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Abstract. The present research aimed to examine the effect of dietary phytoextracts supplementation on the chemical composition and fatty acid profile in the 
meat of rainbow trout (Oncorhynchus mykiss W.), cultivated in a recirculation system. The fish were divided into 6 groups: one control (C) and five experimental 
groups in the food of which phytoextracts of curcumin (EC), paprika (EP), thyme (ET), oregano (EO) and garlic (EG) were added. The inclusion of phytoextracts 
had no significant effect on growth parameters of fish from EC, EP, ET, EO and EG groups (P>0.05). No statistical differences on water content, protein and 
lipids were observed in the meat of fish from the control and the experimental groups (P>0.05). Statistically significantly higher value of the dry matter was 
established in ET group in comparson with C, EC, EP, EO and EG groups (P≤0.001). The values of ash were significantly lower in fish from all experimental 
groups compared to the control group. The inclusion of phytoextracts did not affect the fatty acid profile of fish from EP, EO and EG groups (P>0.05). Exceptions 
are EC and ET groups, which had the lowest value of C18:3n-3 α-linolenic compared to those from the control group (P≤0.05, P≤0.001).
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Introduction

The rainbow trout (Oncorhynchus mykiss W) is native species  
to areas of the Pacific Ocean in Asia and North America, which in 
relatively short time has been introduced into at least 45 countries 
and territories (Gabor et al., 2012). In a number of countries,  
including Bulgaria, experiments have been conducted with rainbow 
trout, cultivated in different types of ponds and recirculating systems 

(Farahi�et�al.,�2010  2010; Ahmadifar et al., 2011; Gabor et al., 2011; ,
Zheliazkov, 2014).

Many countries have forbidden the use of antibiotics and 
chemicals, and refuse to import aquaculture products treated with 
them. Therefore, researchers are looking for methods to develop 
alternative dietary supplements such as herbs and plants that 
increase growth performance, health and immune system of 
cultured fish instead of the use of chemotherapeutic agents. There 
are reports which have documented the positive effects of herbs as 
appetizers and growth promoters in aquatic species (Syahidah et al., 
2015). A number of researchers established higher weight gain in 
different fish species (including rainbow trout) as a result of the 
addition to extruded pellet plant extracts, such as garlic, oregano, 
paprika, thyme, curcumin, ginger, echinacea, etc. (Ahmadifar et al., 
2011; Gabor et al., 2011; Jegede, 2012; Antache et al., 2013; Мaniat 
et al., 2014; Mahmoud et al., 2017).

According to recent studies, fish lipids are a rich source of long 
chain n-3 polyunsaturated fatty acids, especially eicosapentaenoic 
acid (EPA) and docosahexaenoic acid (DHA). These fatty acids are 
considered to be some of the most important ingredients for human 
health, nutrition and disease prevention. The humans cannot 
synthesize the long chain them n-3 PUFA and they receive through 
the diet. The content of these fatty acids differs among species and it 
is not a constant. А number of factors such as size, age, reproductive 

cycle, salinity, temperature, diet, season and geographical location 
can influence the amount of n-3 PUFA (Kalyoncu et al., 2009). 

The present research aimed to examine the effect of dietary 
phytoextracts supplementation on the chemical composition and 
fatty acid profile in the meat of rainbow trout (Oncorhynchus mykiss 
W.), cultivated in a recirculation system.  

Material and methods

Experimental design
The rainbow trout used in this study were raised in concrete 

3tanks with efficient water volume 0.8 m , part of a recirculation 
system. Fish were divided into six groups of 20 fish each: one control 
(C) and five experimental groups whose feed was supplemented 
with curcumin (EC), paprika (EP), thyme (ET), oregano (EO) and 
garlic (EG). Each of the trial variants was with two replications. The 
trouts were fed with extruded pellets produced by "Aqua garant" Co 
(Bulgaria), with pellet size 3mm, three times per day. The feed of the 
fish from the experimental groups was supplemented with 1% dry 
extract of the different spices, mentioned above. It was dissolved in 
1mL distilled water and sprayed onto 100g feed one hour before 
feeding. The specimens from the control group (C) did not receive 
any phytoextracts. The nutritional content of the extruded feed for 
the different groups is presented in Table 1. The duration of the 
experiment was 60 days.

After the trail period, four fish of each group were randomly 
selected for evaluation of the chemical and fatty acid composition in 
the fillets. Тhe experiment was conducted in accordance with the 
requirements of Regulation 20/1.11.2012 for minimum requirements 
for the protection and welfare of experimental animals and the 
requirements to sites for use, growth and/or their delivery.

215

* e-mail: martikremi77@gmail.com  

http://www.cabdirect.org:80/search.html?q=au%3A%22Farahi%2C+A.%22


216

Chemical composition
Meat samples were prepared according to AOAC (2006; 

method 983.18) and subjected to determination of water content (%) 
using air drying (AOAC, 1997; method 950.46). Crude protein 
content (%) was calculated by converting the nitrogen content, 
quantified by Kjeldahl's method, using an automatic Kjeldahl system 
(Kjeltec 8400, FOSS, Sweden). Lipid content (%) was determined by 
the method of Soxhlet, using an automatic system (Soxtec 2050, 
FOSS, Sweden). Ash content (%) was investigated by incineration in 
a muffle furnace (MLW, Germany) at 550°C for 8h. Crucibles were 
brought about the room temperature and weighed.

Fatty acid composition
The determination of fatty acid composition f the  (%) o total lipids

of the is carried out by the application of a gas chromatographic trout 
method, with a flame using a gas chromatograph HP 5890 II 
ionization detector, 60m a capillary column "DB - 23"; column 
temperature – 130  (1 min), with change 6.5 /min to 170 , with °C °C °C
change 3.0 /min to 215  (12 min) 40.0/min to 230  (1 min), °C °C °C
detector temperature 280 ; injector temperature – 270 , gas °C °C
holder – hydrogen (H ), split - 1:50 and software Data Apex Clarity 2

TM 2.4.1.93/2005.

Statistical evaluation
The results were statistically evaluated to determine the effect 

of the phytoextracts in the diet of trout on the chemical and fatty acid 
composition of the fillets. The statistical evaluation was performed 
using STATISTICA 6.0 software, t – test, independent by variables 
(StatSoft Inc., 2002).

Results

Growth performance
At the end of the trial, individual weight gain of fish from EТ 

group was the highest -141.33±32.67g compared to those from the 
control and the other experimental groups by 9.03% (C), 9.98% 
(EC), 16.36% (EP), 2.53% (EO) and 2.12% (EG), but the differences  
between groups were statistically insignificant (P>0.05). Survival 
rates of fish from control and experimental groups were as follows: C 
– 90%, EC – 93%, EP – 83%, EТ – 90%, EО – 93%, and EG – 88%. 
The value of this parameter is higher in fish from EC and EO by 3-
10% from the one of specimens from the other groups.

Chemical composition
Lower water content was established in fish fed with pellets, 

added with thyme extract (ET), although the values of this parameter 
in fish from the control and experimental groups were almost equal 
(P>0.05) (Тable 2). The same tendency was observed in fish from 
control group and EC, EP, ET, EO, EG groups concerning the protein 
content. Its value was the lowest in rainbow trout from EG group with 
no significant differences among groups (P>0.05). The addition of 
dietary phytoextract did not change significantly the lipid content in 
the meat of rainbow trout from the control and experimental groups. 
The lower lipid content was found in fish receiving curcumin extract, 
however the differences among groups were statistically 
insignificant (P>0.05). The inclusion of thyme extract influenced 
significantly the dry matter content. Its content in the fillets of fish 
from ET group was significantly higher vs that of control and 
experimental groups by 2.60% (C), 1.19% (EC), 4.79% (EP) 0.99% 
(EO) and 0.38% (EG) (P≤0.001).

Table 1. Nutritional content in the trout feed 

*C – control group; EC – group+curcumin; EP – group+paprika: ET – group+thyme; EO – group+oregano; EG group+garlic (EG);
**1 kg compound feed contains: vitamin A – 10000 IU; vitamin D3 – 1500 IU; vitamin E – 200 mg; vitamin C - 150 mg;
***1 kg compound feed contains: Fe – 62 mg; Mn – 26 mg; Cu – 5 mg; Zn – 103 mg; J – 2.6 mg; Se – 0.3 mg.

No. Parameters Experimental groups

C EC EP EТ EP EG

1

2

3

4

5

6

7

8

9

10

11

12

Crude protein, %

Crude fat, %

Crude fibre, %

Crude ash, %

Calcium, %

Phosphorus, %

Curcumin, %

Paprika, %

Thyme, %

Oregano, %

Garlic, % 

Metabolisable energy, MJ/kg

45.00

16.00

2.40

8.00

1.60

1.20

-

-

-

-

-

18.50

45.00

16.00

2.40

8.00

1.60

1.20

1.00

-

-

-

-

18.50

45.00

16.00

2.40

8.00

1.60

1.20

-

1.00

-

-

-

18.50

45.00

16.00

2.40

8.00

1.60

1.20

-

-

1.00

-

-

18.50

45.00

16.00

2.40

8.00

1.60

1.20

-

-

-

1.00

-

18.50

45.00

16.00

2.40

8.00

1.60

1.20

-

-

-

-

1.00

18.50
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In the present study we observed significant decrease of ash 
content in fish from the experimental groups. In the fillets of rainbow  
trout from the experimental groups the ash content was lower than   
that of the control group by 10.45% (EC), 4.58% (EP), 8.80% (ET), 
5.23% (EO) and 13.07% (EG) (Тable 2).

Fatty acid composition
The fatty acid composition in the fillets of rainbow trout, 

cultivated in a recirculation system is presented in Table 3. The 

addition of phytoextract to the diet had no effect on the contents of 
C14:0 and C16:0 in the fish from the control and experimental 
groups (P>0.05). No significant influence was noticed on the content 
of C16:0 in the fillets of trouts from the control and the other groups 
and it was the lowest in EP group. No statistical differences in the 
content of C18:0 were observed in fish from C, EC, EP, ET, EO and 
EG groups (P>0.05). The inclusion of phytoextracts did not change 
the total content of the saturated fatty acids (SFA) in the meat of fish 
from the experimental groups (P>0.05).

Table 2. Chemical composition of the fillets of rainbow trout (Oncorhynchus mykiss W.), cultivated in a recirculation system

*C – control group; EC – group+curcumin; EP – group+paprika: ET – group+thyme; EO – group+oregano; 
EG group+garlic (EG); 
**Values with same superscripts in the same row are significantly different, (Р<0.05) *** Р ≤ 0.001; ** Р ≤ 0.01; * Р ≤ 0.05. 

Parameter n

Water, %

Protein, %

Lipids, %

Dry matter, %

Ash, %

4

4

4

4

4

C

x± SD
EC

x± SD

ET

x± SD

EO

x± SD

EG

x± SD

75.85±2.09

19.43±0.40

4.70±0.440
a25.65±0.03
abcde1.53±0.010

73.98±0.85

20.30±1.07

4.35±0.200

26.02±0.85
b1.37±0.03 **0

74.94±0.66

19.22±0.22

4.39±0.450

25.07±0.66
e1.46±0.01 *0

73.68±0.09

19.65±0.62

5.30±0.740
a26.33±0.09 ***
c1.38±0.03 *0

EP

x± SD

73.93±0.42

19.57±0.18

5.06±0.230

26.07±0.42
d1.45±0.01 *0

73.77±0.35

19.14±0.16

5.77±0.200

26.23±0.35
a1.33±0.01 ***0

Table 3. Fatty acid composition of the fillets of rainbow trout (Oncorhynchus mykiss W.), cultivated in a recirculation system

*C – control group; EC – group+curcumin; EP – group+paprika: ET – group+thyme; EO – group+oregano; 
EG –group+garlic (EG); 
**Values with same superscripts in the same row are significantly different, (Р<0.05); 
* Р ≤ 0.05, *** Р ≤ 0.001; 
*** SFA – Saturated fatty acids; UFA– Unsaturated fatty acids; MUFA – Monounsaturated fatty acids; 
PUFA – Polyunsaturated fatty acids; n-6– ΣC18:2;C20:2;C20:3;C20:4; n-3– ΣC18:3n-3;C20:5;C22:6.

Fatty acids, % n

C14:0 Myristic

C16:0 Palmitic

C16:1 Palmitoleic

C18:0 Stearic

C18:1 Oleic

C18:2 Linoleic

C18:3n-3 α-Linolenic

C20:2 Eicosadienoic

C20:3 Eicosatrienoic

C20:4 Arachidonic

C20:5 Eicosapentaenoic

C22:6 Docosahexaenoic

SFA

UFA

MUFA

PUFA

n-6

n-3

n-6/n-3ratio

4

4

4

4

4

4

4

4

4

4

4

4

C

x± SD
EC

x± SD

ET

x± SD

EO

x± SD

EG

x± SD

01.95±0.64

15.75±2.19

2.35±0.490

3.85±0.490

48.8±01.13

14.75±1.34
ab5.55±0.070

0.30±0.000

0.60±0.140

0.40±0.000

0.70±0.000

2.40±0.570

22.75±2.33

77.25±2.33

51.80±0.57

25.45±1.77

16.80±1.13

8.65±0.640

1.95±0.070

01.45±0.07

13.45±0.49

1.90±0.140

3.75±0.210

51.25±1.91

15.80±1.13
a4.90±0.14 *0

0.30±0.000

0.65±0.070

0.50±0.120

0.80±0.280

3.05±1.340

10.70±13.44

80.30±0.71

53.70±2.12

26.60±2.83

17.85±1.34

8.75±1.480

2.05±2.050

1.25±0.07

12.60±0.14

1.80±0.14

3.65±0.07

51.90±0.57

15.85±0.07

5.20±0.28

0.30±0.00

0.65±0.07

0.50±0.00

0.80±0.00

3.00±0.57

18.55±0.21

81.45±0.21

54.30±0.71

27.15±0.92

18.15±0.07

9.00±0.85

2.05±0.21

01.40±0.14

13.35±0.92

2.00±0.280

3.60±0.000

49.95±1.91

16.55±0.35
b4.65±0.07 ***

0.25±0.070

0.80±0.000

0.60±0.000

0.75±0.070

3.70±0.280

19.40±1.13

80.60±1.13

52.50±1.56

28.10±0.42

19.00±0.14

9.10±0.280

2.10±0.000

EP

x± SD

1.35±0.21

14.15±1.06

1.85±0.07

4.30±0.71

51.15±0.92

14.15±1.20

5.45±0.07

0.50±0.28

0.80±0.14

0.50±0.12

0.45±0.35

2.50±0.42

21.25±2.05

78.75±2.05

53.55±0.78

25.20±1.27

16.80±0.57

8.40±0.71

2.00±0.14

1.45±0.07

13.15±1.48

2.10±0.28

3.60±0.42

50.10±2.12

16.60±0.28

5.40±0.57

0.30±0.00

0.55±0.07

0.40±0.00

0.85±0.21

3.20±0.85

19.40±2.12

80.60±2.12

52.75±2.33

27.80±0.28

18.35±0.21

9.45±0.49

1.95±0.07
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The phytoextract supplementation in the fish feed had no effect 
on the contents of C18:1 and C16:1 and the differences among the 
groups were insignificant (P>0.05). The higher values of C18:1 were 
observed in EC, EP, ET, EO and EG groups. The content of C16:1 
was the lowest in EP group. In the present study we observed 
tendency of significant decrease in the content of C18:3n-3 in the 
meat of the experimental fish. The amount of linolenic acid of fish 
from the control group was significantly higher than those from EC 
and ET groups 13.26% (Р≤0.05) and 19.35% (Р≤0.001), 
respectively. The dietary phytoextracts supplementation led to 
insignificantt differences between groups, concerning the content of 
C18:2. Nevertheless, the lowest value was observed in EO group 
and the highest in EP group.

No significant influence of the added phytoextracts was found 
on the content of C20:2 (P>0.05) in the meat of rainbow trout. The 
lowest value was established in ET group and the highest in EO 
group. The inclusion of curcumin, paprika, thyme, oregano and 
garlic did not have significant effect on the content of C20:3. The 
lowest value of eicosatrienoic acid was registered in EG group. The 
addition of phytoextracts had no influence on the amount of 
arachidonic acid and the differences between the groups were 
insignificant (P>0.05). There were no significant differences 
between C and experimental groups, concerning the content of 
C20:5 and C22:6. The content of eicosapentaenoic acid was the 
lowest in EO group. No significant effect was observed on the total 
content of SFA in rainbow trout from C and experimental groups 
(P>0.05). The content of SFA was higher in fish from C group.

The amounts of UFA were higher in the experimental groups, 
supplemented with curcumin, paprika, thyme, oregano and garlic 
extracts, with no differences between groups (P>0.05).

The dietary phytoextacts supplementation led to insignificant 
effects between fish from the control and experimental groups in 
regards to the amounts of MUFA. However, the higher values of 
these fatty acids were established in EC, EP, ET, EO and EG groups 
(P>0.05).

The influence of the added phytoextracts did not change the 
content of PUFA in the meat of fish from the experimental groups. 
However, the higher amounts of PUFA were found in fish from EC, 
EP, ET and EG groups, while in the control group and EO group the 
values were the same. The phytoextracts had no significant effect on 
the content of n-6 in the experimental groups. Its value was the 
highest in ET group, while the lowest was established in fish fed 
oregano extract. The amount of n-3 was the lowest in the EO and the 
highest in EG, but differences among groups were insignificant 
(P>0.05). The analysis of experimental data showed that the 
inclusion of phytoextracts had no influence on the n-6/n-3 ratio. Its 
value was the highest in ET, EP, EC and EO groups, while in the 
control group and EG group the values were the same.

Discussion 

Growth performance
The analysis of experimental data from the present research 

revealed that the inclusion of curcumin, paprika, thyme, oregano and 
garlic extracts in the diet did not change final weight and weight gain 
of the rainbow trouts from the experimental groups. Their values 
were not statistically different compared with those of fish from the 
control group (P>0.05) Similar results were reported by Nya and 
Austin (2011) with different dietary garlic, oregano, ehinacea, ginger 

levels in the feed of trouts. Gabor et al. (2011) and Abraham and Ritu 
(2015) also observed no significant influence on the weight gain of 
rainbow trout (Oncorhynchus mykiss) and African catfish (Clarias 
gariepinus), receiving garlic supplemented feed. Similar results 
established Yılmaz et al. (2013) who studied the influence of thyme 
added in the diet of Oreochromis mossambicus. Pham et al. (2014) 
also found insignificant effect on the growth of Paralichthys 
olivaceus as a result from paprika supplemented feed.

Chemical composition
The analysis of experimental data showed that the addition of 

phytoextract had no significant influence on the water content in the 
meat of rainbow trout. This was confirmed by the results of Saleh et 
al. (2015) for Dicentrarcus labrax fed with garlic and Jiang et al. 
(2016) for Carassius auratus that received different curcumin levels. 
For the same results also reported Pham et al. (2014) having fed 
paprika to Paralichthys olivaceus. Ahmadifar et al. (2011) also 
established insignificant effect on the water content in the meat of 
rainbow trout (Oncorhynchus mykiss) that received feed 
supplemented with thymol-carvacrol. 

Despite the insignificant differences on water content in the 
fillets of experimental fish, we established the lowest value of this 
parameter in ET group. Contrary to these results, Farahi et al. (2010) 
observed higher values of water content in the meat of rainbow trout 
(Oncorhynchus mykiss) fed feed supplemented with different garlic 
levels. Antache et al. (2013) established that inclusion of thyme to 
the feed of Nile tilapia (Oreochromis niloticus) also led to significantly 
higher water content. The results from the recent study were not in 
agreement with them.

In the present investigation the phytoextracts supplementation 
had no effect on the protein content and no significant differences 
among groups were observed (P>0.05). However, its value was 
lower in fish from EG group compared to those from the control and 
the other experimental groups. On the contrary, other authors 
established significantly higher protein in the meat of Oncorhynchus 
mykiss and Dicentrarcus labrax, fed with garlic (Farahi et al., 2010; 
Saleh et al., 2015). For the same results reported Hwang et al. 
(2013) having fed curcumin to Sebastes schlegeli. The addition of 
thyme led to higher protein content in the meat of Dicentrarchus 
labrax (Yılmaz et al., 2012). This was confirmed by Maniat et al. 
(2014) for Mesopotamichthys sharpeyi that received feed enriched 
with paprika. According to Ahmadifar et al. (2011) the thymol-
carvacrol supplementation influenced significantly the protein in the 
meat of Oncorhynchus mykiss. On the contrary, other authors 
observed decrease of its content in the meat of different fish fed with 
oregano and thyme extracts (Gabor et al., 2011; Antache et al., 
2013). The conclusions of the recent study were confirmed by Pham 
et al. (2014) who observed insignificant effect on the protein content 
in Paralichthys olivaceus, fed with different paprika levels and Jiang 
et al. (2016) for Carassius auratus that received feed with curcumin 
extract.

No signif icant differences were observed between 
experimental groups, concerning the lipid content in the fillets of 
rainbow trout (P>0.05). However, the lowest value of this parameter 
was established in EC group. Hwang et al. (2013) also determined 
lower lipid content in the meat of Sebastes schlegeli fed with 1.0%, 
3.0% and 5.0% curcumin extract. On the contrary, Farahi et al. 
(2010) and Maniat et al. (2014) established significant decrease in 
the lipid content for Oncorhynchus mykiss and Mesopotamichthys 
sharpeyi fed with garlic and paprika. Similar results were reported by 
Gabor et al. (2011) for Oncorhynchus mykiss, receiving feed 
enriched with oregano extract. According to Saleh et al. (2015) the 
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addition of garlic to the diet of Dicentrarcus labrax had no significant 
effect on the lipid content. For the same results reported Jiang et al. 
(2016) for Carassius auratus fed feed supplemented with different 
curcumin levels. This was also confirmed by results of other authors 
for different fish fed with feed enriched with thyme and paprika 
extracts (Yılmaz et al., 2012; Pham et al., 2014). The results from the 
recent study for insignificant effect on the lipid content as a results of 
phytoextracts supplementation in the diet of rainbow trout were 
confirmed by them. 

The data from the present investigation revealed that the 
phytoextracts supplementation had a trend to increase the dry 
matter in the fillets of rainbow trout. Significantly higher value of this 
parameter was established in fish from ET group (Р≤0.001). Gabor 
et al. (2011) also observed the highest dry matter in the meat of 
Oncorhynchus mykiss, receiving oregano extract. According to 
Mehrim et al. (2014) the garlic extract added to the diet of 
Oreochromis niloticus led to significant decrease of the dry matter. 
This was not in agreement with our results.

In the present research significant decrease of the ash content 
in the meat of fish from the experimental groups compared to control 
group was established. This was confirmed by the results of Mehrim 
et  al .  (2014) who invest igated the inf luence of garl ic 
supplementation on the diet of Oreochromis nloticus. Ahmadifar et 
al. (2011) reported the same results at different thymol-carvacrol 
levels in the feed of Oncorhynchus mykiss. On the contrary, Farahi et 
al. (2010) observed the highest amount of ash in Oncorhynchus 
mykiss as a result of added garlic in the feed. For the same also 
reported Hwang et al. (2013) who studied the effect of paprika 
supplementation on the ash content in the fillets of Sebastes 
schlegeli. The inclusion of thyme also tended to increase the ash 
content in Oreochromis niloticus (Antache et al., 2013). The results 
of the present investigation with rainbow trout disagreed with them.

Fatty acid composition
The phytoextracts supplementation to the diet of rainbow trout 

had no significant influence on the content of C14:0. However, 
tendency to decrease the amount of this fatty acid in the fillets of fish 
from the experimental groups as compared to control group was 
observed and its lowest values were established in EP group. On the 
contrary, Pham et al. (2014) having fed paprika to Paralichthys 
olivaceus observed insignificant differences in the content of C14:0. 
For the same results also reported Hwang et al. (2013) for Sebastes 
schlegeli fed with different curcumin levels. According to Lee et al. 
(2012), the supplementation of garlic led to statistically lower amount 
of C14:0 in the meat of Acipenser ruthenus. This was not in 
agreement with our results. The phytosupplements thyme and 
oregano added to the feed of rainbow trout had lower values of 
C14:0 as compared to those from the C group, but the differences 
between the groups were insignificant (P<0.05).

In the present investigation, the addition of phytoextracts had 
no effect on the content of C16:0. However, the lower amount of 
C16:0 was established in EP group compared to C, EC, ET, EO and 
EG groups. Lee et al. (2012) also established significantly lower 
value of C16:0 in the fillets of Acipenser ruthenus fed garlic 
supplemented feed. On the contrary to these results, Pham et al. 
(2014) reported relatively close values of palmitic acid in the meat of 
Paralichthys olivaceus, fed a diet enriched with paprika extract. This 
was confirmed by Hwang et al. (2013) who studied the effect of 
different curcumin levels to the diet of Sebastes schlegeli on its fatty 
acid composition. 

The results of our study showed that the inclusion of 
phytoextracts in the diet of rainbow trout did not change the content 

of C18:0 (P>0.05). Nevertheless, the lowest values of stearic acid 
were found in ET and EG groups as compared to those from C, EC, 
EP and EO groups. This was confirmed by the results of Lee et al. 
(2012) who established significantly lower amount of C18:0 in the 
fillets of Acipenser ruthenus, receiving feed enriched with garlic. 
According to Hwang et al. (2013) the addition of 1.0% curcumin 
extract in the feed of Sebastes schlegeli also led to lower content of 
stearic acid. According to the experimental data from the present 
study the contents of C18:1 and C16:1 was not influenced by the 
added phytoextract in the feed of the experimental fish. 
Nevertheless, the amount of oleic acid in the fillets was the lowest in 
the control group compared to those from the experimental groups. 
Hwang et al. (2013) also found higher content of C18:1 in Sebastes 
schlegeli fed with extruded pellets, supplemented with 1.0% 
curcumin. Contrary to these results, Pham et al. (2014) having fed 
paprika to Paralichthys olivaceus affirmed its insignificant effect on 
the content of C18:1. The values of oleic acid tend to be higher in the 
fillets of trout from ET and EO. 

The amount of C16:1 in the fillets of rainbow trout was the 
lowest in EP and EO groups compared to those from C, EC, ET and 
EG groups, with no statistical differences (P>0.05). The inclusion of 
different curcumin levels led to insignificant effect, concerning the 
content of palmitoleic acid in Sebastes schlegeli (Hwang et al., 
2013). On the contrary, Pham et al. (2014) established significantly 
higher value of palmitoleic acid in the meat of Paralichthys olivaceus 
fed with paprika extract. No significant difference was observed in 
the contents of C18:2 in the fillets of rainbow trout (P>0.05). 
However, the lowest amount of linoleic acid was observed in EO 
group and fish from ET group had higher amount of C18:2.

Hwang et al. (2013) found equal value of C18:2 in the meat of 
Sebastes schlegeli fed a diet enriched with different curcumin levels 
as compared to those from the control group. According to Pham et 
al. (2014), the addition of paprika led to lower amount of linoleic acid 
in the fillets of Paralichthys olivaceus. This was not in agreement with 
the results of the recent study. On the contrary, Lee et al. (2012) 
reported the highest amount of C18:2 in Acipenser ruthenus fed with 
garlic. 

Phyto supplements curcumin and thyme added to the feed of 
rainbow trout, led to significant decrease in the amount of linolenic 
acid (C18:3n-3). Contrary to our results, Lee et al. (2012) observed 
significantly higher amount of linolenic acid in the meat of Acipenser 
ruthenus, receiving garlic supplemented feed. 

No significant influence was observed in regard to the content of 
eicosadienoic acid in the meat of fish from C and experimental group 
(P>0.05). This was confirmed by the results of Lee et al. (2012) 
having fed garlic to Acipenser ruthenus and Pham et al. (2014) for 
Paralichthys olivaceus fed with paprika extract. Hwang et al. (2013) 
also established insignificant effect on the amount of C20:2 in the 
meat of Sebastes schlegeli, receiving curcumin supplemented feed. 
Despite the insignificant differences among experimental groups 
(P>0.05), the value of C20:2 was found to be the lowest in ET group 

The dietary phytoextracts supplementation had no effect on the 
amount of eicosatrienoic acid. Our results corresponded to those 
reported by Hwang et al. (2013) who investigated the influence of 
different curcumin levels on the fatty acid composition of Sebastes 
schlegeli. In the present investigation the content of C20:3 was the 
lowest and the differences between the groups were insignificant 
(P>0.05).

The phytoextracts included in the diet of rainbow trout did not 
influence significantly the content of C20:4. The results from our 
investigation showed that the content of C20:4 was higher in fish
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from ET, although the differences between the groups were 
insignificant (P>0.05).

The curcumin, paprika, thyme, oregano and garlic added in the 
feed had no effect on the content of C20:5 in the fillets. For the same 
results also reported Pham et al. (2014) who found the same values 
of C20:5 in Paralichthys olivaceus fed with paprika extract. The 
analysis of experimental data from the present investigation showed 
that the lowest content of eicosapentaenoic acid was established in 
EO group (P>0.05).

The amount of C22:6 was not influenced by the addition of 
phytoextracts in the feed of rainbow trout. This was confirmed by 
Hwang et al. (2013) for Sebastes schlegeli. Our results 
corresponded with them. On the contrary, Lee et al. (2012) 
established significantly higher amount of C22:6 in the fillets of 
Acipenser ruthenus, fed garlic supplemented feed. 

No significant influence of the added phytoextracts was 
established on the content of SFA in fillets of rainbow trout. For the 
same results also reported Hwang et al. (2013) for Sebastes 
schlegeli fed with different curcumin levels. The inclusion of 
phytoextracts to the diet of rainbow trout showed no influence on the 
content of UFA. The results of the present research showed that the 
addition of phytoextracts to the diet of rainbow trout tend to increase 
the amount of UFA, with no significant differences among the groups 
(P>0.05).

The amount of MUFA was not changed by the addition of 
phytoextracts. Despite the insignificant differences (P>0.05) 
between the experimental groups, we observed tendency to 
increase the content of MUFA in fish fed with extruded pellets, 
supplemented with curcumin, paprika, thyme, oregano and garlic 
extracts.

The content of PUFA was not affected by the phytoextracts 
supplementation. Similar results were established by Hwang et al. 
(2013) in fish fed with different curcumin levels.

Experimental data show that the inclusion of phytoextracts had 
no significant influence on the amount of n-6 in the fillets of trout. 
Hwang et al. (2013) found almost equal values of n-6 in Sebastes 
schlegeli having fed 2.0% and 3.0% curcumin. 

The addition of phytoextracts did not change the content of n-3 
in the meat of experimental fish. This was confirmed by Hwang et al. 
(2013) for Sebastes schlegeli fed with curcumin. The results of our 
investigation showed that the lowest amount of n-3 was found in fish 
from EO group (P>0.05).

No significant differences were observed, concerning the n-6/n-
3 ratio in fillets of rainbow trout (P>0.05). Despite that, the n-6/n-3 
ratio tends to be higher in rainbow trout from all the experimental 
groups vs to that of individuals from the control group. 

Conclusion

The addition of curcumin, paprika, thyme, oregano and garlic 
extracts to the diet had no significant influence on the growth 
performance of rainbow trout from the experimental groups. The 
phytoextract supplementation did not change the values of water, 
protein and lipid contents in fillets of experimental fish compared to 
those from the control group. Significantly higher dry matter in fish 
meat was established in rainbow trout from ET group as compared to 
values of this parameter of fish from the control (C) and the 
experimental groups (EC, EP, EO and EG). The dry matter content in 
the meat of the fish from ET group was 26.33±0.09%, significantly 
higher vs that of the control and the experimental groups by 2.60% 

(C), 1.19% (EC), 4.79% (EP) 0.99% (EO) and 0.38% (EG) 
(P≤0.001). The inclusion of feed additives led to significant decrease 
of ash content in the meat of the fish from all experimental groups 
when compared to those from non-supplemented trouts. Its content 
was lower than that of C group by 10.45% (EC), 4.58% (EP), 8.80% 
(ET), 5.23% (EO) and 13.07% (EG). The fatty acid profile of the fillets 
from rainbow trout was not influenced by the addition of curcumin, 
paprika, thyme, oregano and garlic extracts. The content of linolenic 
acid was lower in the meat of fish from EC and ET groups as 
compared to its amounts in specimens from C, EP, EO and EG 
groups. The amounts of this fatty acid of fish from C group was 
5.55±0.07% and it was significantly higher than those from EC and 
ET groups, 13.26% (Р ≤ 0.05) and 19.35% (Р ≤ 0.001), respectively. 
However, this did not change the content of n-6/n-3 ratio in the fillets 
of trouts from all experimental variants. 

References

Abraham TJ and Ritu R, 2015. Effects of dietary supplementation 
of garlic (Allium sativum) extract on the resistance of Clarias 
gariepinus against Edwardsiella tarda infection. Iranian journal of 
fisheries sciences, 14, 719-733.
Ahmadiar E, Falahatkar B and Akrami R, 2011. Effects of dietary 
thymol-carvacrol on growth performance, hematological 
parameters and tissue composition of juvenile rainbow trout, 
Oncorhynchus mykiss. Journal of Applied Ichthyology, 27, 1057-
1060.
Antache A, Cristea V, Grecu I, Dediu L, Mocanu M, Ion S and 
Petrea SM, 2013. The effects of some phytobiotics on biochemical 
composition of Oreochromis niloticus meat reared in a recirculating 
aquaculture system. Animal science and biotechnologies, 46, 238-
243.
Antache A, Cristea V and Grecu I, 2014. The synergistic influence 
of thymus vulgaris and vitamin E on growth performance and 
oxidative stress at Oreochromis niloticus species. Lucrări Ştiinţifice - 
Seria Zootehnie, 62, 85-90.
AOAC, 1997. Official Methods of Analysis of Association of Official 

thAnalytical Chemists, (16  edition).
AOAC, 2006. Official Methods of Analysis of Association of Official 

th Analytical Chemists, (18 edition).
Farahi A, Kasiri M, Sudagar M, Iraei MS and Shahkolaei MD
2010. Effect of garlic (Allium sativum) on growth factors, some
hematological parameters and body compositions in rainbow trout
(Oncorhynchus mykiss). Aquaculture, Aquarium, Conservation &
Legislation Bioflux, 3, 317-323. ,
Gabor EF, Şara A, Molnar F and Benţea M, 2011. The influence of
some phytoadditives on growth performances and meat quality in
rainbow trout (Oncorhynchus mykiss). Animal Science and
Biotechnologies, 44, 3-18.
Gabor EF, Ichim O and Şuteu M, 2012. Phyto-additives in rainbow 
trout (Oncorhynchus mykiss) nutrition. Biharean Biologist, 6, 134-
139.
Hwang JH, Rha SJ, Han KH and Kim SJ, 2013. Body composition 
of black rockfish Sebastes schlegeli fed on diets containing different 
levels of Turmeric Curcuma longa L. Korean Journal of Fisheries and 
Aquatic Sciences, 46, 540-545.



221

Jegede T, 2012. Effect of garlic (Allium sativum) on growth, nutrient 
utilization, resistance and survival of Tilapia zillii (Gervais 1852) 
fingerlings. Journal of Agricultural Science, 4, 269-274.
Jiang J, Wu XI, Zhou XQ, Feng L, Liu Y, Jiang WD, Wu P and Zhao 
Y, 2016. Effects of dietary curcumin supplementation on growth 
performance, intestinal digestive enzyme activities and antioxidant 
capacity of crucian carp Carassius auratus. Aquaculture, 463, 174-
180.
Kalyoncu L, Kıssal S and Aktumsek A, 2009. Seasonal changes 
in the total fatty acid composition of Vimba, Vimba vimba tenella 
(Nordmann, 1840) in Eğirdir Lake, Turkey. Food Chemistry, 116, 
728-730.

Lee�DH,�Lim  SR, Ra�CS and Kim�JD,�2012. Effects of dietary garlic    
extracts on whole body amino acid and fatty acid composition, 
muscle free amino acid profiles and blood plasma changes in 
juvenile Sterlet sturgeon, Acipenser ruthenus. Asian-Australasian 
Journal of Animal Science, 25, 1419-1429.
Maniat M, Ghotbeddin N, Ghatrami E and Azaram H, 2014. Effect 
of different levels of paprika on some growth factors, survival and 
biochemical body composition of benni fish (Mesopotamichtys 
sharpey). Academic Journal of Science, 03, 223-229.
Mehrim AI, Khali FF and Refaey MM, 2014. Evaluation of dietary 
addition of garlic (Allium sativum L.) lobes on growth performance, 
feed utilization and physiological responses of Oreochromis 
niloticus, fingerlings. Abbassa International Journal for Aquaculture, 
7, 342-361.
Metwally M, 2009. Effects of garlic (Allium sativum) on some 
antioxidant activities in Tilapia nilotica (Oreochromis niloticus). 
World journal of fish and marine sciences, 1, 56-64.
Nya EJ and Austin B, 2011. Development of immunity in rainbow 
trout (Oncorhynchus mykiss, Walbaum) to aeromonas hydrophila 
after the dietary application of garlic. Fish & Shellfish Immunology, 
30, 845-850.
Pham MA, Byun HG, Kim KD and Lee SM, 2014. Effects of dietary 
carotenoid source and level on growth, skin pigmentation, 

antioxidant activity and chemical composition of juvenile olive 
flounder Paralichthys olivaceus. Aquaculture, 431, 65-72.
Piedecausa MA, Mazón MJ, García BG and Hernández MD, 
2007. Effects of total replacement of fish oil by vegetable oils in the 
diets of sharpsnout seabream (Diplodus puntazzo). Aquaculture, 
263, 211-219.
Sahu S, Das BK, Mishra BK, Pradhan J, Samal SK and Sarangi 
N, 2008. Effect of dietary curcuma longa on enzymatic and 
immunological profiles of rohu, Labeo rohita (Ham.), infected with 
aeromonas hydrophila. Aquaculture Research, 39, 1720-1730.
Saleh NE, Michael FR and Toutou MM, 2015. Evaluation of garlic 
and onion powder as phyto-additives in the diet of sea bass 
(Dicentrarcus labrax). Egyptian Journal of Aquatic Research, 41, 
211-217.
Syahidah A, Saad CR, Daud HM and Abdelhadi YM, 2015. Status 
and potential of herbal applications in aquaculture: A review. Iranian 
Journal of Fisheries Sciences, 14, 27-44.
Thanikachalam K, Kasi M and Rathinam X, 2010. Effect of garlic 
peel on growth, hematological parameters and disease resistance 
against Aeromonas hydrophila in African catfish Clarias gariepinus 
(Bloch) fingerlings. Asian Pacific Journal of Tropical Medicine, 3, 
614-618.
Yılmaz S, Ergün S and Çelik E, 2012. Effects of herbal 
supplements on growth performance of sea bass (Dicentrarchus 
labrax): Change in body composition and some blood parameters. 
Journal of Bioscience and Biotechnology, 1, 217-222.
Yılmaz S, Ergün S and Soytaş N, 2013. Herbal supplements are 
useful for preventing streptococcal disease during first-feeding of 
Tilapia fry, Oreochromis mossambicus. The Israeli Journal of 
Aquaculture, 65, 1-5. 
Zheliazkov G, 2014. Effect of linseed and sunflower oils in the diet 
on the growth parameters in rainbow trout (Oncorhynchus mykiss 
W.) cultivated in a recirculating system. Agricultural Science and 
Technology, 6, 431-436.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Lim%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=25178374
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ra%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=25178374
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=25178374


Genetics and Breeding

Usability of metadata analysis of goat genetic resources among five countries from Africa, Asia and 
Europe: Metadata analysis of goat genetic
M.M. Musthafa, T. Hussain, M.E. Babar, R.S. Aljumaah, M.A. Alshaikh, I. Muritala, V. Landi, A. Martinez, M. 
Amills, O. Dadi, J.V. Delgado, A.B.J. Aina, A.A. Onasoga, O.A. Adebambo, C. Visser, E. Van Marle-Köster, 
A.O. Adebambo, F.M.M.T. Marikar

Knezha 560 – a new mid-late maize hybrid
V. Valkova, N. Petrovska

Sources of resistance in chickpea (Cicer arietinum L.) to ascochyta blight (Ascochyta rabiei)
M. Koleva, Y. Stanoeva, I. Kiryakov, A. Ivanova 

Variability and grain yield potential of maize (Zea mays L.) genotypes under irrigated condition in 
central Sudan
M.B. Alhussein, S.H. Suliman, A.A. Mohammed

Nutrition and Physiology

Effect of monosodium glutamate dietary supplementation on some productive traits of common carp 
(Cyprinus carpio L.), cultivated in net cages
G. Zhelyazkov

Effect of experimentally induced aflatoxicosis on haematological parameters and bone marrow 
morphology in mulard ducks
I. Valchev, N. Groseva, D. Kanakov, Ts. Hristov, L. Lazarov, R. Biinev

Effect of dietary phytoextracts supplementation on the chemical composition and fatty acid profile of 
rainbow trout (Oncorhynchus mykiss W.), cultivated in recirculation system
K. Georgieva, G. Zhelyazkov, Y. Staykov, D. Georgiev

Production Systems

Yield and seed quality of some soybean (Glycine max. L) varieties, cultivated in Osmaniye region, 
Turkey
F.F. Aşik, R. Yildiz

Productivity and yield stability at late treatment of durum wheat (Triticum durum Desf.) with 
antibroadleaved herbicides.

-st
I. Influence at treatment during 1  stem node stage
Gr. Delchev, D. Delchev

The effects of inoculation and N fertilization on soybean [Glycine max (L.) Merrill] seed yield and 
protein concentration under drought stress
O. Basal, A. Szabó

Soil structure after treatment with different operation modes of spading machine
Y. Stoyanov, K. Trendafilov, N. Delchev, G. Tihanov

CONTENTS 1 / 2

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 10, No 3, 2018

183

191

195

208

215

222

232

227

204

199

236



Application of herbicides on common winter wheat (Triticum aestivum L.) at different doses and 
their reflection on the structural elements of spike
Z. Petrova, M. Nankova

Agriculture and Environment

Differences in carbon forms under two land use types in Abia State, South-east Nigeria
B.N. Ndukwu, D.N. Osujieke, C.M. Ahukaemere, P.E. Imadojemu

Theoretical analysis of the heat energy savings in wood pellets production
R. Georgiev, K. Peychev, V. Dimova, D. Georgiev

Agricultural characteristics of sugar factory waste products
B.B. Aşık, S. Dorak

Product Quality and Safety

Ontogenetic and diurnal variations of essential oil content of Hypericum montbretii Spach, 
cultivated in Kazdağı (Edremit/Balıkesir), Turkey
C. Paşa, E. Esendal, T. Kiliç

Effect of Аrtemisia annua L. extract on growth performance, biochemical blood parameters and meat 
quality of rainbow trout (Oncorhynchus mykiss W.), cultivated in recirculating system
R. Koshinski

CONTENTS 2 / 2

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 10, No 3, 2018

241

246

253

257

262

266



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 
f o r  A n i m a l  S c i e n c e  a n d  H e a l t h , 
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 10, Number 3
September 2018

www.agriscitech.eu


	korica-1
	07
	TABLE OF CONTENT
	korica-2

