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Abstract
The soybean meal is an important source of protein in the feed ration of the common carp fish Cyprinus carpio L. and
requires its import from outside the country which increases the cost of the dietary ration of fish. The aim of this study is to
use Azolla sp. As a source of protein it is a partial substitute for soybean meal to reduce the cost of feeding the fish. The
experiment included feeding carp fish using five experimental diets containing Azolla in percentages (0, 2.5%, 5%, 7.5%, 10%)
of the total ration and Azolla substitutions (0, 15%, 30%, 45%, 60%) an alternative to soybean meal, and the use of glass
ponds in a 56-day carp growth experiment. The results of the statistical analysis of the weight gain values (g/fish) showed
that there were significant differences (P0.05) for the experimental treatments and the second treatment (Azolla 2.5%) was
high significance compared to the rest of the treatments, while the values of the growth rate and the relative growth rate% and
specific growth rate to There were no significant differences in the treatments (1, 2, 3, 4) respectively and differed significantly
with the fifth treatment. The results of the statistical analysis in the values of the feed conversion ratio and the percentage of
feed efficiency ratio% indicated that there were no significant differences between the second treatment (Azolla 2.5%) and
the first treatment (control) and the presence of significant differences (P0.05) with the rest of the treatments. The results of
the statistical analysis of the precipitated protein values, the protein efficiency ratio and the protein productive value%
confirmed that there were no significant differences for the treatments (1, 2, 3) respectively and differed significantly (P0.05)
with the fourth and fifth treatment. It is inferred that the Azolla can be substituted as a partial substitute for soybean meal
(15%) as the best growth criterion.
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Introduction
Fish is an inexpensive food for the consumer with a

high nutritional value because it is rich in proteins,
unsaturated fatty acids, phosphorus and calcium
(Dallinger et al., 1987) and after increasing health
awareness of the value of fish in nutrition and increasing
population and overfishing of fish and marine pollution
led to increased demand for fish for the purpose of dam
The local market needs of fish and the search for
alternatives to fish production. Hence the development
of fish farming started by raising fish especially the
common carp Cyprinus carpio L. which is the most
common fish species living in freshwater bodies lakes
dams and streams (Vilizzi et al., 2015). The growth of a
good carp fish and the ability to withstand the harsh
environment and its adaptation to industrial feeds made it

enter in many countries of the world (Khan et al., 2016),
its ability to accept and use grains in its nutrition and
rapid daily growth reaches up to (2-4%) of body weight,
The fish weighs (0.6 - 1.0) kg during one season in the
ponds. Feeding fish accounts for more than 50% of the
cost of cultivation and requires finding substitutes for
expensive feed materials such as soybean meal with plant
sources of protein that are inexpensive. One of these
alternatives is Azolla sp. (Sajid et al., 2016).

Azolla contains about 19-30% raw protein on a dry
weight basis when conditions are appropriate for growth
(Peters et al., 1979 and Becking, 1979), and also contains
vitamin A, vitamin B12 and beta-carotene which stimulate
fish growth (Pillai et al., 2002) The research involved
replacing Azolla as an alternative to soybean meal.

The study aimed to find out the effect of using the
Azolla plant in different proportions partly as a substitute*Author for correspondence : E-mail : ammar.ali.agha@gmail.com



for soybean meal in experimental carp ration on some
production criteria.

Materials and Methods
The study was conducted in the fish laboratory of

the College of Agriculture and Forestry, University of
Mosul for a period of ten weeks including a two-week
acclimatization period using glass basins of dimensions
(40×60×40 cm) and equipped each tank with a Chinese-
type (RS-510) air pump, with feeding all AUTOSAN type
air compressor tubs of Chinese origin.

150 fish were distributed at an average weight of
8.72 ± 0.05 g/fish in 15 glass basins with ten fishes/ponds,
and with three replicates/treatment, the fish remained in
the ponds for two weeks to adapt them to the laboratory
and pond environment and learn to eat food.

These basins were equipped with liquid water from
a large water tank inside the laboratory in which the water
was stored for 24 hours to ensure that it is free of chlorine
and obtain water at a moderate temperature. The
laboratory temperature was controlled between (25-30)
Celsius using air conditioners.

It disposes of waste excreted and food residues in
ponds on a daily basis by partial substitution of siphon
water by 20-25% and supplementing water from the tank,
the fish are fed twice daily during the adaptation period
until the start of the research experiment.

The water temperature of the glass ponds was
measured by a mercury thermometer and was at a
temperature of 25°C It was the appropriate temperature
for common carp growth (Crockford and Johnston, 1990).
Dissolved oxygen was measured in ponds using an

EXTECH D0600 field device at a rate of 5.5 mg/l, and
the pH level was 7-7.3 using the LABTECH (DIGITAL
pH METER) device. It is within the recommended limits
(FAO, 1981).

The five experimental rations in the fish laboratory
were made from feed materials that were ground by a
German origin laboratory mill, by replacing the Azolla
plant in part as a substitute for soybean meal in different
proportions (0%, 2.5%, 5%, 7.5%, 10%) for treatments
(1, 2 , 3, 4, 5) respectively, shown in table 1. The
proportions of the feed materials were mixed well for
the purpose of homogeneity of the mixture for each ration
separately and a cup of warm water was added to the
mixture and then the mixture was placed in the national
meat grinding machine (Japanese origin with 4 mm holes)
gave small and coherent prints and dried for three days
cut into small pieces Fits the size of the mouth of the
experimental fish and placed in opaque bags to prevent
exposure to light and kept in plastic boxes. The
replacement process was performed as follows:
1- Control ration (1): free from Azolla.
2- Ration (2): It contains Azolla 4.5% and soybean meal

27.5% of total ration, that is a substitution rate 15% of
the soybean meal.

3- Ration (3): It contains Azolla 9% and soybean meal
25% of total ration, that is a substitution rate 30% of
the soybean meal.

4- Ration (4): It contains Azolla 13.5% and soybean meal
22.5% of total ration, that is a substitution rate 45% of
the soybean meal.

5- Ration (5): It contains Azolla 18% and soybean meal
Table 1: Composition of experimental rations components (%) resulting

from substituting different proportions of Azolla as a partial
substitute for soybean meal.

Experimental (1) (2) (3) (4) (5)
rations Azolla Azolla by Azolla by Azolla by Azolla by

Ingredients (zero) substitu- substitu- substitu- substitu-
used control tion 15% tion 30% tion 45% tion 60%

Fish meal 10 10 10 10 10
Soybean meal 30 27.5 25 22.5 20

Azollam --- 4.5 9 13.5 18
Barley 20 20 20 20 20

Yellow corn 18.5 16.5 14.5 12.5 10.5
Bran 19 19 19 19 19
Salt 0.5 0.5 0.5 0.5 0.5

Vitamins 1 1 1 1 1
Limestone 0.5 0.5 0.5 0.5 0.5

Bonding article 0.5 0.5 0.5 0.5 0.5
Total 100 100 100 100 100

20% of total ration, that is a substitution rate
60% of the soybean meal.
Experiment fish were fed on experimental

rations mentioned in table 1 at a rate of 3-5%
of body weight, two-meal ration per day was
adopted and the amount of ration provided to
experiment fish was increased based on the
weight gain of fish growth, with fish weights
taken every two weeks using electronic
sensitive balance (0.01)g Chinese type citizen
for eight weeks, and the feed provided to the
fish was cut one day per week to increase the
fish’s appetite to eat the feed for the next day
during the trial period.
Methods for measuring the growth
criteria for experiment fish:

The criteria for measuring fish growth
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calculations were adopted to show the effect of Azolla
plant substitutes in part on soybean meal in their growth
represented by the total weight gain of fish (T.W.G)
(Pitcher and Hart, 1982) and the growth rate of fish
Growth Rate (G.R) (Pitcher and Hart, 1982), Relative
Growth Rate (R.G.R)% (Uten, 1978), Specific Growth
Rate (S.G.R) (Jobling and Koskela, 1996) and Feed
Conversion Ratio (F.C.R) (Uten, 1978), Feed Efficiency
Ratio (F.E.R) (Uten, 1978), Protein Efficiency Ratio
(P.E.R) (Gerking, 1971), Protein Intake and Protein
Productive Value (P.P.V) (Jobling and Koskela, 1996),
according to the equations:

Total weight gain (g/fish) = Final weight (g) – Initial
weight (g)

Daily weight gain (g/fish) =

daysofNumber
weightInitialweightFinal 

Daily growth rate (g/fish/day) =

)(exp
)(

dayserimentofDuration
ggainWeight

Relative growth rate (%) =

)/(
)()(

fishgweightInitial
gweightInitialgweightFinal 

 × 100

Specific growth rate =

)(exp
)()(

dayserimentofDuration
gweightinitialLoggweightfinalLog 

Feed conversion ratio = )(
)(

ggainweightTotal
gnconsumptioFeed

Feed efficiency ratio (%) =

)(
)(

gnconsumptioFeed
ggainweightTotal

 × 100

Protein efficiency ratio = )(intPr
)(

gakeotein
ggainweightTotal

Protein productive value (%) =

)(intPr
)(Pr
gakeotein

ggainotein
 ×100

Protein gain (g) = Body protein final of experiment
(g) - Body protein initial of experiment (g)m

Precipitated protein = % The crude protein in the
fish’s body for final weight - % The crude protein in the
fish’s body for the initial weight
Chemical analyzes of fish growth experiment:
(components of nutrients):

Determination of nutrient components (protein, fat,
ash, moisture, and nitrogen free extract) in the dry matter
was performed:

1- Ingredients of experimental processed fish rations
shown in table 2.

2- The eaten part of the fish of the experiment
research.

Table 2: The chemical composition (%) of the five experimental rations
calculated on the basis of the dry weight in which the protein
ratio was established between (26.38-28.13) for the purpose of
showing the effect of Azolla on the growth of experimental fish.

Experimental (1) (2) (3) (4) (5)
rations Azolla Azolla by Azolla by Azolla by Azolla by

Ingredients (zero) substitu- substitu- substitu- substitu-
used control tion 15% tion 30% tion 45% tion 60%

Humidity 7.75 6.56 7.05 6.55 6.91
Ash 5.68 6.39 6.94 7.77 7.99

Raw fat 6.26 7.53 6.69 6.39 6.92
Raw protein 26.38 25.68 26.38 27.13 28.13
Nitrogen free 53.93 53.84 52.94 52.16 50.05
extract(NFE)

Total 100 100 100 100 100
*Metabolicm 14.49 14.78 14.51 14.44 14.51

energy (MJ/kg)
*Metabolic energy was calculated based on Smith, (1971) equation: ME(MJ/

Kg) = Protein × 18.8 + Fat × 33.5 + NFE × 13.8.

The nutrients in fish rations and body were
estimated on a dry weight basis according to
the standard methods approved (AOAC, 2000)
in estimating the protein, fat, ash and moisture,
according to the nitrogen free extract
mathematically using the difference method as
shown in (Wee and Shu, 1989) as follows:

Dissolved carbohydrates = 100 - (crude
protein% + fat% + ash% + fiber% +
moisture%).
Statistical analysis

Data analysis was performed statistically
using complete randomized design (CRD) by
statistical package for social science (SPSS,
2001) in analyzing the effect of experimental
treatments and testing significant differences
between mean characteristics attained by
Duncan´s multiple rang test (Duncan, 1955).
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Results and Discussion
Criteria for growth, weight gain and growth rate

The results of the statistical analysis of the final weight
rate (g/fish) in table 3 showed that there were no
significant differences (P0.05) between the treatments
(1, 2, 3, 4) respectively, while a significant difference
was observed for the fifth treatment (Azolla 10%) it
reached (15.07) g/fish. The results of the statistical
analysis of the weight gain (g/fish) showed that there
were significant differences (P0.05) for the experimental
treatments and the second treatment (Azolla 2.5%)
whose value was (8.44) g/fish with high significance
compared to the rest of the treatments, where they
differed significantly with The third treatment (Azolla
5%) and its value was (7.85) g/fish, and the difference
was highly significant with the fourth treatment (Azolla
7.5%) and the fifth treatment (Azolla 10%) which
amounted to (7.77 , 6.20) g/fish respectively, while No
significant differences were observed between the third
treatment (Azolla 5%) and control. The results of the
growth rate (g/fish/day) in table 3 showed that there were
no significant differences for the four treatments (1, 2, 3,
4) compared to the fifth treatment (Azolla 10%) which
amounted to (0.11) g/fish/day.

Sahu, (2006) reported that Azolla plant is a good
source of protein and can be used up to 16.25% by
substituting 10% as a substitute for fish meal in the feed
rations of Labeo rohita Fry fish, and Azolla substitution
can reach 25% for rohita fish feeding (Datta, 2011).

It was observed in our current research that an
increase in the percentage of Azolla substitution of 15%
in the experimental rations of common carp leads to a
decrease in the weight gain rate and growth rate, and
this is what Sahu pointed out, (2006), that the decrease in
growth due to the increased concentration of Azolla in
dietary rations is due to unbalance of amino acid
composition in Azolla protein, Azolla values were higher
with methionine and lysine amino acids compared to
soybean meal and meat and bone powder (Das et al.,
2018). Our research agreed with Gangadhar et al., (2015)
when adding different levels of Azolla  in Labeo
fimbriatus fish, and researcher Cruz-Velásquez et al.,
(2014) showed similar results to our research, as well as
the compatibility of results with Micha et al., (1988) where
he mentioned a decrease Fish (Oreochromis niloticus
and Tilapia rendalli) grow when adding Azolla to feeding
rations. The differences in the criteria for fish growth
are also attributed to the different ratios of Azolla added

Table 3: Effect of different levels of Azolla sp. on the growth criteria,
weight gain and growth rate of common carp fed for 56 days
(mean ± standard error).

Studied Initial Final Weight Growth
criteria weight weight gain rate

Treatments (g/fish) (g/fish) (g/fish) (g/fish)

*The various letters within the single column of the studied trait indicate
significant differences at probability level (P0.05).

Control (1)
Azolla (2.5%) (2)
Azolla (5%) (3)

Azolla (7.5%) (4)
Azolla (10%) (5)

8.46 ± 0.12a
8.69 ± 0.40a
9.18 ± 0.28a
8.92 ± 0.27a
8.87 ± 0.07a

16.68 ± 0.19a
17.14 ± 0.19a
17.03 ± 0.31a
16.69 ± 0.27a
15.07 ± 0.01a

8.22 ± 0.08ab
8.44 ± 0.219a
7.85 ± 0.32ab
7.77 ± 0.10b
6.20 ± 0.08c

0.15 ± 0.01a
0.15 ± 0.01a
0.14 ± 0.01a
0.14 ± 0.01a
0.11 ± 0.01b

to the ration that vary the energy ratios of
experimental feeds (Lupatsch, 2001).
Relative and specific growth rate

The results of the statistical analysis in table
4 showed that the relative growth values showed
that there were no significant differences for
the treatments (1, 2, 3, 4) respectively while a
significant difference was observed in the fifth
treatment (Azolla 10%) compared to the rest
of the treatments which amounted to (69.95%).
The results of the statistical analysis of the
specific growth values indicated that there were
no significant differences for the treatments (1,

2, 3, 4) respectively while a significant difference was
observed in the fifth treatment (Azolla 10%) compared
to the rest of the treatments and its value (1.16).

It was observed during the current research that the
relative growth rate% and specific growth in feeding
rations using 15% Azolla and Azolla free control rations
were more appreciated than other treatments, and this
was agreed with Micha et al., (1988, 1989) and El-Sayed,
(1992), The researchers observed that when adding
Azolla to the fish O. niloticus feed it reduced the growth
rate. This decrease in growth is linked to a decrease in
the intake of food by regular carp and trout (Ogino, 1980),
and the lack of nutrition reduces the rate of fish growth,

Table 4: Effect of different levels of Azolla sp. on the criteria
for relative growth and specific growth of common
carp fed for 56 days (mean ± standard error).

Studied criteria Specific Relative
Treatments growth growth %
Control (1) 97.22 ± 0.79a 1.21 ± 0.01a

Azolla (2.5%) (2) 97.72 ± 6.57a 1.22 ± 0.01a
Azolla (5%) (3) 85.84 ± 5.12a 1.21 ± 0.01a

Azolla (7.5%) (4) 87.29 ±  3.13a 1.21 ± 0.01a
Azolla (10%) (5) 69.95 ±  1.41b 1.16 ± 0.01b

*The various letters within the single column of the studied
trait indicate significant differences at probability
level (P0.05).
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Increased Azolla reduced the digestion and growth rate
in the ration due to the difficulty of digesting raw vegetable
ingredients Because the Azolla plant contains large
quantities of non digestible fibers and is generally
considered to be complex molecules represented by
cellulose and starch (De Silva et al., 1995), because
cellulose is difficult to digest by fish while starch is
converted to glucose and in turn saves energy. Fagbenro
et al., (2004) and Omoregie et al., (1993) explain that
increased fiber content in dietary rations of fish and
vegetable sources has a negative effect on weight gain,
protein representation and growth response in Nile tilapia,
Anderson et al., (1984) noted when the fiber level
exceeds 100 g/kg reduced the feeding efficiency and
digestion of tilapia fish resulting in poor fish growth. As
well as the Azolla containing anti-nutritional factors that
may adversely affect the efficiency of fish feeding
(Krogdahl et al., 2010).

Fasakin, (1999) indicated that the Azolla africana
plant contains a small fraction of some anti-nutritional
factors such as cyanide, tannin and phytic acid. Micha et
al., (1998) observed that the growth rate of tilapia fish
decreased gradually with the increase in the level of the
Azolla microphylla plant it is evident from the current
research that the growth performance of fish is due to
the lack of quality protein, amino acids, fats and energy
digestion of the plant the nutritional quality of the Azolla
plant can be improved by adding chemical and mechanical
treatments it concentrates the protein content and removes
the effects of anti-nutritional substances but it will increase
the cost of feed.
Food intake, feed conversion ratio and feed
efficiency ratio

The results of the statistical analysis in table 5 of the
amount of food intake (g/fish) showed that there were
no significant differences between the different
treatments. While the results of the statistical analysis of

the feed conversion ratio indicated that there were no
significant differences in the first and second treatment
(Azolla 2.5%) and their values (2.58 , 2.57) respectively,
with a highly significant difference (P0.05) for the fifth
treatment (Azolla 10%) reached Its value (3.38) and this
value is high compared to the third treatment (Azolla
5%) and the fourth (Azolla 7.5%) which differed morally,
and we did not notice a significant difference between
the third transactions (Azolla 5%) and the fourth (Azolla
7.5%) whose value was (2.76, 2.91) respectively. The
results of the statistical analysis in the values of feed
efficiency ratio% showed that there were no significant
differences in the first treatment and the second treatment
(Azolla 2.5%) and differed significantly from the third
treatment (Azolla 5%) and the fourth (Azolla 7.5%),
while no significant differences were recorded between
the third treatment (Azolla 5%) and the fourth (Azolla
7.5%), while a highly significant difference (P0.05) was
observed between the first and the second treatment
(Azolla 2.5%) compared to the fifth treatment (Azolla
10%) and differed significantly with the third and fourth
treatment.

The results of the feed conversion ratio announced
by Fiogbé et al., (2004) indicated that the observed
growth difference was due to insufficient levels of amino
acids and caused a reduction in food intake, protein
synthesis and growth. This was confirmed by Cowey
(1992), Cole and van Lunen (1994).

The researchers observed Almazan et al., (1986)
with O. niloticus, Antoine et al., (1986) with O.
niloticus, Cichlasoma melanurum and Micha et al.,
(1988) with O. niloticus and T. rendalli and Joseph et
al., (1994) with Etroplus suratensis fish Decreased
growth performance and feed conversion ratio when
increasing Azolla supplementation in nutrition. A similar
decrease in growth rate and feed conversion ratio was
observed in fish feeding on high levels of Azolla

Table 5: Effect of different levels of Azolla sp. on the food intake
criteria, feed conversion ratio and feed efficiency ratio of
common carp fed for 56 days (mean ± standard error).

Studied criteria Feed efficie- Feed conv- Food intake
Treatments ncy ratio% ersionratio (g/fish)
Control (1) 21.16 ± 1.15a 2.58 ± 0.15b 39.10 ± 2.19a

Azolla (2.5%) (2) 21.62 ± 1.18a 2.57 ± 0.21b 39.37 ± 3.02a
Azolla (5%) (3) 21.58 ± 0.60a 2.76 ± 0.17ab 36.51 ± 2.33ab

Azolla (7.5%) (4) 22.60 ± 0.65a 2.91 ± 0.10ab 34.45 ± 1.25ab
Azolla (10%) (5) 20.91 ± 1.46a 3.38 ± 0.28a 29.98 ± 2.33b

*The different letters within the single column of the studied trait
indicate significant differences at the probability level
(P0.05).

concentration and it was found that the lower growth
was due to an imbalance in the composition of the
amino acid of the Azolla protein (Sahu and Sheeno,
2006).

Almazan et al., (1986) indicated that the Azolla
pinnata protein is limited to a small amount of
tryptophan amino acid and a severe deficiency of
threonine amino acid, causing confusion in increasing
feed consumption for the purpose of compensating
for the deficiency of amino acids when increasing the
Azolla concentration in feed rations.

The reason for the increase in the feed conversion
ratio when increasing the concentration of Azolla
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compared to the feed rations free from Azolla is due to
the presence of high dietary fiber and ash content, where
the highest percentage of the feed conversion ratio of
Nile tilapia fish (4.2) which was fed on food rations
fortified with dried Azolla (A. pinnata) at a level of 25%
(Abdel-Tawwab, 2008), a decline in feed digestion and
consumption occurs at the inclusion of high levels of Azolla
by affecting the activity of digestive system enzymes and
thus growth performance is linked to improved nutrient
digestion and nutritional efficiency (Hong et al., 2004,
Sithara et al., 2008).
Protein intake, protein efficiency ratio, precipitated
protein and protein productive value

The results of the statistical analysis in table 6 for
the values of the protein intake (g/fish) showed no
significant differences between the different treatments.
While the results of the statistical analysis of the protein
efficiency ratio values indicated that there were no
significant differences for the treatments (1, 2, 3)
respectively while a significant difference (P0.05) was
observed for the treatments (1, 2, 3) compared to the
fifth treatment (Azolla 10%) they differed significantly
with the fourth treatment (Azolla 7.5%) which amounted
to (1.27). The results of the statistical analysis of the
precipitated protein values confirmed that there were no
significant differences for the first, second and third
treatment respectively while a significant difference with
the fourth treatment (Azolla 7.5%) and highly significant
difference (P0.05) with the fifth treatment (Azolla 10%)
appeared and the highest value for the precipitated protein
was for the second treatment (Azolla 2.5%) and reached
(1.42%), while the lowest value for the precipitated protein
is for the fifth treatment (Azolla 10%) and it reached
(1.15%). The results of the statistical analysis of the
criteria for the protein productive value % showed that
there were no significant differences for the first three
treatments respectively and differed significantly with the
fourth treatment (Azolla 7.5%) and the fifth treatment

(Azolla 10%), no significant difference was observed
between the fourth treatment (Azolla 7.5%) and the fifth
(Azolla 10%). The highest protein productive value for
the second treatment (25.78%) and the lowest protein
productive value was for the fifth treatment (19.67%).

The significant decrease in protein productive value
%, precipitated protein and protein efficiency ratio
indicates an increase in the level of Azolla our current
research agreed with Micha et al., (1988) and El-Sayed,
(1992). (El-Sayed, 1992) explained that the lowest
percentage can be replaced by Azolla 25% as a substitute
for fish meal in the ration, because adding Azolla to fish
feed rations depends on the cost / benefit ratio, taking
into account the differences between the types of fish,
their ages and their ability to digest Plant material and
the nature of fish feed whether plant or animal or mixed
(Buddington, 1979 and Caulton, 1978).

Increasing the concentration of Azolla with a
decrease associated with the soybean meal leads to a
lack of essential amino acids and consequently a decrease
in protein quality, as Santiago et al., (1988) and Olvera-
Novoa et al., (1990) indicate that this phenomenon has
found similar results in the use of alfalfa and Azolla
pinnata in nutritional ration for tilapia. Fasakin and
Balogun (1998) explained when precipitated protein and
protein efficiency ratio decreased as the level of Azolla
in the feeding ration of Clarias gariepinus increased.
Our current research agreed with Hossain et al., (2002)
and Fasakin et al., (2001) replacing fish meal with
vegetable protein in the dietary rations of Nile tilapia.

The high fiber content speeds food through the
intestines of animals (Bender, 1967) which reduces the
time available to digest and absorb nutrients. There is a
negative relationship between the activity of the protease
enzyme and the concentration of the Azolla protein for
feed, it is mentioned when changes occur in the activity
of protein hydrolysis enzymes in common carp fish that
depend on the composition of dietary rations, as the

Table 6: Effect of different levels of Azolla sp. on the criteria of the protein
intake, protein efficiency ratio, precipitated protein, and protein
productive value of common carp fed for 56 days (mean ± standard
error).

Studied Protein Protein Precipi- Protein
criteria intake efficiency tated productive

Treatments (g/fish) ratio protein value %

*The various letters within the single column of the studied trait indicate
significant differences at probability level (P0.05).

Control (1)
Azolla (2.5%) (2)
Azolla (5%) (3)

Azolla (7.5%) (4)
Azolla (10%) (5)

5.58 ± 0.30a
5.55 ± 0.30a
5.69 ± 0.16a
6.13 ± 0.18a
5.88 ± 0.41a

1.48 ± 0.08a
1.53 ± 0.12a
1.39 ± 0.09a

1.27 ± 0.05ab
1.07 ± 0.08b

1.40 ± 0.01a
1.42 ± 0.04a
1.40 ± 0.02a
1.30 ± 0.01b
1.15 ± 0.01c

25.26 ± 1.16a
25.78 ± 1.40a
24.68 ± 0.51a
21.30 ± 0.66b
19.67 ± 1.20b

Azolla-free food may be more adapted to the
protein hydrolysis enzyme which gradually
deteriorates due to increased Azolla. Protein
degradation activity may have decreased due
to trypsin inhibitors present in the vegetable
tissues of many aquatic plants (Gleen et al.,
1982 and Yousif et al., 1994) as trypsin inhibitors
impair protein digestion and absorption (Olvera-
Novoa et al., 1990).
Chemical composition of fish body

The results of the statistical analysis of the
chemical composition of the fish body table 7
of the values of humidity percentage for the
components of the eaten part of the fish
indicated that there were significant differences
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(P0.05) between the different treatments where the
percentage of humidity in the third treatment (Azolla 5%)
reached (72.50) from the humidity content of the fish
body prior to the first trial and treatment (control) was
(72.17, 72.07) respectively. The results of the statistical
analysis of the percentage values of the dry matter
percentage of the components of the eaten part of the
fish showed that there were significant differences
(P0.05) between the different treatments and the highest
value of the second treatment (Azolla 2.5%) and reached
(27.99). The results of the statistical analysis showed the
values of the crude protein ratio to the presence of highly
significant (P0.05) for the fifth treatment (Azolla 10%)
and its value (16.63) for the ratio of crude protein before
the experiment and reached (15.32) and the first treatment
amounted to (16.23), while it was not recorded significant
differences between the second treatment (Azolla 2.5%)
and the first treatment. Likewise, no significant difference
was recorded between the fourth treatment (Azolla
7.5%) and the third treatment (Azolla 5%). The results
of the statistical analysis of the raw fat percentage values
indicated the presence of significant differences (P0.05)
among the different treatments, significant differences
were observed (P0.05) for the ash percentage values
between the different treatments and the highest ash ratio
value was in the fifth treatment (Azolla 10%) and its
value was (4.12) and the lowest value was for the third
treatment (Azolla 5%) and reached (3.32). From the table
7 in which the results of the statistical analysis of the
carbohydrate percentage values were found there were
significant differences (P0.05) between the different
treatments and no significant differences were observed
between the first treatment (control) and the second
treatment (Azolla 2.5%) as well as the absence of
significant differences between the third treatment (Azolla
5%) and the fourth treatment (Azolla 7.5%).

Antoine et al., (1986) indicated when feeding O.
niloticus and C. melanurum fish on Azolla they had high
humidity content and low fat concentrations in the fish

body. El-Sayed, (1992) explained that body protein and
fat were negatively associated with high levels of Azolla
in fish rations while the association was positive for ash
and body humidity. Raw body protein data in our current
study contrasted with the illustration he mentioned (El-
Sayed, 1992) but by agreement regarding the fat, ash
and body humidity content (Micha et al., 1988) that the
addition of Azolla at increased levels in fish rations of O.
niloticus and T. rendalli resulted in a reduction in the
percentage of fats in the body tissues of both species
and no effect on the crude protein content.

Das, (2018) stated when adding different levels of
Azolla to the Thai silver Barbonymus gonionotus feed
ration that raw fat, protein and ash were negatively
correlated while the correlation was positive relative to
humidity.

Conclusion
1- Azolla is a good source of protein and can be replaced

in rations for common carp fish by 15% partly as a
substitute for soybean meal without any harmful
effect.

2- Adding Azolla to fish rations reduced the percentage
of fat in fish muscles.

3- Azolla is an inexpensive protein source compared to
other protein sources that require import.

4- Azolla plant productivity is characterized by its high
rate of growth and its tolerance to harsh environmental
conditions.
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