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Effect of nutmeg extract supplementation on some productive traits and economic efficiency 
of common carp (Cyprinus carpio L.) cultivated in recirculation system 

G. Zhelyazkov*, S. Stoyanova, I. Sirakov, K. Velichkova, Y. Staykov

Department of Biology and Aquaculture, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
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Abstract. The aim of the present study was to evaluate the effect of a dietary nutmeg extract supplement on the survival rate, growth performance, feed 
conversion ratio and economic efficiency of common carp (Cyprinus carpio L.) reared in a recirculation system. Thirty-two carps were allotted into two 
experimental variants, each of them comprising two replications with 8 fish in a group. The average initial live weight of carps from the control group (CG) and 

3experimental group (EG) was 866.56±113.99g and 868.50±111.18g, respectively (P>0.05). Fish were reared in concrete tanks with efficient volume of 0.8m , 
elements of the recirculation system. They were fed pelleted carp feed with 25% crude protein produced by “Top mix” company, with pellet size of 6mm. The 
feed of fish from the EG was supplemented with 1% powdered nutmeg extract after lubricating the pellets with 5ml sunflower oil per 100g feed. Control carps 
received the same amount of sunflower oil-lubricated feed. The daily ration of fish from both replications was 1.8% of their live weight. The experiment duration 
was 45 days. The initial and final live weights were determined by individual weighing. By the end of the experiment, there was a tendency towards statistically 
insignificant higher average live weight in fish supplemented with 1% nutmeg extract – 986.44±125.91g vs 964.94±92.04g in non-supplemented controls 
(P>0.05). The survival rate of carps from both control and experimental group replications was 100%. The average individual weight gain of carps from the two 
EG replications (supplemented with 1% nutmeg extract) was 117.94±31.24g which was higher than that of controls by 16.58% but the differences were not 
statistically significant (P>0.05). At the end of the trial, the analysis of consumed feed amount showed that feed conversion ratio in the group supplemented with 
1% nutmeg extract was 3.05±0.78, i.e. by 23.28% lower than that of control carps (P>0.05). The group that received 1% nutmeg extract exhibited better 
economic conversion ratio (2.71), by 4.06% lower than that of the non-supplemented group.

Keywords: common carp, nutmeg extract, feed conversion ratio, weight gain, survival rate, economic efficiency
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Introduction

During the last years, various dietary supplements are used to 
improve the quality of fish feeds. Their main purpose is to enhance 
the growth performance of different species, to reduce feed 
conversion ratio and to increase survival rate. Furthermore, dietary 
fish feed supplements should improve their utilisation. Numerous 
feed additives (for example – betaine, L-amino acids and inosine) 
have been tested (Polat and Beklevik, 1999). Plant extracts are 
promising not only because they are not expensive, but they are also 
natural products that are safe for both fish and the environment 
(Gabor et al., 2010, 2011). Although men have used parts of various 
plants and plant extracts for food, as spices and cures for centuries, 
their effect on different fish species, their growth performance and 
health is not yet well studied. It is affirmed that some phytoadditives 
could be used as an alternative to antibiotics in aquaculture. 
Predominating research reports investigated the effect of plant 
additives on the survival of fish and the treatment of various 
infectious and parasitic diseases (Stratev et al., 2017). Studies that 
have evaluated the effect of phytoadditives on growth performance 
and feed conversion parameters in different farmed fish species are, 
however, few.

Nutmeg (Myristica fragrans) is a dioecious evergreen plant 
growing in the Moluccas and Spice Island of Indonesia, the seeds of 
which are used as spice. It's known that they have anti-inflammatory, 
antimicrobial, antibacterial, hepatoprotective and antioxidant 
properties (Charles, 2012). The anaesthetic effect of Myristica 
fragrans is reported in common carp (Al-Niaeem et al., 2017), as well 

as its influence on the growth of African catfish fry (Clarias 
gariepinus) (Sodamola et al., 2017). The utilisation of nutmeg as a 
spice and phytomedicine suggests that the plant contains several 
biologically active substances that could have not only positive, but 
also negative effect on farmed fish.

The aim of the present study was to evaluate the effect of a 
dietary nutmeg extract supplement on the survival rate, growth 
performance, feed conversion ratio and economic efficiency of 
common carp (Cyprinus carpio L.) reared in a recirculation system. 

Material and methods

Object of study
Thirty-two common carps were allotted into two experimental 

variants, each of them comprising two replications with 8 fish in a 
group. The average initial live weight of carps from the control group 
(CG) and experimental group (EG) was 866.56±113.99g and 
868.50±111.18g, respectively. Fish were reared in concrete tanks 

3with efficient volume of 0.8m , elements of the recirculation system. 
They were fed pelleted carp feed with 25% crude protein, produced 
by the Top mix company, with pellet size of 6mm. The feed of fish 
from the EG was supplemented with 1% powdered nutmeg extract 
after lubricating the pellets with 5ml sunflower oil per 100g feed. 
Control carps received the same amount of sunflower oil-lubricated 
feed. The nutrient content of feed of both groups is presented in 
Table 1. The daily ration of fish from both replications was 1.8% of 
their live weight and they were fed three times per day. The 
experiment duration was 45 days.  

* e-mail: georgi_ij@abv.bg
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Hydrochemical Analysis
The hydrochemical parameters in the recirculating system of 

the common carp (Cyprinus carpio L.) were determined using 
methods adapted for fish-farming, as follows: 

ol Water temperature, C - MultiLine P4;
-1l Quantity of the dissolved oxygen, mg.l  – MultiLine P4;

l pH – MultiLine P4;
-1l Electrical conductivity, µS.cm  – MultiLine P4 and BDS EN 

27888;
-1l Quantity of nitrates, mg.l  – BDS 17.1.4.12:1979;

-1l Quantity of nitrites, mg.l  – BDS ISO 26777:1997.
The above water quality parameters were daily measured.

Growth of the common carp
In order to study the nutmeg influence on the weight gain and 

feed conversion ratio in the common carp (Cyprinus carpio L.), 
cultivated in recirculation system, fish were weighed at the beginning 
and end of the experimental period. The live weight (g) was 
determined as the carps were weighed individually. At the end of the 
trial the weight gain (g), survival rate (%) and feed conversion ratio in 
fish were determined.  

Economic analysis 
In order to analyse the economic efficiency of the nutmeg 

extract supplementation in the diet of carp (Cyprinus carpio L.), 
cultivated in recirculation system, data for feed conversion ratio, 
weight gain and survival rate were used. Comparisons of these traits 
were made between the fish of the different experimental groups and 
the cost for the pelleted feed was determined. The price cost for 1kg 
weight gain of the fish, cultivated in recirculation systems was 
determined. The economic conversion ratio (ECR) was calculated 
using the following equation (Piedecausa et al., 2007): 

ECR = Cost of Diet x Feed Conversion Ratio (FCR)
Statistical evaluation of the data was done by STATISTICA 6.0 

software (StatSoft Inc., 2002).

Results

Hydrochemical analysis 
The results obtained for the hydrochemical parameters of the 

recirculation system are presented in Table 2. The values for 

different parameters varied within narrow limits as follows: 
temperature - 24.00±1.48ºC, pH - 7.66±0.24, electric conductivity - 

-1 -1675±25.00μS.cm , dissolved oxygen - 6.63±0.32mg.l , nitrates - 
-1 -10.57±0.06mg.l  and nitrites - 0.026±0.005mg.l . 

Growth of the common carp
The average initial live weight of carps from both replications of 

control and experimental variants was 866.56±113.99g and 
868.50±111.18g, respectively, but differences were not statistically 
significant (P>0.05) (Таble 3). By the end of the experiment, there 
was a tendency to higher average live weight of fish, fed with 1% 
nutmeg extract supplemented pellets - 986.44±125.91g vs 
964.94±92.04g in control fish (P>0.05).

Survival rates during the experiment showed 100% survival in 
fish supplemented with 1% nutmeg extract as well as in control 
carps. 

The average individual weight gain of carps from the two 
experimental replications (supplemented with 1% nutmeg extract) 
was 117.94±31.24g vs 98.38±25.63g in non-supplemented fish but 
the differences were not statistically significant (P>0.05).

At the end of the trial, the analysis of consumed feed amount 
showed that feed conversion ratio in the group supplemented with 
1% nutmeg extract was 3.05±0.78 and in control carps: 3.76±1.39 
(P>0.05) (Table 3). 

Economic analysis 
The price of the used pelleted feed was 375€ per ton, VAT 

excluded. To this feed, the costs for the nutmeg extract supplement 
should be added, which made the feed of the experimental group 
more expensive by 70€ per ton, VAT excluded.

Table 1. Nutrient content in the pelleted feed for common 
carp (Cyprinus carpio L.)

*CG – control group; **EG – experimental group

№

1

2

3

4

5

6

7

8

9

Crude protein, %

Crude lipids, %

Crude fiber, %

Crude ash, %

P, %

Nutmeg extract, %

ME, MJ/kg

Vitamin A, IU/kg

Vitamin D, IU/kg

25.00

3.10

6.00

8.00

1.04

-

11.10

4800

900

25.00

3.10

6.00

8.00

1.04

1

11.10

4800

900

Item
CG* EG**

Groups

Table 2. Water quality parameters values in the 
recirculation system during the experiment with 
common carp

Parameter

Temperature, ºC
-1Dissolved oxygen, mg.l

pH
-1Nitrates, mg.l

-1Nitrites, mg.l
-1Electric conductivity, μS.cm

45

45

45

6

6

45

24.00±1.48

6.63±0.32

7.66±0.24

0.57±0.06

0.026±0.005

675±25.00

22.0-26.0

> 5

6.5-8.5

< 2.0

< 0.05

-

N Mean±SD

Optimum 
values 

(Regulation 
No. 4/2000)

Table 3. Common carp production parameters

*FCR - feed conversion ratio

Parameter

Initial body weight, g

Final body weight, g

Survival rate, %

Average individual 

weight gain, g

FCR

16

16

16

16

16

866.56±113.99

964.94±92.04

100

98.38±25.63

3.76±1.39

868.50±111.18

986.44±125.91

100

117.94±31.24

3.05±0.78

N
Mean±SDMean±SD

EGCG
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The economic conversion ratio of the group that received 1% 
nutmeg extract was 2.71, by 4.06% lower than that of the non-
supplemented group.

Discussion

The water quality parameters (temperature, dissolved oxygen, 
pH and electroconductivity) analysis shows that during the 
experiment all they were within the optimum ranges for common 
carp (Regulation No. 4, 2000) (Table 2). The content of nitrates and 
nitrites in the water was below the maximum permissible levels. 
According to Regulation No. 4/20.10.2000, their concentrations 
should not exceed 2mg/l and 0.05mg/l, respectively: values that are 
considerably higher than those in water of concrete tanks. The 
maintenance of the optimum water parameters is due to the fact that 
carps were farmed under optimised technical and technological 
parameters of the recirculation system. Tanks are cleaned on a daily 
basis, fresh water is added every day at an amount of 10% of the 
total volume of the recirculation system. The mechanical filter and 
biofilter in particular, had a primary role for maintaining optimum 
water chemical parameters.

The addition of 1% nutmeg extract to pelleted carp feeds in the 
recirculation system did not have any effect on survival rates. In 
experimental replications the survival rate was 100%, the same as in 
controls (Table 3). This is attributed to optimal values of water 
chemical parameters and optimised technological parameters – 
stocking density, daily ration, frequency of feeding.

The average individual weight gain of carps from the two EG 
replications (supplemented with 1% nutmeg extract) was 
117.94±31.24g which was higher than that of controls by 16.58% 
(Table 3) but the differences were not statistically significant 
(P>0.05). 

At the end of the experiment, it was calculated that feed 
conversion ratio in experimental carps, supplemented with 1% 
nutmeg extract, was 3.05±0.78 on the average, e.g. by 23.28% 
lower than that of control fish, although the differences were not 
relevant (P>0.05) (Table 3).

The better utilization of the pelleted feed supplemented with 1% 
nutmeg extract had a beneficial effect on the growth performance of 
experimental carps. In the beginning of the trial, the body weight of 
all carps was similar (P>0.05). At the end, supplemented fish tended 
to have insignificantly higher average live weight (986.44±125.91g) 
than controls the live weight of which was by 2.18% lower (P>0.05) 

(Таble 3). This was in line with the data reported by Sodamola et al. 
(2017), evidencing higher live weight, higher weight gain and lower 
feed conversion ratio in African catfish fry fed with different content of 
nutmeg extract supplemented pellets. The best effect was obtained 
in fish with feed supplemented with 2.5% nutmeg. 

In the carps from the group whose feed was supplemented with 
1% nutmeg extract, the economic conversion ratio was better (2.71) 
– by 4.06% lower than that of control carps.

Conclusion

The results from this study demonstrated that nutmeg extract 
used as a 1% dietary supplement exerted a beneficial effect on 
growth performance of common carp. The better results in fish fed 
the supplemented feed were probably due to improved organoleptic 
properties of the feed. The experiments with this dietary supplement 
should continue with tests of higher dietary levels. Its effect should 
be also monitored in other fish species. 
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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”.
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