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Effect of linseed and sunflower oils in the diet on the growth parameters in rainbow trout 
(Oncorhynchus mykiss W.) cultivated in a recirculating system 

G. Zheliazkov*

Department of Biology and Aquaculture, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. The aim of this study was to determine the influence of linseed and sunflower oils in the diet on the survival rate, weight gain and the feed conversion 
3ratio in rainbow trout, reared in a recirculating system. The fish of the three groups were raised in concrete tanks with effective capacity of 0.8 m , which were 

part of the recirculating system. Rainbow trout received extruded feed (6 mm pellets), produced by “Aqua garant”. The feed of the fish from the experimental 
group (EL) was supplemented with 5% linseed oil, while that of the trout of the group (ES) – 5% sunflower oil. The diet of the fish of the control group (C) did not 
contain any of the above mentioned oils. The duration of the trial was 60 days. In order to study the effect of linseed and sunflower oils in the diet on the weight 
gain of the fish, control catches were carried out at 15 days' interval. The live weight (g) and linear growth (mm) of the control catches were determined as the 
fish were individually weighed and measured. The final live weights of the trout in the experimental groups as well as that in the control were as follows: EL – 
334.79±67.52g, ES – 329.39±70.31 g and C – 323.58±67.77 g. The values of this parameter in EL were higher than those of fish from ES and the control group 
by 1.64% and 3.47%, respectively, but the differences were not significant (P>0.05). This trend persisted also for the linear measurements - in the trout of EL 
they were the highest. The fish of EL displayed the lowest feed consumption. This trait had lower values than the ones of the trout of ES and the control group by 
2.84% and 5%, respectively, though the differences were not significant (P>0.05). The survival rate of the fish from the groups did not differ substantially. 

Keywords: rainbow trout, linseed oil, sunflower oil, growth parameters, feed conversion ratio
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Introduction sunflower oil supplementation of the diet on the survival rate, weight 
gain and feed conversion ratio in rainbow trout (Oncorhynchus 
mykiss W.), raised in a recirculating system.Rainbow trout is the most widely raised species among the 

freshwater cold-water fish.  The feed production for trout is of great 
importance for the industry survival (Ng et al., 2007). The main feed 
for rainbow trout is extruded pellets. Considerable changes in the Material and methods 
formulation and composition of the diets for rainbow trout have 
occurred in the past 15 to 20 years (Atanasov et al., 2010).  Feeds The rainbow trout of the three groups was raised in concrete 

3used nowadays may contain up to 35-40 % fat, mainly fish oil tanks with a capacity of 0.8m , which were part of the recirculating 
(Geurden et al., 2007). The increase of its price in the global market system. The fish were fed three times a day. They received 6 mm 
(Barlow, 2000; Delgado, et al., 2003; Mráz, 2012) makes extruded pellets “Aqua UNI“, produced by “Aqua garant”. The feed of 
aquaculture feed producers search for the possibilities to replace it the fish from the experimental group (EL) was supplemented with 5 
by more stable alternatives (Pickova and Morkore, 2007). These are % linseed oil, while the feed of the trout of the group (ES) contained 
oils obtained from unicellular algae, pelagic organisms or demersal additionally 5% sunflower oil. The fish of the control group (C) did not 
invertebrates that are rich in n-3 PUFA and tested in the fish feeds receive any of the above mentioned vegetable oil with their diet. The 
(Hertrampf and Piedad-Pascual, 2000; Carter et al., 2003; Olsen et nutrient content of the feed of the three groups is presented in Table 
al., 2004). Their price at this point is still too high for them to be used 1. Here the data from the specification of the firm and as well as the 
largely in the fish feeds (Turchini et al., 2009). This is the reason why obtained after our analysis according AOAC 2012 are presented. 
usually as replacement some vegetable fat sources are tested. The The trial continued 60 days.
production of the latter has increased substantially during the last Methods adapted for fish-farming (Bessonov and 
decades (IFFO, 2008). This makes them a good alternative of the Privezentsev,1987; Todorov, 1992) were applied to determine the 
fish oil due to their availability, price, efficiency and sustainability hydrochemical parameters in the recirculating system of the rainbow 
(Pettersson, 2010). trout (Oncorhynchus mykiss W.) as follows: 

The inclusion of vegetable oils in the feed for some fish species · Quantity of the dissolved oxygen, mg/l – MultiLine P4;
might be a problem because of the presence of antinutritional · pH – MultiLine P4;
factors. These compounds are natural toxins or antimetabolites 

· Electrical conductivity – MultiLine P4 and BDS EN 27888;
acting as insecticides in the plants or as part of the survival 

· Quantity of nitrates, mg/l – BDS 17.1.4.12:1979;mechanisms of the species (Hendricks, 2002). The vegetable oils 
· Quantity of nitrites, mg/l –BDS ISO 26777:1997;utilized must guarantee the growth of the fish, must not have any 
In order to study the effect of the included sunflower and linseed negative effects on the feed consumption and last but not least, they 

oils on the weight gain of the fish, control catches were carried out at must not deteriorate the qualities of the products (Karalazos, 2007). 
15 days' interval. The live weight was determined within 0.1 g, and The aim of this study was to determine the effect of linseed and 
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the linear measurements of the fish – total body length (longitudo between 0.27 mg/l to 0.33 mg/l, while the nitrite content was within 
totum corporis-L, mm), standard body length (longitudo corporis-l, the range of 0.005 mg/l to 0.009 mg/l. The values of electrical 

-1 -1mm), trunk length (Т, mm), head length (longitudo capitis-С, mm), conductivity of the water were 556.0 μS/cm  to 695.0 μS/cm . The 
body height (altitudo corporis maxima-H, mm), body width (latitudo analysis of the data concerning the hydrochemical traits during the 
corporis-D, mm) and circumference (O, mm) – within 1 mm. The trial showed that they were optimal for the species, resulting in good 
body measurements of the fish were carried out according to a survival rate, weight gain and feed conversion ratio in the rainbow 
scheme of Pravdin (1966), for measuring trout species. The linear trout of the experiment.
measurements of the fish were done using a measuring board, The survival of the rainbow trout during the trial is presented on 
triangle and tape, and the weights were recorded by electronic Figure 1. The values of this parameter in the fish of the replicates of 
balance, as the fish were weighed and measured individually.  At the the experimental groups supplemented with linseed and sunflower 
end of the trial the weight gain (g), survival rate (%) and feed oils were 100%. Such was the survival of the fish from the control 
conversion ratio were determined. group as well. 

The data were statistically evaluated using STATISTICA 6.0 
software (StatSoft Inc., 2002).

Results 

The hydrochemical parameters during the trial period are 
presented in Table 2. The water temperature of the different groups 
was 18.4 ºC. The content of the dissolved oxygen was within the 
range of 6.93 mg/l – 8.87 mg/l. The pH of the water in the 
recirculating system varied for the individual experimental designs 
and was 7.48 to 8.08. The quantity of nitrates was measured 

Table 1. Nutrient content in the feed of the rainbow trout (Oncorhynchus mykiss W.)

* 1 kg feed contains: vitamin A – 10000 IE; vitamin D3 – 1500 IE; vitamin – E – 200 mg; vitamin K – 3 mg; 
thiamin – 10 mg; riboflavin – 15 mg; pyridoxine– 8 mg; vitamin B12 – 0.02 mg; nicotinic acid– 40 mg; folic acid– 3 mg; 
biotin– 0.3 mg. ** 1 kg feed contains: Fe – 145 mg; Mn – 67 mg; Cu – 16 mg; Zn – 68 mg; I – 1.5 mg; Co – 0.5 mg; 
Se – 0.6 mg

№ Item
Аccording to the

specification of “Aqua garant” C ES EL

Groups

1

2

3

4

5

6

7

8

9

10

11

Crude protein, %

Fat, %

Fibre, %

Moisture, %

Lysine, %

Methionine +cysteine, %

Ca, %

P, %

Chlorides, %

ME, MJ/kg

ME, kcal/kg

42.00 43.00 43.00 43.00

22.12

3.31

7.62

1.68

2.84

1.42

2.50

1.84

20.54

4910

22.12

3.31

7.62

1.68

2.84

1.42

2.50

1.84

20.54

4910

17.12

3.31

7.62

1.68

2.84

1.42

2.50

1.84

18.64

4455

16.00

2.50

7.62

1.68

2.84

1.42

1.40

1.84

18.20

4352

Table 2. Hydrochemical parameters in the recirculating system during the experiment with the rainbow trout 

Parameter n Min. Max.
Optimal values, (according to

Zaykov and Staykov, 2013)

Temperature, °C

Dissolved oxygen О , mg/l2

pH

Nitrates, mg/l

Nitrites, mg/l
-1Electrical conductivity, μS/cm

60

60

60

60

60

60

13.00

6.93

7.84

0.27

0.005

556.00

18.40

8.87

8.08

0.33

0.009

695.00

12.0-16.0

Not below 8

7.0-8.0

Up to 2.0

Up to 0.01

-

Figure 1. Survival rate of the rainbow trout

120

100

80

60

40

20

0
C ES EL
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The linear measurements and the live weight of the trout of the At the end of the trial the weight gain of the fish from the control 
experimental groups at the beginning of the trial are presented in group was 4029.50 g, while those of the experiments with sunflower 
Table 3. The values of the total body length of the fish of the control and linseed oils were 4115.75 g and 4232.25 g, respectively (Figure 
and experimental groups were respectively 229.38±12.65 mm, 2). During the trial the rainbow trout was fed three times a day. The 
231.35±15.25 mm and 332.03±15.26 mm, but the differences were feed consumed daily was analyzed in the control and the 
not significant (P>0.05). The same trend was observed for the mean experimental groups. The values of the feed conversion ratio are 
values of the rest of the linear measurements of the rainbow trout presented on Figure 3 and for the fish of the control, ES and EL they 
from the three groups, though they did not differ significantly are 1.072, 1.050 and 1.021, respectively.
(P>0.05).

The mean values for the total length of the replicates of both 
control and the two experimental groups at the end of the trial were Discussion 
287.66±17.07 mm, 288.83±16.83 mm and 290.51±15.30 mm 
(P>0.05), respectively (Table 4). The same tendency persisted for The analysis of the hydrochemical parameters (temperature, 
the rest of the linear measurements with no significant differences dissolved oxygen, pH and electrical conductivity) during the 
(P>0.05). The final live weight of the fish of the experimental groups experimental period indicated that they were within the optimal 
as well as of the trout of the control group was as follows: EL – range for this particular fish species. The same could be said for the 
334.79±67.52 g, ES – 329.39±70.31 g and C – 323.58±67.77g.

Table 3. Mean linear measurements and weight of the rainbow trout at the beginning of the trial

Parameter n
C

Mean ± SD Mean ± SD Mean ± SD

ES EL

Total body length, mm

Standard body length, mm

Head length, mm

Trunk length, mm

Body height , mm

Body width, mm

Body circumference, mm

Live weight, g

40

40

40

40

40

40

40

40

229.38 ± 12.65

203.75 ± 9.99

  40.73 ± 2.56

106.25 ± 5.77

  48.55 ± 2.65

  26.53 ± 1.18

116.75 ± 9.19

122.10 ± 17.38

231.35 ± 15.25

204.13 ± 11.19

  40.80 ± 2.52

106.43 ± 6.13

  48.45 ± 2.48

  26.78 ± 1.33

116.70 ± 8.83

  123.6 ± 18.14

232.03 ± 15.26

204.25 ± 11.19

  40.98 ± 2.78

105.95 ± 6.04

  48.50 ± 2.61

  26.83 ± 1.34

116.80 ± 8.66

123.20 ± 17.88

Figure 2. Total weight gain of the rainbow trout 

4200

4250

4150

4100

4050

4000

3950

3900
C ES EL

Figure 3. Feed conversion ratio

1.08
1.07
1.06
1.05
1.04
1.03
1.02
1.01

1
0.99

C ES EL

Table 4. Mean linear measurements and weight of the rainbow trout at the end of the trial 

Parameter n
C

Mean ± SD Mean ± SD Mean ± SD

ES EL

Total body length, mm

Standard body length, mm

Head length, mm

Trunk length, mm

Body height , mm

Body width, mm

Body circumference, mm

Live weight, g

40

40

40

40

40

40

40

40

287.66 ± 17.07

260.53 ± 16.08

  57.48 ± 3.88

132.83 ± 10.82

  74.98 ± 4.76

  36.35 ± 2.82

171.30 ± 11.52

323.58 ± 67.77

288.83 ± 16.83

261.89 ± 16.11

  57.80 ± 3.95

133.76 ± 11.58

  75.20 ± 4.76

  36.60 ± 2.83

172.24 ± 11.47

329.39 ± 70.31

290.51 ± 15.30

263.34 ± 14.84

  58.23 ± 3.74

134.66 ± 11.47

  75.58 ± 4.45

  36.80 ± 2.64

173.21 ± 10.75

334.79 ± 67.52
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maximum contents of nitrates and nitrites in water. The values of According to these authors, this was a result of the high level of 
these parameters for the rainbow trout must be up to 2 mg/l and 0.01 linoleic acid in the rapeseed and soybean oil, as well as α-linolenic 
mg/l respectively, as they are much higher than those maintained in acid in the linseed oil. These two fatty acids are essential for the 
the water during our experiment (Regulation № 4/ 20.10.2000; freshwater fish, and besides most of these species, including trout, 
Zaykov and Staykov, 2013). The maintenance of these values in the have the abilities to convert these fatty acids into long–chain n-3 and 
water of all the groups is due to the fact that the rainbow trout was n-6 PUFA (Sargent et al., 1995). Thus, the vegetable oils rich in LA 
cultivated in optimal parameters of farming technology. The tanks and ALA are particularly important lipid sources for the freshwater 
were cleaned three times daily and fresh water was added in amount fish. 
of 10% of the capacity of the recirculating system. The optimal During the last few years the researches in the area of 
hydrochemical characteristics in the recirculating system during the aquaculture increase and they are mainly focused on the 
trial were maintained by filter and in particular by a biofilter. possibilities to use vegetable oils as replacements of fish oil in the 

The addition of 5% vegetable oils (linseed and sunflower) to the extruded feed for trout (Rinchard et al., 2007; Torstensen et al., 
extruded feed for rainbow trout, cultivated in recirculating system did 2008; Pettersson, 2010; Twibell et al., 2012; Arslan et al., 2012; 
not affect the survival rate. The data obtained at the end of the trial, Turchini et al., 2013; Masiha et al., 2013a, b; Yıldız et al., 2013). The 
as mentioned above, showed that this parameter in the fish of the reason for this interest is on the one hand the constantly rising price 
two experimental groups was 100%. Such was the survival of the of fish oil, and on the other hand – the search for the dietetic and 
rainbow trout of the control group (Figure 1). This is due to the healthy food products. Many farmers focus their efforts in this area 
maintenance of hydrochemical characteristics in the ranges and the search for alternatives of fish oil for the feed industry 
required for the species at applied optimized technological increases. 
parameters – stocking density, daily diet, feeding frequency. The The main objective of our experiments was to study the 
analysis of the data for the total weight gain of the rainbow trout possibility for using sunflower and linseed oils in extruded feeds for 
showed values of 4029.50 g in the control group and this was lower rainbow trout. The first results were promising and the researches in 
than the fish of the experimental groups ES and EL by 2.14% and this area continue. In order to respond to the requirements of the 
5.03%, respectively, but the differences were not statistically growing aquaculture, more and more scientists focus their attention 
significant (P>0.05) (Figure 2). towards finding the replacements of the fish oil, which is becoming 

At the end of the trial period the analyzed data for the feed scarce on the market and its price is rising (Barlow, 2000; Delgado et 
consumption indicated that the feed conversion ratio in the rainbow al., 2003; Mráz, 2012).
trout, raised in recirculating system, receiving 5% linseed oil to the 
diet was 1.02 l. It was 2.84% lower than that of the fish fed 5% 
sunflower oil supplemented diet and 5.00% lower that the feed 

Conclusions conversion ratio of the fish of the control group as the differences 
were not significant (P>0.05) (Figure 3). According to many authors 

The supplementation of 5% linseed or sunflower oils in the issue of the full replacement of the fish oil by various vegetable 
extruded feed for rainbow trout, cultivated in recirculating system and animal fats is a problem and particularly important for the 
had positive effect on the following traits:predatory fish (Bell et al., 1991; 1994; 2002; Martino et al., 2003; 

· Decreased the feed conversion ratio in the trout of EL and ES Seierstad et al., 2005). The studies of other authors prove that it 
by 5.00% and 2.84%, respectively, compared to the values of this could be partially (60 – 80%) replaced in the feed by vegetable fats 
parameter in the fish of the control group;(Ng et al., 2007; Drew et al, 2007; Rinchard et al., 2007; Turchini et 

· Increased the weight gain of the fish of EL and ES when al., 2009; Pettersson, 2010; Masiha et al. 2013 a, b; Turchini et al., 
compared with the rainbow trout of C, by 5.03% and 2.14%, 2013; Yıldız et al., 2013). Nevertheless in our study the results are 
respectively;due to the improved metabolism of nutrients in the fish from the 

· Did not affect the survival rate of the fish from all the groups; groups supplemented with sunflower and linseed oils because the 
· Improved the metabolism of nutrients in rainbow trout.quantities of the two essential fatty acids – linoleic (LA) and α-
The study showed that linseed as well as sunflower oils might linolenic (ALA) are substantially increased.

be successfully used as a supplement to the extruded feed and to The improved feed consumption in the groups that received 5% 
replace part of the fish oil in the diet of rainbow trout. Their inclusion sunflower and linseed oils affected positively the growth of the fish 
in the diet did not influence negatively the growth and the survival from these groups, cultivated in recirculating system. At the 
rate, increased the weight gain and decreased the feed conversion beginning of the experiment the rainbow trout had equal live weight 
ratio.  The vegetable oils in the diet improved the nutrient and linear measurements (P>0.05).  At the end of the trial higher 
metabolism increasing the content of the two essential fatty acids – growth in the fish of the experimental groups with vegetable oils was 
linoleic (LA) and α-linolenic (ALA) which can make the lipid profile of observed when compared to the control group. The mean live weight 
the meat more beneficial for the human health.  of the rainbow trout of EL was 334.79 g and it was higher than that of 

the fish of ES and C by 1.64% and 3.47% (P>0.05), respectively 
(Table 4). These results are confirmed by several authors who have 
conducted experiments with various kinds of vegetable oils in References 
different fish species. Experiments with linseed, cottonseed and 
rapeseed oil as supplements in the diet of rainbow trout were carried Arslan M, Sirkecioglu N, Bayir A, Arslan H and Aras M, 2012. The 
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lucioperca) (Kowalska et al., 2010) raised in recirculating systems. 

 



435

Atanasov A, Nikolov G, Stankov K and Videv V, 2010. Economic of Dietary Vegetable Oils on the Growth Performance and Fatty Acid 
efficiency and environmental impacts of extruded diets in Rainbow Composition of Fingerlings of Rainbow Trout, Oncorhynchus 
trout (Oncorhynchus mykiss). Trakia Journal of Sciences, 8, 162- mykiss. Food Science and Technology, 1, 21-29. 
165. Masiha A, Soofiani NM, Ebrahimi E, Kadivar M and Karimi MR, 
Barlow S, 2000. Fishmeal and Fish Oil: Sustainable Ingredients for 2013b. Effect of dietary flaxseed oil level on the growth performance 
Aqua feeds. Global Aquaculture Advocate, 4, 85-88. and fatty acid composition of fingerlings of rainbow trout, 
Bell JG, Henderson RJ, Tocher DR, McGhee F, Dick JR, Porter A, Oncorhynchus mykiss. Springer Plus, 2, 1. doi:10.1186/2193-1801-

2-1.Smullen RP and Sargent JR, 2002. Substituting fish oil with crude 
palm oil in the diet of Atlantic salmon (Salmo salar) affects muscule Mráz J, 2012. Lipids in Common Carp (Cyprinus carpio) and Effects 
fatty acid composition and hepatic fatty acid metabolism. Journal of on Human Health. Thesis for DSc, Swedish University of Agricultural 
Nutrition, 132, 222-230. Sciences, Uppsala.
Bell JG, McVicar AH, Park MT and Sargent JR, 1991. High dietary Ng WK, Tocher DR and Bell JG, 2007. The use of palm oil in 
linoleic acid affects the fatty acid compositions of individual aquaculture feeds for salmonid species. European Journal of Lipid 
phospholipids from tissues of Atlantic salmon (Salmo salar) - Science and Technology, 109, 394-399. doi: 10.1002/ejlt.200600 
association with stress susceptibility and cardiac lesion. Journal of 209
Nutrition, 121, 1163-1172. Olsen RE, Henderson RJ, Sountama J, Hemre G, Ring E, Melle 
Bell JG, Tocher DR, MacDonald FM and Sargent JR, 1994. W and Tocher DR, 2004. Atlantic salmon, Salmo salar, utilizes wax 
Effects of diets rich in linoleic (18:2n-6) and α-linonenic (18:3n-3) ester-rich oil from Calanus finmarchicus effectively. Aquaculture, 
acids on growth, lipid class and fatty acid compositions and 240, 433-449. 
eicosanoid production in juvenile turbot (Scophtalmus maximus L.). Pettersson A, 2010. Effects of Replacing Fish Oil with Vegetable 
Fish Physiology and Biochemistry, 13, 105-118. Oils in Feed for Rainbow Trout (Oncorhynchus mykiss) and Arctic 
Bessonov N and Privezentsev Y, 1987. Fish-farming Charr (Salvelinus alpinus). Thesis for DSc, Swedish University of 
hydrochemistry. Мoscow, Agropromizdat. 158 pp. (Ru). Agricultural Sciences, Uppsala. 
Carter CG, Bransden MP, Lewis TE and Nichols PD, 2003. Pickova J and Morkore T, 2007. Alternate oils in fish feeds. 
Potential of thraustochytrids to partially replace fish oil in Atlantic European Journal of Lipid Science and Technology, 109(3), 256-
salmon feeds. Marine Biotechnology, 5, 480-492. 263.
Delgado CL, Wada N, Rosegrant MW, Meijer S and Ahmed M, Pravdin IF, 1966. Manual for studying fish. М.:Pishtepromizdat, 17-
2003. Fish to 2020: Supply and demand in changing global markets. 30 pp. (Ru).
World Fish Center Technical Report 62. International Food Policy Regulation № 4/ 20.10.2000. Concerning the quality of the waters 
Research Institute, Washington, D.C. and World Fish Center, for fish farming  and for rearing of shell organisms. Ministry of 
Penang, Malaysia, 236 pp. Environment and Waters, Ministry of Agriculture and forests and 
Drew MD, Ogunkoya AE, Janz DM and Van Kessel AG, 2007. Ministry of Health (OG, issue 88/ 27.10.2000) (Bg).
Dietary influence of replacing fish meal and oil with canola protein Rinchard J, Czesny S and Dabrowski K, 2007. Influence of lipid 
concentrate and vegetable oils on growth performance, fatty acid class and fatty acid deficiency on survival, growth, and fatty acid 
composition and organochlorine residues in rainbow trout composition in rainbow trout juveniles. Aquaculture, 264, 363-371.
(Oncorhynchus mykiss). Aquaculture, 267, 260-268. Sargent JR, Bell JG, Bell MV, Henderson RJ and Tocher DJ, 
Geurden I, Corraze G and Boujard T, 2007. Self-feeding behaviour 1995. Requirement criteria for essential fatty acids. In: Symposium 
of rainbow trout, Oncorhynchus mykiss, offered diets with distinct of European Inland Fisheries Advisory Commission. Journal of 
feed oils. Applied Animal Behaviour Science, 108, 313-326. Applied Ichthyology, 11, 183-198.
Hendricks JD, 2002. Adventitious Toxins. In: Halver JE, Hardy RE, Seierstad SL, Poppe TT, Koppang EO, Svindland A, Rosenlund 
(Eds.), Fish Nutrition. Academic Press, Elsevier Science, San G, Froyland L and Larsen S, 2005. Influence of dietary lipid 

rdDiego, California, USA, 3  ed., 601-649. composition on cardiac pathology in farmed Atlantic salmon, Salmo 
salar L. Journal of Fish Diseases, 28, 677-690.Hertrampf JW and Piedad-Pascual F, 2000. Handbook on 

ingredients for aquaculture feeds. Kluwer Academic Publishers, Todorov M and Ivancheva E, 1992. Manual for works in fish-
Netherlands. farming (Bg).
IFFO, 2008. International Fish Meal and Fish Oil Organisation Torstensen BE, Espe M, Sanden M, Stubhaug I, Waagbø R, 
Statistical Yearbook. Hemre GI, Fontanillas R, Nordgarden U, Hevrøy EM, Olsvik P 
Karalazos V, 2007. Sustainable alternatives to fish meal and fish oil and Berntssen MHG, 2008. Novel production of Atlantic salmon 
in fish nutrition: effects on growth, tissue fatty acid composition and (Salmo salar) protein based on combined replacement of fish meal 
lipid metabolism. Thesis for DSc, Institute of aquaculture, University and fish oil with plant meal and vegetable oil blends. Aquaculture, 
of Stirling, Scotland. 285, 193-200.
Kowalska A, Zakęś Z, Jankowska B and Siwicki A, 2010. Impact Turchini GM, Mentasti T, Frøyland L, Orban E, Caprino F, Moratti 
of diets with vegetable oils on the growth, histological structure of VM and Valfré F, 2003. Effect of alternative dietary lipid sources on 
internal organs, biochemical blood parameters, and proximate performance, tissue chemical composition, mitochondrial fatty acid 
composition of pikeperch Sander lucioperca (L.). Aquaculture, 301, oxidation capabilities and sensory characteristics in brown trout 
69-77. (Salmo trutta L.). Aquaculture, 225, 251-267. doi: 10.1016/S0044-
Martino RC, Trugo LC, Cyrino JEP and Portz L, 2003. Use of white 8486(03)00294-1.
fat as a replacement for squid liver oil in practical diets for surubit Turchini GM, Moretti VM, Hermon K, Caprino F, Busetto ML, 
Pseudoplatystoma coruscans. Journal of the World Aquaculture Bellagamba F, Rankin T, Keast RSJ and Francis DS, 2013. 
Society, 34, 192-202. Monola oil versus canola oil as a fish oil replacer in rainbow trout 
Masiha A, Ebrahimi E, Soofiani NM and Kadivar M, 2013a. Effect feeds: Effects on growth, fatty acid metabolism and final eating 



436

quality. Food Chemistry, 141, 1335-1344. 2013. Effects of Dietary Cottonseed and/or Canola Oil Inclusion on 
Turchini GM, Torstensen BE and Ng W, 2009. Fish oil replacement the Growth Performance, FA Composition and Organ Histology of 
in finfish nutrition. Reviews in Aquaculture, 1, 10-57. the Juvenile Rainbow Trout, Oncorhynchus mykiss. Turkish Journal 
Twibell RG, Gannam AL, Hyde NM, Holmes JSA and Poole JB, of Fisheries and Aquatic Sciences, 13, 453-464.
2012. Effects of fish meal- and fish oil-free diets on growth Zaykov А and Staykov Y, 2013. Technologies in the freshwater 
responses and fatty acid composition of juvenile coho salmon aquaculture. Academic publisher, Trakia University, ISBN 978-945-
(Oncorhynchus kisutch). Aquaculture, 360-361, 69-77. 338-058-9 (Bg).
Yıldız M, Eroldoğan OT, Engin K, Gülçubuk A and Baltacı MA, 



Review

Genetics and Breeding

Nutrition and Physiology

Effect of cubicle technological parameters on welfare and comfort of dairy cows
D. Dimov

Identification of promising genotypes for hybridization in spring barley
B. Dyulgerova, D. Dimova, N. Dyulgerov

Comparative evaluation of triticale cultivars grown in the region of Dobrudzha
A. Ivanova, N. Tsenov

Stress tolerance to drought of inbred maize lines
P. Vulchinkova

Sericin content in raw silk from Bombyx mori L. cocoons with different fluorescent characteristics
M. Panayotov

Genetic variability in two-rowed spring barley
B. Dyulgerova, N. Dyulgerov, M. Dimitrova-Doneva

Testing of new Bulgarian sunflower hybrids under the conditions of Northeast Bulgaria
II. Phenological specificity
G. Georgiev, P. Peevska, E. Penchev

Maize hybrids testing in system “Plus”
S. Vulchinkov, V. Valkova, D. Ilchovska, P. Vulchinkova

Effect of gamma-irradiation on the fatty acid composition and susceptibility to powdery mildew 
(Erysiphe cruciferarum) of oilseed rape plants
M. Petkova, M. Dimova, D. Dimova, S. Bistrichanov

Investigations on haematological parameters and bone marrow morphology in broiler chickens with 
experimental aflatoxicosis
I. Valchev, D. Kanakov, Ts. Hristov, L. Lazarov, N. Grozeva, Y. Nikolov

D. Vladova, D. Yovchev, R. Dimitrov, M. Stefanov, P. Hristov

Clinical and haematological studies on subclinical lactational ketosis in dairy goats
R. Binev, V. Marutsova, V. Radev

Effect of linseed and sunflower oils in the diet on the growth parameters in rainbow trout (Oncorhynchus 
mykiss W.) cultivated in a recirculating system
G. Zheliazkov

Light microscopy of the adipose tissue distribution along the coronary branches in the myocard of the 
New Zealand White rabbit 

CONTENTS 1 / 2

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 6, No 4, 2014

377

383

387

392

395

400

403

417

409

413

427

431

423



Production Systems

Agriculture and Environment

Product Quality and Safety

Intensity of spike increase in Triticum aestivum L. cultivars depending on some agronomy factors 
M. Nankova, A. Ivanova, N. Tsenov

Effect of the complex suspension foliar fertilizers Lactofol and Amalgerol premium on grain yield from 
soybean (Glycine max (L.) Merr.) under the conditions of Dobrudzha region
G. Milev, R. Todorova

Seasonal dynamics of virus pathogens important for Foeniculum vulgare
B. Dikova, H. Lambev

Fertility and hatchability of Japanese quail eggs under semi arid conditions in Nigeria
A. Raji, S. Mbap, G. Mohammed, I. Kwari

Algae cenoses with dominate Homoeothrix varians Geitler and Homoeothrix crustaceae Woronichin 
in the Veleka River, Bulgaria
K. Velichkova, I. Kiryakov

Relationship between soil salinity and Bassia hirsuta, Salicornia europaea agg. and Petrosimonia 
brachyata distribution on the territory of  Pomorie lake and Atanasovsko lake
M. Todorova, N. Grozeva, L. Pleskuza, Z. Yaneva, M. Gerdgikova

Environmental friendly methods of inducing resistance against Cucumber mosaic virus in pepper
N. Petrov

Meat quality traits in Japanese quails with regard to storage conditions and duration
P. Vasileva, H. Lukanov, A. Genchev

Analytical features of an optimized method for HPLC analysis of some polyphenolic acids and 
flavonoids in tomato fruits 
D. Georgieva, I. Tringovska, A. Atanasova, V. Kmetov

Effect of vitamin E in the diet of pigs on the lipid and protein oxidative stability of meat during 
storage
T. Popova, P. Marinova, M. Ignatova

Variability of individual coagulation ability and qualitative composition of milk from Kalofer 
Longhaired goats
G. Kalaydzhiev, A. Vuchkov, T. Angelova, D. Yordanova, V. Karabashev, J. Krastanov, D. Dimov,
N. Oblakov, S. Laleva, Y. Popova

Influence of the distillation rate on the quality and quantity of essential oil from Rosa alba L.
A. Dobreva

Short Communication

CONTENTS 2 / 2

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 6, No 4, 2014

437

445

451

455

460

465

471

475

480

486

491

494



Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.



Volume 6, Number 4
December 2014

www.agriscitech.eu


	013
	WEB-COVERS
	TABLE OF CONTENT
	WEB-TMPL


