fish oil by rapeseed oil in the feed as well as an application of the

finishing feeding strategy seems to have no impact on the final fillet lipid content of brook

char in the current settings.

Fig. 2 Predicted values of chosen fatty acid (%) of brook char (Salvelinus fontinalis) compared to
observed. The fatty acid composition of the finishing diet was used as the reference value. a prediction for
the group with 45 days of finishing feeding; b prediction for the group with 90 days of finishing feeding.
Each value represents the mean for 8 fish
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It has been shown earlier that fillet FA composition of salmonid species is significantly

influenced by the composition of dietary fat (Rasmussen and Ostenfeld 2000; Turchini

et al. 2003). While there was a clearly higher content of n-3 HUFA in the FO group, the

same FA decreased with time in the groups fed the diet with RO at the expense of elevated

levels of both LA and ALA and MUFA. This is due to a high proportion of these FA in

rapeseed oil (Pickova and Mørkøre 2007). Rapeseed oil has been previously tested as

potentially suitable substitute for fish oil in similar species—Arctic char (Salvelinus

alpinus) by Pettersson et al. (2009) or in Atlantic salmon by Bell et al. (2003). Due to a

reduction in the intake of fish oil, it was possible to observe a trend of significant (in

RO:45FO and RO groups) decreasing percentage of nutritionally less suitable SFA (Hunter

et al. 2010) in the fillet lipids. Considering the dietary recommendations for daily intake of

FA (EFSA Panel on Dietetic Products 2010), the contents of n-3 HUFA (including

EPA ? DHA) in the fillet of experimental fish at the end of the trial were still high and

above the minimal recommended intake. Furthermore, the absolute amount of n-3 HUFA

continually rose in time (908 ± 95, 1180 ± 222 and 1278 ± 180 mg 100 g-1 flesh after

45, 90 and 135 days, respectively) due to the increasing lipid content. This finding provides

a space for even higher fish oil replacement in brook char farming (Regost et al. 2003).

The principle of the dilution model (Jobling 2003) confirms that if the FA composition

of the feed is changed, then the fillet FA composition is changed as well in time depending

on the amount of newly included FA. The application has two possible ways: (1) the

prediction of an amount of given FA in a given time and (2) the calculation of time

required to achieve a given amount of the chosen FA. In Table 4, the high accuracy of the

dilution model in the case of brook char for the chosen FA as well as for the most

important n-3 FA is demonstrated. This accuracy is high enough in order to guarantee the

content of given FA to consumers; nevertheless, the calculation is applicable to aquacul-

ture as has been confirmed by several authors with similar accuracy in other species

(Jobling 2004; Torstensen et al. 2005; Mráz et al. 2012b). In addition, the possibility to use

the FA composition of the finishing diet as a reference value to predict the FA composition

in the fillet of tested fish at the end of finishing feeding period was tested. As presented in

Fig. 2, this option can be used with a high degree of reliability. Non-carnivorous fish more

easily digest dietary starch and produce SFA and MUFA from its excess, so the predicted

values of these FA groups are lower compared to the observed. On the other hand, the

Fig. 3 Representation of n-3
HUFA (g 100g-1) in the fillet of
brook char (Salvelinus fontinalis)
depending on the period (days)
with FO diet. Data are mean ±
standard deviation (n = 8)
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predicted values of PUFA are then higher than observed, because PUFA are diluted. It can

therefore be concluded that salmonids reflect the composition of a diet into the fillet. The

practical use of the results obtained in a dilution model to calculate necessary feeding

periods for the production of fish with a tailored FA composition according to the con-

sumers’ demands could be interesting for both farmers and consumers. Hypothetically, a

consumer demands a guarantee that the fillets of market brook char contain at least 1.75 g

100 g-1 n-3 HUFA (250 mg-1 9 7 days). The regression equation for the relationship

between the content of n-3 HUFA and time is: y = 0.0047x ? 1.2541 (Fig. 3); after the

calculation (y = 1.75), the farmer knows that to achieve the desired amount of n-3 HUFA,

he needs to apply 105 days of finishing feeding with the FO diet after feeding a 40 % RO

diet for a growing period of 30 days. If the previously used diet has lower proportions of

n-3 HUFA, the model needs to be re-evaluated for the different starting FA composition.

It can be summarized that the dilution model is applicable in the brook char farming

where 40 % of fish oil in the diet is replaced by rapeseed oil. By the application of the

finishing feeding strategy, a desired declarable flesh quality could be ensured. In time of

limited traditional resources for aquaculture feeds, a finishing feeding strategy could have a

positive impact from many points of view. A 40 % fish oil replacement showed that the

final lipid flesh quality is, regarding the widely recognized nutritional requirements, still

very high. Thus, even higher fish oil replacement should be tested in brook char farming in

future.
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