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Abstract
The aim of the current research is to know the effect of adding three different levels of garlic powder Allium sativum on the
performance of the common carp Cyprinus carpio L. The first diet was free of garlic (control diet), while the second, third and
fourth feeds contained garlic powder in a ratio of 1, 1.5 and 1.75%, respectively on growth, food utilization of food and the
main nutrients deposited in edible part of common carp. 120 fish were used with initial weight of 9±1 g/fish, which were
randomly distributed in four experimental diets with three replications each. The growth experiment took 56 days, preceded
by a three-week adaptation period, to adapt the fish to the aquarium environment. The results of the statistical analysis of the
growth criteria showed a significant effect (P<0.05) due to the addition of garlic powder on the final weight criteria, weight
gain, relative and specific growth (except for the third treatment) and feed conversion ratio compared to control (first
treatment). Adding garlic powder with a positive effect in improving the quality of the edible part by adding this type of
spices by 1.75%, which led to a significant decrease (P<0.05) in the percentage of fats compared to the control diet. It can be
seen from the aforementioned that the growth and qualitative characteristics of fish meat can be enhanced through the use
of this type of medicinal herb.
Key words: garlic, growth performance, body chemicalcomposition, carp.

Introduction
Common carp belongs to carp family, which
contributes greatly to inland fish production in fresh water
and comes third in the world for most important species
cultured in freshwater and in Eastern Europe (Ljubojevi
et al., 2016). Aquaculture in floating ponds and floating
cages are most common culture systems for fish farming
in Iraq, where fish production reached 24 thousand tons
in 2014 (AOAD, 2016). Iraq’s production from the
aquaculture sector is estimated about 24,000 tons in 24
thousand tons (AOAD, 2016). While Saleh, (2019)
indicated that Iraq’s production of fish amounted to 390
thousand tons, which is produced in floating cages and
earthen ponds, which are the common methods of fish
production in central region of Iraq. Many factors
influence fish growth. Perhaps the foremost of these
factors is food, nutrition, environmental conditions, ability
of fish to resist diseases and other factors that affect the
survival rate and all of which affect the final return and
profits of the farm, for this type of economic activity.
*Author for correspondence : E-mail: dr.mahmoud@uomosul.edu.iq

There is now more concern about food safety as a result
of the use of chemicals and antibiotics, which have led to
many negative effects on fish and the consumer of these
products, which necessitated the ban on the use of these
additives. Where the percentage of loss reaches 50% of
fish farmed due to diseases before it reaches the
appropriate size for marketing. Therefore, prebiotic
supplementation is the alternative for growth and health
improvement (Ganguly et al., 2015; Mohammad et al.,
2015). Recent increase of intensive aquaculture practices
has led to the appearance of several anxieties like those
regarding biological material safety or growth
performance. Regrettably, the intensive culture of fish
produces a worrying environment leading to the
devastation of immune system and increasing of the
defenselessness of fish to infectious diseases
(Harikrishnan et al., 2011). Widespread use of antibiotics
has resulted in drug remainder and pathogens sturdy in
treated fish. Drug residue not only pollutes the
environment, but also impends human consumers. On
contrary, garlic is considered an antibiotic, friendly to the
aquatic environment and it does not cause harm to

7322

Mahmoud Ahmad Mohammad

consumed neighborhoods, whether it is side or physical
effects, as garlic has verified its effectiveness in treating
many diseases of consuming organisms as a result of its
antimicrobial properties and contains many It is a natural
antioxidant.
Garlic contains Allicin, di-calcium sulfate, which are
due to most pharmacological possessions of this type of
medicinal herb (Amagase et al., 2001). Garlic powder
contains many biologically active organic compounds, such
as di-thiosulfinate, antioxidants (Wu et al., 2001),
immune-promoting (Kang et al., 2001), decreasing fat
levels (Lawson et al., 2001) and depressing blood
pressure (Ali et al., 2000). The aim of the present
research is to study the effect of adding different levels
of garlic powder Allium sativum on growth criteria,
utilization of food and main nutrients in edible portion of
common carp Cyprinus carpio L.

Maerial and Methods
Experimental diets
Four experimental rations were prepared to contain
different levels of garlic Allium sativum powder with 1,
1.5, 1.75% (diet 2, diet 3 and diet 4 respectively), which
isonitrogenous and isocaloric. Control diet was free from
garlic (diet 1). Feed ingredients were ground and milled
intopellets, provided 3-5% of live body weight of fish.
After being dried, the pellets were relocated to in a freezer
until instantaneously prior to feeding (Table 1).
Fish and experimental condition
This experiment was carried out at the Fish

Laboratory, Depart. of Animal Production College of
Agriculture and Forestry, University of Mosul. Fish under
study were adapted for three weeks to acclimate to
aquarium environment (72 liters), which contained 10 fish.
Growth experiment lasted fifty-six days. Fish were
randomly distributed on experimental diet. Average
primary weight of fish was 9±1g/fish. Each experimental
group was fed with three replicates was fed on one of
the experimental diets. Fish were fed 3-5% of the total
body weight, twice a day.Glass aquaria are provided with
an air pump for each aquaria. 25% of aquariawater are
replaced daily to eliminate waste. The temperature in
the breeding water is controlled by air conditioners, where
the average temperature between 24-28°C., pH is 7.37.6 and dissolved oxygen is 6.6-7.8 mg /l. Amount of
feed provided to fish was increased depending on the
increase in fish weight during the trial period, as it is
weighed every two weeks.
Growth parameters
The Following criteria were used to assess the effect
of the supplemented of garlic on fish growth was
calculated according to Recker, (1975) and Castell and
Tiews, (1980). feed utilizationwas calculated according
to Stuart and Hung, (1989). Protein retention parameters
was calculated according to Zehra and Khan, (2012).
Analytical methods
Body components and experimental diets of moisture,
crude protein, crude fats and ash were analyzed according
to standard methods (AOAC, 2000).
Statistical analysis

Table 1: Ingredients and chemical composition (% DM) of theexperimental diets
containing different percentages of garlic powder.
Diets
Ingredients
Garlic powder
Fish meal
Soybean meal
Local barley
Yellow corn
Wheat bran
Salt
Vita. & Miner. Mix.
Lime stone
Binder (bentonite)
Crude
protein
25.45

Ether
extract
3.54

Garlic
Garlic
powder
powder
1% (2)
1.5% (3)
0.75
1
10
10
10
30
30
30
20
20
20
18.5
18.5
18.5
19
19
19
1
1
1
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
Chemical composition
Crude
Nitrogen
Ash
fiber
free extract
6.97
4.75
52.2
Control
(1)

*Calculated according to Smith’s (1971) equation:
ME (MJ/Kg) = Protein × 18.8 + Fat × 33.5 + NFE × 13.8.

Garlic
powder
1.75% (4)
1.75
10
30
20
18.5
19
1
0.5
0.5
0.5
ME
(MJ/Kg )
13.17

Complete Randomized Design
(CRD) used in data analysis by the
Statistical Package for Social Science
(SPSS, 2017) in analyzing the effect of
experimental coefficients on the studied
criteria and the significant differences
between the mean characteristics of the
characters examined by the multipleranged Duncan’s test (Duncan multiple
range test, 1955).

Results and Discussion
Growth criteria
1. Criteria of final weight, weight
gain and daily weight gain:
Results of statistical analysis of the
fish growth performance 56 days after
the trial period recorded in table 2 that
indicated there were no significant
differences (P<0.05) in primary weight,
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Table 2: Effect of garlic powder supplementation on final weight, weight gain and showed that fish fed on garlic powder
daily growth rate criteria of common carp (Mean ± SE).
was significantly (P<0.05) compared to
Criteria

Initial body
weight
Diets
(gm)
Control
9.18±0.82 a
Garlic powder 1% 8.44±0.17 a
Garlic powder 1.50% 9.29±0.27 a
Garlic powder 1.75% 9.17±0.21 a

Final body Total weight Weight gain
weight
Gain
(gm/fish
(gm)
(gm\fish)
/day)
15.31±0.97 a 6.37±0.47 b 0.114±0.008 b
16.01±0.128 a 7.57±0.11 a 0.135±0.002 a
16.59±0.499 a 7.30±0.31 ab 0.130±0.005 ab
16.98±0.398 a 7.81±0.30 a 0.144±0.004 a

*Rates with vertically similar letters do not differ significantly (P<0.05).

Table 3: Effect of garlic powder supplementation on RGR, SGR
and survival rate criteria of common carp (Mean ± SE).
Criteria

Relative
growth
Diets
rate
Control
71.29±2.67 c
Garlic powder 1%
89.84±2.75 a
Garlic powder 1.50% 78.60±3.09 bc
Garlic powder 1.75% 83.98±2.45ab

Specific Survival
growth
rate
rate
%
0.91±0.03 b
100
1.10±0.05 a
100
1.07±0.02 a
100
1.11±0.03 a
100

*Rates with vertically similar letters do not differ significantly (P<0.05).

which was 9 g / fish. Significant differences were not
found between fish fed on experimental diets containing
different levels of garlic powder in final body weight
criteria (g / fish) which were 15.31 for control diet, 16.01,
16.59 and 16.98 for fish fed on diets containing 1 and 1.5
and 1.75% garlic powder respectively. Fish group fed on
diets with 1% and 1.75% had higher total weight gain
(7.75, 7.81 g\fish) as well as daily weight gain (0.135,
0.144g\fish) criteria than fish fed on control diet that
reached about 15.31 and 0.114 g\ fish respectively. Allicin
is the most vital compound of which induces increase in
feed intake. Zeng, (1996) found adding allicin to tilapia
diet increased its weight gain. These results are consistent
with result of Farahi et al., (2010) in rainbow trout and
Diab et al., (2008). in Nile tilapia..
2. Survival, RGR and SGR rate:
Survival rate was 100% in all fish groups fed on
different experimental diets, meaning that they adapts
well to aquaria environment and test diets. Data in table 3

control group (0% garlic-free). Fish fed
on diets containing garlic powder
increased by 1% and 1.75 significantly
in relative growth rate (89.84% and
83.98% and specific growth 1.10 and
1.11, criteria respectively, while the value
of these two criteria reached 71.29% and
0.91, respectively paralleled to control diet.

These results were consisted with many researchers
who found that adding garlic to fish diets had positive
results in improving growth characteristics of Nile tilapia
Oreochromisniloticus (Soltan and El-Laithy, 2008,
Shalaby et al., 2006, Abou-Zeid, 2008 and Metwally, 2009)
and rainbow trout (Farahi et al., 010).
3. Food intake and feed conversion ratio:
Results of statistical analysis of food intake showed
that there was no significant effect due to the addition of
garlic powder to different experimental diets on amount
of food intake compared to control diet (Table 4).
Meanwhile feed conversion ratio improved significantly
(P<0.05) for fish fed on diet contained 1, 1.5 and 1.75%
which reached to 1.91, 2.16 and 1.90 for fish fed at diet
2nd, 3rd and 4th diet respectively and 2.35 for control diet.
Likewise, feed efficiency ratioimproved with
increasing garlic powder amounts up to 52.24% and
52.24% of the 2nd and 4th diet respectively, while fish fed
on control diet reached to 47.11%. However, when dietary
garlic powder was increased utilization of food
groupsincreased significantly (P<0.05) compared to
control (except fish fed at 1.50% garlic, 3rd treatment).
These results agreed with Shalaby et al., (2006), Mehrim
et al., (2014) in Oreochromisniloticus and Nya, (2009)
in Rainbow trout fed with garlic supplemented diets.
4. Protein intake and protein efficiency ratio:

Results recorded in table indicated that there was no
significant effect on the protein intake of fish fed on
different levels of garlic powder
Table 4: Effect of garlic powder supplementation on food intake, feed conversion
compared to the control diet. Results
ratio of common carp (Mean ± SE).
showed that dietary additive with garlic
Criteria
Food
Food
Feed
Feed
powder 1% and 1.75% had a positive
intake
intake
conversion
efficiency
effect on PER which reached 2.05 (diet
Diets
(gm/fish) (gm/fish/day)
ratio
Ratio (%)
2) and 2.06 among fish fed on control
Control
14.89±0.83 a 0.266±0.015a 2.35±0.06 a 47.11±1.68 b diet (1.73). This positive effect of
Garlic powder 1% 14.50±0.11 a 0.259±0.002a 1.91±0.03 c
52.24±0.78a addition of this type of medicinal herbs
Garlic powder 1.50% 15.72±0.40a 0.281±0.007a 2.16±0.056b 46.42±1.25b by 1, 1.5 and 1.75% had been
Garlic powder 1.75% 14.92±0.96a 0.266±0.012a 1.90±0.061c 52.45±1.59a demonstrated values of protein deposited
*Rates with vertically similar letters do not differ significantly (P<0.05).
(Table 5), where deposited protein rates
of fish fed at 2nd, 3rd and 4th diets which

7324

Mahmoud Ahmad Mohammad

Table 5: Effect of garlic powder supplementation on protein intake, protein
efficiency ratio, protein retention and protein productive value criteria of
common carp (mean± SE).
Criteria

Protein
Protein
consumption efficiency
Diets
(gm/fish)
ratio (PER)
Control
3.79±0.21 a 1.73±0.08 b
Garlic powder 1%
3.69±0.03 a
2.05±0.03 a
Garlic powder 1.50% 4.00±0.10 a 1.82±0.05 b
Garlic powder 1.75% 3.80±0.18 a
2.06±0.06 a

Protein
retention
(gm/ fish)
1.09±0.09 b
1.52±0.02 a
1.51±0.07 a
1.62±0.05 a

Protein
Productive
Value (PPV)
28.66±0.87 c
41.13±0.50 ab
37.71±1.14 b
45.08±3. 93 a

utilization of food energy (Khalil, Nadia
and Soliman, 2001) and promoting
immunity (EL-Afify, 1997), which
positively boosted growth.This
improvement in fish performance is due
to the properties contained in this
medicinal herb contains antioxidant and
antimicrobial compounds (Sivam, 2001).

Pashaki, (2018) who found lower
FCR when fed common carp on diet
*Rates with vertically similar letters do not differ significantly (P<0.05).
contained garlic extract, also Manoppo,
amounting to 1.52, 1.51 and 1.62 respectively caused in
Kolopita and Malatundah, (2016), mentioned additive
appear significant differences (P<0.05) compared to fish
garlic on common carp increased weight rate and SGR
than control group.
fed on control diet (1.09 g \ fish).
Our current study of the protein productive value
criterion where fish recorded in table 5 fed garlic powder
at different levels was different significantly (P<0.05)
than the control diet which was 41.13%, 27.33%, 37.71
45.08 and 28.66% for diet 1, 2, 3 and 4 respectively. This
results agree with Mehrim et al., (2014) who obtain
significant differences in PER, PPV and EU criterion by
addition of 1% dry garlic lob.
This results are consistent with the results obtained
by many researchers in enhancing the nutritional value
of experimental diets as a result of adding garlic which
reflected positively on growth performance and food
utilization, within this context Gabor et al., (2012); AbdelHakim et al., (2010); Aly and Mohamed, (2010) and
Ndong and Fall, (2007) in Nile tilapia and Jahanjoo et al.,
(2018), in Sobaity sea bream (Sparidentex hasta). The
effects of bioactive components as diallylsulphides in
garlic had positive effect on growth and feed utilization
(Amagase and Milner, 1993), Moreover, garlic-containing
allicin has a strong stimulating effect on olfactory
sensation in most aquatic animals (Freeman and Kkodera,
1995 ), including Pelodiscussinensis, grass carp, common
carp, golden fish and Nile tilapia (Lee and Gao, 2012).
Allicin composes approximately 70% of all sulfur
compounds (Han Yukheron, 1995). The containment of
garlic with allicin improves intestinal microflora, which is
reflected positively in improving digestion of nutrients,

5. Protein, fat and ashretention:
At the end of the trial period, the chemical
components of edible portion of common carp fish body
were recorded in table 5. Biochemical parameters of fish
fed diets contained different level of garlic powder showed
that protein and ether extract were significantly (P<0.05)
different compared with control diet. Data recorded in
table 5 indicate that percentage of protein deposited
directly with percentage additive of garlic which reached
17.89, 17.97 and 18.10% for fish fed on 2nd, 3rd and 4th
respectively, meanwhile 16.04% for control diet. Results
of statistical analysis of fat criteria in table 5 showed
percentage of fat deposited in edible portion decreased
with increasing the percentage of garlic but not
significantly until to the percentage reached to 1.75%,
which amounted to 7.65%, which differed significantly
(P<0.05) with control diet (8.81%). Table 5 shows that
there were no significant differences in the moisture and
ash criteria as a result of adding different levels of garlic
powder to experimental diets.

These results are agreement with Mehrim et al.,
(2014) who shows the addition of 1% garlic increased
significantlyprotein content in their whole body, whereas
total lipid and ash was decreased significantly compared
with control. Many researchers have found that enhancing
nutritional value of experimental feeds by adding garlic is
an improvement in improvement of fish body component
of Nile tilapia ( Khattab et al., 2004;
Table 6: Chemical composition (%) of the edible portion of common carp fed to Shalaby et al., 2006; Aly et al., 2008;
different percentages of garlic is calculated based on wet weight (mean ± SE). Metwally, 2009; Mehrim, 2009).
Criteria
Dry
Total
Ether
Likewise, in grass carp (Luo et al., 2008.
Ash
Diets
weight
protein
extract
On the other hand, addition of different
Control
27.68±0.48 a 16.04±0.06 b
8.81±07 a
3.43±0.04 a
levels of garlic did not affectedon
Garlic powder 1% 28.36±0.50 a 17.89±0.20 a 8.16±0.25 ab 3.46±0.03 a
chemical body composition (Diab et al.,
Garlic powder 1.50% 28.17±0.18 a 17.97±0.15 a 7.78±0.20 ab 3.48±0.02 a
2002). Abdel-Hakim et al., (2010) found
Garlic powder 1.75% 28.02±0.12 a 18.1±0.07 a
7.65±0.06 b
3.50±0.02 a
no significant differences for the total
*Rates with vertically similar letters do not differ significantly (P<0.05).
body content of moisture, dry matter and
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ash, while the differences were significant for protein
and fat when adding garlic to Nile tilapia diets.
Our findings in our study showed that there is an
improvement in the chemical composition of common carp
due to nutritional supplementation. Garlic powder can
enhance the total plasma protein, which was reflected
positively in improving growth performance, PER and
PPV (Mehrim et al., 2014).
The valuable effects of garlic can be related to
antioxidants such as vitamin C and selenium as well as
other phytochemicals such as organosulpher compounds
(Balasethil et al., 2000 and Songk, 2001), by their its ability
to eliminate free radicals, prevents formation of lipid
peroxides, promote of endogenous cellular antioxidant
defenses like GSH (Boik, 2001). Allicin is an influence
on feed intake and weight gain (Zeng, 1996).

Conclusion
Results of oursearch showed supplemented diet with
garlic powder improves productive performance, feed
conversion ratio, protein retention and PPV parameters.
While percentage of fat decreased significantly (P<0.05),
when fish fed on diet contained 1.75% garlic powder
compared with control diet.
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