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Abstract. The aim of the study was to determine the effect of a monosodium glutamate dietary supplementation on the survival rate, growth performance, feed 
conversion ratio and economic efficiency of common carp (Cyprinus carpio L.), cultivated in net cages. Two hundred carps were allotted into two experimental 
variants, each of them comprising two replications (Control groups – CG and CG1; Experimental groups – EG and EG1), with 50 fish in a group. The average 
initial live weight of fish from the control and experimental groups was 1141.62±79.62g and 1129.54±71.47g, respectively (P>0.05). The carps were cultivated 
in net cages with a size 3.0/3.0/2.0m. The fish were fed with extruded feed Aqua garant VITAL, a product of Garant-Tiernahrung Gesellschaft m.b.H. - Austria, 
with 6mm size of pellets. Monosodium glutamate in amount of 1% was added to the feed of carps from the experimental groups. The fish from the control 
groups received no monosodium glutamate supplementation of the diet. The feed given to the fish was 2% of the total biomass. The trial period was 60 days, 
control catch at 30th day were done in order to study the influence of the monosodium glutamate supplementation on the weight gain and feed conversion ratio 

st th thof the common carp, cultivated in net cages. The initial (1  day), control (30  day) and final (60  day) live weights (g) were determined by individual weighing. 
The final live weight of the fish from both replications of the experimental and the control groups was as follows: 1699.36±78.43g and 1597.27±74.66g, the 
differences were significant (P<0.001). The survival rate of carps from both control and experimental group replications was 100%. The average individual 
weight gain of fish from the two replications (supplemented with 1% monosodium glutamate) was 569.82±3.75g which was higher than that of controls by 
20.04%, the differences were significant (P<0.001). At the end of the trial, the analysis of consumed feed amount showed that feed conversion ratio in the group 
supplemented with 1% monosodium glutamate was 1.76±0.12, i.e. by 25.57% lower than that of control carps (P<0.001). The economic efficiency in the 
experimental groups exhibited better economic conversion ratio (0.936), by 22.65% lower than that of the non-supplemented groups.
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Introduction

Warm water fish farming in countries from Central and Eastern 
Europe is most commonly based on carp species. In Bulgaria, the 
common carp is of primary importance for aquaculture and it is 
reared in various production systems such as ponds, dams, tanks, 
net cages, etc. Carp farming in net cages has long traditions and 
constitutes the major share of culturing of the species in the country, 
what is more, this is one of the most economically efficient 
technologies. 

The technological advances and the continuous increase in fish 
production are closely associated with the development and 
production of high-quality feeds for farmed species (Staykov et al., 
1998). The last years have witnessed a significantly higher interest 
in experiments with various supplements to fish feeds and their 
utilisation (Polat and Beklevik, 1999; Citarasu et al., 2003; El-Dakar 
et al., 2007; Zhelyazkov et al., 2015; Mousavi et al., 2016). Тhese 
additives are expected to promote the growth of farmed species and 
at the same time, to reduce feed conversion ratio without negative 
effect on the survival rate of different species. Furthermore, 
supplements to fish feed should improve the utilisation of the latter.

Monosodium glutamate (MSG) is a non-essential amino acid, 
naturally found in protein-rich foods such as meat, fish, cheese and 
vegetables. After MSG is detected by taste receptors, they send a 
signal for presence of protein in the food (Taylor-Burds et al., 2004; 
Diniz et al., 2005). First isolated from sea algae and patented by 
Ikeda (1908), now this amino acid is produced by fermentation of 

starch, sugar beet and molasses. It is supplemented to many foods 
and feeds for both humans and animals as flavour enhancer 
(Obayashi and Nagamur, 2016). Kwok (1968) reported about the so-
called Chinese restaurant Syndrome (CRS) in humans who due to 
consumption of Chinese food manifested numbness, general 
weakness, tachycardia, etc.

The safety of glutamic acid and its salts have been evaluated by 
the Joint FAO/WHO Expert Committee on Food Additives (1971, 
1974, 1987) and "acceptable daily intake” (ADI) has been specified. 
It was concluded that they could be used in foods at amounts needed 
to obtain the desired technological effect. In research literature, the 
effects of MSG were assessed in mice and broiler chickens 
(Škultétyová et al., 1998; Singh and Ahluwalia, 2002; Khadiga et al., 
2009), and few reports are available for its effects in fish (Abdelkader 
et al., 2012; Zhao et al., 2015; Mahaliyana et al., 2016).

The aim of the study was to determine the effect of monosodium 
glutamate dietary supplementation on the survival rate, growth 
performance, feed conversion ratio and economic efficiency of 
common carp (Cyprinus carpio L.), cultivated in net cages.

Material and methods

Experimental design
Two hundred common carps (Cyprinus carpio L.) were allotted 

into two experimental variants, each of them comprising two 
replications (Control groups – CG and CG ; Experimental groups – 1
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Table 2. Water chemical parameters in the net cages during
 the experiment with common carp (Cyprinus carpio L.)

* CG – Control group; EG – Experimental group

Parameter
CG

Temperature, ºC

Dissolved oxygen, 
-1mg.L

pH
-1Nitrates, mg.L

-1Nitrites, mg.L

Electric conductivity,
-1 μS.cm

60

60

60

6

6

60

n
Mean±SD

EG

Mean±SD

Optimum 

values 

(Regulation 

No. 4/2000)

24.20±2.25

6.45±0.31

7.64±0.12

0.43±0.06

0.006±0.001

486±21.00

24.20±2.16

6.43±0.33

7.64±0.12

0.43±0.06

0.006±0.001

486±21.00

22.0-26.0

> 5

6.5-8.5

< 2.0

< 0.05

-
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EG and EG ), with 50 fish in a group. The average initial live weight of 1

individuals from the control and experimental groups was 
1141.62±79.62g and 1129.54±71.47g, respectively (P>0.05). The 
carps were cultivated in net cages with a size 3.0/3.0/2.0m. The fish 
were fed with extruded feed Aqua garant VITAL, a product of Garant-
Tiernahrung Gesellschaft m.b.H. - Austria, with 6mm size of pellets. 
The content of nutrients in the extruded feed for the groups is 
presented in Table 1. Monosodium glutamate in amount of 1% was 
added to the feed of carps from the experimental groups. The fish 
from the control groups received no monosodium glutamate 
supplementation of the diet. The feed given to the carps was 2% of 
the total biomass. The trial period was 60 days (19 July – 19 

thSeptember 2016), control catch at 30  day was done in order to 
study the influence of monosodium glutamate supplementation on 
the weight gain and feed conversion ratio of the common carp.

Hydrochemical analysis
The hydrochemical parameters in the net cages of the common 

carp were determined using methods adapted for fishfarming, as 
follows: 

o	 Water temperature, C, pH and Dissolved oxygen content,
-1          mg.L  – apparatus MultiLine P4;

-1	 Electrical conductivity, µS.cm  – Bulgarian State 
    Standard (BSS) EN 27888 and apparatus MultiLine P4;

-1	 Nitrates (NO ), mg.L  – BSS 17.1.4.12:1979;2
-1	 Nitrites (NO ), mg.L  – BSS ISO 26777:1997.3

During the trial period, the water temperature, dissolved 
oxygen, pH and electrical conductivity were measured every day, 
while the nitrite and nitrate content of water were determined once a 
week.

Growth of the common carp
In order to study the monosodium glutamate influence on the 

weight gain and feed conversion ratio in the common carp (Cyprinus 
carpio L.), the fishes were weighed individually by electronic scales. 

stLive weight was determined within 0.1g, at the beginning (1  day), 
th thmiddle (30  day) and end (60  day) of the experimental period. At the 

end of the trial the weight gain (g), survival rate (%) and the feed 
conversion ratio in fish were determined.

Economic analysis 
In order to analyze the economic efficiency of the monosodium 

glutamate supplementation in the diet of common carp, 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 costs for the extruded feed 
were determined. The price cost for 1kg weight gain of the fish 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 values of water chemical parameters during the period of 

the experiment are presented in Table 2. They were identical in net 
cages of carps from the control and experimental groups. Water 
temperature varied from 22.0 tо 26.5ºC, dissolved oxygen - between 

-16.10 and 6.76 mg.L , аnd water pH was 7.64±0.12. The nitrates and 
-1nitrites content in the water was 0.43±0.06 mg.L  and 0.006±0.001 

-1 -1mg.L , respectively, and electrical conductivity - 486±21.00 μS.cm

At the beginning of the trial the average weight of fish from all 
control and experimental replications differed insignificantly and was 
1141.62±79.62g and 1129.54±71.47g, respectively (P>0.05) (Table 
3). In the middle of the experimental period, the carps whose feed 
was supplemented with 1% monosodium glutamate exhibited 
statistically significantly higher live weight (P<0.01). The tendency 
was preserved also by the end of the study, with higher live weight of 
EG carps and substantial inter-group differences (P<0.001).

Table 1. Nutrient content of the extruded feed for 
a common carp (Cyprinus carpio L.)

* CG – Control group; EG – Experimental group;
** 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; Fe – 145 mg; 
Mn – 67 mg; Cu – 16 mg; Zn – 68 mg; I – 1.5 mg;
 Co – 0.5 mg; Se – 0.6 mg.

No. Item
Groups

CG EG

1

2

3

4

5

6

7

8

9

10

11

12

Crude protein, %

Lipids, %

Fiber, %

Moisture, %

Lysine, %

Methionine+cysteine, %

Ca, %

P, %

Chlorides, %

Monosodium glutamate, %

ME, MJ/kg

ME, kcal/kg

34.00

10.00

4.00

8.74

1.43

0.80

1.23

1.60

0.78

-

17.00

4063

34.00

10.00

4.00

8.74

1.43

0.80

1.23

1.60

0.78

1

17.00

4063
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The price of the used extruded feed was 519.40 € per tonne VAT 
excluded (Table 4). To this feed, the costs for the monosodium 
glutamate supplement should be added, which made the feed of the 
experimental group more expensive by 12.50 € per ton VAT 
excluded. The economic conversion ratio of the group that received 
1% monosodium glutamate was 0.936, 22.65% lower than that of 
the non-supplemented group (Table 4).

Discussion

The result analysis for the water quality parameters 
(temperature, dissolved oxygen, pH and electroconductivity) during 
the experiment showed that they were within the optimum ranges for 
farming of common carp. The nitrates and nitrites content in the 
water was significantly lower than the maximum permissible levels - 

-1 -12 mg.L  and 0.05 mg.L , respectively (Regulation No. 4, 2000) 
(Table 2). This is in line with the results obtained from a study made  
by Amirkolaie (2011) who found that highly digestible diets could 
reduce solid waste excretion and in this way could improve farm 
water quality. The optimal values of the traits for all the studied  
groups are due to the fact that the carp were cultivated in optimized 
technical and technological conditions of the production system 
used.

The addition of 1% monosodium glutamate to carp feed had a 
positive effect on growth performance of fish cultivated in net cages. 
At the beginning of the trial, the live weight of carps was similar 
(P>0.05). By the middle of the trial, fish supplemented with 1% 
monosodium glutamate were heavier (P<0.01). The tendency was 
preserved also by the end of the experiment: statistically significantly 
higher live weight of experimental carps (P<0.001) (Table 3).

Feeding carps in net cages with extruded feed supplemented 
with 1% monosodium glutamate had no effect on fish survival. Data 
by the end of the trial showed 100% survival rates in the replications 
that received 1% monosodium glutamate. The same tendency was 
registered in controls (Таble 3).

Dietary supplementation with 1% monosodium glutamate 
resulted in statistically significantly higher weight gain in carp from 
the experimental group – 569.82±3.75g on average, i.e. by 20.04% 
higher than control fish values (P<0.001) (Table 3).

By the end of the experimental period, feed conversion ratio 
calculated on the basis of consumed extruded feed was 1.76±0.12 
in the group that received feed with 1% monosodium glutamate, 
which was by 25.57% lower compared to that of the control fish 
(P<0.001) (Table 3).

This was in line with data reported by Zhao et al. (2015), who 
found out that dietary supplementation of feed of grass carp with 8 
and 16 g/kg monosodium glutamate improved substantially the 
weight gain, specific growth rate, feed conversion ratio and 
productive values of dietary proteins and lipids. Better results in fish 
supplemented with MSG were probably due to the better conversion 
of feed nutrients and improved metabolism of experimental fish. 
Similar results were reported in the supplementation of some 
additives, such as betaine (Virtanen et al., 1994; Polat and Beklevik, 
1999; Przyby et al., 1999; Rahimabadi et al., 2012; Zhelyazkov et al., 
2015) or phytoextracts (Sodamola et al., 2017; Stoynova et al., 
2018; Zhelyazkov et al., 2018) in the diet of different fish species, 
enhance the live weight of the fish achieved with the same quantity of 
feed.

In the specimens from the group whose feed was 
supplemented with 1% nutmeg extract, the economic conversion 
ratio was better (0.936) – by 22.65% lower than the carps of the 
control group. Data about economic conversion ratio corresponded 
to those obtained with various fish feed supplements. Zhelyazkov et 
al. (2015) obtained an economic conversion ratio by 10-15% lower 
with supplementation of betaine to the feed of carps. Dietary addition 
of common carp with nutmeg extract (Zhelyazkov et al., 2018) and 
savory extract (Stoynova et al., 2018) have resulted in better 
economic conversion ratio by 4% and 42%, respectively.

Conclusion

The study showed that the 1% monosodium glutamate might 
successfully be used as a feed additive to the diet of common carp, 
cultivated in net cages. Its supplementation to the extruded pellets 
influenced positively the growth, did not have negative effect on the 
survival rate of the fish, enhanced the weight gain, reduced the feed 
conversion ratio, as well as the economic conversion ratio.
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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”.
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