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Abstract: A survey of fish species was carried out from five stations in
Duhok province during the period from August 2016 to September 2017. A
total of 517 freshwater fishes, belong to 19 species, namely:
Acanthobrama marmid, Arabibarbus grypus, Capoeta damascina, C. trutta,
Carasobarbus luteus, Carassius carassius, Chondrostoma regium,
Cyprinion kais, C. macrostomum, Cyprinus carpio, Garra rufa, Leuciscus
vorax, Luciobarbus barbulus, L. esocinus, L. xanthopterus, Mastacembelus
mastacembelus, Mesopotamichthys sharpeyi, Planiliza abu and
Silurus triostegus were recorded. The survey showed that the abundant fish
at all five stations was C. carassius which is one of the nuisance fish
species while the little abundance was recorded for C. luteus.
Keywords: Fish population, Duhok province, Biodiversity

Introduction
Kurdistan region is located in the north of Iraq. It is very rich in freshwater
bodies, including many lakes, rivers, streams and springs, such as Dokan lake,
Darbandikhan lake, Dohuk lake, Bawaswar lake, the Greater Zab river, the Lesser
Zab river and the Sirwan river. These water bodies are good for many aquatic
organisms, usually ichthyofauna. Unfortunately, the study of these faunae in water
bodies was very limited (Abdullah et al., 2007).
The Tigris river is the eastern member of the two great rivers that define
Mesopotamia, the other one being the Euphrates. This river flows south from the
mountains of southeastern Turkey through Iraq and empties itself into the Arab
Gulf. The Tigris is 1,850 km long, rising in the Taurus mountains of eastern
Turkey, about 25 km southeast of the city of Elazig and about 30 km from the
headwaters of the Euphrates. The river then flows for 400 km through Turkish
territory before becoming the border between Syria and Turkey. This stretch of 44
km is the only part of the river that is located in Syria (Mustafa, 2017).
Biodiversity is affected by challenges and threats distinguished in two
categories: indirect and direct changes. Some factors, such as overpopulation and
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lifestyle, can directly affect ecosystems, such as fishing with fertilizers to increase
production. These ecosystem changes can also change the services provided by
ecosystems, which can adversely affect human health and well-being. Many of the
threats and challenges mentioned above are not limited to a single region or local
area, but affect in varying degrees all of Iraq. These include legal fishing and
hunting practices (Hassan, 2010; Shekha, 2016).
Mosul dam, is one of the largest dams in Iraq. It is located on the western of
Duhok province and in the western province of Ninawa, upstream of the city of
Mosul. At its full capacity, the hydroelectric dam holds about 11.1 cubic kilometers
of water and provides electricity for 1.7 million residents of Duhok province
(Mustafa, 2017).
Some factors, such as overpopulation, technology, and lifestyle, can directly
affect ecosystems, such as fishing with fertilizers to increase production. These
ecosystem changes can also change the services provided by ecosystems, which can
adversely affect human health and well-being. Many of the threats and challenges
mentioned above are not limited to a single region or local area, but affect in
varying degrees all areas of Iraq. These include legal fishing and hunting practices
(Khaefi et al., 2017). There is an urgent need to conduct a survey of most of the
water bodies of the Kurdistan region to follow the spread of some nuisance fishes
and to get more information about fish biodiversity at Duhok (Mizory &
Abdulrahman, 2019). The aim of the study was to observe the biodiversity of fishes
in five stations in Duhok province through the seasons.
Materials and Methods
Fish samples were collected from early morning to afternoon to recording all
information for each species by using a fishing boat supplemented by trawl net.
Also, fish samples were collected from commercial fisheries, through coordination
and cooperation with fishermen of the Duhok city, which used different fishing
nets, benthic trawl nets, fixed gill nets and floating gill nets. The collecting sites fall
into five regions: Zakho, Jambour, Semel, Duhok dam and Deralok as shown in
Figure 1.
Fish survey in Duhok were made as in the followings:
1- Collecting random number, species and ages of fishes.
2- Choosing five sites (as mentioned above) and comparing fish distribution from
each station.
3- Collecting data depending on special fish data sheets which included the
following parameters: Station area, fish name, fish length, fish weight, maturity,
sex and feeding habits (Tables 1-6).
4- For fish scientific names and families, Fricke et al. (2020) was followed.
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Figure 1: Five stations of Duhok province where fishes were taken (Google map, 2020).

Results and Discussion
A total of 517 fish specimens, belong to 19 species and five families:
Cyprinidae, Leuciscidae, Mastacembelidae, Mugilidae and Siluridae, were
collected from Duhok five stations during the period from August 2016 to
September 2017. These species (alphabetically arranged) included:
Acanthobrama marmid, Arabibarbus grypus, Capoeta damascina, C. trutta,
Carasobarbus luteus, Carassius carassius, Chondrostoma regium, Cyprinion
kais, C. macrostomum, Cyprinus carpio, Garra rufa, Leuciscus vorax,
Luciobarbus barbulus, L. esocinus, L. xanthopterus, Mastacembelus
mastacembelus,
Mesopotamichthys
sharpeyi,
Planiliza
abu
and
Silurus triostegus. At the first station (Zakho), a total of 102 individuals belonging
to nine species were recorded as shown in Table 1 with their numbers.
Table 1: Length, weight, sex, maturity and feeding habits of fishes at Zakho station.
No.

Fish name

1

A. grypus

2
3
4
5
6
7
8
9

C. carassius
C. carpio
C. luteus
G. rufa
L. barbulus
L. esocinus
L. xanthopterus
S. triostegus
Total

No.
fishes
2
35
21
4
2
5
11
13
9
102

M

F

1

1

15
12
3
1
2
6
5
3
48

20
9
1
1
3
5
8
6
54

Length
(cm)
21

Weight
(gm)
320

15
56
20
15
24
64
30
35

180
3750
220
75
150
5300
150
2700

Maturity
A
A
A
J
J
J
A
A
A
102

Feeding
habits
O

Economic
importance
E

C
O
O
H
O
O
O
O

Ne
Ne
E
Me
E
E
E
E

M= Male, F= Female, J= Juvenile, A= Adult, H= Herbivore, C= Carnivore, O= Omnivore, E= Economic, NE= Not
Economic, ME= Middle Economic.
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At the second station (Jambour), a total of 126 individuals belonging to 13
species were recorded as shown in Table 2 with their numbers.
Table 2: Length, weight, sex, maturity and feeding habits of fishes at Jambour station.

1

A. grypus

No.
fishes
1

1

0

Length
(cm)
18

J

Feeding
habits
O

2

A. marmid

7

5

2

15

200

J

O

E

3
4
5
6
7
8

C. carassius
C. carpio
C. kais
C. trutta
L. barbulus
L. esocinus

45
17
2
2
3
10

30
7
1
1
2
4

15
10
1
1
1
6

13
54
19
27
24
45

175
2750
95
300
170
3500

J&A
A
J
J&A
J
J&A

C
O
H
O
H
H

Me
E
Ne
Me
E
E

9

L. vorax

5

2

3

22

750

A

H

E

10

L. xanthopterus

12

5

7

32

180

J

O

E

11

M. sharpeyi

16

10

6

21

205

J&A

O

E

12

P. abu

3

0

3

12

125

J

C

Ed

13

S. triostegus

3

1

2

43

3750

A

O

E

126

69

57

No.

Fish name

Total

M

F

Weight
(gm)
200

Maturity

Economic
importance
E

126

M= Male, F= Female, J= Juvenile, A= Adult, H= Herbivore, C= Carnivore, O= Omnivore, E= Economic, NE= Not
economic, ME= Middle economic, ED= Economic for fish diets.

At the third station (Semel), a total of 106 individuals belongs to ten species
were recorded as shown in Table 3 with their numbers.
Table 3: Length, weight, sex, maturity and feeding habits of fishes at Semel station.
No.

Fish name

No.
fishes
3

1

Length
(cm)
17

Weight
(gm)
150

M

F

2

J

Feeding
habits
O

Economic
importance
E

Maturity

1

A. grypus

2
3
4

C. carassius
C. carpio
C. macrostomum

38
14
2

18
10
1

20
4
1

13
45
16

140
1500
115

J&A
A
J&A

C
O
O

Me
E
E

5

2

1

1

23

220

J

O

Me

6

C. trutta
L. esocinus

5

4

1

38

3250

A

H

E

7

L. xanthopterus

11

5

6

28

175

J

O

E

8

L. vorax

8

2

6

23

820

A

H

E

9

M. sharpeyi

17

8

9

20

190

J&A

O

E

10

S. triostegus

6

4

2

35

3000

A

O

E

Total

106

55

51

106

M= Male, F= Female, J= Juvenile, A= Adult, H= Herbivore, C= Carnivore, O= Omnivore, E= Economic, ME= Middle
economic.
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At the fourth station (Duhok dam), a total of 101 individuals belongs to 15
species were recorded as shown in Table 4 with their numbers.
Table 4: Length, weight, sex, maturity and feeding habits of fishes at Duhok dam station.

1

A. grypus

No.
fishes
1

0

1

Length
(cm)
16

J

Feeding
habits
O

2

A. marmid

6

4

2

16

205

J

O

E

3
4
5
6
7
8
9
10

C. carassius
C. carpio
C. kais
C. luteus
C. macrostomum
C. trutta
L. barbulus
L. esocinus

30
11
2
4
3
2
1
6

16
5
1
2
1
1
1
2

14
6
1
2
2
1
0
4

14
60
19
19
18
26
23
52

170
3000
95
215
130
275
130
4700

J&A
A
J&A
J
J&A
J
J
A

C
O
H
O
O
O
H
H

Me
E
Ne
E
E
Me
E
E

11

L. vorax

4

1

3

22

800

A

H

E

12

L. xanthopterus

2

1

1

33

200

J

O

E

13

M. sharpeyi

22

13

9

19

220

J&A

O

E

14

P. abu

2

0

2

14

150

J

C

Ed

15

S. triostegus

5

2

3

40

3200

A

O

E

Total

101

50

51

No.

Fish name

M

F

Weight
(gm)
130

Maturity

Economic
importance
E

101

M=Male, F=Female, J=Juvenile, A=Adult, H=Herbivore, C=Carnivore, O=Omnivore, E= Economic, ME= Middle economic,
NE= Not economic, ED= Economic for fish diets.

At the fifth station (Deralok), a total of 82 individuals belongs to 11 species were
recorded as shown in Table 5 with their numbers.
Table 5: Length, weight, sex, maturity and feeding habits of fishes at Deralok station.
No.

Fish name

No.
fishes
9

5

Length
(cm)
18

Weight
(gm)
150

M

F

4

J

Feeding
habits
O

Economic
importance
E

150
210
90

J
J
J

C
H
H

Me
Ne
Ne

Maturity

1

A. grypus

2
3
4

C. carassius
C. damascina
C. kais

1
14
5

1
8
3

0
6
2

12
30
18

5

C. regium

13

4

9

22

80

J

O

Ne

6

C. trutta

8

6

2

24

250

J

O

Me

7

G. rufa

8

5

3

13

50

J

H

Me

8

L. barbulus

6

4

2

22

110

J

O

E

9

L. xanthopterus

13

5

8

25

120

J

O

E

10

M. mastacembelus

3

0

3

18

150

J

H

Ne

11

P. abu

2

0

2

11

110

J

C

Ed

82

40

42

Total

82

M= Male, F= Female, J= Juvenile, H= Herbivore, C= Carnivore, O= Omnivore, E= Economic, ME= Middle economic, NE=
Not economic, ED= Economic for fish diets.
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The collected fish individuals from all stations were 517 which belonged to 19
species as shown in Table 6 with their numbers.
Table 6: The availability of fish species at the five stations.
Fish species
Family name

No.

Fish name

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

A. marmid
A. grypus
C. damascina
C. trutta
C. luteus
C. carassius
C. regium
C. kais
C. macrostomum
C. carpio
G. rufa
L. vorax
L. barbulus
L. esocinus
L. xanthopterus
M. mastacembelus
M. sharpeyi
P. abu
S. triostegus
Total

Leuciscidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Leuciscidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Leuciscidae
Cyprinidae
Cyprinidae
Cyprinidae
Mastacembelidae
Cyprinidae
Mugilidae
Siluridae

No.
fishes
13
19
14
8
8
149
16
9
5
63
10
17
15
32
51
3
55
7
23
517

Zakho
+
+
+
+
+
+
+
+
+

Fish collection stations
Jambour
Semel
Duhok
dam
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Deralok

Occurrence
at stations

+
+
+
+
+
+
+
+
+
+
+
-

2
5
1
4
2
5
1
3
2
4
3
3
4
4
5
1
3
3
4

Native or
Exotic

+= Available, -= Absent, N= Native, E= Exotic.

Table 7 shows the percentage of fish abundance of the collected individuals
from all the five stations. The highest values (numbers and abundance) were
recorded for C. carassius (149% and 28.9%), while the lowest values were for M.
mastacembelus (3 and 0.58%).
The most recorded species by Ribeiro et al. (2015) in Iberian Peninsula were
native species with the exception of two species (C. auratus and C. gibelio), while
Fahd (2012) record C. auratus gibelio from Thi-Qar province, Southern Iraq.
Abdullah (2002), in northern Iraq, recorded only one species of exotic fishes from
Greater Zab river (Heteropneustes fossilis) and Abdullah (2013) in northern Iraq
recorded three species of exotic fishes from Darbandikhan lake (C. carpio,
Hemiculter leucisculus and Hypophthalmichthys molitrix). Abdullah (2002)
recorded 25 species of fishes from Greater Zab river that included 19 species
belonging to the family Cyprinidae, and he recorded 19 species of fishes from
Lesser Zab river of which 15 species belonging to the family Cyprinidae. Abdullah
(2006) recorded 23 species of fishes from Dokan lake, of which 18 species
belonging to the family Cyprinidae while in the present study, 19 species
belonging to five families: Cyprinidae, Leuciscidae, Mastacembelidae,
Mugilidae and Siluridae were recorded. Coad (2010) indicated that there are 13
exotic fish species from Euphrates-Tigris basins, two species were also included in
this study.

N
N
N
N
N
E
N
N
N
E
N
N
N
N
N
N
N
N
N
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Table 7: Number and abundance of fish species at Duhok province.
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Fish species
A. grypus
A. marmid
C. carassius
C. carpio
C. damascina
C. kais
C. luteus
C. macrostomum
C. regium
C. trutta
G. rufa
L. barbulus
L. esocinus
L. vorax
L. xanthopterus
M. mastacembelus
M. sharpeyi
P. abu
S. triostegus
Total

No. fishes
19
13
149
63
14
9
8
5
16
8
10
15
32
17
51
3
55
7
23
517

% fish abundance
3.67
2.51
28.9
12.18
2.7
1.74
1.55
0.96
3.09
1.55
1.93
2.9
6.18
3.28
9.86
0.58
10.63
1.35
4.44
100

At another study in Sulaimani province, northern Iraq by Abdullah & Abdullah
(2018), 255 freshwater fishes belong to 17 species, were recorded, namely:
Arabibarbus grypus, Luciobarbus barbulus, Capoeta trutta, C. umbla,
Carasobarbus luteus, Carassius auratus, Cyprinion macrostomum, Cyprinus
carpio, Garra rufa and Luciobarbus esocinus (all within the family Cyprinidae),
Chondrostoma regium and Squalius lepidus (Leuciscidae), Hemiculter leucisculus
and Hypophthalmichthys molitrix (Xenocyprididae), Mystus pelusius (Bagridae),
Silurus
triostegus
(Siluridae)
and
Mastacembelus
mastacembelus
(Mastacembelidae) which represented more than ten species recorded in
comparison with the present study.
Mohamed et al. (2014) indicated that among the 17 fish species of the Iraqi
southern marshes, the dominant species were Planiliza abu (14.6%), C. auratus
(13.4%) and Thryssa mystax (11.2%). Ararat et al. (2008) refered that the dominant
fish species in Kurdistan Iraq were Cyprinus carpio (16%), followed by
Acanthobrama marmaid (12%), Luciobarbus xanthopterus (12%), Planiliza abu
(12%), Varicorhinus sp. (10%), Luciobarbus esocinus (8%), Leuciscus vorax (7%),
Carassius carassius (7%), Capoeta damascina (6%), Mastacembelus
mastacembelus (4%), Silurus triostegus (3%), and Heteropneustes fossilis (3%).
Conclusions and Recommendations
There is a beautiful variation of species and numbers of fishes at Duhok
province. There is an urgent need to conduct a survey of most of the water bodies
of all Kurdistan region including Duhok province to draw a clear picture of fish
distribution and biodiversity.
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Effects of Dietary Omega-3 Fatty Acids (DHA/EPA) and Vitamin E
on Fatty Acid Profile of Common Carp, Cyprinus carpio Ovaries
Osamah A. Salih1, Adel Y. Al-Dubakel2* & Ali I. Gowdet3
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3
Department of Fisheries and Marine Resources, College of Agriculture,
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Abstract: The current study aimed to clarify the fatty acids profile in the
breeding stock ovaries of common carp (Cyprinus carpio L.) fed on two food
additives. The study was carried out in the Shrimp Hatchery which belonging
to the Basrah Agricultural Directorate. Three treatment groups were used, the
first treatment (T1) represented as control without any food additives, the
second treatment (T2) supplemented with 5 g/kg omega-3 fatty acids, and the
third treatment (T3) to which vitamin E was added at a concentration of 200
mg/kg. Fishes were randomly distributed in three replicates for each treatment
with six of common carp brood stock per replicate. Nine cages were used
which placed in earthen pond. Feeding trail lasted from 29 Oct 2018 to 14 Mar
2019. After feeding fish for 82 days, the oil was extracted from gonads by two
methods, the first one by Soxhlet apparatus and the second by Accelerated
Solvent Extraction (ASE) method. The fatty acid profiles were analyzed using
gas chromatograph by GC/MS (Gas Chromatography Mass spectrometry).
Results showed that the content of fatty acids in the ovaries of treated fishes in
T1, the presence of saturated and unsaturated omega-3 and omega-6 fatty
acids, were monounsaturated fatty acid (C19H36:1) scored the highest
percentage (52.55%). Fishes in T2 recorded the presence of saturated and
unsaturated omega-3 and omega-6 fatty acids were omega-12 (C18H34:12)
recorded the highest percentage (50.02%), while T3 fishes showed the presence
of saturated and unsaturated fatty acids from the group of omega-6 fatty acids
and the unsaturated fatty acid omega-9 (C18H34:9) record the highest
percentage (63.24%).In conclusion this study suggested that the content of fatty
acids in fish ovaries reflects the composition of fatty acids in the diet.
Keywords: Reproduction, Gonads, Food additives, Brood stock, Fatty acids,
Vitamin

Introduction
Fishes represent about 17% of the animal protein consumed by the world's
population. Moreover, fishes provided about 3.2 billion people, approximately 20%
of the average per capita share of animal protein. Fishes are a very nutritious source
and support the deficiency of nutrients in other sources (FAO, 2018).
Received May 25, 2020, accepted July 28, 2020
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Fishes also provide valuable nutrients, such as Docosahexanoic (DHA) and
Eicosapentaenoic (EPA) acids, both of which are long-chain polyunsaturated fatty
acids (PUSFA) omega-3. These are important acids to achieve optimal level of
neurodevelopment in children and to improve vascular and heart health, there is
compelling evidence of beneficial health outcomes for fish consumption in order to
reduce the risk of death from coronary artery disease. In addition, fishes are an
important source of healthy fatty acids, essential amino acids, vitamins and
minerals this unique nutritional composition means that fishes represent a valuable
source for healthy dietary diversification, even in relatively small quantities. This is
more important for many low-income food-deficit countries (LIFDCs) and least
developed countries (LDCs) (FAO, 2020).
Scientific researches indicated that the functions of essential fatty acids of the
two groups i.e. omega-3 and omega-6 are fluctuated after knowing that high doses
of essential fatty acids from omega-6 have some risks affecting health when the
ratio increased from 1:1 during development to 20:1 at present or even higher
(Simopoulos, 2016). Increasing in omega-6 intake could induce cancerous tumors,
formation of self-thrombosis, and low immunity, so recommendations for
increasing n-3 and reducing n-6 consumption have been proposed by nutritionists
(Zhang et al., 2020). Health benefits of essential omega-3 fatty acids, especially
Docosahexaenic (DHA, C22:6 n-3) and Eicosapenaenic acid (EPA, C20:5 n-3)
which found in fish oil and alpha-linolenic acid (ALA, C18:3 n-3) that found in
vegetable oils contradict the harmful effects of omega-6 fatty acids (Burdge et al.,
2002). Omega-3 was considered an essential fatty acid for humans as final
consumer of fishes (Ramezani-Fard et al., 2012).
The need for essential fatty acids is difficult because of its dependence on the
quality and source of fat, the ratio of omega-3/omega-6 in food and the fatty acid
metabolism within the body (Bezard et al., 1994). Jabeen & Chaudhry (2011)
studied the chemical composition of fatty acids in three species of freshwater fishes
including common carp from Indus river in Pakistan and found that palmitic acid
was found to be more abundant between 32-46%, although these three species of
fishes contain a reasonable amount of PUFA omega-3 fatty acids (EPA, DHA,
AA).
Vitamin E is one of the most important non-enzymatic soluble antioxidants in
fat, as it works to remove the oxygen root and thus is the first line in removing fat
oxidation (Puangkaew et al., 2005). Naturally, it consists of from alpha-tocopherol,
beta-tocopherol, delta-tocopherol, Kama-tocopherol, as well as alpha-tocotrienol,
beta-tocotrienzole, delta-tocotrienol (Sen et al., 2006), researchers indicated the
importance of vitamin E in improving the immune response of fishes, as it modifies
the physiological changes of rainbow trout Oncorhynchus mykiss when fed on diets
containing high concentrations of unsaturated fat (Puangkaew et al., 2005). In the
study of Sharifzadeh et al. (2015) it was found that improving growth parameters of
common carp (Cyprinus carpio) with increasing of dietary levels of vit E may be
related to the antioxidant role of this vitamin.
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The common carp (C. carpio) represents one of the most important species of
carp family in economic value in Iraqi internal waters. This species of fishes is
abundant in various water bodies in the country, especially in the southern and
central sections, and it was considered one of the important economic fishes and it
is the first cultured fishes in warm water (Al-Daham, 1990). Common carp was the
most important species among the productive aquatic species that contribute
globally to more than 72% of freshwater production (Kühlwein et al., 2014).
Chacón-Guzmán et al. (2020) revealed that evaluation of fatty acids present in
fish eggs and gonads were important to assist in obtaining nutritional information
necessary to improve the diets provided in aquaculture production.
The current study aimed to determine the quality of fatty acids in common carp
ovaries fed two types of diets containing feed additives, i.e., omega-3 fatty acid and
vitamin E.
Materials and Methods
Site of the Study
The research work was implemented for all experiments in the Shrimp Hatchery
belonging to the Basrah Agricultural Directorate for the period from 29 October
2018 to 3 March 2019. The study site is located in the north of Basrah Governorate,
22 km from the city center. The hatchery area is one hectare consisting of four
earthen ponds, (20 × 80 m) and 1.5 m depth. In addition, it contains a hatching hall
with an area of 8 × 12 m.
Experimental Fish
Common carp brood stock (54 fishes) used in all study experiments, were
brought from a local floating cages of fish farms in Al-Qurnah city. Fishes were
transported to the study site by pickup. Fishes were sterilized by using saline
solution (5% NaCl) for 5-10 minutes as soon as they arrived at the work site to get
rid of fungi and other organisms that may stuck on the skin or gills. The average
weight of fishes were 1476.74±193.58, 1699.17±350.99 and 1723.06±168.15 g for
T1, T2 and T3, respectively.
Experimental Design
The experiment was designed with three treatments (control T1, omega-3 T2 and
vitamin E T3), each treatment has three replicates, six fishes for each replicate. The
fishes were randomly distributed in nine cages made by polypropylene random
copolymer (PPR) material for the three treatments (length x width x height 3 × 1.7
× 1.8 m), surrounded by nets with 10×10 mm mesh size, to isolate the three
treatments and easy monitoring and feeding of fishes. These cages were placed
inside the earthen ponds, which filled with water to one meter height. The brood
stock was fed with 3% of body weight two times a day, one in the morning at 8 AM
and the second in the afternoon at 2 PM. The amount of feed was adjusted
according to the changing of the biomass every two weeks.
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Experimental Diets
The diets that used in this experiments were prepared after calculating the
percentages of each feed component (homemade fish meal, wheat flour, wheat bran
and sunflower oil) without any additives which represent the control treatment (T1).
Omega-3 oil, manufactured to IKO-IRAQ-BAGHDAD, was added at a rate of 5
g/kg diet and represent the T2 treatment, vitamin E was added at a rate of 200
mg/kg diet and represent the T3 treatment, and additives were selected according to
NRC (2011), as shown in Table 1. Then, the diet was mixed for homogeneity and
manufactured in the feed factory in the College of Agriculture, University of
Basrah. The chemical analysis of the diets was carried out in the Quality Control
Laboratory of the Animal Resources Department of the Ministry of Agriculture.
Table 1: Ingredients and chemical analysis of the experimental diets.
Ingredients
Control (T1)
Omega-3 (T2) Vitamin E (T3)
Fish meal (g/100g)
30
30
30
Wheat flour (g/100g)
45
45
45
Wheat bran (g/100g)
23
23
23
Sunflower oil (g/100g)
2
2
2
Omega-3 (g/kg)
0
5
0
Vitamin E (mg/kg)
0
0
200
Chemical analysis (%) as dry matter
Moisture
10.1
9.7
8.8
Crud protein
21.9
23.3
22.8
Crud lipid
4.1
5.5
4.8
Crud fiber
4.6
4.1
3.9
Nitrogen Free Extract
59.3
57.4
59.7
(NFE)

Gonad Sampling
After feeding the fishes for 82 days, three fishes were isolated from each
treatment, fishes were individually measured (total length (TL); cm), weighed
(BW; g), and were dissected to remove the gonads which placed in a plastic
container. For each treatment, 200 g from gonad of each treatments was stored in
plastic bags and placed in the refrigerator until examination.
Soxhlet Extraction
Fatty acids were determined by extracting fats from the common carp ovaries of
the three treatments (control, omega-3 and vitamin E) using the Soxhlet apparatus
with the organic hexane solvent at a temperature of 1±68 °C for eight hours (Banat
et al., 2013).
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Accelerated Solvent Extraction (ASE)
The oil was extracted from common carp ovaries using the modified Bligh &
Dyer (1959) organic solvent method after drying the samples with a dryer at a
temperature of 30 °C until the moisture was completely removed from the samples.
Methyl Esterification of Fatty Acids
The sample was prepared according to the method described in AOAC (1984)
based on the esterification of triglycerides by its interaction with methyl potassium
hydroxide standard.
Fatty acids were identified in the oil extracted from the common carp ovaries by
Gas chromatography-Mass spectroscopy connected to the SHIMADZU (Ultra
QP210 GSMS) mass spectrometer of Japanese origin in the GS-MS Lab,
Environmental and Water Department, Environmental Research Center, Baghdad.
Results
Results of the analysis of fatty acids profile in the oil of common carp ovaries
which fed control diet (T1) showed the presence of saturated (SF),
monounsaturated (MUFA) and polyunsaturated (PUFA) (Table 2). The saturated
fatty acids Palmitic recorded 30.43%, while the monounsaturated fatty acid
Octadecenoic recorded the highest value 52.55%, the polyunsaturated fatty acids
DHA, Arachidonic recorded 2.52% and 6.64%, respectively (Figure 1).
In the ovaries, oil of fishes fed on omega-3 fatty acids (EPA and DHA) showed
that the monounsaturated 6-Octadecenoic acid scored 50.02% (Table 1), whereas
the percentage of saturated fatty acid (hexadecanoic acid) was 35.55%, omega-6
and omega-3 acids were observed and both EPA and DHA recorded 5.52% (Figure
2).
Omega-3 fatty acids did not appear in the ovaries oil of fishes feeding on the
vitamin E diet (Table 1). 10-Octadecenoic acid scored 63.24%, the percentage of
saturated Hexadecanoic fatty acid was 28.93%, and omega-6 Arachidonic acid is
less saturated with a ratio of 1.96% (Table 2).
The profile for an analysis of fatty acids from the common carp ovaries of the
three treatments showed the following pattern MUFA> SFA> PUFA (Figure 2).
The lowest n3/n6 ratio was observed in the ovaries oil of fishes fed vitamin E
diet (0.00), followed by control (0.38) while the highest observed in the ovaries oil
of fishes fed omega-3 diet (4.92).
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Table 2: Fatty acid profile (% of total lipid) of Cyprinus carpio females fed three diets.
Fatty
acids

% Total lipid

IUPAC
name

Chemical
Formula

Shortened
name

T1

Caprylic

Octanoic

C8H16O2

C8:0

0.03

Lauric

Dodecanoic

C12H24O2

C12:0

Pentadecylic

Pentadecanoic

C15H30O2

C15:0

Palmitic

Hexadecanoic

C16H32O2

C16:0

Stearic

Octadecanoic

C18H36O2

C18:0

Tricosylic

Tricosanoic

C23H46O2

C23:0

Saturated

Common name

Σ Saturated

Isooleic
Mono-unsaturated

Petroselinic
Octadecenoic

Nonadecenoic
Erucic
Σ Monounsaturated
Eicosapentaenoic
(EPA)
Poly-unsaturated

Docosahexanoic
(DHA)

Gamolenic

Arachidonic
(ARA)
Σ Polyunsaturated

9-Dodecenoic
10Octadecenoic
6Octadecenoic
methyl (Z)octadec-14enoate
methyl
nonadec-10enoate
13-Docosenoic

4.49
30.43

35.55

28.93

5.59
5.71
41.2

33.42

C13H24O2

C13:1n-3

0.98

C18H43O2

C18:1n-9

63.24

C18H34O2

C18:1n-12

C19H36O2

C19:1n-4

52.55

C20H38O2

C20:1n-9

2.03

C22H42O2

C22:1n-9

50.02

2.83
54.58

5,8,11,14,17
-pentaenoic
4,7,10,13,16
,19hexaenoic
acid
6,9,12octadecatrie
noic
Eicosatetrae
noic

T3

0.06

36.17
Lauroleic

T2

C20H30O2

C20:5n-3

C22H32O2

C22:6n-3

C18H30O2

C18:3n-6

C20H30O2

C20:4n-6

52.85

64.22

2.88

2.52

2.64

0.37
6.64

1.96

9.16

5.89

1.96

Σ Omega-3

2.52

5.52

0.00

Σ Omega-6

6.64

0.37

1.96

n-3/n-6

0.38

14.92

0.00
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Figure 1: Fatty acids profile of C. carpio females fed on control diet (a), omega-3 (b)
and vitamin E (c) diet.
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Figure 2: Fatty acids percentage of Cyprinus carpio females fed three diets.

Discussion
The emphasis in fish reproduction management has focused about lipid quality
due to its importance in tissue formation and as a source of energy in the larval
stages of fishes. Results showed that vitamin E diet reflect a decrease in the quality
of the fatty acids profile of common carp ovaries. In spite that saturated and
unsaturated fatty acids have been recorded, except to omega-6 (ARA), the omega-3
fatty acids (EPA and DHA) have not been recorded compared to the control and
omega-3 diets. This indicate the correspondence with the direct effect of dietary
fatty acids have on the fatty acid profile of body tissues, this has been confirmed for
a number of fishes (Izquierdo et al., 2003; Bell et al., 2004; Turchini et al., 2009;
González-Félix et al., 2017). It is clear from the above results that the diet contains
omega-3 fatty acids has shown a diversity of fatty acids in the ovaries which greatly
affected by changing the composition of fatty acids in the diet. Palmitic acid (16:0)
was the most abundant unsaturated fatty acid recorded in all treatments (30.43,
35.55 and 28.93%, respectively). These result resemble the fatty acids profile of
wild common carp eggs in India (Mukhopadhyay & Ghosh, 2003). Mourente &
Odriozola (1990) indicated that the composition of fatty acids in eggs of Sparus
aurata had significant differences because of the influence of fatty acids in
broodstock diet, our results resemble these indication.
Fish elongate (adding two carbon atoms) to essential fatty acids C: 18 to longer
than C: 20 and C: 22 with the ability to desaturation the fatty acids (adding double
bonds). Steffens et al. (1995) and Steffens (2009) found that the common carp fed
on the natural food showed an increase in the content of omega-3 fatty acids in
muscle tissue, and this level decreased when adding wheat grains to the diet. This
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indicates that the composition of fatty acids in muscle tissue reflects significantly
the composition of the diet fatty acids also they recorded percentage of omega-6/
omega-3 fatty acids in common carp muscle tissue ranged between 0.8 and 2.4%.
Bell et al. (1993) indicated that most freshwater fishes achieve the needs of
omega-3 fatty acids because of their ability to quickly convert α-Linolenic acid
fatty acid (ALA) to a higher methyl 20: 5n-3 (EPA) and 22:6n-3 (DHA). Bou et al.
(2017) observed that the brain and heart of Atlantic salmon (Salmo salar) retained
the levels of PUSFA omega-3 (EPA/DHA) superior than muscles, intestines, skin
and liver. Omega-3 PUFA (EPA and DHA) observed in the T2 and only DHA
found in control diet, while in vitamin E none of these fatty acids was found. This
confirms the conclusion of Tocher et al. (2006) that vertebrates have no ability to
synthesize PUFA n-3 internally because of the absence of de-saturating and chain
elongation enzymes (∆12 and ∆15), so they get these fatty acids from food such as
phytoplankton that are rich in DHA. Böhm et al. (2014) found an increase in the
concentration of omega-3 fatty acids in common carp muscles when adding EPA
and DHA fatty acids at a concentration of 17 and 20 mg fish/day to their diet
compared to fish fed diet containing vegetable oil, and this indicates that common
carp retained high efficiency with polyunsaturated fatty acids. Glencross (2009)
reported that the needs of common carp from omega-3 fatty acids (EPA and DHA)
were low compared to ARA. Garrido et al. (2007) found a relationship between
essential fatty acids in the muscle and those in the gonads of sardine (Sardina
pilchardus).
Spiric et al. (2010) observed that the fatty acids extracted from the muscles of
the common carp by Soxhlet method revealed high levels of omega-6 but omega-3
fatty acids were not recorded, while the accelerated solvent extraction (ASE)
showed the presence of omega-6 and omega-3 fatty acids in muscle tissue. This is
consistent with the results of the present study, as fatty acids were extracted from
common carp ovaries by Soxhlet were no omega-3 fatty acid recorded but only
saturated, unsaturated and omega-3 and omega-6 recorded by ASE method and this
can be attributed to the high temperature which affected the quality of the extracted
oil. Emery et al. (2016) indicated that the needs of Atlantic salmon from omega-3
fatty acids are low, and that the acid EPA metabolized to produce energy or
transform into a DHA that precipitates in muscle tissue.
Stancheva & Merdzhanova (2011) studied the composition of fatty acids in three
species of freshwater fishes and found that the omega-6 fatty acids were the highest
compared to omega-3 in all examined fishes. Hadjinikolova (2004) confirmed that
common carp fat levels are highly dependent on the type food. Jabeen & Chandhry
(2011) observed that there are differences in the pattern of the fatty acid profile in
common carp in Indus river in terms of arrangement, as SFA> MUFA> PUFA,
which depends on the specificity of the aquatic ecosystem of the region. It is
inconsistent with the results of the present study, as the pattern of the fatty acid
profile was MUFA> SFA> PUFA. Tilapia needs of vitamin E is affected by the
level of dietary fat, especially PUFA and requirement increases almost linearly with
the degree of unsaturation (Shiau & Shiau, 2001; Raederstorff et al., 2015). Lim et
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al. (2009) observed a rise in the total fat content in the body of Nile tilapia fed on a
diet containing 100 mg/kg of vitamin E, but decreased when fed on a diet
containing 200 mg/kg of vitamin E. This corresponds to the results of the current
study. We conclude that feeding common carp on a diet containing omega-3
promoted the diversity of fatty acids in ovaries oil. In addition, fishes can obtain
fatty acids from the natural food (algae). This was observed in vitamin E and
control treatments.
The level of omega-3 in ovaries of fishes fed on control and vitamin E diets
were lower than omega-6. Some studies suggested that the levels of omega-3 must
be lower than omega-6 fatty acids in diets of freshwater fishes, but Sargent et al.
(2002) observed superior for omega-3 production, especially DHA, than for omega6 in ovaries. This is in agreement with Coldebella et al. (2013) and Hilbig et al.
(2019).
Liang et al. (2014) suggested that optimum dietary ratios of n3/n6 are required
to ensure the quality of the eggs and larvae but can be species-dependent. This
corresponds with the present results except for ovaries of omega diet group.
Kottmann et al. (2020) found that prolonged feeding resulted in higher ARA (n6)
and lower EPA (n3) levels in the unfertilized eggs, while DHA (n3) levels did not
change. Sargent et al. (1999) recommended 2:1 as the optimal dietary ratio of
DHA: EPA and 1:1 of EPA: ARA for sea bass larvae.
Conclusions
The current study showed the importance and role of fatty acids, especially
omega-3 in fish diets, and its effect on the fatty acids profile in eggs, which will
affect the characteristics and quality of the resulting larvae. Subsequent studies can
be conducted on the overlap between fatty acids and vitamin E with different rates
of additions.
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Abstract: The current study was conducted to determine the inhibitory effect
of the aqueous extract of hornwort Ceratophyllum demersum on Vibrio
cholerae bacteria that affects the common carp Cyprinus carpio L. in fish
farms. The inhibitory effect of the aqueous extract was determined in petri
dishes. The inhibition effects of the extract and six common antibiotics
(Nalidixic acid, Nitrofurantoin, Gentamicin, Streptomycin, Tetracycline, and
Amoxicillin) were compared; the results showed that the inhibition effect of
the aqueous extract of hornwort was higher than the inhibitory effects of the six
antibiotics. The stock solution 100% of the aqueous extract showed an
inhibition effect reached 35.3 mm compared with 25 mm, 15 mm, 7 mm, 10
mm, 23 mm and 11 mm of Nalidixic acid, Nitrofurantoin, Gentamicin,
Streptomycin, Tetracycline, and Amoxicillin antibiotics respectively. A
positive correlation was recorded between concentration of aqueous extract and
its inhibitory effect. The average of inhibition diameter was 23.3 mm, 27.6
mm, 28.6 mm, and 35.3 mm for the concentrations 25%, 50%, 75% and 100%
of the stock solution, respectively.

Keywords: Cyprinus carpio, Vibrio cholerae, Ceratophyllum demersum
extract, Antibiotics

Introduction
Species of the genus Vibrio are natural bacterial flora in fishes (Izvekova et al.,
2007). They may become harmful to the fish when stress occurs and fish immunity
decreases. These species are pathogenic to human, since it colonizes on fish (AlHussainy et al., 2017). They affect warm and cold water fishes, which show
symptoms when temperature rises in late summer, especially in shallow water and
near beaches. About 50 species of Vibrio were accommodated (Machen et al.,
2008).
Received July 7, 2020, accepted Sep. 9, 2020
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Vibrio cholerae is a facultative anaerobic, Gram negative bacteria with one
flagellum on the cell pole (Calderon, 2000). The infection with these bacteria cause
intestinal inflammation, and their severity depends on the level of infection (Jameel
et al., 2016). The infection spreads via water and contaminated food (Calderon,
2000).
Recent attention has been focused on the natural sources of the antibodies
inherent in plants. Phenolic compounds are among the most prominent natural
antibodies, including flavonids, tannins, carotenoids and phenolic acid. Phenols are
aromatic compounds with one or more hydroxyl group (Pereira et al., 2009). They
are found in almost all plant parts and considered as secondary metabolic products
(Wang et al., 1998).
The hornwort (Ceratophyllum demersum) belongs to the Family
Ceratophyllaceae. It’s a worldwide submersed plant, and endemic plant in the Iraqi
waters (Abdalhameed & Al-Hassany, 2019). In Basrah province, it is distributed in
Abu El-Khaseeb irrigation systems, Shatt Al-Arab river, Basrah marshes and
Garamat Ali river (Al-Mayah et al., 2016).
Al-Seedi et al. (2013) showed that the metabolic products of hornwort hampered
the growth of many nitrogen-fixing bacteria, in addition to its role in curing wounds
and ulcers, while Mjelde & Faafeng (1997) showed that the extracts of hornwort
prevented the growth of phytoplankton. In addition, its leaves extract possesses
high effectiveness in inhibiting the growth of yeasts, Gram negative and Gram
positive bacteria (Dulger & Gonuz, 2004).
The present study aims to detect the inhibitory effect of the aqueous extract of
hornwort on the cholera which infect common carp in Basrah province to avoid
economic losses and preserve the environment through using organic substances as
an antibiotics alternative.
Materials and Methods
Fish samples were collected in April, 2019 from Al-Hammar marsh.
Ceratophyllum demersum was collected from the local water bodies in Basrah
province. The plant was dried in a well-aerated shaded place at room temperature
with continuous stirring to prevent their decomposition. After grinding, it was kept
in a labeled paper bag at room temperature until use (Al-Kanany et al., 2011).
The plant was aqueously extracted according to Twaij et al. (1983). A volume of
250 ml of distilled water was added to 25 mg of dried powder of grinded plants in a
500 ml conical flask. The mixture was placed in blender at room temperature for
three hours, then centrifuged for 15 minutes. The aqueous suspension was diluted
with distilled water up to 250 ml of four concentrations of extract (25%, 50%, 75%
and 100%).
Bacterial Isolation
Vibrio cholerae was isolated from the skin of 13 infected Cyprinus carpio after
cleaning and washing the fishes with distilled water. The isolated bacteria were
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cultured in selective medium: Thiosulfate citrate bile sucrose salt agar (TCBS) (Hi
media- India). The plates were incubated at 37ºC for 48hr. Isolated bacteria was
morphologically identified by microscope with Gram staining and cultured on
nutrient agar and then identified by the Vitek II system (Biomerieux- USA)
according to Al-Shammari et al. (2019).
Efficiency Test of Ceratophyllum demersum Extract against Isolated Bacteria
Whole diffusion method was applied (Bansode & Chavan, 2012) by using
Mueller-Hinton agar (MHA) (Himedia- India) media. The media was left to
stubbornness on the dishes after 15-30 minutes, then Vibrio cholerae was
introduced evenly over the media by using cotton swap, followed by making a hole
(8mm) on the MHA by a cork borer and adding 100 µL of different concentrations
to each hole by fine and sterile pipette. The plates were incubated for 18 hrs at 37
ºC, separately, and the diameter of the clear zone around the bacteria was measured.
Antibiotic Sensitivity Test
Six antibiotic discs (Nalidixic acid 30 mcg, Nitrofurantoin 300 mcg, Gentamicin
10 mcg, Streptomycin 10 mcg, Tetracycline 30 mcg and Amoxicillin 25 mcg) were
used for antibiotic sensitivity test. The agar diffusion method was used according to
Jorgensen et al. (1999). Guidelines of using antibiotic discs on the media MuellerHinton agar, Antibiotic, Nalidixic acid 30 mcg, Nitrofurantoin 300 mcg,
Gentamicin 10 mcg, Streptomycin 10, Tetracycline 30 and Amoxicillin 25 MCG
were followed.
Statistical Analysis
The IPM SPSS statistics version 22 was used to analyze the results statistically.
Significant differences were also compared with the revised least significant
difference (RLSD) at a significance level of 0.01 (Al-Janae'e et al., 2018).
Results
The inhibitory effect of the aqueous extract of hornwort on V. cholerae that
isolated from common carp was examined. Figure 1 shows the efficacy of the
aqueous extract of hornwort on cholera bacteria, four concentrations were used
(100%, 75%, 50% and 25%). The results show that there is an inhibitory effect of
these concentrations on cholera bacteria, which has differences in the strength of
inhibitory effect per concentration by measuring the diameter of the inhibition zone.
The statistical analysis has shown significant differences (P<0.01) in the inhibitory
effect of 100% of the full-strength solution compared with other concentrations.
There were no significant differences (P<0.01) in this effect in case of both 50%
and 75% of the full-strength solution.
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Figure 1: The mean of inhibition zones (mm) of different concentrations of C.
demersum.

The results also show significant differences (P<0.01) in the inhibitory effect of
the aqueous extract with a concentration of 100% of the full-strength solution
compared with the inhibitory effect of all antibiotics. Table 1 shows the
concentration of antibiotics and the diameter of the inhibitory zone for them. Figure
2 shows the inhibitory effect of the aqueous extract of hornwort compared with the
antibiotics.
Table 1: Concentration of antibiotics and the mean diameter of the inhibitory zone.
Type of antibiotics
Concentration
Diameter (mm) of
(Mcg/g(
inhibition zone
Nalidixic acid
3
25
0
Nitrofurantoin 300
3
15
Gentamicin
Streptomycin
Tetracycline
Amoxicillin

01
00
1
03
02
5

7
10
23
11
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Figure 2: Effect of aqueous extract of C. demersum on V. cholerae compared with
antibiotics.

Discussion
The results showed that there is a significant inhibition effect of the aqueous
extract of hornwort on the bacteria, due to the presence of some effective
substances. Eigemann (2013) indicated that hornwort produces chemical
compounds with allelopathic potential which has a great role in the formation and
change of the aquatic environments by influence the growth, survival, development,
and reproduction of other organisms,. The allelopathy is a process that involves the
production of secondary metabolic products from plants and microorganisms
(Cheng & Cheng, 2015).
Al-Seedi et al. (2013) referred to the high allelochemical potential of hornwort
by producing large quantities of polyphenols that impede the growth of some
organisms. The chemical analysis of the aqueous extract of hornwort also showed
that it contained resins, glycosides, tannins, flavones and alkaloids (Al-Kanany et
al., 2011). The same study indicated that the 250 mg/ml of hornwort aqueous
extract make 20 mm of inhibition area to Staphylococcus aureus.
Cowan (1999) indicated that proteins and enzymes are inhibited by the tannins in
the bacterial cell wall as well as the adhesion of cells. The alkaloids have a lethal
effect on microorganisms (Al-Maeeny et al., 2007). The effective substances in the
aqueous extract dissolve and disrupte the adipose membranes, which affect the
metabolic efficacy of cells and thus inhibits them (Hili et al., 1997). It also affects
fat metabolism by affecting the efficacy of the 3-hydroxy-3methyl glutase enzyme,
responsible for the construction of the mevalonic acid, which paves the construction
of sterols to synthesize the enzyme Acetyl CoA (Singh et al., 2008), as well as
inhibiting DNA by linking it (Ünver et al., 2009), or it may be due to the synergistic
action of a combination of effective compounds such as phenols, flavones and
alkaloids and the difference in the side strings (Hugo & Russell, 2004).
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The results showed that the extracts concentrations of 25%, 50% and 75% were
of less inhibition than 100%, as the concentration of the effective substances in the
100% concentration of the extract is higher than in the rest of the concentrations
(Al-Janae'e et al., 2018). Ali et al. (2012) indicated that high concentrations lead to
the shrinkage in the organism, while in a lower concentration, the dispersion of
effective substances causes their separation from cells, resulting in a decrease in the
inhibition efficacy of the substances (Hili et al., 1997), or the low concentration of
effective substances makes it non-therapeutic (Al-Zubaidi et al., 2007). Also, the
low concentrations of effective substances are unable to inhibit the growth of
microorganisms (Thanaboripat et al., 2007).
The results also showed significant differences in the sensitivity of cholera
bacteria to the extract of hornwort compared with antibiotics. This may be due to
the difference in the type and concentration of their active substances (Al-Janae'e et
al., 2017), or to their absorbability and movement within the cell (Pourmorad et al.,
2006), The difference in bacterial sensitivity to these substances depends on the
type, nature of composition, and thickness of the cellular membranes and their
content of fat and proteins, in addition to the mechanism of transition operation of
effective substances, wherefore some bacteria show a higher sensitivity against a
specific compound (Lee et al., 1999). This difference may also be due to the
presence of protective substances inside the cells of these bacteria that are either
caused by their exposure to external efforts or that they have reached them through
effective transport from the environment. These substances increase the protection
of their cells depending on the type of microorganisms, type of external effect and
other abnormal factors. The most important of protective substances are
carbohydrates, mannitol, and glutamate (Salih & Hussein, 2014).
Through the study, it can be concluded that the aqueous extract of the hornwort
plant with a concentration of 100% can be successfully used in inhibiting the
cholera bacteria that infects common carp fish, and the study recommends testing
the effect of this extract in treating infected fish in fish farms because it is less
harmful to the environment and fish than antibiotics.
Acknowledgements
The authors would like to express their thanks and appreciation to the staff of
Center for Marine Sciences and the Laboratory of Technologies for their assistance.
References
Abdalhameed, T.A. & Al-Hassany, J.S. (2019). The qualitative and quantitative
composition of epiphytic algae on Ceratophyllum demersum L. in Tigris river
within Wassit province, Iraq. Baghdad Sci. J., 16(1): 1-9. DOI:10.21123/
BSJ.2019.16.1.0001.
Al-Hussainy, K.S.; Al-Tememy, M.S. & Al-Gboory, A.O. (2017). Effect of some
environmental conditions on Vibrio cholerae and Vibrio fluvialis bacteria
isolating from fish proffered in local markets of Basrah and Nasiriyah city.

Effect of C. demersum on V. cholarae isolated from C. carpio

30

Diyala J. Agric. Sci., 9(2): 1-15. (In Arabic). https://www.iasj.net/iasj?
func=fulltext&aId=143326.
Ali, I.N.; Sabtei, H.A.; Hassan, K.F. & Hamdan, G.A. (2012). Studying the antiactivity for some types of polluted fungi of waters by essential oil extracted
from garlic plant Allium sativum L. J. Univ. Anbar Pure Sci., 6(3): 38-44. (In
Arabic). https://www.iasj.net/iasj?func=fulltext&aId=77314.
Al-Janae'e, A.M.S.; Al-Edany, T.Y. & Ali, A.H. (2018). Inhibition of some aquatic
and aromatic plants extracts on fungal infection on common carp (Cyprinus
carpio L.) and its eggs. Thi-Qar Univ. J. Agric. Sci., 7(2): 1-13.
https://search.emarefa.net/ar/detail/BIM-901812/.
Al-Janae'e, A.M.; Ali, A.H. & Al-Edany, T.Y. (2017). Efficacy of some aromatic
plant extracts on treating the eggs of the common carp (Cyprinus carpio L.)
against fungal infection in comparison with traditional fungicide malachite
green. Basrah J. Agric. Sci., 30(2): 59-71. DOI:10.37077/ 25200860.2017.51.
Al-Kanany, G.F.; Al-Mousawi, R.M. & Al-Asaade, W.M. (2011). Evaluation of
inhibition activity for some aqueous and ethanolic extracts to Potamogeton
perfoliatus L. and Ceratophyllum demersum L. as aqueous plants against
some pathogenic bacteria. Basrah J. Sci., 29(1): 95-109. (In Arabic).
https://www.iasj.net/iasj?func=fulltext&aId=53956.
Al-Maeeny, S.A.; Al-Thawani, A.N. & Alazawi, A.H. (2007). Evaluation of
inhibition activity of Ocimum basilicum leaves extracts on some pathogenic
microorganisms. Iraqi J. Biotechnol., 6(2): 100-109. (In Arabic).
https://www.iasj.net/iasj?func=fulltext&aId=25091.
Al-Mayah, A.A.; Al-Edani, T.Y.M. & Al-Asadi, W.M.T. (2016). Ecology and flora
of Basrah. Jeekor for Printing & Publishing Ltd., Beirut: 686 pp. (In Arabic).
Al-Seedi, S.N.N.; Al-Ebady, A.R.A. & Ali, S.H. (2013). Comparative study on the
impact of the aquatic extract of Ceratophyllum demersum L. and Chlorella
vulgaris against some pathogenic fungi skin. J. Thi-Qar Univ. Agric. Res.,
2(1): 117-124. (In Arabic). https://www.iasj.net/ iasj? func=fulltext&aId=
85173.
Al-Shammari, N.A.H.; Al-Taee, A.M.R. & Khamees, N.R. (2019). Bacterial
disease agents of Cyprinus carpio from some farms in Basra, Iraq, Ecol.
Environ. Conserv., 25(4): 1554-1558.
Al-Zubaidi, A.B.; Al-Zubadi, F.S. & Mhaisen, F.T. (2007). Treatment of the
common carp (Cyprinus carpio) infected with monogenetic treatodes by
using some plant extracts. J. Um Salama Sci. J., 4(1): 22-27. (In Arabic).
https://www.iasj.net/iasj?func=fulltext&aId=4052.
Bansode, D.S. & Chavan, M.D. (2012). Studies on antimicrobial activity and
phytochemical analysis of citrus fruit juices against selected enteric
pathogens. Int. Res. J. Pharm., 3(11): 122-126. https://irjponline.com/ admin/
php/uploads/1489_pdf.pdf.
Calderon, R.L. (2000). The epidemiology of chemical contaminants of drinking
water. Food Chem. Toxicol., 38(1 Suppl.): 13-20. DOI:10.1016/S02786915(99)00133-7.

31

Al-Shammari et al.

Cheng, F. & Cheng, Z. (2015). Research progress on the use of plant allelopathy in
agriculture and the physiological and ecological mechanisms of allelopathy,
Front. Plant Sci., 6: 1-16. DOI:10.3389/fpls.2015.01020.
Cowan, M.M. (1999). Plant products as antimicrobial agents, Clin. Microbiol. Rev.,
12(4): 564-564. DOI:10.1128/CMR.12.4.564.
Dulger, B. & Gonuz, A. (2004). Antimicrobial activity of certain plants used in
Turkish traditional medicine. Asian J. Plant Sci., 3(1): 104-107. DOI:10.3923/
ajps.2004.104.107.
Eigemann, F. (2013). Allelopathic effects of submerged macrophytes on
phytoplankton: Determining the factors of phytoplankton sensitivity and
detection of new modes of action. Diss. Doctor Rerum Nat., Free Univ.
Berlin: 144 pp. DOI:10.13140/RG.2.1.4348.2961.
Hili, P.; Evans, C.S. & Veness, R.G. (1997). Antimicrobial action of essential oils:
The effect of dimethylsulphoxide on the activity of cinnamon oil. Lett. Appl.
Microbiol., 24(4): 269-275. DOI:10.1046/j.1472-765X.1997.00073.x.
Hugo & Russell’s pharmaceutical microbiology. (2004). 7th edition. Edited by
Denyer, S.P.; Hodges, N.A. & Gorman, S.P. Blackwell Sci. Publ., Oxford,
London: 481 pp.
Izvekova, G.; Izvekov, E.I. & Plotnikov, A.O. (2007). Symbiotic microflora in
fishes of different ecological groups. Biol. Bull., 34(6): 610-618.
DOI:10.1134/S106235900706012X.
Jameel, S.K.; Shafek, M.A.; Abdulmohsen, A.M.; Mohamed, N.S.; Naji, S.R. &
Mohammed, T.T. (2016). The Isolation of Vibrio cholerae and other enteric
bacteria with molecular characterization of Vibrio cholerae during the
outbreak of Baghdad/Iraq in 2015. Adv. Microbiol., 6(9): 699-715.
DOI:10.4236/aim.2016.69069.
Jorgensen, J.H.; Turidge, J.D. & Whashington, J.A. (1999). Antibacterial
Susceptibility tests: Dilution and disk diffusion methods. In: Murray, P.R.;
Barron, E.J.; Praller, M.A.; Twnover, E.C. & Yollken, R.H. (eds.), Manual of
clinical microbiology. AJM Press, Washington D.C.: 1526-1562.
Lee, K.-K.; Kim, J.-H.; Cho, J.-J. & Choi, J.-D. (1999). Inhibitory effects of 150
plant extracts on elastase activity, and their anti-inflammotory effects. Int. J.
Cosmet. Sci., 21(2): 71-82. DOI:10.1046/j.1467-2494.1999.181638.x.
Machen, J.W.; Smith, S.A. & Flick, G.J. (2008). Vibrio anguillarum and V. ordalii
disinfection for aquaculture facilities. Int. J. Recircul. Aquac., 9(1): 43-51.
DOI:10.21061/ijra.v9i1.1424.
Mjelde, M. & Faafeng, B.A. (1997). Ceratophyllum demersum hampers
phytoplankton development in some small Norwegian lakes over a wide
range of phosphorus concentrations and geographical latitude. Freshwat.
Biol., 37(2): 355-365. DOI:10.1046/j.1365-2427.1997.00159.x.
Pereira, D. M.; Valentão, P.; Pereira, J. A. & Andrade, P. B. (2009). Phenolics:
From Chemistry to Biology, Molecules, 14(6): 2202-2211. DOI:10.3390/
molecules14062202.

Effect of C. demersum on V. cholarae isolated from C. carpio

32

Pourmorad, F.; Hosseinimehr, S.J. & Shahabimajd, N. (2006). Antioxidant activity,
phenol and flavonoid contents of some selected Iranian medicinal plants. Afr.
J. Biotechnol., 5(11): 1142-1145. https://academicjournals.org/journal/AJB/
article-full-text-pdf/88F26B26610.
Salih, K.I. & Hussein, A.R. (2014). Application of intensive production program
for common carp Cyprinus carpio fingerlings in fish hatcheries. A- Stage of
larvae production. J. Kerbala Univ., 12(1): 75-84. (In Arabic).
https://www.iasj.net/iasj?func=fulltext&aId=88021.
Singh, R.; Singh, N.; Saini, B.S. & Rao, H.S. (2008). In vitro antioxidant activity of
pet ether extract of black pepper. Indian J. Pharmacol., 40(4): 147-151.
DOI:10.4103/0253-7613.43160.
Thanaboripat, D.; Suvathi, Y.; Srilohasin, P.; Sripakdee, S.; Patthanawanitchai, O.
& Charoensettasilp, S. (2007). Inhibitory effect of essential oils on the growth
of Aspergillus flavus. KMITL Sci. Tech. J., 7(1): 1-7. https://
pdfs.semanticscholar.org/1f2d/212453cc4f0bb0a19ff12ee18e09bc795ffd.pdf.
Twaij, H.A.A.; Kery, A. & Al-Khazragi, N.K. (1983). Some pharmacological,
toxicological and photochemical investigation on Centaurea phyllocephala. J.
Ethopharmacol., 9(2-3): 299-314. DOI:10.1016/0378-8741(83)90037-5.
Ünver, A.; Arslan, D.; Özcan, M.M. & Akbulut, M. (2009). Phenolic content and
antioxidant activity of some spices. World Appl. Sci. J., 6(3): 373-377.
https://www.researchgate.net/publication/242412880.
Wang, M.; Li, J.; Rangarajan, M.; Shao, Y.; LaVoie, E.J.; Huang, T.-C. & Ho, C.T.
(1998). Antioxidative phenolic compounds from sage (Saliva officinalis). J.
Agric. Food Chem., 46(12): 4869-4873. DOI:10.1021/jf980614b.

Vol. 5(1): 33-43, 2021
https://doi.org/10.51304/baer.2021.5.1.33

New Record of Macrobrachium lar (Fabricius, 1798) (Crustacea:
Decapoda: Palaemonidae) from Al-Hammar Marsh, Southern Iraq
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Abstract: A species of freshwater prawn Macrobrachium was newly recorded
from Al-Hammar marsh, Southern Iraq. Morphological features accompanied
by 18 S r DNA analyses indicated that the species is Macrobrachum lar. DNA
sequences of specimens of this species from the marsh is deposited at the
GenBank for DNA as a new global isolate and was published by The National
Center for Biotechnology Information (NCBI), the European Nucleotide
Archive (ENA) and DNA Data Bank of Japan (DDBJ). M. lar inhabit deep
sections of streams and brackish water, adults live in freshwater, while
juveniles can be found in brackish or saltwater, the total length of M. lar
recorded in this study was ranged between 72 and 109 mm for males and
between 61 and 93 mm for females.
Keywords: New record, Macrobrachium lar, Southern Iraq, DNA sequences

Introduction
Macrobrachium Bate, 1868 is a widely distributed and abundant macroinvertebrate genus in inland water. It has been recorded in several tropical and
subtropical regions such as lakes, ponds, rivers, as well as in estuaries (Cook et al.,
2002; Guerra et al., 2014). Species of Macrobrachium found in lowlands of Africa,
Asia, Oceania, North, Central and South America. Although most of the species are
inhabiting freshwater environments, some can tolerate higher salinities and found
near sea coasts where water is rather brackish (Wowor et al., 2009; Pileggi &
Mantelatto, 2010). Update, this genus includes approximately 210 species of
prawns and is considered as the largest palaemonid genus, with the greatest
diversity occurring in the Indo-Pacific region and the Americas (Mantelatto et al.,
2008; De Grave & Fransen, 2011; Guerra et al., 2014).
The only species of Macrobrachium reported in Iraq is M. nipponense (De
Haan, 1849) which was first found in Al-Hammar marsh by the end of 2002
(Salman et al., 2006). Macrobrachium lar is a large palaemonid freshwater prawn,
commonly known as Monkey River prawn and is known throughout the Indo-West
Pacific area, from East Africa to the Marquesas Islands (Holthuis,1980; Sethi et al.,
2013a). According to Sarangi et al. (2001), the species has been reported as a native
Received July 19, 2020, accepted Sep. 21, 2020
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in Andaman and Nicobar islands. The information on M. lar, however, is relatively
limited. Most investigations were oriented to study its taxonomy (Short, 2004; Sethi
et al., 2013a), reproductive biology (Sethi et al., 2014), natural food and feeding
habits (Sethi et al., 2013b) and morphology variation (Fadli et al., 2018). The
present work adds to our knowledge more information on the environmental
preference of M. lar as it is encountered, for the first time, in a rather brackish
water habitat in Southern Iraq.
Material and Methods
The prawns were collected from Al-Hammar marsh, Al-Mashaab, Southern Iraq
in October 2015. This is located within an area that lies between 30º 39´ 34.27 ̎ N;
47º 39´ 13.81̎ E., which is connected with the Arabian Gulf through the Shatt AlArab river (Figure 1). Specimens were collected at a depth between 3-4 m with a
trawl net, 3 m long and 10 mm mesh size. Al-Hammar marsh is currently
distinguished by being semi closed, receiving its water mainly from the Euphrates
river and its branches, and it depends on the phenomenon of tide to changes its
waters. The study area is characterized by the spread of a number of aquatic plants
such as Ceratophylum demersum, Myrophylum sp., Nymphoides indica, Typha
australis, Potamogeton sp. and Phragmites australis.
All collected samples were kept in cold box and transported to the laboratory.
The work was done in the Department of Marine Biology, Marine Science Center,
University of Basrah for further identification. Dissecting microscope was used for
specimen’s examination and depending on some keys (Riek, 1951; Short & Meek,
2000; Wowor & Choy, 2001). Water temperature, salinity and potential hydrogen
ion (pH) were measured by YSI 556 MPS models 2005 which usually calibrated
before every field trip.

Figure 1: Geographical location of the sampling site in Al-Hammar marsh, Southern
Iraq where specimens of Macrobrachium lar were collected.
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Molecular Identification
QIAGEN (protease) or (proteinase K) 20µl was added into the 1.5 ml Eppendorf
tube included 200 µl of the sample and 200 µl of the buffer AL to the solution and
mixed the sample using pulse-vortex for 15 esc. and incubated at 56 °C for 10 min.
Centrifugation of the mixture was done to remove drops from the inside of the lid
then 200µl of ethanol (96-100%) were added to the sample and mixed again by
pulse-vortex for 15 seconds. After mixing, brief, centrifugation of 1.5 Eppendorf
tube were done to remove drops from the inside of the lid. The mixture was
carefully applied from step 6 to the QLAamp Mini spin column (in a 2ml collection
tube) without wetting the rim. Closed the cap, and centrifugation at 8,000 rpm for
one minute was carried out, then the QLAamp Mini spin column was placed in a
clean 2ml collection tube and discard the tube containing the filtrate. The QLAamp
Mini spin column was carefully opened and 500µl buffer AW1 were added without
wetting the rim. The cap was closed and centrifugation at 8000 rpm for one minute
was done. The QIAamp Mini spin column was placed in a clean 2ml collection tube
containing the filtrate to avoid contamination and to purify the DNA extraction, the
QIAamp Mini spin column was opened and 500 µl of AW2 buffer were added
without wetting the rim, the cap was closed and centrifugation at full speed 14,000
rpm for three minutes was done. The QIAamp Mini spin column was placed in a
new 2ml collection tube with the filtrate (the purified DNA). Centrifugation at full
speed for one minute was carried out, then the QIAamp Mini spin column was
placed in a clean 1.5 ml microcentrifuge tube and discard the collection tube, the
QIAamp Mini spin column was carefully opened and 200µl of AE buffer were
added. Incubated at room temperature (15-25 ºC) for one minute and then
centrifuged at 8000 rpm for one minute.
DNA Quantitation Procedure
The concentration of DNA was calculated by nanodrop spectrophotometer
(OPTIZN). One µl of DNA sample was taken and put in the lance. The optical
density was read with nanodrop spectrophotometer at wavelength 260 and 280 nm.
The quality and purity were measured directly. Electrophoresis of DNA in the
agarose was done according to Hassan (2015). The reagents used for this
investigated were Agarose, Tris Borate EDTA buffer (TBE), Ethidium bromide,
Bromo phenol blue, DNA marker (100bp) and DNA sample. The procedure for
electrophoresis consisted of three steps these were:
Step 1: Preparation of agarose gel.
Twenty-five ml of 1x TBE were taken in a beaker and 0.2 g agarose was added
to the buffer. The solution was heated to boiling (using hot plate) until all the gel
particles were dissolved. Then the solution was allowed to cool down to 50-60 ºC.
Step 2: Casting of the horizontal agarose gel.
The gel was assembled to casting tray and the comb was positioned at one end of
the tray. The agarose solution was poured into the gel tray after both the edges were
sealed with cellophane tapes and the agarose was allowed to gel at room
temperature for 30 minutes. The comb was carefully removed and the gel replaced
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in the electrophoresis chamber. The chamber was filled with TBE-electrophoresis
buffer until the buffer reached 3-5 mm over the surface of the gel.
Step 3: Loading and running DNA in agarose gel.
DNA (6 µL) was mixed with bromophenol blue in the ratio of 3:1 and loaded in
the wells of the 0.8% agarose gel. The cathode was connected to the well side of the
unit and the anode to the other side. The gel was run at 60 v and 20 mA until the
bromophenol blue tracking dye migrated to the end of the gel. DNA was observed
by staining the gel with Ethidium bromide and viewed under UV transilluminator.
Identification of Macrobrachium lar by Using Specific 18S rDNA Amplification
The 18S rDNA gene was amplified using primers corresponding to conserved
regions as 866 bp (Winnepenninckx et al., 1995). Designed on the basis of 18S
rDNA published sequence data (Genbank: U29235). Table 1 and 2 show the
primers sequences and the volume of the mixture of reagents, respectively, while
Table 3 described the Touchdown PCR condition program (Hassan, 2015).
Table 1: Oligonucleotide primer sequences used for PCR amplification of 18S
rDNA gene.
Primer
Sequence
No. of
nucleotides
Forward primer 18Sr RNA(5-AGATTAAGCCATGCATGCGTAAG-3
23
Reverse primer 18S r RNA(5-TGATCCTTCTGCAGGTTCACCTAC-3
24
Table 2: Reagents of PCR amplification (50 μl) for 18S rDNA.
No.
Reagent
Volume (µl)
1
DNA
10
2
Forward Primer
2
3
Reverse Primer
2
4
Master Mix. 2x
11
5
Nuclease-free water
25
Total
50

Sequencing of 18S rDNA
The 18S rDNA fragments were sequenced at MWG Company "http://eng.mwg.
com". Preparation of samples for sequencing was done according to the procedure
of Barker et al. (2005).
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Table 3: Touchdown PCR condition for specific 18S rDNA gene.
Steps
Temperature
1
95 ºC
2
95 ºC
3
61.3 ºC decrease 0.5 ºC per cycle
4
72 ºC
5
Repeated steps 2-4
6
95 ºC
7
54.3 ºC
8
72 ºC
9
Repeated steps 6-8
10
72 ºC
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Time
2 minutes
30 seconds
30 seconds
20 seconds
14 more time
30 seconds
30 seconds
20 seconds
19 more time
5 minutes

Results
Diagnosis
In M. lar, major second pereopod with merus greater than or equal to carpus.
Also, second pereopod with chelae completely naked or bearing only a few
scattered setae not concealing surface; chela subcylindrical. The rostrum straight
with 1-3 teeth on carapace; 2-4 ventral teeth; one big tooth on each finger. Carpus
conical or cup-shaped; palm not swollen. Telson with apex rounded, lateral spines
short. Body color deep olive brown to olive grey or blue grey, abdominal condyles
light cream to orange, posterior abdomen often darker than anterior and tergum
darker than pleura. Antennal flagella deep olive grey to olive brown or orange,
antennule flagella orange brown to almost black. Rostrum olive grey to olive brown
with dorsal teeth and plumose setae orange brown. The total length of M. lar
recorded in this study ranged between 72 and 109 mm for males and between 61
and 93 mm for females (Figure 2).

Figure 2: Macrobrachium lar from Al-Hammar marsh, Southern Iraq.
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Molecular Identification Study
18S Ribosomal DNA
The results of 18S rDNA nucleotides sequencing for the isolate is presented in
Table 4. The extracted DNA was subjected to PCR for amplifying 18S rDNA. After
measured by nanodrop, the individual band of the gene was characterized by
approximately 866bp due to comparison with the standard molecular DNA Ladder
(100-1200 bp) as in Figure 3 (A and B).

Figure 3: A- Agarose gel (0.8% and 60V 2 mA) electrophoresis patterns show DNA bands
of M. lar from 1-6 extracted DNA from formalin embedded samples. B- Agarose
gel (2% and 60V, 2mA) electrophoresis patterns show PCR bands of M. lar18S
rRNA gene from1-6 compared with stander ladder (100-1200bp).
Table 4: Identification of global new record of M. lar recorded in Al-Hammar marsh,
Southern Iraq by sequencing of 18S rDNA during 2015.
Macrobrachium lar
GenBank: KX066822.1
GGTAGTGACGAAAAATAACAATGCGGGACTCTTCCGAGTC
TGCGTAATTGGAATGAGCACACTTTAAATCCTTTAGCAACA
ACCAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA
TTCCAGCTCCAATAGCGTATATTAAAGTTGTTGCGGTTAAA
AAGCTCGTAGTTGGAGGTCAGTTGCGGACTGGGGTGGGAG
GTCACCGCCCGGTGCTTCCCCTCTAGGCTCCGAACAGCTTC
CGTGAGTGGAAGCCAAGCCGGCTTAGCCGGGGTGCTCTTT
ACCGAGTGTCCCGCGCAACCGGCCAGTTCACCTTGAATAA
ATGAGAGTGCTCAAAGCAGGCTACTCTGGAATACAATGCC
CGAATGTTACCTGCATGGAATGATGGAAGATGATATCGGT
TGCATTTTGTTGGTGGTGGCAGCCCGAGGTAATGATAAAG
AGGGACTGTCGGGGGCATCCGTACTACGACGCGATAGGTG
AAATTCAGTGACCGTCGTAGGACGAACAACAGCGAAAGCA
TTTGCCAAGAATGTCTTCGTTGATCAAGAACGAACGTTAGA
GGATCGAAGGCGATCAGATACCGCCCTAGTTCTAACCCTA
AACGATGCTGACTAGCAATTCGCCGTCGTTATTGCCATGAC
GTGGCGAGACGCCCCCGGGAAACCTCAAGTCTTTGAGTTC
CGGGGGTAGTATGGTTGCAAAAGTGAAACTTAAAGGAATT
GACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAAT
TTGACTCAACACGGGAAACCTGACCAGGCCCGGACACCAG
AAGGATTGACAGATTAAGAGCTCTTTCACGATTTGGTGGGT
GGTGGTGCATGGCCGTTCTT
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Discussion
The species of M. lar isolate (No KX066822.1) is different from their reference
strain in several positions of nucleotide sequences (Table 5). So, we recorded this
isolate as a new global isolate and was published by the National Center for
Biotechnology Information (NCBI), the European Nucleotide Archive (ENA) and
DNA Data Bank of Japan (DDBJ). The databases of this isolate were recorded in
the GenBank for DNA sequences (Table 5).
Table 5: Comparative nucleotides sequence of 18S rDNA gene between the original
and quarry sequence.
Original sequence GenBank: KP215302.1
Quarry sequence GenBank: KX066822.1
GGCACGCAAATTACCCAATGCCAGCTCT
GGGAGGTAGTGACGAAAAATAACAATG
CGGGACTCTTCCGAGTCTGCGTAATTGG
AATGAGCACACTTTAAATCCTTTAGCAA
CAACCAATTGGAGGGCAAGTCTGGTGCC
AGCAGCCGCGGTAATTCCAGCTCCAATA
GCGTATATTAAAGTTGTTGCGGTTAAAA
AGCTCGTAGTTGGAGGTCAGTTGCGGAC
TGGGGCGGGAGGTCACCGCCCGGTGCTT
CCCCTCTAGGCTCCGAACAGCTTCCGTG
AGTGGAAGCCAAGCCGGCTTAGCCGGG
GTGCTCTTTACCGAGTGTCCCGCGCAAC
CGGCCAGTTCACCTTGAATAAATGAGAG
TGCTCAAAGCAGGCTACTCTGGAATACA
ATGCCCGAATGTTACCTGCATGGAATGA
TGGAAGATGATCTCGGTTGCATTTTGTTG
GTGGTGGCAGCCCGAGGTAATGATAAAG
AGGGACTGTCGGGGGCATCCGTACTACG
ACGCGAGAGGTGAAATTCAGTGACCGTC
GTAGGACGAACAACAGCGAAAGCATTT
GCCAAGAATGTCTTCGTTGATCAAGAAC
GAAAGTTAGAGGATCGAAGGCGATCAG
ATACCGCCCTAGTTCTAACCCTAAACGA
TGCTGACTAGCAATTCGCCGTCGTTATTC
CCATGACGTGGCGAGACGCCCCCGGGAA
ACCTCAAGTCTTTGAGTTCCGGGGGTAG
TATGGTTGCAAAAGTGAAACTTAAAGGA
ATTGACGGAAGGGCACCACCAGGAGTG
GAGCCTGCGGCTTAATTTGACTCAACAC
GGGAAACCTGACCAGGCCCGGACACCA
GAAGGATTGACAGATTAAGAGCTCTTTC
ACGATTTGGTGGGTGGTGGTGCATGGCC
GTTCTTAGTTGGTGGAGT

GGTAGTGACGAAAAATAACAATGCGG
GACTCTTCCGAGTCTGCGTAATTGGAA
TGAGCACACTTTAAATCCTTTAGCAAC
AACCAATTGGAGGGCAAGTCTGGTGCC
AGCAGCCGCGGTAATTCCAGCTCCAAT
AGCGTATATTAAAGTTGTTGCGGTTAA
AAAGCTCGTAGTTGGAGGTCAGTTGCG
GACTGGGGTGGGAGGTCACCGCCCGG
TGCTTCCCCTCTAGGCTCCGAACAGCTT
CCGTGAGTGGAAGCCAAGCCGGCTTAG
CCGGGGTGCTCTTTACCGAGTGTCCCG
CGCAACCGGCCAGTTCACCTTGAATAA
ATGAGAGTGCTCAAAGCAGGCTACTCT
GGAATACAATGCCCGAATGTTACCTGC
ATGGAATGATGGAAGATGATATCGGTT
GCATTTTGTTGGTGGTGGCAGCCCGAG
GTAATGATAAAGAGGGACTGTCGGGG
GCATCCGTACTACGACGCGATAGGTGA
AATTCAGTGACCGTCGTAGGACGAACA
ACAGCGAAAGCATTTGCCAAGAATGTC
TTCGTTGATCAAGAACGAACGTTAGAG
GATCGAAGGCGATCAGATACCGCCCTA
GTTCTAACCCTAAACGATGCTGACTAG
CAATTCGCCGTCGTTATTGCCATGACG
TGGCGAGACGCCCCCGGGAAACCTCAA
GTCTTTGAGTTCCGGGGGTAGTATGGT
TGCAAAAGTGAAACTTAAAGGAATTGA
CGGAAGGGCACCACCAGGAGTGGAGC
CTGCGGCTTAATTTGACTCAACACGGG
AAACCTGACCAGGCCCGGACACCAGA
AGGATTGACAGATTAAGAGCTCTTTCA
CGATTTGGTGGGTGGTGGTGCATGGCC
GTTCTT
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The point mutations were happened in the nucleotides sequence and the amino
acids translation is explained in Table 6.
Table 6: The point mutations and amino acids changes.
Original
Quarry

GCG-GUG, UCU-UAU, GAG-GAU, AGU-CGU, UCC-UGC
Ala-Val, Ser-Tyr, Glu-Asp, Ser-Arg, Ser-Cys

The family Palaemonidae represents one of the few decapod groups that has
successfully colonized oceans, estuaries and rivers in the subtropics and tropics
(Valencia & Campos, 2007). The genus Macrobrachium has a great diversity with
highly variable morphology, the taxonomic identification based only on these
characteristics may be difficult, so that in this study, we analyzed identification of
M. lar by using specific 18S rDNA amplification and sequence. This genus is
covering the lowlands freshwater species, although some are found near the coast in
brackish water (Valencia & Campos, 2007). According to Salman et al. (2006),
only one species of freshwater prawns of the genus Macrobrachium, M. nipponense
has been noticed as invasive species in Al-Hammar marsh, Southern Iraq. But we
expect other species belonging to the same genus entering the Iraqi waters, one of
these is M. lar which is recorded in the present study and considered as the second
species belonging to the genus Macrobrachium so far present in the Iraqi water.
According to Short (2004), this species had a wide range of distribution in the
Indo-West Pacific, Eastern Africa to the Ryukyu Islands and Marquesas East
Indies. The measurements of the present species as recorded in India and
Uzbekistan are with a length range of 82-123 mm for males and 73-118 mm for
females (Sethi et al., 2014). The specimens recorded during the present study had a
size range between 72-109 mm for males and from 61-93 mm for females. No
details are available on the apparent method of introduction of the present species
to Southern Iraq, but it can be emphasized that the water of the marsh undergoes
dramatic changes in water quality associated with the decline in the rates of
discharge from the Tigris and Euphrates rivers (Al-Mahmood et al., 2015). The
decrease of freshwater inflows allowed the extension of a saltwater front from the
Arabian Gulf to the mouth of Shatt Al-Arab river and reaches the marsh (Abdullah
et al., 2016). M. lar is a strong swimmer, an adapted crawler, and its diadromous
pattern as adults is restricted to freshwater environments that are connected to the
sea, due to the fact that larval development must take place in seawater before
individuals return to freshwater habitats as postlarvae.
The results indicate that the physical properties, particularly salinity had changed
dramatically which caused serious catastrophic changes in the distribution,
abundance and species composition of the flora and fauna of the region. The
salinity was the foremost reason that resulted in the intrusion of the present species
into the inland waters. It is well known that M. lar has a wide ecological tolerance
for salinity, ranging from freshwater to estuarine waters depending on the life
stages. The physical parameters were of critical importance for the successful
invasion of any species of aquatic organism (Zheng et al., 2008). Lal et al. (2012)
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suggested that M. lar is able to tolerate fresh or brackish-water of approximately
10‰. Also, the temperature range of 30±0.5 °C produced optimal survival and
development for M. lar larvae. All of these factors are available in the marsh
environment in Southern Iraq as a result of the processes of mixing marine and
fresh water through the tidal phenomenon. M. lar prefers clear water and
individuals are usually found or occur in well oxygenated pools below riffles or
waterfalls and individuals shelter in poorly lit areas among piles of rocks, brush,
burrows and fallen trees, and among tree roots.
One of the assumed reasons for entering this species are either derived from
escaped aquaculture stock or perhaps deliberately introduced, as well as may have
been introduced, accidentally to the Iraqi waters through ships transport activities
that coming from other neighboring countries. Moreover, the species managed to
live and reproduce in the local environment, especially the species has relatively
fast growth rates (Seeto et al., 2012). We can conclude that the continuous changes
in our local environment, global changes related to climate changes and the link
between the different countries of the world contributed to the presence of this
species in the waters of Al-Hammar marsh.
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Abstract: Planktonic species may respond to climate change through their
niche across three axes which include self, space and time. This study was
designed to investigate the effect of increasing winter temperature on the
plankton biomass, the mesocosm was constructed as a collection of 16
enclosures with a water-outlet system and natural sediment, two aquatic plant
species and heating system. This research was conducted over 12 weeks
(beginning on Dec. 2018) when the temperature of eight enclosures was 2±0.2
°C higher than the ambient temperature. Weekly abiotic parameters (salinity,
pH, PO4, NO3, DIC) and biotic (chlorophyll-a, zooplankton and phytoplankton
biomass) were reported. The obtained results showed that there were no major
improvements in salinity, pH, PO4, NO3 and dissolved inorganic carbon (DIC).
Whereas, chlorophyll-a, zooplankton and phytoplankton biomass have
dramatically improved. Therefore, this research has indicated that water
temperature change during the winter season due to climate change could
affect planktonic biomass and early spring in subtropical marshes, but this
study was performed in the mesocosm experiment and it needs to be studied in
large-scale natural lake ecosystems.
Keywords: Plankton biomass, Subtropics, Climate changes, Ecosystem,
Temperature, Marshes

Introduction
Recent predictions suggest that earth’s surface can warm on the average by a 1.5
to 4 °C, over following century (Stocker et al., 2013; O’Gorman et al., 2016). In the
subtropical areas, rainfall predicted to increased and get more intense and frequent
through the end of the current (Feng et al., 2018). The heavy precipitation will also
drive the higher input of nutrients describe the abbreviation dissolved inorganic
carbon (DOC), and describe the abbreviation DIC from terrestrial runoff (Nicolle et
al., 2012). The species could respond to climate change according to their niche
through three axes includes self, space and time (Bellard et al., 2014). Variations in
temperature can even have impacts on key biological processes, for example
primary productivity is changing in response to warming due to climate change, so
climate variability powerfully influences productivity (Hoegh-Guldberg & Bruno,
2010).
Received Aug. 6, 2020, accepted Oct. 31, 2020
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The factors that almost limit the increasing of phytoplankton biomass include the
light availability, nutrients (Marzolf, 1990; Begon et al., 2006), salinity (Al-Khalidy
& Al-Haidarey, 2019), CO2 concentration (Hamdan et al., 2018), herbivores
(Kankaala et al., 2010) and temperature (Criado et al., 2018). Global warming
could hold up the annual variation of phytoplankton community structure
(Schwartz, 2003). At higher temperature, the planktonic species which grow
superior and have a specially adapted to the different light environment could
obtain a competitive utility from that change in aquatic ecosystems (Paerl &
Huisman, 2008).
The warmer autumn and winter periods could promote the prolonged, early, and
higher biomass of phytoplankton (De Senerpont Domis et al., 2013), also
expanding the energetic period of zooplankton (grazers) which keeps feeding on
phytoplankton partly as nutrients are not as limiting factors (Adrian & Deneke,
1996; Chen & Folt, 1996; Adrian et al., 2006; Sommer & Lewandowska, 2011).
Generally, the zooplankton size is affected by global warming, as the larger size
species be dominant with a colder climate, while the smaller size species are more
adapted to the warmer environment (Atkinson et al., 2003; Peter & Sommer, 2012).
Theoretically, some studies (Parmesan, 2006; Daufresne et al., 2009) mentioned
that warming causes dominants to smaller body size species which tend to fastergrowing (Kiørboe, 2009) and an increase in the percentage at the community scale
leading to increasing of planktonic biomass. The induction of plankton community
dynamic from late winter-early spring has not been tested yet. Mesocosm
experiments have been widely used to grasp the mechanisms which leading
processes at the plankton food-web level. Also, mesocosm used to exam how
interaction plankton to physicochemical variables (Stewart et al., 2013). Promote
by these recent advances, the current study was designed multi-weeks (12 weeks)
mesocosm to investigate how elevated temperature affects plankton biomass.
In marshes of the subtropics, the highest productivity and biomass of planktons
are over late winter and spring, but with increasing of temperature, due to climate
changes, thus it was hypothesized that increasing temperature during winter will
firstly cause plankton to change toward production of highest biomass and secondly
prolong the early growing season entailing the higher plankton production later in
the season.
Materials and Methods
Mesocosm designed as set of sixteen enclosures (one m3 volume) contain a
natural sediments and two types of aquatic plants: floating (Lemna minor) and
submerged (Hydrilla sp.) which had been collected from the standing pool marsh
that joins the Euphrates river, Iraq (Figure 1), filled with water (input and outlet
flow system) and supplied with heating system. During subtropics winter (the first
week of Dec. 2018 until the last week of Feb. 2019, at University of Kufa, Iraq), the
temperature of eight enclosures was 2±0.2 ºC elevated compared with ambient. In
each enclosure, salinity (Sal), water temperature (WT) and pH ware measured by a
sensors of Multi 340i meter (WTW-Germany). Also, 40 ml of water samples was
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filtered through 0.45 Millipore filter papers and stored in 50 ml Falcon tubes in the
freezer to measure dissolved inorganic carbon (APHA, 2012), PO4 (ISO, 2008) and
NO3 (ISO, 1996). Chlorophyll-a samples were taken by filtering 100 ml of water
through 0.45 µm Millipore filter. Filters were directly covered in aluminium foil
and stored at -20 °C (Parsons et al., 1984). Phytoplankton and zooplankton biomass
samples were collected from planktonic net (20 µm mesh size) and preserved with
Lugol's solution. Phytoplankton was identified according to Thomsen (1992) and
Tikkanen & Willen (1992). Geometric formulas were then used for dominant
species for determining bio volumes, which were converted to biomass (μg/l wet
weight) using a density of 1g cm-3 (Wetzel & Likens, 2000; Lau et al., 2007).
Zooplankton were classified and measured using inverted microscopy. The volume
of individuals was measured and converted to dry weight using length-weight
regressions (Bottrell et al., 1976). The carbon content was estimated as 50% of dry
biomass (Salonen et al., 1976).
IBM-SPSS statistics 24 was used to test treatment responses versus ambient.
Two-tailed t-test and repeated measures two way ANOVA were applied to test the
variability and the statistical significance of this experiment. In addition, Pearson’s
correlation coefficient is considered to test the correlation among the different
variables. Treatment effect are considered statistically significant as P-value <0.05.

Figure 1: The site of the river from which researchers took sediment and aquatic
plants (31°56'20.2"N 44°28'44.7"E).
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Results and Discussion
Normally, the water temperature of subtropical lakes decreased in winter then it
will be slightly increased during end of winter and early spring (Al-Haidary & AlZurfi, 2014; Al-Zurfi & Al-Haidarey, 2015). So, according to that, this experiment
was designed. Based on rising temperature of treatment enclosures 2±0.2 ºC (Figure
2), there were no significant changes in salinity, pH, PO4, NO3 and DIC (Table 1),
Al-Khalidy & Al-Haidarey (2019) mentioned that the salinity plays as a key
driver of phytoplankton biomass and chlorophyll-a. In the current study, the salinity
concentration ranged between 0.637±0.217 ppt to 0.75±0.083 ppt in control and
treatment enclosures, respectively (Table 1), but there was no significant changed
variation/ differentiation due to changed temperature (P-value of T-test >0.05).
Therefore, in the current study, the salinity was not related with plankton biomass
and primary production (P-value of correlation >0.05).
Usually pH plays an important role in redox-potential reactions in aquatic
ecosystems. In this work, pH ranged between 7.875±0.435 to 7.738±0.070 in
control and treatment enclosures, respectively (Table 1), but it was not responded
significantly due to elevated temperature (P-value of T-test >0.05). Thus, pH did
not play an important role to driving the biomass of plankton or chlorophyll-a (Pvalue of correlation >0.05).
Nutrients, as part of top-down factors, could play a significant role in driving the
plankton biomass and primary production (Shi et al., 2017). In the present study,
when comparing nutrients (PO4 and NO3) of control and treatment enclosures, no
changing in nutrients concentration due to changes of temperature (Table 1) was
noted. Also, their concentrations were not significantly correlated with the primary
productivity (chlorophyll-a) and planktonic biomass (P >0.05).
Dissolved inorganic carbon (DIC) could be affected by various environmental
factors. The value of DIC is also affected by both pH and WT (Le et al., 2016). In
spite of the importance of DIC in photosynthesis and increasing of biomass
(Hamdan et al., 2018), the present study concluded that DIC was not affecting
plankton biomass and chlorophyll-a (P-value of regression >0.05) and this agrees
with Al-Khalidy & Al-Haidarey (2019). Also, DIC was not affected by elevated
temperature (P-value of T-test >0.05).
On the other hand, as shown in Figure 3 and Table 1, there were significant
changes in chlorophyll-a, and zooplankton and phytoplankton biomass (P-value of
T-test ≤0.01). Also, there were a significant correlation of WT with chlorophyll-a
and planktonic biomass (P-value of regression ≤0.01). Previous work
(Weyhenmeyer et al., 2012) has found that the environmental factors which
affected by seasons, like water temperature, play as a key driver of plankton
biomass and primary production. Therefore, in response to the elevated temperature
of mesocosm, the potential shift of the ecosystem was dramatically changed toward
early spring conditions in treatment enclosures causes significant shifting in the
plankton biomass and slightly depletion in nutrients.
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Figure 2: Means of water temperatures (◦C) in control and treatment enclosures during the
study period.
Table 1: Mean ± standard deviation of control and treatments, regression P-value and t-test

of studied variables.
Variables
Control (±SD)

WT (◦C)
DIC (µMol/l)
NO3 (µg-N/l)
PO4 (µg-P/l)
pH
Salinity (ppt)
Phytoplankton biomass
(µg.C/l)
Zooplankton biomass
(µg.C/l)
Chlorophyll-a (µg/l)
*Significant.

Treatment
(±SD)

P-value of
regression
with WT

T-test
(P-value)

21.220 (±3.363)
111 (±41.116)
10.588 (±6.352)
0.128 (±0.052)
7.875 (±0.435)
0.637 (±0.217)
6.071 (±0.906)

23.2 (±3.318)
109 (±10.731)
13.9 (±8.260)
0.1 (±0.033)
7.738 (±0.070)
0.75 (±0.083)
8.265 (±0.303)

0.222
0.506
0.496
0.658
0.098
<0.01*

<0.01*
0.863
0.414
0.255
0.423
0.221
<0.01*

0.550 (±0.071)

0.288 (±0.036)

<0.01*

<0.01*

0.814 (±0.267)

2.725 (±0.893)

<0.01*

<0.01*
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Figure 3: The significant correlation of the chlorophyll-a with water temperature (A),
and the differences between control and treatment of chlorophyll-a values
(B), zooplankton biomass (C) and phytoplankton biomass (D).

Conclusions
Through this study, the salinity, pH, nutrients, which include phosphate, nitrate
and DIC were not affected by rising water temperature, and did not play as main
role drivers to plankton biomass, while climate changes could be the main key
driver to plankton biomass in the subtropics. This study also concluded that the
increase of temperature might cause shifting in plankton biomass like that which
happened in spring.
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Abstract: Surveying literature concerning the occurrence of Lernaea
cyprinacea and L. oryzophila as well as some unidentified Lernaea species
infecting fishes of Iraq, showed the infection of 31 fish species with L.
cyprinacea, one fish species with L. oryzophila and seven fish species with
unidentified Lernaea species as adults or larval stages. The infections were
distributed in Tigris, Euphrates and Shatt Al-Arab rivers as well as some of
their tributaries, lakes, marshes, drainage networks in addition to many fish
ponds and floating cages in different parts of Iraq. The study also provided
information on control methods, histopathological effects, some ecological
aspects of the infection, life cycle, experimental infection, fertilization of fish
ponds and effect of water pollution on the infection with L. cyprinacea. It is
concluded that fail of inspection of the common carp, Cyprinus carpio, while
transferring to different inland waters and fish farm as well as ignoring the
application of quarantine measures plaid an important role in spreading L.
cyprinacea in new habitats as well as the infection of other freshwater fishes
with this parasite.
Keywords: Lernaea cyprinacea, L. oryzophila, Lernaea spp., Fishes, Iraq

Introduction
According to GBIF (2020), the genus Lernaea Linnaeus, 1758 belongs to the
family Lernaeidae, order Cyclopoida, class Hexanauplia of the phylum Arthropoda.
In addition to these ranks, ITIS (2020) and WoRMS (2020) add the subphylum
Crustacea. However, ITIS (2020) considers the class as Maxillopoda. This genus
includes 61 valid species (GBIF, 2020). However WoRMS (2020) listed 53 valid
species, EOL (2020) listed 55 valid species, but ITIS (2020) listed only nine
species. Lester & Hayward (2006) demonstrated that there are over 40 species of
this genus and the World of Copepods database (Walter & Boxshall, 2020) listed 43
valid species.
Among the species of this genus, Lernaea cyprinacea Linnaeus, 1758 is known
to infect 34 fish species and subspecies from Japan (Nagasawa et al., 2007),
Gervasoni et al. (2018) listed 23 fish species as hosts for this parasite in Argentina.
Received Sep. 1, 2020, accepted Nov. 2, 2020
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On the other hand, a minimum of 79 different native and exotic host fish species
have been documented as hosts in North America, many of which are found in the
southeast (Benson, 2020). This species is also known to infect some amphibians
(Nagasawa et al., 2007) especially frog tadpoles (Roberts & Janovy, 2009; Noga,
2010). L. cyprinacea has been introduced to many countries by translocation of
cyprinids (Piasecki et al., 2004; Hassan et al., 2008).
The adult female L. cyprinacea has a small semi spherical cephalothorax, which
contains the mouth. Behind it, is a well-developed holdfast, normally consisting of
two bifurcate dorsal processes and two simple ventral processes (Figure 1). The
anterior of the parasite is embedded in its host’s flesh and is anchored there by
these large processes that arise from the parasite’s cephalothorax and thorax, hence,
the common name anchor worm (Roberts & Janovy, 2009). The elongate neck and
trunk carry the four pairs of legs of the premetamorphosed female. The abdomen is
short. The holdfast and part of the trunk are buried in the host while most of the
trunk and the abdomen project into the water (Lester & Hayward, 2006). The
genital pore is located at or near the posterior extremity and the two egg sacs
project well beyond the body (Thatcher & Williams, 1998). Gervasoni et al. (2018)
gave a detailed description and measurements of the post metamorphic females of
L. cyprinacea. A single female may produce several hundred larvae about every
two weeks for up to 16 weeks at optimal temperatures (> 25 °C). After several
nonparasitic stages, the terminal copepodid stage attaches to a fish and mates, and
the male dies. The female then penetrates under the skin of the fish and
differentiates into an adult (Noga, 2010).
The anchor worm, agent of lernaeosis, can cause intense inflammation, leading
to secondary bacterial (e.g., Aeromonas hydrophila) and fungal infections. These
secondary infections sometimes worsen and kill the infected fishes. Larger numbers
of parasites on the gill can interfere with respiration, causing death (Hossain et al.,
2018). It causes damage to scales, skin, and underlying muscle tissue. Sever lesions
including ulcers, hemorrhages and fibrous nodules were found on the body surface
of parasitized fishes (Raissy et al., 2013). These parasites attach themselves to all
external parts of the host body and also inside the mouth, in the gill chambers,
occasionally on the gill filaments or even in the eyes of fishes (Avenant-Oldewage,
2012). Fishes that are small relative to the parasite can easily be killed by infection
with several individuals (Roberts & Janovy, 2009).
L. cyprinacea has nine stages in the life cycle, including three free-living
naupliar stages, five copepodid stages and one adult stage (Hoffman, 1999). A well
line drawing of this life cycle is well demonstrated by Avenant-Oldewage (2012).
For treatment, Molnár et al. (2019) recommended Diflurobenzuron (Dimilin)
against Lernaea spp. in a concentration of 0.5 kg/ha. Organophosphates can also be
used in ponds in concentration of 1-1.5 g/m3 as well as in bath treatment in a
concentration of 0.5 mg/l for a period of six hours. Quarantining fishes for at least
three weeks at 25 °C (where tolerated by the fishes) will allow time for any L.
cyprinacea present on the gills to mature and attach to the skin making them easily
recognizable by the naked eye (Hoole et al, 2001).
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Figure 1: Lernaea cyprinacea, side view (left): ab=abdomen; as= anal setae; ct=
cephalothorax; es= egg sac; h= head; l= legs; pp= pregenital prominence; tr=
trunk. Detail of cephalic structures (right): apr= anterior protuberance; ppr=
posterior protuberance (from Gervasoni et al., 2018).

In Iraq, L. cyprinacea was firstly observed and identified in April 1969 in AlZaafaraniyah fish culture station, south of Baghdad on four exotic fish species as
well as on three native fish species (Al-Hamed & Hermiz, 1973). Since then, 105
references demonstrated the occurrence of L. cyprinacea from native as well as
exotic fish species from different inland water bodies as well as from fish farms in
Iraq. The forthcoming subtitle “Surveys achieved on Lernaea species from fishes of
Iraq” within the Results and Discussion provides an account on such references.
Beside the record of L. cyprinacea within these references, some other aspects were
also covered by some researchers of these references. Such aspects included the
control methods with quicklime (Al-Sardee, 1992), sumcidin (Bannai et al., 2007;
Al-Ali et al., 2013), dipterex and other organophosphorus compounds (Al-Hamed
& Hermiz, 1973; Ali & Shaaban, 1984; Ali, 1986; Al-Dabhawi, 1992), formalin
(Al-Hamed & Hermiz, 1973), potassium permanganate (Mhaisen, 1982) and plant
extracts (Al-Dulaimi, 2002; Yaseen, 2004; Yaseen et al., 2009; Naji, 2010),
histopathological effects (Al, Sardee, 1992; Al-Shaikh & Al-Sardee, 1993; AlJadoaa, 2002; R.A. Kadim, 2003; Kadim & Al-Zubaidy, 2009), some ecological
aspects of the infection (Al-Niaeem, 2006; Al-Salim et al., 2007; Jassim, 2007; AlJubory, 2009; Sadiq, 2017), life cycle (Al-Hamed & Hermiz, 1973; Al-Marjan,
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2007; Al-Marjan & Abdullah, 2008), experimental infection (Al-Marjan, 2007; AlMarjan & Abdullah, 2008; R.A. Kadhim, 2009), fertilization of fish ponds with
ruminant faeces and then poultry faeces (Al-Jubory, 2009) and effect of water
pollution on lernaeosis (Al-Saboonchi et al., 2009).
The present article is designed to revise all records on Lernaea species from
fishes of Iraq and provide update lists on them and their host species in Iraq. AlNasiri et al. (2001) gave a distinguishing key to distinguish between L. cyprinacea
and L. oryzophila on the basis of the formula of antennule, number of setae of the
distal part of a terminal segment of antenna, number of claws which tip the terminal
segment of maxilliped as well as the armature of the terminal segment of endopods
of legs 1-4.
This article is a continuation of some previous checklists on some groups of fish
parasites of Iraq, such as those of acanthocephalan species (Mhaisen, 2002),
Gyrodactylus species (Mhaisen & Abdul-Ameer, 2013), diplozoid species (Mhaisen
& Abdul-Ameer, 2014), Dactylogyrus species (Mhaisen & Abdul-Ameer, 2019a),
ancylodiscoidid and ancyrocephalid species (Mhaisen & Abdul-Ameer, 2019b),
Trichodina species (Mhaisen & Abdul-Ameer, 2020) and Myxobolus species
(Mhaisen & Al-Jawda, 2020).
Sources and Methods
A total of 106 references (64 published research papers, 26 unpublished M. Sc.
theses, two M. Tech. theses, one higher diploma, six unpublished Ph. D. theses, five
conference abstracts, one report and one book) dealing with records on Lernaea
species from fishes of Iraq were used to prepare the present article. Data from such
references were gathered to provide reliable information on the distribution of such
parasites on fishes from different water bodies and fish farms in Iraq as well as fishLernaea list. For fishes, the scientific names were reported as they appeared in their
original references but then they were checked with an account on freshwater fishes
of Iraq (Coad, 2010). Fish valid scientific names and their authorities were
corrected according to well-known specialized electronic site (Fricke et al., 2020).
For each alphabetically listed Lernaea species, valid fish host species are also
alphabetically arranged together with their synonyms (if any) and their
chronologically arranged references.
Results and Discussion
Surveys Achieved on Lernaea Species from Fishes of Iraq
The available literature concerning the occurrence of Lernaea species from
fishes of Iraq indicated that such parasites are distributed in freshwater fishes in
different water bodies as well as in fish ponds, farms and hatcheries. The records of
such parasites can be grouped into seven major categories according to localities of
collection of the infected fishes. These are:
1- Tigris river at Nineveh province (Al-Niaeemi, 2011), Salah Al-Din province (AlJawda et al., 2000) and Baghdad province (Balasem et al., 1993; Al-Janabi,
2010a; Sheyaa, 2019), as well as some tributaries of Tigris river which included
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Greater Zab river (Al-Marjan, 2016), Lesser Zab river (Mama, 2012; Mama &
Abdullah, 2012, 2013) and Mortuka stream at Erbil province (Abdullah, 2004).
2- Euphrates river and its branches at Babylon province (Al-Zubaidy, 2007;
Hussain, 2007, 2008), Al-Diwaniah province (Al-Jadoaa, 2002; Al-Waaly, 2005;
Yassin, 2010), and Al-Muthanna province (Al-Helli, 2019).
3- Shatt Al-Arab river (Al-Janabi, 2010b; Eassa et al., 2014; Ahmed, 2015; AlNiaeem et al., 2015) and its branches which included Ashar canal (Ahmed,
2015), Garmat Ali river (Khamees, 1997; Al-Saboonchi et al., 2009; A.H.
Kadhim, 2009), Al-Salihiya river (Al-Janae’e, 2010) and Kuritrad river (AlSaboonchi et al., 2009).
4- Some lakes, depressions and marshes: These included surveys from two lakes in
Sulaimaniya province: Darbandikhan lake (Abdullah, 2005, 2013; Abdullah &
Abdullah, 2015a, b) and Dokan lake (Abdullah, 1990, Abdullah & Ismail, 2004;
Abdullah & Rasheed, 2004), Habbaniyah Lake in Al-Anbar province (Ali et al.,
1988a), Hemrin dam lake in Diyala province (Balasem et al., 2000) and AlHammar marsh in Basrah province (Jarallah et al., 2005; Abbas, 2014).
5- Some drainage networks at Baghdad province (Mhaisen et al., 2003), Babylon
province (Al-Musawi, 2016) and Al-Diwaniyah province (Al-Waaly, 2005) in
addition to some pools in Basrah province (Al-Ali et al., 2013).
6- Fish ponds and farms which included some at Duhok province (Ali, 2002; Sadiq,
2017), Nineveh province (Daoud et al., 2005; Al-Hamdane & Azziz, 2006),
Erbil province (Ali, 2002; Abdullah, 2004; Al-Marjan, 2007; Al-Marjan &
Abdullah, 2008, 2009; Mama, 2012; Mama & Abdullah, 2012; Mustafa, 2016),
Suliemaniya (Ali, 2002; Abdulrahman et al., 2020), Salah Al-Din province
(Khalifa, 1989), Al-Tameem province (Mhaisen, 1983), Baghdad province (AlHamed & Hermiz, 1973; Khalifa et al., 1978; Khalifa, 1982; Sarsam, 1982; Ali
& Shaaban, 1984; Ali, 1985, 1986; Khalifa, 1989; Al-Dabhawi, 1992; AlSardee, 1992; Al-Shaikh & Al-Sardee, 1993; Mhaisen et al., 1993a, b; AlAubaidi, 1999; Al-Aubaidi et al., 1999; Mohammad-Ali et al., 1999; Sadek,
1999; Al-Nasiri, 2000; Salih et al., 2000; Al-Nasiri et al., 2001; Al-Tamimi,
2001; Al-Dulaimi, 2002; Al-Nasiri et al., 2002; Asmar et al., 2004; Sadek et al.,
2006), Babylon province (Mhaisen, 1983; Ali et al., 1988b; 1989; Mhaisen et al.,
1989, 1990; Mhaisen & Abul-Eis, 1991; Al-Sardee, 1992; Al-Shaikh & AlSardee, 1993; Al-Zubaidy, 1998; Muhammed, 2000; Al-Jadoaa, 2002; AlZamily, 2002; Kadim, 2003; Yaseen, 2004; Al-Rubaie et al., 2007; Al-Jubory,
2009; R.A. Kadhim, 2009; Kadim & Al-Zubaidy, 2009; Yaseen et al., 2009;
Hussain et al., 2011; Al-Musawi, 2016; Hussain, 2017; Al-Turaihi, 2018), Wasit
province (Ali et al., 1988b), Al-Diwaniyah province (Abd & Abdul wahab,
2011) and Basrah province (Mhaisen, 1982, 1986; Abed, 2005; Al-Niaeem,
2006; Al-Salim et al., 2007; Bannai et al., 2007; Jassim, 2007; Hussein et al.,
2011; Ahmed & Ali, 2013; Rasool, 2017) in addition to some fish aquaria in AlNajaf Al-Ashraf province (Naji, 2010) and Basrah province (Al-Niaeem, 2006)
as well as some floating cages at Euphrates river at Al-Najaf Al-Ashraf province
(Al-Salami, 2019) and Basrah province (Eassa et al., 2014). Al-Tayyar et al.
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(2011) gave no site for the fish pond.
7- Fish markets at Baghdad province (Al-Zamily, 2002), Al-Diwaniyah province
(Abd & Abdul wahab, 2011) and Basrah province (Khamees, 1997).
Surveying literature concerning the occurrence of Lernaea species from fishes of
Iraq showed the infection of 31 valid fish species with L. cyprinacea and L.
oryzophila in addition to some unidentified species of Lernaea. In some cases, the
copepoidal larval stage (fifth larval stage) of either L. cyprinacea were isolated
(Jassim, 2007; Ahmed & Ali, 2011; Al-Helli, 2019) or the larval stages of Lernaea
sp. were isolated (Al-Tayyar et al., 2011; Al-Helli, 2019) from different fish
species. The scientific names as well as the full authority of the infected fish
species with L. cyprinacea, L. oryzophila as well as the unidentified Lernaea
species together with their orders and families, based on Fricke et al. (2020), are
shown in the following systematic account.
Class Actinopteri
Order Cypriniformes
Family Cyprinidae
Arabibarbus grypus (Heckel, 1843)
Capoeta damascina (Valenciennes, 1842)
Carasobarbus luteus (Heckel, 1843)
Carassius auratus (Linnaeus, 1758)
Carassius carassius (Linnaeus, 1758)
Cyprinion macrostomus Heckel, 18431
Cyprinus carpio Linnaeus, 1758
Garra rufa (Heckel, 1843)
Luciobarbus barbulus (Heckel, 1847)
Luciobarbus esocinus Heckel, 1843
Luciobarbus xanthopterus Heckel, 1843
Mesopotamichthys sharpeyi (Günther, 1874)
Family Xenocyprididae2
Ctenopharyngodon idella (Valenciennes, 1844)
Hemiculter leucisculus (Basilewsky, 1855)
Hypophthalmichthys molitrix (Valenciennes, 1844)
Family Leuciscidae
Acanthobrama marmid Heckel, 1843
Alburnus sellal Heckel, 1843
Chondrostoma regium (Heckel, 1843)
Leuciscus vorax (Heckel, 1843)
Squalius lepidus Heckel, 1843
Order Siluriformes
Family Bagridae
Mystus pelusius (Solander, 1794)
Family Siluridae
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Silurus triostegus Heckel, 1843
Family Heteropneustidae
Heteropneustes fossilis (Bloch, 1794)
Order Gobiiformes
Family Gobiidae
Boleophthalmus dussumieri Valenciennes, 1837
Order Synbranchiformes
Family Mastacembelidae
Mastacembelus mastacembelus (Banks & Solander, 1794)
Order Anabantiformes
Family Osphronemidae
Trichopodus trichopterus (Pallas 1770)
Order Cyprinodontiformes
Family Poeciliidae
Gambusia holbrooki Girard, 1859
Poecilia sphenops Valenciennes, 1846
Family Aphaniidae
Aphanius stoliczkanus (Day, 1872)3
Order Mugiliformes
Family Mugilidae
Planiliza abu (Heckel, 1843)
Planiliza subviridis (Valenciennes, 1836)
__________________________________________________________________
1
The specific name of this fish is spelled as macrostomus according to Fricke et al.
(2020) but as macrostomum in Froese & Pauly (2019), WoRMS (2020) as well as
in all concerned Iraqi references within this article. The specific name
macrostomum was also ascertained through a personal communication with Dr.
Jörg Freyhof.
2
All references so far concerning the occurrence of Lernaea species in Iraq referred
to the grass carp Ctenopharyngodon idella, sharpbelly Hemiculter leucisculus and
the silver carp Hypophthalmivhthys molitrix as belonging to the family
Cyprinidae. However, Tan & Armbruster (2018) in their phylogenetic
classification, placed these three species within the family Xenocyprinidae. This is
also followed by Fricke et al. (2020) but not yet by Froese & Pauly (2019).
3
According to Freyhof et al. (2017), Aphanius dispar in the Arabian Peninsula
waters is a complex species and the species in Iraq was Aphanius stoliczkanus
(Day, 1872).
Lernaea-Host List
The following is an alphabetical listing of Lernaea species so far recorded from
fish species of Iraq with their concerned hosts and references. Most of the records
refer to the adult stage of Lernaea species, but some refer to both the adult as well
as the larval stages (Jassim, 2007; Ahmed & Ali, 2011; Al-Tayyar et al., 2011; AlHelli, 2019).
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1- Lernaea cyprinacea Linnaeus, 1758: As stated by Mhaisen (1982), the
identification of this crustacean was ascertained by Dr. H.E. Gruner, the curator
of the Crustacean Department at Berlin Natural History Museum when the
senior author of this article brought some specimens to him during his visit to
Germany in December 1981. This species was reported from 30 valid fish
species in addition to its report from some unidentified fish species as in the
following alphabetically listed fish species.
Acanthobrama marmid: Al-Nasiri (2000).
Alburnus sellal: Al-Nasiri (2000) reported this fish by its synonymous name
Alburnus capito.
Aphanius stoliczkanus (as Aphanius dispar): Mhaisen (1986) and A.H. Kadhim
(2009).
Arabibarbus grypus: Al-Hamed & Hermiz (1973), Khalifa et al. (1978), Abdullah
(2004), Abdullah & Ismail (2004), Hussain (2007) and Sheyaa (2019). The
synonymous name of this fish (Barbus grypus) was used by all the mentioned
references in this paragraph, except Sheyaa (2019).
Boleophthalmus dussumieri: Khamees (1997) and Al-Janabi (2010b). This fish was
misidentified as Pseudopocrypte dentatus by Al-Janabi (2010b).
Capoeta damascina: Al-Jawda et al. (2000) reported this fish with its synonymous
name Barbus belayewi.
Carasobarbus luteus: Al-Hamed & Hermiz (1973), Khalifa et al. (1978), Abdullah
(1990), Khamees (1997), Al-Nasiri (2000), Al-Jadoaa (2002), Abdullah & Ismail
(2004), Al-Waaly (2005), Ahmed (2015). Apart from Ahmed (2015), all the
remaining references reported this fish by its synonymous name Barbus luteus.
Carassius auratus: Al-Hamed & Hermiz (1973), Khalifa et al. (1978), Mhaisen
(1982), Ali (1986), Mhaisen (1986), Asmar et al. (2004), Al-Niaeem (2006), AlJanae'e (2010), Naji (2010), Ahmed (2015).
Carassius carassius: Salih et al. (2000).
Chondrostoma regium: Balasem et al. (1993), Al-Marjan (2016).
Ctenopharyngodon idella: Al-Hamed & Hermiz (1973), Ali et al. (1988b), Mhaisen
et al. (1990), Al-Zubaidy (1998), Al-Nasiri (2000), Muhammed (2000), AlDulaimi (2002), Ali (2002), Al-Jadoaa (2002), Jassim (2007).
Cyprinion macrostomum: Mohammad-Ali et al. (1999), Abdullah & Ismail (2004),
Hussain (2007).
Cyprinus carpio: Al-Hamed & Hermiz (1973), Khalifa et al. (1978), Khalifa
(1982), Mhaisen (1982), Sarsam (1982), Mhaisen (1983), Ali & Shaaban (1984),
Ali (1985, 1986), Mhaisen (1986), Ali et al. (1988a, b), Khalifa (1989),
Abdullah (1990), Mhaisen & Abul-Eis (1991), Al-Dabhawi (1992), Al-Sardee
(1992), Al-Shaikh & Al-Sardee (1993), Mhaisen et al. (1993a, b), Khamees
(1997), Al-Zubaidy (1998), Al-Aubaidi (1999), Al-Aubaidi et al. (1999),
Mohammad-Ali et al. (1999), Sadek (1999), Al-Nasiri (2000), Muhammed
(2000), Salih et al. (2000), Al-Tamimi (2001), Al-Dulaimi (2002), Ali (2002),
Al-Jadoaa (2002), Al-Nasiri et al. (2002), Al-Zamily (2002), Kadim (2003),
Mhaisen et al. (2003), Abdullah (2004), Abdullah & Ismail (2004), Abdullah &
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Rasheed (2004), Asmar et al. (2004), Yaseen (2004), Abdullah (2005), Abed
(2005), Daoud et al. (2005), Al-Hamdane & Azziz (2006), Al-Niaeem (2006),
Sadek et al. (2006), Al-Marjan (2007), Al-Rubaei et al. (2007), Al-Salim et al.
(2007), Al-Zubaidy (2007), Bannai et al. (2007), Jassim (2007), Al-Marjan &
Abdullah (2008), Al-Jubory (2009), Al-Marjan & Abdullah (2009), AlSaboonchi et al. (2009), R.A. Kadhim, (2009), Kadim & Al-Zubaidy (2009),
Yaseen et al. (2009), Yassin (2010), Al-Niaeemi (2011), Hussain et al. (2011),
Hussein et al. (2011), Mama (2012), Mama & Abdullah (2012), Abdullah
(2013), Al-Ali et al. (2013), Mama & Abdullah (2013), Eassa et al. (2014),
Abdullah & Abdullah (2015a, b), Ahmed (2015), Mustafa (2016), Hussain
(2017), Rasool (2017), Sadiq (2017), Al-Turaihi (2018), Al-Helli (2019), AlSalami (2019).
Gambusia holbrooki: Mhaisen (1986), Al-Nasiri (2000), Jarallah et al. (2005), AlNiaeem (2006), Al-Salim et al. (2007), Bannai et al. (2007), Hussain (2008),
A.H. Kadhim (2009), Al-Ali et al. (2013). Apart from A.H. Kadhim (2009), all
the remaining references reported this fish by its synonymous name Gambusia
affinis.
Garra rufa: Al-Helli (2019).
Hemiculter leucisculus: Abdullah (2013), Abdullah & Abdullah (2015a, b).
Heteropneustes fossilis: Salih et al. (2000).
Hypophthalmichthys molitrix: Al-Hamed & Hermiz (1973), Ali et al. (1989), AlZubaidy (1998), Muhammed (2000), Al-Dulaimi (2002), Ali (2002), Al-Jadoaa
(2002), Jassim (2007).
Leuciscus vorax (also as Aspius vorax): Khalifa et al. (1978), Al-Nasiri (2000), AlJadoaa (2002), Al-Helli (2019).
Luciobarbus barbulus: Abdullah & Ismail (2004), Abdullah (2013), Abdullah &
Abdullah (2015a, b). This fish was referred to by its synonymous name Barbus
barbulus by all references in this paragraph.
Luciobarbus esocinus: Khalifa et al. (1978), Balasem et al. (2000), Abdullah &
Ismail (2004), Abdullah (2013), Abdullah & Abdullah (2015a, b). The first three
references in this paragraph referred to this fish by its synonymous name Barbus
esocinus.
Luciobarbus xanthopterus: Al-Hamed & Hermiz (1973), Sarsam (1982), Khalifa
(1989), Al-Nasiri (2000), Al-Jadoaa (2002), Abdullah & Ismail (2004). All these
references referred to this fish by its synonymous name Barbus xanthopterus.
Mastacembelus mastacembelus: Al-Janabi (2010a).
Mesopotamichthys sharpeyi: Khalifa et al. (1978), Sarsam (1982), Khalifa (1989),
Khamees (1997), Al-Jadoaa (2002). All these references referred to this fish by
its synonymous name Barbus sharpeyi.
Mystus pelusius: Al-Jadoaa (2002).
Planiliza abu (also as Liza abu): Mhaisen et al. (1989), Mohammad-Ali et al.
(1999), Al-Zubaidy (2007), Al-Musawi (2016). Apart from Al-Musawi (2016),
all the remaining references reported this fish by its synonymous name Liza abu.
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Planiliza subviridis: Ahmed (2015) reported this fish by its synonymous name
Chelon subviridis.
Poecilia sphenops: Naji (2010), Abbas (2014).
Silurus triostegus: Ahmed (2015), Al-Helli (2019).
Squalius lepidus: Abdullah (1990), Abdullah & Ismail (2004), Abdullah & Rasheed
(2004). All these references referred to this fish by its synonymous name
Leuciscus lepidus.
Unspecified host: Khalifa (1982), Al-Niaeem et al. (2015).
2- Lernaea oryzophila Monod, 1932: As stated by Al-Nasiri et al. (2001), the
identification of this crustacean was ascertained by Prof. Dr. Ju-Shey Ho of
California State University. This species was reported from only one valid fish
species.
Cyprinus carpio: Al-Nasiri et al. (2001).
3- Unidentified Lernaea species were reported from seven valid fish species as in
the following list.
Carassius auratus: Al-Tayyar et al. (2011).
Ctenopharyngodon idella: Abd & Abdul wahab (2011), Abdulrahman et al. (2020).
Cyprinus carpio: Abd & Abdul wahab (2011), Ahmed & Ali (2013), Al-Helli
(2019), Abdulrahman et al. (2020).
Hypophthalmichthys molitrix: Abd & Abdul wahab (2011), Abdulrahman et al.
(2020).
Poecilia sphenops: Al-Tayyar et al. (2011).
Silurus triostegus: Al-Helli (2019).
Trichopodus trichopterus: Al-Tayyar et al. (2011). This aquarium fish was
misidentified as Trichogaster trichopterus by Al-Tayyar et al. (2011).
Finally, to conclude on the records of L. cyprinacea from fishes of Iraq, it is
appropriate to mention here that the common carp C. carpio was introduced for the
first time in Iraq from Holland in 1955 and then from Indonesia in 1956 (AlHamed, 1960). These fishes were stocked in Al-Zaafaraniyah fish culture station,
southern Baghdad. This station was used in propagation of C. carpio in order to
provide fish fingerlings to be stocked and reared in other Iraqi fish farms. In 1967,
carps and goldfishes were introduced to Basrah (Al-Robaae, 1968). The story of
how L. cyprinacea reached Basrah University fish farm at Al-Tannuma in 1980 was
well documented by Mhaisen (1982) who emphasized that no infection was found
in carps and goldfishes brought to this farm from small ponds belonging to the
Natural History Museum of Basrah University in September 1980. In addition,
some mugilid fishes (Planiliza abu) brought to this farm from Shatt Al-Arab river
were also non-infected. But, stocking of carps and other cyprinids, brought from
Al-Zaafaraniyah fish station during September 1980 was the cause of the
establishment of L. cyprinacea. At that time, quarantine measures could not be
achieved due to some administrative difficulties and due to the frequent electricity
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power cut at that time. So, the anchor worm had established itself in this farm.
Mhaisen (1983) also demonstrated that the infection of C. carpio with L.
cyprinacea in both Al-Riath fish farm (Al-Tameem province) and Al-Latifiyah fish
farm (Babylon province) came through liberating infected C. carpio from AlZaafaraniyah fish farm to these farms. Later in his review, Mhaisen (1993),
emphasized that lack of inspection and quarantine of carps transferred from AlZaafaraniya to other fish farms of Iraq are responsible for distribution of L.
cyprinacea to such farms as well as to some Iraqi lakes, reservoirs, rivers and
marshes.
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Abstract: The diet composition and trophic relationships of the blue tilapia,
Oreochromis aureus and redbelly tilapia, Coptodon zillii were investigated in
the Shatt Al-Arab river from November 2015 to October 2016. Fishes were
collected by gill nets, cast net and electro-fishing. The index of relative
importance (IRI%) of food items was determined by combining the frequency
of occurrence and points methods. There were monthly variations in feeding
activity and intensity of both species, which decreased in the colder months.
Both species were classified as herbivores. The main food items of O. aureus
were macrophytes (44.3%), algae (31.4%), diatoms (9.3%), aquatic insects
(6.6%) and detritus (6.3%). The diet of C. zillii is composed mainly of
macrophytes (60.8%), algae (23.0%), detritus (8.6%) and diatoms (6.4). The
trophic niche breadth values varied between 0.217 for C. zillii and 0.360 for O.
aureus. The results demonstrated a high degree of dietary overlap between O.
aureus and C. zillii, as both species fed on the same food sources.
Keywords: Cichlid fishes, Diet composition, Feeding overlaps, Shatt Al-Arab
river, Iraq

Introduction
Cichlidae is one of the largest fish families in the world and its member species
are generally known as tilapia (Cichlid). Tilapia is the generic name of a group of
cichlids endemic to Africa, inhabits a variety of tropical and subtropical freshwater
habitats, however, several species of the family are euryhaline and can disperse
along brackish coastlines between rivers (Nelson, 2006). This family is represented
of 2275 available species and 1720 valid species (Froese & Pauly, 2019). Tilapia
consists of three important genera, namely Oreochromis, Sarotherodon and
Coptodon (Tilapia), each includes many species, such as Nile tilapia Oreochromis
niloticus, blue tilapia O. aureus, Galilean tilapia (Sarotherodon galilaeus) and
redbelly tilapia Coptodon zillii (McAndrew, 2000). Cichlids have been widely
introduced, either deliberately for aquaculture or accidentally through the aquarium
trade and become the second most important fishes in aquaculture after carp, the
Received Sep. 2, 2020, accepted Nov. 5, 2020
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worldwide production exceeded 5,972,000 metric tons during 2016 and increases
annually (FAO, 2018). However, in Iraq, the three tilapian species, O. aureus, C.
zillii and O. niloticus are invaded species since 2007 (Al-Sa’adi, 2007; Saleh, 2007;
Mutlak & Al-Faisal, 2009; Al-Faisal & Mutlak, 2014) and now well established in
the freshwater system of Iraq and inhabit different water bodies (Coad, 2010).
Mohamed & Abood (2017) found that the three tilapian species dominated the fish
assemblage in the Shatt Al-Arab river, comprising 21.3% of the total catch during
2015-2016. Abdullah et al. (2018) found that tilapia species formed 21.9% of fish
structure in the Al-Sweib river, a tributary of the Shatt Al-Arab river during 20132015. Moreover, the tilapia species formed 32.3% of fish assemblage in the Shatt
Al-Arab river at Abu Al-Khasib district (Mohamed & Hameed, 2019).
Knowledge on the food, feeding habits and trophic interrelationships of fishes is
essential to understand the life history of fishes including growth, behaviour,
reproduction, migration and other vital activities of fishes, and also help to
understand the predicted changes on the ecosystem due to natural or anthropogenic
interventions (Priyadharsini et al., 2012; Sajeevan & Kurup, 2013).
Various authors have studied the food and feeding habits of O. aureus and C.
zillii in different water bodies (Fryer & Iles, 1972; Khallaf & Alne-na-ei, 1987; ElSayed, 2006; Agbabiaka, 2012; Onyeche et al., 2013; Badamasi, 2014; Dadebo et
al., 2014; Jihulya, 2014; Abari et al., 2015; Abdulhakim et al., 2015; Adams, 2016;
Iyabo, 2016). All of them reported that both species fed on different types of food
based on the environment in which they live.
Some studies were conducted on the food and feeding habits of O. aureus and
C. zillii in Iraqi waters. Al-Lamy et al. (2012) found that C. zillii consumed mostly
macrophytes, algae and fish eggs, and reported a low dietary overlaps between C.
zilli and both species, Carasobarbus luteus and Carassius auratus in East Hammar
marsh. Wahab (2013) stated that C. zillii fed mainly on algae, macrophytes and
detritus in Tigris river at Samarra (misspelled as Samaraa). Abdullah (2015)
mentioned that C. zillii and O. aureus fed primarily on macrophytes, algae and
detritus in the north part of the Shatt Al-Arab river. Khalifa (2017) studied the food
habit of O. aureus in Tigris river, south Baghdad, and emphasized the importance
of detritus, algae and macrophytes as important food categories. Al-Wan &
Mohamed (2019) found that the diet of O. aureus comprised of detritus, diatoms,
algae, macrophytes and crustaceans in the Garmat Ali river. Mohamed & Al-Wan
(2020) stated that C. zillii fed mainly on detritus, algae, macrophytes and diatoms
in the Garmat Ali river.
Shatt Al-Arab river has been suffering from the deterioration of the water
quality during the last years, due to series of anthropogenic activities such as
agricultural runoff wastes and untreated wastewater, invasion of fish species and
seawater intrusion as a result of drastical reduction in water quantity and quality
related to the decline in rates of water discharges from the Tigris, Euphrates and
Karun rivers (Al-Tawash et al., 2013; Brandimarte et al., 2015; Yaseen et al.,
2016). Therefore, the present work is designed to describe the food and trophic
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relationships of O. aureus and C. zillii in the Shatt Al-Arab river under this
circumstance.
Materials and Methods
The Shatt Al-Arab river forms from the confluence of the Tigris and Euphrates
rivers at Al-Qurna town, in the south of Iraq, and flows to a south eastern direction
towards the Arabian Gulf (Figure 1). It is about 204 km and varies in width from
250 m in the north to 1,500 m at the estuary. The river is affected by the tidal
current of the Gulf. Fishes were sampled monthly between November 2015 and
October 2016 from the three sites on the river. Site 1 (upstream) is located near AlDair bridge, site 2 (midstream) is sited in Abu Al-Khasib district and site 3
(downstream) is located north Al-Fao town (Figure 1).

Figure 1: Map of Shatt Al-Arab river with locations of study sites.

The fishes were caught from each site using various devices including gill nets
(lengths 200-500 m with 15 to 35 mm mesh size), cast nets (9 m diameter with
15x15 mm mesh size) and electro-fishing (generator with voltage of 300-400V and
10A). After capture, the fishes were preserved in ice in a cool box prior to
dissection in the laboratory. Some relevant ecological factors were determined in
situ namely, water temperatures and salinity.
During laboratory analysis, the total length (TL, cm) of each fish was measured.
The gut of the fish was removed by making a longitudinal incision along the mid
ventral line. The stomach was cut off from the gut and the degree of fullness was
scored and then opened in a Petri dish to examine food by a microscope. The
stomach fullness scores were 0, 5, 10, 15 and 20 points according to Hynes (1950).
The food items were identified with the aid of keys provided by Edmondson
(1959), Hadi et al. (1984) and Wehr & Sheath (2003). The food items were
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grouped into diatoms, macrophytes, algae, detritus, aquatic insects, fish eggs and
zooplankton.
The stomach content was analysed based on the percentage of points (P%) and
frequency of occurrence (O%) methods following Hyslop (1980). Importance of
each food items was determined by combining the two methods to calculate the
index of relative importance (IRI%) of Stergion (1988) as follows:
IRI= O% × P% and IRI %= IRI/ ΣIRI * 100
Feeding intensity and feeding activity for each monthly sample were calculated
after Dipper et al. (1977) and Gordon (1977), respectively. The feeding index was
determined after Sarkar & Deepak (2009). The vacuity index was calculated as the
number of empty stomachs divided by the number of stomachs analyzed (Maia et
al., 2006).
The trophic niche breadth for each species was calculated according to the
formula proposed by Levins (1968):
B= 1/Σ Pi^2
where B is Levins index of niche breadth and Pi is the proportion of food group (i)
in the diet. To standardize niche breadth on a scale from 0 to 1, the modification
suggested by Krebs (1989) was adopted as follows:
BA= (B-1)/ (n-1)
where BA is Levins standardized niche breadth, B is Levins index of niche breadth
and n is number of food groups for each species. This index was used to evaluate
the feeding specialization of each species. The highly specialized feeder species fall
within the range of 0.0-0.25, while the low specialized feeders between 0.26-0.49
and non-specialized (generalized) feeders are within the range of 0.50-1.0.
The dietary overlap among diets of tilapia species was evaluated using cluster
analyses for food items that comprised more than 10% relative importance were
considered as major items in the diet of each species, according to the method
described by Blackith & Reyment (1971).
Results
Stomachs of 1125 individuals from O. aureus and C. zillii from Shatt Al-Arab
river were examined (O. aureus: TL= 54-250 mm, n= 580 and C. zillii: TL= 36240 mm, n= 545).
Feeding Intensity and Feeding Activity
Monthly variations in the feeding activity and intensity of the two species are
given in Figure 2. It is clear that these species were active in feeding round the year
and never cease feeding, but variations in feeding activity were notable. The
feeding activity of O. aureus fluctuated from 84.2% in November to 100.0% in
April, and the feeding intensity ranged from 8.5 point/fish in January to 13.3
point/fish in May. The feeding activity of C. zillii varied from 87.5% in December
to 100.0% in June, whereas, the feeding intensity fluctuated from 10.7 point/fish in
February to 14.5 point/fish in March.
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Figure 2: Monthly variations in feeding intensity and activity of O. aureus and C. zillii.

Feeding and Vacuity Indices
Figure 3 shows monthly fluctuations in the feeding and vacuity indices of O.
aureus and C. zillii in the river. The feeding index of O. aureus ranged from 42.7%
in January to 66.4% in May and of C. zillii varied from 53.6% in February to
72.3% in March. The overall values were 55.1 and 63.2% for the two species,
respectively. The vacuity index of O. aureus fluctuated from 0.0% in April to
15.8% in November and C. zillii varied from 0.0% in June to 12.5% in December.
The overall values of vacuity index for the two species were 8.8 and 5.3%,
respectively.
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Figure 3: Monthly variations in the feeding and vacuity indices of O. aureus and C. zillii.
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Seasonal Variation in Diet Composition
The monthly data of various food items of O. aureus and C. zillii were pooled to
describe the seasonal variations in the diet of the species (Figure 4). It appeared
that all species depend on four major food items. Macrophytes were the dominant
item in the diet of O. aureus during the study period and the percentage
contribution according to the index of relative importance (IRI) ranged from 22.2%
in winter to 66.9% in summer. The second most important food item was algae
constituting 16.9% in autumn and 48.5% in spring. Diatoms occupied the third
position and ranged from 2.6% in summer to 14.6% in winter. The percentage
contribution of aquatic insects varied from 4.7% in spring to 9.2% in winter. The
contribution of detritus in the diet of the species fluctuated from 4.3% in autumn to
8.4% in winter. The additional food items composed of fish eggs and zooplankton
were mainly consumed in winter. Generally, this species is classified as
herbivorous and fed mainly on macrophytes (44.3%), algae (31.4%), diatoms
(9.3%), aquatic insects (6.6%), detritus (6.3%), fish eggs (1.7%) and zooplankton
(0.4%).
C. zillii fed mostly on macrophytes and their percentage varied from 46.6% in
summer to 77.7% in summer. Algae occupied the second position and ranged from
13.2% in autumn to 33.0% in spring. Detritus came in the third place and fluctuated
from 6.4% in summer to 112.8% in winter. The lowest value of diatoms in the diet
of C. zillii was 1.79% in summer and the highest value was 8.3% in spring. The
other food items were aquatic insects, fish eggs and zooplankton fluctuated over
seasons, but their highest values were observed in autumn for aquatic insects and
zooplankton, and in winter for fish eggs. However, the overall food items of C.
zillii indicated that this species is classified as herbivorous, fed on macrophytes
(60.8%), algae (23.0%), detritus (8.6%), diatoms (6.4%), aquatic insects (0.7%),
fish eggs (0.3%) and zooplankton (0.2%).
Feeding Specialization
The results of feeding specialization for the two species showed that the index of
Levins standardized niche breadth for C. zillii was a high specialist feeder (Bi=
0.217), while for O. aureus was considered as a low specialized feeder (Bi= 0.360).
Similarity dendrogram among fish species based on their diet showed high
significant overlaps (Cλ = 1.000) among O. aureus and C. zillii, the overall feeding
patterns of the two species characterized by high intake of food items of
macrophytes, algae, detritus and diatoms.
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Discussion
Water temperature is one of the most important environmental variables
affecting the distribution and abundance of different species of fishes, and the
feeding activity and food consumption are affected by temperature due to lower
temperature than ideal limits (Chorbley, 2011). The result obtained in this study
showed that O. aureus and C. zillii are continuous feeders and the higher values of
feeding intensity and activity were recorded during warm periods of the year. This
may be attributed to the effect of low temperature on the ability of fishes to feed in
the cold season. Similar results were obtained by Khallaf & Alne-na-ei (1987)
about C. zillii in a Nile canal, Egypt; Shalloof et al. (2009) about C. zillii in the
Damietta branch of the river Nile, Egypt; Salah (2015) about O. aureus in
Chybaish marsh, Iraq; Khalifa (2017) about O. aureus in Tigris river, Iraq and
Mohamed & Al-Wan (2020) about C. zillii in the Garmat Ali river.
In the present study, O. aureus was found to be herbivores and low specialist
feeder, fed mainly on macrophytes (44.3%) and algae (31.4%). Food of minor
importance were diatoms (9.4%), aquatic insects (6.6%), detritus (6.3%), fish eggs
(1.7%) and zooplankton (0.4%). Dadebo et al. (2014) stated that O. aureus
consumed mainly macrophytes (45.2%), detritus (29.4%) and phytoplankton
(16.8%) in lake Ziway, Ethiopia. Abdullah (2015) also found that O. aureus
ingested macrophytes (45.2%), algae (31.3%), detritus (14.4%) and diatoms (4.4%)
in the north of Shatt Al-Arab river. Moreover, Salah (2015) mentioned that O.
aureus individuals were a low specialization feeder, fed on macrophytes (49.6%),
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algae (25.5%), diatoms (14.5%) and detritus (6.3%) in Chybaish marsh. Khalifa
(2017) found that O. aureus consumed mainly detritus (46.3%), algae (11.8%) and
macrophytes (9.3%) in the Tigris river. Mohamed & Al-Wan (2020) stated that O.
aureus is an opportunistic feeder, its diet comprised of detritus (43.1%), diatoms
(23.9%), algae (22.8%), macrophytes (7.1%) and crustaceans (6.0%) in the Garmat
Ali river. El-Jamal (2006) stated that O. aureus is a herbivorous, feeding mainly on
macrophytes, detritus and microorganisms, and can shift their feeding habits
depending on the abundance and composition of food available in different aquatic
environments. Mallin (1986) mentioned that the stomachs of Tilapia aureus (O.
aureus) in the North Carolina reservoir contained mainly organic and inorganic
detritus, large amounts of phytoplankton, while zooplankton and benthic
invertebrates comprised only small percentages of the stomach contents in this
reservoir. He concluded that this species is an opportunistic feeder that successfully
utilize whatever food source is available.
The results revealed that C. zillii was a herbivorous and highly specialized
feeder, fed largely on macrophytes (60.8%) and algae (23.0%). The contributions
of detritus, diatoms, aquatic insects, fish eggs and zooplankton were relatively low.
Al-Lamy et al. (2012) stated that this species was a low specialist feeder and
consumed mostly macrophytes (67.3%), followed by algae (18.9%) and fish eggs
(12.8%) in East Hammar marsh. Wahab (2013) found that C. zillii fed mostly on
algae (57.8%), macrophytes (27.1%) and detritus (12.4%) in Tigris river, at
Samarra (misspelled as Samaraa), Iraq. Moreover, Abdullah (2015) mentioned that
C. zillii consumed mainly macrophytes (62.6%) followed by algae (25.5%) and
detritus (6.9%) in the north of Shatt Al-Arab river. Plant components constituted
75.6% of the diet of C. zillii in the Anwai stream, Niger (Onyeche et al., 2013).
Dadebo et al. (2014) also stated that macrophytes, phytoplankton and detritus were
the most important components of C. zillii food in Ziway lake, Ethiopia. Adams
(2016) found that C. zillii fed mostly on macrophytes and algae, and considered the
species as weed feeding fish species in the Tiga dam, Kano State, Nigeria. The
overall food composition of C. zillii in the Garmat Ali river is comprised of
detritus, algae, macrophytes and diatoms (Mohamed & Al-Wan, 2020). Tilapia
preference for algae and vegetative matter may be attributed to its ability to secrete
mucus from the gills that trap plankton; however, their ability to digest filamentous
algae and aquatic macrophytes is through the mechanism of physical grinding of
vegetative matter between the two pharyngeal plates of fine teeth and acidic nature
(pH <2) of the stomach which ruptures the cell walls of algae and bacteria (Osho et
al., 2006; Iyabo, 2016). However, Shep et al. (2013) considered C. zillii as an
omnivorous and generalized feeder, fed mainly on macrophytes, insects, molluscs
and zooplankton in Ayamé lake, Côte d’Ivoire. Iyabo (2016) mentioned that C.
zillii in Ebonyi river, Nigeria are opportunistic feeders that are able to consume and
digest quite a variety of food items available in the environment, switching from
mainly zooplankton diets at the juvenile stage to aquatic macrophytes and
invertebrates in adulthood. It is a widely accepted generalization that stream fishes
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are mostly opportunistic in their feeding habits because of the highly variable
nature of habitat and resources (Johnson & Arunachalam, 2012).
The results demonstrated a high degree of dietary overlap between O. aureus
and C. zillii, which both fed on the same food sources. Similar result was obtained
by Abdullah (2015) between the same species in the north part of Shatt Al-Arab
river. However, da Silva et al. (2012) found that the high values of dietary overlaps
between fish species in the Itiz river, Brazil referred to the food resource
partitioning among fish species, and were associated with the abundance of these
ingredients through the importance of vegetation, which is a source of conservation
of the fish assemblage in the river. Shalloof et al. (2009) stated that cichlid fish
species did not consume food at random, but have the ability to select and choose
the preferred food stuff even during different seasons. These seasonal variations in
preferred food make the intraspecific competition between these species very low.
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Abstract: Mucilage extracted from the dried sweet basil Ocimum basilicum
and used as a binder in the diets of Cyprinus carpio fingerlings as an
alternative to some traditional binders. Three diets were tested, i.e. treatment
T1 (control), treatment (T2) and treatment (T3), which contained 0, 1 and 2%
from basil mucilage, respectively. Basil mucilage inclusion did not affect the
chemical composition of the experimental diets. The results of the current
experiment showed that treatment T2 was the best comparing to the remaining
treatments in terms of food intake and diet acceptance by fishes. This is evident
from physical and chemical tests in terms of buoyancy, stability,
fragmentation, density and floating time. In summary, the study has concluded
that the process of extracting this gel from basil is simple and cheap, in
addition to being a natural polymer.
Keywords: Binder, Gum, Feed intake, Rihan, Physical properties

Introduction
Natural polymers obtained from plant sources are of high molecular weights that
are molecules of monosaccharides bound with glucosidic bonds (Krishna et al.,
2011).
Currently, there are many pharmaceutical and industrial extracts, most of which
are of vegetable origin, some examples are starch, agar, alginate, carrageenan, guar
gum, xanthan gum, gelatin, pectin, chitosan, acacia, cellulose, sugars, etc. These
natural extracts find application in the pharmaceutical industry as binding agents,
disassemblers, sustainable and protective agents, colloids, densities, gelling agents
and stabilizers (Kolhe et al., 2014).
Food industries are aiming at the uses of new plant-based food hydrocolloids as
gelling agents in product development (Hussain et al., 2019). Using of
hydrocolloids in feed was the main purpose due to their ability to modify the
rheology of the food systems by the long polymer chains of polysaccharides and
proteins to develop gel-like characteristics (Salehi et al., 2015).
Received Oct. 1, 2020, accepted Dec. 4, 2020

87

Al-Hamdani et al.

Mucilage is a gum, a thick, sticky substance produced by almost all plants for
defensive purposes (Pawan et al., 2001). Also, in plants it has a role in the storage
of food, water and seed germination, and besides thickening membranes, some
microorganisms used it for adhesion (Mondal & Rahaman, 2018) and the proposed
roles of extracellular mucilaginous material (ECMM) include attachment of spores
or mycelium to various substrates and protection (Vesentini et al., 2007)
Basil, Ocimum basilicum, locally known as Rihan, belongs to the mint family
Lamiaceae (ITIS, 2020), which have TSN (Taxonomic Serial No. 32627). Various
parts of sweet basil have been generally utilized in conventional medication such as
the leaves and blossoms that utilized in people medication as a tonic and vermifuge
(Ahmad et al., 2015). Paton & Putievsky (1996) stated that the genus Ocimum is an
important essential oil crop with around 100 ton produced throughout the world
annually, half of this from O. basilicum.
Phytochemical (the bioactive nonnutrient plant compounds) investigation of
whole or specific parts of basil have been done by many researchers and a number
of active constituents have been identified and used in both the ancient Indian
(Ayurveda) and traditional (Unani) systems of medicine (Muralidharan &
Dhananjayan, 2004; Rubab et al., 2017). It is estimated that more than 5000
phytochemicals have been identified, but a large percentage still remain unknown
(Shahidi & Naczk, 1995).
The extracted mucilage from basil contain about 55%, 25%, 2% and less than
1% of carbohydrate, fiber, protein and fat, respectively (Hussain et al., 2019).
Kolhe et al. (2014) mentioned that the synthetic polymers used to suffer from
many defects such as high cost, toxicity and environmental pollution, while the
advantages of natural vegetable polymers include low cost, free from side effects
and considered as renewable sources.
As fish diets make up about 60-80% of the production costs in fish culture (Orire
& Sadiku, 2014). Therefore, it should be stable with minimal ratios of loss and
fragmentation, especially in species with slow feeding behavior (Volpe et al.,
2012). The use of locally available materials encourages fish farmers to use
sustainable sources due to the low cost (Oke et al., 2017).
Feed industries are focusing on using of new plant-based food hydrocolloids as
gelling agents in product development with unique sensory qualities.
The purpose of the present study is to evaluate the specifications of basil O.
basilicum extract as binders for fish diets, which are used as alternatives to other
binders, and to examine the physical, chemical and biological specifications of the
produced pellets and its application in the diet of the common carp Cyprinus carpio
fingerlings.
Materials and Methods
Extraction of Mucilage
The extracting method of mucilage from O. basilicum was carried out according
to Razavi et al. (2009) and Amid & Mirhosseini (2012), with modification. The

Mucilage extraction from O. basilicum and its applications in the diets of C. carpio

88

mucilage extraction condition started by drying the cleaned leaves at 60oC and pH 7
for 48 hours. After grinding, 100 mg was taken and diluted with 5 ml distilled water
for a period of 24 hours. Ethyl alcohol (95%) was added to the extracted crude gum
using 15 ml of alcohol to one volume of the extract and left for overnight. To
recover the precipitate, a fine mesh has been used to allow the excess solvent to
drain and the final mixture was filtered with filter paper and dried at 60°C to get rid
of alcohol. The dried mucilage was then grounded and used in the diets.
Experimental Diets
Dried basil extract was added to the raw ingredients involved in the formulation
of fish diets. The experiment was divided into three treatments:Diet 1 contains 0% basil mucilage (T1 control)
Diet 2 contains 1% basil mucilage (T2)
Diet 3 contains 2% basil mucilage (T3)
Table 1 shows the ingredients used in processing the diets used in the
experiment.
Table 1: Ingredients of experimental diets for common carp fingerlings.
Inclusion in diets (%)

Ingredients
Fish meal
Wheat flour
Wheat bran
Soybean meal
Sunflower oil
Minerals and vitamins premix
Basil mucilage

Diet T1
15
30
35
17
2
1
0

Diet T2
15
30
35
16
2
1
1

Diet T3
15
30
35
15
2
1
2

Physical Tests of Diets
The physical tests were conducted for the prepared diets as mentioned by Rolfe
et al. (2000), Sørensen (2007) and Efrizal et al. (2019).
Bulk Density (BD)
Samples from the diet were emptied into a 1000 ml cylinder and the weight of
the 1000 ml diet was measured. Bulk density was then stated as g/cm3.
Relative Absorption Rate (RAR)
Relative absorption rate represents the measure of the volume of water absorbed
by the pellets in relation to its initial weight and calculated as follows:
RAR = (M2 – M1)/ M1 x 100
Where M2 = Mass of wet pellets
M1 = Initial mass of dry pellets
M2 – M1 = Weight gain after immersion in water.
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Sinking Velocity (SV)
This test was accomplished by measuring the time required for pellets to move
from the surface of the water to the bottom of the aquarium with a height of 20 cm
from the upper surface of the water surface.
Floatability (F)
Pellets from each diet were tested by the appearances of 10 pellets (ﬂoated or
sunk) noted after 10 minutes in 100 ml beakers after 10 minutes.
Disintegration Rate (DR)
The pellet hardness test was measured by using 5 gm of pellets and placed into
an aluminum foil sheet, which folded 10 times. Then, the sheet was opened,
disintegrated and solid portions were isolated and weighed separately. The rate of
disintegrated pellets was calculated as a percentage of the original weight.
Feed Intake Experiment
The fingerlings of the common carp (6.15±0.25 g) were brought to the
laboratory from the fish farm at Marine Science Centre, University of Basrah.
Saline solution (5% NaCl) for 5-10 minutes was used for fish sterilization after
their arrival at the laboratory in the Department of Marine Vertebrates (Marine
Science Center, University of Basrah) to eliminate fungi and/or other organisms
that may be stuck on the skin or gills. Fishes were acclimated to experimental
conditions for three days during which they were fed on the standard diet.
At the beginning of the experiment, fishes were distributed by placing 10 fishes
in each aquarium (18× 27× 34 cm) with two replicates (six aquariums) for each
treatment. Experimental diets were made from standard raw ingredients (Table 2).
Fishes were fed at 5% body weight, once a day, at 9:00 am for 14 days. About onethird of water quantity was changed daily with siphoning to get rid of wasted feed
and feces. Uneaten food was air-dried. The dry weight was measured and
subtracted from the total food weight, to measure the weight of the food intake
every day, the feed intake calculated as follows:
% Feed intake =

Diet weight (g)
× 100
Fish weight(g)

Chemical Composition of Diets
All chemical analyses were performed for processed diets, with three replicates,
according to the methods of AOAC (1984).
Statistical Analysis
Differences between the treatments were evaluated by using one way ANOVA
and then Post hoc tests were applied by using LSD test. In all cases, the assumed
significance level was 5% (α = 0.05). All data were expressed as mean ± standard
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deviation (SD). This statistical analysis was completed with the computer software
SPSS package.
Results
Water Quality
Water quality during the experiment was measured. Average water temperature
was 27.6±0.7 ᵒC, dissolved oxygen concentration was 6.5±0.5 mg/l, while the pH
was 8.4±0.17 and salinity was 0.79±0.01 PSU.
Diets Composition
The chemical composition of the processed diets is demonstrated in Table 2.
Table 2: Chemical composition of processed diets.
Chemical composition
(%)

Treatments

Diet T1
Diet T2
Moisture
10.54a±0.42
10.49a±0.41
Protein
24.04a±1.99
24.10a±1.97
a
Lipid
5.15 ±0.06
5.24a±0.06
Ash
6.20a±0.97
6.30a±0.96
a
Fiber
4.05 ±0.64
4.12a±0.64
Carbohydrates
50.02a±0.86
49.75a±0.85
a
Caloric value (MJ/kg)
17.94 ±0.23
17.88a±0.23
Values are in duplicate ± standard deviation.
Different letters among rows are significantly different at P<0.05.

Diet T3
10.45 a±0.41
24.16a±1.95
5.33a±0.06
6.39a±0.95
4.19a±0.63
49.49a±0.84
17.82a±0.23

Bulk Density (BD)
The bulk density mean values of fish feed pellets are shown in Table 3. These
values were 1.17, 1.06 and 1.03 g/cm3 for T1, T2 and T3, respectively, with
significant differences (P<0.05) between them. The results indicated that the bulk
density of pellets decreased with the increase in the basil mucilage inclusion.
Table 3: Physical properties of manufactured diets.
Treatments
Diet T1
Diet T2
3
a
Bulk density (BD g/cm )
1.17 ±0.01
1.06b±0.01
a
Floatability (F)
3.00 ±0.82
11.00b±0.82
Relative absorption rate (RAR %)
141.43a±0.94
128.06b±0.88
a
Sinking velocity (SV cm/s)
4.23 ±0.39
1.90b±0.16
Disintegration rate (DR %)
24.40a±0.71
11.40b±0.78
Values are in duplicate ± standard deviation.
Different letter among rows are significantly different at P<0.05.
Physical properties

Diet T3
1.03c±0.00
14.00c±0.82
135.97c±1.19
2.70c±0.33
7.90c±1.10
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Floatability (F)
Manufactured diets, fortified with basil mucilage (Table 3), had higher significant
(P<0.05) floating time than control, about 73% and 79% mean floatability increased
in 1% and 2% (11.00 and 14.00 F, respectively) diets containing basil relative to
control (3.00 F).
Relative Absorption Rate (RAR)
The diets which contained 1% basil (T2) demonstrated the lowest water
absorption (128.06%), which differs significantly (P<0.05) from the control (T1)
and 2% diets (T3): 141.43 and 135.97%, respectively, as demonstrated in Table 3.
Sinking Velocity (SV)
Sinking velocity ranged between 1.90 cm/s in diet T2 to 4.23 cm/s in diet T1.
Diet T3 had a medium value of 2.70 cm/s. All values were significantly (P<0.05)
different.
Disintegration Rate (DR)
The results of pellets disintegration rate showed that there were significant
differences (P<0.05) among the diets. The diet with basil 2% (T3) had the least
percentage of disintegration (7.90%), while the control diet (T1) had the highest
rate (24.40%).
The correlation coefficient between all physical parameters pointed out that six of
these parameters were positively significantly correlated, while four of them were
negative from the ten possible correlations (Table 4).
Table 4: Correlation coefficient between physical properties of the experimental diets.
Bulk
Floatability
Relative
Sinking Disintegration
density
(F)
absorption velocity
rate
Parameters
(BD)
rate (RAR)
(SV)
(DR)
Bulk density (BD)
0
-1.00**
0.62*
0.80**
0.99**
Floatability (F)

0.00

Relative absorption
rate (RAR)
Sinking velocity
(SV)
Disintegration rate
(DR)
*Correlation coefficient (r) significant at P<0.05.
**Correlation coefficient (r) significant at P<0.01.

-0.61*

-0.78**

-0.99**

0.00

0.90**

0.67**

0.00

0.82**
0.00

Feed Intake
No mortalities were recorded during the experiment period since water quality
parameters did not vary significantly. No significant differences (P>0.05) were
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found between treatments concerning the final weight (Table 5). However, T2 (1%
basil) revealed significant differences (P<0.05) in percentage weight increase with
T1 (control) and T3 (2%), while food intake in T2 did not differ significantly
(P>0.05) with T3 but only with T1. However, T1 and T3 did not differ significantly
(P>0.05) in respect to the two parameters. The weight increase in T2 exhibited
unexpected value reached 16.07%, while the other two treatments did not exceed
half of this value.
Table 5: Performance of common carp fed the experimental diets.
Treatments
Parameters
T1
T2
Initial wt. (g)
60.47a±3.20
62.46a±4.31
Final wt. (g)
63.50a±2.77
72.47a±4.36
a
% increase
8.12 ±1.55
16.07b±1.04
% food intake
2.17a±0.08
2.46b±0.54
Values are in duplicate ± standard deviation.
Different letters among rows are significantly different at P<0.05.

T3
61.65a±2.43
66.64a±1.68
5.05a±0.98
2.03ab±0.11

Discussion
All the environmental factors in the present study were within the acceptable
limits for the common carp growth and survival (Horváth et al., 2002).
The composition and manufacture of the diets is a process that combines
scientific practice and scientific research (Hardy & Barrows, 2002). Table 3 shows
the chemical composition of prepared diets used for feeding the common carp
fingerlings. With respect to all contents, the inclusion of basil mucilage does not
affect the chemical composition of the diets. Al-Dubakel et al. (2014) found the
same result in adding fish skin gelatin as a binder for all contents except the
protein, as well as Tiamiyu & Solomon (2012) when used different grain starches
as binders in most diet contents. Ruscoe et al. (2005) stated that diets containing
5% binder retained significantly more dry matter than those with a 3% binder.
Proximate composition of sweet basil is shown in Table 6 on dry and fresh
bases. Akah et al. (2017) revealed that dried O. basilicum may serve as enrichment
material in products such as baked goods according to its chemical properties,
while the study of Chaudhari et al. (2012) stated that the tablets produced by using
basil as a binder gave comparable evaluation results to the tablets with starch as a
binder.
Different studies showed different relations between binders and density. The
lowest density was found in the control diet (Al-Dubakel et al., 2014), while Khater
et al. (2014) noted that bulk density increases with increasing the pellet sizes and
protein ratio. Oke et al. (2017) did not record significant differences in the bulk
density of the nine feeds with okra and yeast as binders. Aquatic feed bulk density
is one of the quality control measurements for extruding fish feed plants (Kaddour,
2018).
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Table 6: Proximate composition of Ocimum basilicum.
Contents
Parameters
Ash (%)
Crude lipid (%)
Moisture (%)
Crude fiber (%)
Crude protein (%)
Carbohydrate (%)
Caloric value (kcal)

Dry
(Shuaib et al., 2015)
15.73±0.004
14.50±0.003
5.72±0.003
11.31±0.008
30.00±0.000
22.7±0.012
281.5±0.022

Fresh
(USDA, 2018)
1.49
0.64
92.06
1.6
3.15
2.65
23

It was reported that diets with yeast had a higher percentage of floatation than
their corresponding counterparts without yeast (Momoh et al., 2016). Rokey &
Plattner (2006) stated that pellets when immersed in water will quickly sink if their
bulk density is more than 640 g/l (=0.64 g/cm3). However, pellets were considered
very dense if their apparent bulk density ranging from 0.43 to 0.5 g/ml (Rolfe et al.,
2000). Basil mucilage improves gels quality due to its high gel strength and low
strain effects (Song & Kim, 2019). This indicates that gel enhances the floating
characteristics.
Momoh et al. (2016) indicated that the inclusion of yeast influenced the relative
absorption ratio which ranged from 39.77% to 70.56%. Oke et al. (2017) also
revealed that the water absorption rate increased as yeast inclusion increased. The
results of the present study were in line with the values obtained in gelatin addition
which decreasing significantly pellet water absorbability (Al-Dubakel et al., 2014).
Previous studies verified similar values with different binders (Al-Dubakel et al.,
2014; Efrizal et al., 2019).
Oke et al. (2017) demonstrate that the crushing load test showed that good water
stability did not certainly mean good hardiness. Al-Dubakel et al. (2012) used
roquette oil (Eruca sativa) as a food additive and found that all diets with and
without addition had a 0% breakdown. Sinking velocities of the pellets were
positively correlated with feed bulk densities. Obirikorang et al. (2015) reported
similar results.
Diet characteristics, such as feed source whether living or non-living, particle
size, texture, palatability and bulk density, all must be carefully considered for both
species and size of fishes (Eriegha & Ekokotu, 2017).
Subramanian (2013) stated that physical characteristics such as excess of starch
and fiber may determine fish feed intake because of the increase in density of the
pellets. Basil also has low calorific value and high nutritional values (Dzida, 2010).
The low food intake in diet contained 2% basil could be associated with odor.
Efrizal et al. (2019) found that spinach extract inclusion in formulated diets had
affected its textures and odor.
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Feed intake is subjected to metabolic, endocrine, and neuronal control, which are
closely related to the nutritional status of the animal (Lall & Tibbetts, 2009).
Conclusions
In the current study, the use of gel extracted from basil and using it in the diet of
common carp fingerlings as a natural binder was demonstrated. Plants extractions is
useful in fish culture as more natural and low-cost binders could replace the
chemical ones. The present findings revealed that the physical properties of pellets
were improved by the inclusion of gel (mucilage) extracted from the basil. Because
the present findings could be applied in the diet of fishes, they are likely to be of
great interest to the vision of researchers and fish culturists.
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Abstract: Effects of adding three dietary additives and their mixture to control
diet (38% protein) on the growth performance and feed efficiency of young
common carp Cyprinus carpio with an average weight of 16.16+0.09 g were
assessed. These additives were probiotic (Saccharomyces cerevisiae yeast)
(T1), amino acids (lysine and methionine) (T2), a mixture of exogenous
enzymes (protease, cellulase, α-amylase, amyloglucosidase, pectinase, betaglucanase, xylanase, phytase, lipase and beta mannanase) (T3), their mixture
(T4) and control (T5). Inclusion of probiotic and exogenous enzymes showed
significant (P<0.05) improvement in the growth performance and feed
efficiency of the fishes compared with control and other additive diets.
Otherwise, the inclusion of amino acids and the additive mixture did not show
any significant (P>0.05) improvement compared with the control diet.
Probiotic diet (T1) recorded greatest specific growth rate SGR (0.68%/day) and
best feed conversion ratio FCR (2.84), followed by exogenous enzymes diet
(0.57%/day and 3.44, respectively), while the SGR and FCR values for T2, T4
and control were decreased significantly (P<0.05). Probiotic and enzymes feed
additives have proved significant enhancement of fish growth and feed
efficiency.
Keywords: Amino acids, Exogenous enzymes, Feed efficiency, Growth,
Probiotic

Introduction
The rapid expansion of aquaculture activities led to the increased global demand
for fish feed, as well as the need to manufacture nutritionally balanced diets to
ensure the best possible growth and feed conversion (Singh et al., 2011; Ghomi &
Alizadehnajd, 2012). During the past few decades, intensification of farmed fish
production caused the spread of fish diseases and the deterioration of water
environmental quality in fish farms, resulting in major economic losses and
challenges in controlling and avoiding diseases (Ahmadifar et al., 2011). The use of
antibiotics to treat diseases could be responsible for causing microorganisms to
develop resistance to these antibiotics, and there is a high risk of these resistant
Received Oct. 11, 2020, accepted Dec. 15, 2020
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microorganisms being transmitted from an aquatic environment to humans.
Furthermore, using antibiotics is harmful to aquatic organisms because they kill
beneficial microorganisms in their digestive system, so the improvements of nonantibiotic agents are more suitable for health management in aquaculture (Ringø et
al., 2014).
Probiotic is defined as a microorganism when used in appropriate amounts
conferring a health advantage on the host (FAO/WHO, 2002). Probiotics are
products made from beneficial microorganisms, isolated from the intestinal flora of
the host's gut, when added to the feed, form colonies, inhabit epithelial cells coating
the gastrointestinal tract, prevent pathological impact on the host body, and also
contribute to restoring the microbial balance of the intestinal flora when the host is
exposed to stressors such as high temperature (Ige, 2013; Nwachi, 2013; Bajagai et
al., 2016).
Amino acids are important biomolecules that serve as building blocks for
proteins, and are intermediates in numerous metabolic pathways, manufacture a
wide range of biologically essential substances and play a major role in protein
phosphorylation, cellular signaling, gene expression regulation, transport of
nutrients, metabolism in animal cells and mediated immune responses (Wu, 2010;
Wang et al., 2013). Amino acids are also considered as essential substances for
growth, reproduction, maintenance, feed intake, utilization of nutrients, behavior,
larval metamorphosis and resistance to environmental stress and pathogenic
organisms in fishes (Namulawa et al., 2012). Amino acids are commonly
supplemented with plant-based diets to improve the nutritional profile and
palatability and in many compounds feeds as feeding stimulants for carnivorous
species (Papatryphon & Soares, 2000). Among those amino acids, lysine, which is
particularly important because it contributes the highest concentration among
essentioal amino acids in the carcass of many fish species, and methionine, which is
usually the first limiting EAA in aquafeed, were normally reported to be
insufficient in some plant-based diets (Alam et al., 2005; Luo et al., 2006; Yuan et
al., 2011). In addition to its role in protein synthesis, lysine also works in
association with methionine as a precursor of carnitine to carry fatty acids through
mitochondrial membranes and simplifies their oxidation to produce energy (Deng et
al., 2010). The dietary methionine supplementation has been indicated mainly in
diets based on soybean protein (Nguyen & Davis, 2009). A methionine addition to
the fish feed enhanced the growth performance of numerous species such as
common carp Cyprinus carpio (Schwarz et al., 1998), juvenile cobia Rachycentron
canadum (Zhou et al., 2006) and gibel carp Carassius auratus gibelio (Hu et al.,
2008). Endogenous enzymes are produced by the organisms and microorganisms in
the digestive tract, but they are insufficient in the degradation of compounds which
are difficult for digestibility, therefore, the studies about the digestibility of the feed
with exogenous enzymes have accelerated. Among the main enzymes used in the
mixed feed fishery industry are phytase, carbohydrase, protease and lipase
(Ogunkoya et al., 2006). Therefore, the current study aimed to evaluate the effect of
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different diets supplemented with probiotic, amino acids and exogenous enzymes
on the growth performance and feed efficiency of young common carp C. carpio.
Materials and Methods
Experiment Design
The experiment was conducted by using 15 plastic aquaria with a capacity of
100 l each, filled with 60 l of water. One-third of the water volume of each
aquarium was replaced (with aged tap water stored in 2 tons plastic tank to remove
chlorine) once daily by siphoning outfeed residual and feces.
The experiment lasted for 75 days, during which the fishes were fed 2% of their
body weight. The amount of food given to the fishes was adjusted every 15 days
after the fish weighing process was carried out. Some environmental factors of the
aquaria water were measured, represented by dissolved oxygen, pH and salinity,
while maintaining the water temperature was by using an electric heater with a
thermostat.
Fishes
The C. carpio used for the experiment were obtained from fish culture ponds in
the Al-Hartha Station for Agricultural Researches, north Basrah at Al-Hartha
district affiliated to the Aquaculture Unit, College of Agriculture, University of
Basrah. A total of 225 fishes was transported by a tank truck to the laboratory. They
were placed in a well-aerated 250-liter tank to remove transport stress for 24 hours.
The fishes were distributed randomly to the 15 experiment aquaria (15 fishes each)
on the following day. Three aquaria have been allocated for each treatment. The
aquaria were equipped with electric air pumps. Before the start of the experiment,
fishes were acclimated to laboratory conditions and experimental diets for eight
days in the experimental system. Fishes were weighed by using a ZH 8257
electronic balance. The average weight of the fishes used in the experiment was
16.16+0.09 g.
Diet Preparation
Basal pelletized fish feed was combined with three types of feed additives and
their mixture used in the experiment (Table 1). Five experimental diets were
prepared, a control diet (T5) with no additive and four other diets were prepared by
supplementing Italian origin Thepax which contains Saccharomyces cerevisiae
yeast as probiotic (T1), amino acids lysine and methionine (T2), enzymes mixture
consisted of protease, cellulase, α-amylase, amyloglucosidase, pectinase, betaglucanase, xylanase, phytase, lipase and beta mannanase (T3), and a mixture of the
above feed additives (T4). The basal diet was formulated in the Fish Feed
Manufacturing Plant affiliated to the Marine Sciences Center at the University of
Basrah.
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Table 1: Ingredients and feed additives of the experimental diets.
Experimental diets
T1
T2
T3
T4
Ingredients
Fish meal (%)
30.21
30.21
30.21
30.21
Soybean meal (%)
30.21
30.21
30.21
30.21
Corn meal (%)
18.79
18.79
18.79
18.79
Wheat meal (%)
18.79
18.79
18.79
18.79
Vitamin-mineral premix (%)
2
2
2
2
probiotic (mg/kg)
700
0
0
700
Lysine (g/kg)
0
16
0
16
Methionine (g/kg)
0
9.76
0
9.76
Exogenous enzymes (g/kg)
0
0
1.5
1.5

T5 (control)
30.21
30.21
18.79
18.79
2
0
0
0
0

Adding Food Additives to the Basal Diet
The basal diet was divided into five sections, each of which represents one of the
five treatments as follows:
Treatment 1 was a probiotic Thepax (700 mg/kg) added to the second section
and was well mixed with an electric mixer for three minutes, then shaped in the
form of pellets and left to dry at room temperature for 24 hours.
Treatment 2 was amino acids (lysine and methionine) added to the third section
according to the levels recommended by Zhou et al. (2007), using the method
described by Yuan et al. (2011), represented by mixing amino acids in distilled
water and then adding carboxy methylcellulose at a rate of 2% to obtain a doughlike substance, then the mixture was dried using a freeze dryer for three days, grind
and sieved with a 250 microns mesh size sieve. The moisture content of the mixture
for each amino acid was estimated by drying it in the oven at 105 ºC for 24 hours.
The amino acid binder mixture was added to the diet by 16 and 9.76 g/kg of lysine
and methionine, respectively. The diet was formed in the form of pellets and left to
dry at room temperature for 24 hours, packed and stored at -18 °C.
Treatment 3 was an enzyme mixture added to the fourth section according to
Bogut et al. (1995). The enzyme mixture of 1.5 g/kg was dissolved in distilled
water at a temperature of 40 °C and added to the diet. The mixture was formed in
the form of pellets and left to dry at room temperature for 24 hours. The pellets
were frozen at -18 °C.
Treatment 4 was all of the former feed additives added to the fifth section.
Treatment 5 was a basal diet without additive.
Growth Performance and Food Efficiency Measurements
The fishes were weighed at the end of the experiment. Weight gain (WG), the
daily growth rate (DGR), the relative growth rate (RGR), the specific growth rate
(SGR) and the feed conversion ratio (FCR) were calculated according to the
following equations:
WG (g) = FW – IW
DGR (g/day) = (FW – IW) / days
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RGR (%) = 100 × [(FW – IW) / IW]
SGR (%/day) = 100 × [(ln FW) – (ln IW) / days]
FCR = feed given (dried weight) / weight gain (wet weight)
Where: FW = Final fish weight (g); IW = Initial fish weight (g).
Results
The results of the proximate analysis of the basal diet is shown in Table 2.
Table 2: Proximate composition of the basal diet.
Nutrients
Moisture (%)
Crude protein (%)
Ether extract (%)
Carbohydrate (%)
Ash (%)
Energy (kcal/kg)

4.52±0.31
38.00±1.08
6.91±0.47
44.10±2.35
6.47±0.78
4487.90±39.07

The water temperature during the experimental period in the aquaria ranged
between 23.32-24.52 °C, pH between 8.12-8.40, dissolved oxygen between 7.898.35 mg/l and salinity between 1.22-1.54 PSU (Table 3).
Table 3: Water quality parameters during the experiment.
Water quality
parameter
Temperature (ºC)
Dissolved oxygen (mg/l)
Salinity (PSU)
pH

Value
23.92±0.08
8.12±0.33
1.38±0.23
8.26±0.20

Table 4 shows the growth performance and food efficiency parameters of young
C. carpio during the experiment. The results of the growth parameters and feed
conversion ratio indicated that there showed a significant positive effect (P<0.05)
for the diets containing the probiotic and exogenous enzymes compared to the
control diet, while the growth and feed conversion ratio did not record any
significant improvement (P>0.05) for diets containing amino acids or mixtures of
additives compared to the control diet.
The WG and the DGR values were converging after 15 days of the start of the
experiment, but the differences began to appear clearly after 30 days and continued
until the end of the experiment. Treatment T1 recorded the highest WG (3.27 g) and
DGR (0.22 g/day) after 60 days, while the remaining treatments T2, T3, T4 and T5
recorded this increase after 75 days concerning the WG (1.12, 2.10, 1.58 and 1.25
g) and DGR (0.07, 0.14, 0.11 and 0.08 g/day), respectively as shown in Figures 1
and 2.
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Table 4: Growth performance and feed efficiency of young C. carpio during the
experiment.
Treatments
T2
T3
T4
T5
Variables
T1
(Amino
(Exogenous (Mixture of (Control)
(Probiotic)
acids)
enzymes)
additives)
Initial weight
16.08a±0.08 16.11a±0.03 16.27a±0.21 16.10a±0.05 16.24a±0.18
IW (g)
Final weight
26.84a±2.85 20.87b±0.63 25.05a±2.22 21.51b±1.06 20.92b±0.36
FW (g)
Weight gain
10.75a±2.93 4.76b±0.62 8.78a±2.16
5.40b±1.11 4.69b±0.19
WG (g)
Daily growth rate
0.14a±0.04
0.06b±0.01 0.12a±0.03
0.07b±0.01 0.06b±0.00
DGR (g/day)
Relative growth rate
66.93a±18.53 29.52b±3.84 53.94a±13.11 33.57b±7.01 28.86b±0.82
RGR (%)
Specific growth rate
0.68a±0.15
0.34b±0.04 0.57a±0.12
0.38b±0.07 0.34b±0.01
SGR (%/day)
Feed conversion
2.84a±0.77
5.72b±0.67 3.44a±0.86
5.15b±1.06 5.73b±0.15
ratio FCR
Means in the same raw with different superscript letters are significantly different
(P<0.05).

The RGR and SGR were similar in the pattern of changes to each other after 15
days of the experiment, but the differences began to appear clearly after 30 days
and continued until the end of the experiment. The treatment T1 recorded the
highest RGR (15.64%) and SGR (0.98%/day) after 60 days, while the T2 and T3
recorded this increase after 30 days concerning the RGR (6.18 and 11.62%) and
SGR (0.39 and 0.73%/day), respectively and the T4 and T5 recorded this increase
after 75 days with respect to the RGR (7.90 and 6.35%) and SGR (0.51 and 0.41),
respectively (Figures 3 and 4).
The differences in the FCR began to appear after 30 days. During this period, the
treatments T1 and T3 demonstrated the best value compared to the rest of the
treatments. This tendency continued until the end of the experiment. The best FCR
was recorded by treatment T1 (1.90) and T3 (2.58) after 60 and 30 days from the
start of the experiment, respectively (Figure 5).
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Figure 1: Weight gains of young C. carpio during different experimental periods.
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Figure 2: Daily growth rate of young C. carpio during different experimental periods.
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Figure 3: Relative growth rate of young C. carpio during different experimental periods.
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Figure 4: Specific growth rate of young C. carpio during different experimental periods.
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Figure 5: Feed conversion ratio of young C. carpio during different experimental periods.

Discussion
Many studies confirm that diet containing probiotic improved growth, survival
and health status of fishes (Hai, 2015). The current study indicated that the growth
performance of fishes fed on the probiotic-containing diet (T1) were significantly
higher (P<0.05) compared to all other treatments except the diet containing the
enzyme mixture (T3). These results are consistent with the findings of Dhanaraj et
al. (2010) in koi carp (C. carpio) and El-Ashram et al. (2008), Lara-Flores et al.
(2010), Osman et al. (2010), Mohammad et al. (2012) and Ozório et al. (2012) in
Nile tilapia (Oreochromis niloticus). Many factors could explain this result. Several
studies indicated that the inclusion of the probiotic in the diets stimulates fish
appetite (Carnevali et al., 2004; Saini et al., 2014; El-feky et al., 2017). This
improvement can also be partially attributed to the probiotic itself, as a result of its
richness in protein, carbohydrates, nucleic acids and vitamins (Brown et al., 1996).
However, the clearest effect may be attributed to their stimulation of the increased
activity of digestive enzymes in the fish digestive system (Yang et al., 2014; Wang
et al., 2015; Adel et al., 2016).
Fishes fed on the diets containing S. cerevisiae showed an improvement in the
mucosal surface and the number of mucosal flora of the gastrointestinal tract, which
enhanced digestion and absorption of feed. Such diets also accelerate the
maturation of the digestive system in small fishes and increased growth and
metabolism in large fishes (Li et al., 2007; Abu-Elala et al., 2013). S. cerevisiae
also improves the digestion of complex sugars, phytic acid and fibers (Tewary &
Patra, 2011). The results of the current study indicated that the efficiency of the
food conversion in fishes fed on yeast has improved significantly. This result is in
agreement with some studies that used this yeast in fish feeds such as Mohammad
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et al. (2012) who indicated that the improvement of the feed conversion may be due
to the increased absorption of nutrients by the fishes. Ai et al. (2011) also showed
that the abundance of intestinal flora and its effective contribution to the
decomposition of nutrients leads to enhanced protein utilization efficiency. Nayak
(2010) indicated that it is due to the abundance of bacteria, including Aeromonas
spp., which are known to produce the protease enzyme in the gastrointestinal tract
of fishes fed with S. cerevisiae. Also, the ability of yeast to enhance the digestion of
complex proteins and carbohydrates in the diet through its excretion of a wide
range of exogenous enzymes such as protease, amylase and lipase that complement
endogenous enzyme activities (Banu et al., 2020).
The results of the growth performance of fishes fed on a diet containing enzymes
mixture (T3) in the current study indicated the positive effect of adding exogenous
enzymes to the diets, which led to an improvement in the digestibility of feedstuffs
and thus to growth. This may be due to the direct effect of the added enzymes or to
the indirect effect by stimulating the secretion of self-enzymes in fishes or by
increasing the number of beneficial bacteria in the gastrointestinal tract (Ng &
Chen, 2002; Lin et al., 2007). Ramos et al. (2017) found that adding enzymes break
down polysaccharides, such as hemicellulase, pectin and phytates in soybeans,
caused increased food viscosity and slow gastric emptying. Castillo & Gatlin III
(2015) also noted an improvement in secretion and increased activity of trypsin,
chymotrypsin, lipase and amylase enzymes, as well as an increase in the number of
Lactobacillus bacteria.
The diets of common carp, with a large proportion of difficult to digest plant
ingredients, may often contain many anti-nutrients, especially phytate, which
reduces its nutritional value as a result of the low ability of fishes to digest them
efficiently, especially with the lack of many cultivated fishes, including the
common carp, for certain important enzymes such as phytase and cellulose. So
enhancing diets with external enzymes can improve the ability of fishes to utilize
them. This is consistent with some studies that have obtained similar results.
Monier (2020) found that adding exogenous enzymes to diets helped improve feed
utilization and inhibited the action of anti-nutrients, which had a positive impact on
growth rates and dietary conversion in common carp. The phytate in soybean meal,
which is widely used in the fish diet, associated with some important nutrients such
as amino acids, phosphorous, calcium, iron, magnesium and zinc, led to reducing
their bioavailability, and as a result, the use of exogenous enzymes containing
phytase enhances the ability to benefit from these nutrients, especially phosphorous
(Dalsgaard et al., 2012; Hlophe-Ginindza et al., 2016). Studies also clearly
demonstrated that the number of bacteria in the fish gastrointestinal tract is
positively affected by the use of exogenous enzymes in the diets. Bedford &
Cowieson (2012) indicated that exogenous enzymes not only affect the efficiency
of feed digestion, but also affect the production of nutrients necessary for the
flourishing of communities of certain types of bacteria. This is consistent with what
Zhou et al. (2013) found with feeds fortified with cellulase fed to grass carp
Ctenopharyngodon idella.
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Many reasons may have led fishes in the current study not to be benefited from
the amino acids added to their diet (T2), including those related to the percentage of
addition. Murai et al. (1989) mentioned that the added level of methionine and
lysine to the common carp diet may be very limited and any increase in the addition
level may adversely affect growth. Methionine is important as a source of sulfur as
well as the methyl group and plays a role in lipid metabolism (Brosnan & Brosnan,
2006; Espe et al., 2008). However, its positive effect on fish growth is within
appropriate limits, and increasing its level above the appropriate level in the diet
may cause a negative effect on growth and feed efficiency (Murai et al., 1989;
Cheng et al., 2003; Luo et al., 2006). Also, adding amino acids to the diets may lead
to opposite results in some cases, including those associated with reducing the fish
appetite. This is in agreement with Kasumyan (2004) who found that most amino
acids often form non-tasteless substances rather than feed stimuli for fishes.
Furthermore, added amino acids tend to leach into the environment before
consuming. Besides, it has been proven that the absorption of these amino acids by
the digestive system is much faster than those associated with protein, causing an
imbalance in absorbed amino acids, which lead to converting them to the process of
catabolism instead of anabolism, in addition to the fact that part of them is excreted
directly through the urine (Murai et al., 1989; Luo et al., 2006; Nwanna et al.,
2012).
The present study concluded that probiotic and enzymes feed additives have
proved significant enhancement of growth performance and feed efficiency of
young common carp C. carpio. It means that, a positive outcome would be an
expected if these additives have been added to the diets.
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Abstract: The present study aimed to investigate the species of euglenoid
algae in the Euphrates river and Haqlan valley springs at Al-Anbar province,
Western Iraq. Samples were collected in October 2019 from two sites in the
study area. Some environmental parameters measured were water temperature,
pH, electrical conductivity, salinity, sulphate, total hardness, total alkalinity,
nitrate and phosphate. Fifty-four species of the euglenoids belonging to six
genera were encountered, one belonged to Monomorphina, two belonged to
Colacium, 19 to Euglena, 10 to Trachelomonas, seven to Lepocinclis and 15 to
Phacus. Thirteen species were new records in Iraq. Ten species were recorded
in two sites. Most of the euglenoids found in this study occurred in Haqlan
springs and were represented by 40 species in comparison to 24 species in the
Euphrates river.
Keywords: Euglenoids, Haqlan Springs, Euphrates river, Iraq

Introduction
The euglenoids are a diverse group of unicellular microalgae, widely distributed
in freshwater, brackish, and marine habitats as well as on moist and mud (Nozaki,
2005). Euglenoids are photosynthetic microalgae but several species are
heterotrophic. They are mostly thriving in highly eutrophic shallow aquatic
ecosystems and can tolerate considerable organic pollution (John et al., 2011).
Response of the euglenoids to variable levels of organic matter concentration in
fresh water has led to use them as indicators of organic pollution levels (Conforti et
al., 2017).
Human influence resulting from industrial, domestic and agricultural activities
has drastically altered the chemistry, particularly nutrient concentration in many
freshwater bodies. Such influence affected the environment and subsequently
altered occurrence, distribution, morphology and ecophysiology of large groups of
microalgae including euglenoids (Wołowski et al., 2017).
The euglenoids are characterized by wide morphological variation in their cell
forms which is due to the variable growth and arrangement of the paramylon
granules inside the cells (Conforti et al., 1995). Paramylon granules are the food
storing organelles where energy reserve is stored as carbohydrates. The number,
Received Oct. 26, 2020, accepted Dec. 28, 2020
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shapes and distribution of these granules in the cytoplasm differ in the different
species (Kiss et al., 2008).
Euglenoids received little attention in Iraq despite of the vast and diversified
aquatic ecosystems in the country. The information available on the euglenoids are
scattered in a number of investigations on other groups of microalgae. The total
number of euglenoids recorded in Iraq (54 species) belong to seven genera
(Maulood et al., 2013). In Iraq, species of euglenoids appeared mostly in algal lists
without proper description or illustration (Toma, 2011; Al-Hssany et al., 2012).
Such lack of information on this ecologically important group of algae calls for
more taxonomic investigation to elaborate their occurrence and distribution. The
present study aims at filling this gap of knowledge on the euglenoids in Iraq.
Materials and Methods
Study Site
Haqlan valley is one of the dry and important lowlands in the western plateau of
Iraq. Springs in this valley are scattered, five of them are permanent while the rest
are periodical. There are five springs water all of them are permanent springs.
Permanent springs discharge their water at a rate of 25 liters/second into the
Euphrates river. Periodical springs are mostly become filled during rainy season in
winter. Water source for all springs is underground water (Al-Dulaimi, 1994).
Springs water is warm and characterized by being brackish with electrical
conductivity reaching 5.37 ds/m due to the increased solubility of ions and ion
exchange process of groundwater (Ali, 2010). In recent years, sulfur springs formed
in the valley and mixed with other springs causing sulfur values to rise locally and
in the parts of Euphrates river where springs discharge (Al-Zaidani, 2003).
Sampling
Two sites were selected for the sampling of euglenoids. The first (Site 1) is
located at the Euphrates river (34o 40´ N, 42o 22´ E) and the second (Site 2) at
Haqlan valley springs (34o 46´ N, 42o 21´ E) as demonstrated in figure 1.
Samples were collected during October 2019 by a standard phytoplankton net
(20 μm mesh size). The net was filled with water from several locations at each
sites and water was allowed to filter through the net. Algal samples were kept in
100 ml plastic bottles to which few drops of 40% formalin were added for
preservation (Al-Handal & Abdullah, 2010). In the laboratory, temporary slides
were made according to Bellinger & Sigee (2015), and euglenoids were observed
under Olympus-CH type microscope equipped with USB digital camera.
Identification of species was made following Prescott (1973), Hinton & Maulood
(1982), Wołowski (2011) and Kouassi et al. (2013). Some physico-chemical
environmental parameters at both sites were measured following the methods
shown in table 1.
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Figure 1: Study area and sampling sites in the Euphrates river (Site 1) and Haqlan
springs (Site 2).
Table 1: Physical and chemical analyzes and the method adopted there in.
Parameter
Water temperature (°C)
pH
Electrical conductivity (EC) (µs/cm)
Salinity (psu)
Sulphate (mg/l)
Total hardness (mg/l)
Total alkalinity (mg/l)
Nitrate (NO3-) (μgm/l)
Phosphate (PO4-3) (μgm/l)

Reference methods
--APHA (2005)
APHA (2005)
Richards (1954)
APHA (2005)
APHA (2005)
APHA (2005)
Strickland & Parsons (1972)
Strickland & Parsons (1972)

Results and Discussion
Environmental Parameters
Results of the environmental parameters measured in this study are shown in
Table 2. Mean water temperature in the Haqlan springs was 35 oC which was rather
warm. According to Al-Barzingy et al. (2009), who grouped springs according to
temperature range, Haqlan springs are considered as hot. In contrast, mean water
temperature at Site 1 (Euphrates) was 23 oC during the time of sampling. Spring’s
water is also high in sulphate concentration (2040 mg/l) due to the mixing with
sulfur springs occurring in the surrounding (Al-Zaidani, 2003). This value is rather
high when compared to Euphrates water where sulphate content did not exceed 280
mg/l. Water at both sites is weakly alkaline with EC values of 737 and 4222 μS/cm
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at sites 1 and 2, respectively, indicating brackish water habitat in the springs.
Increase in the pH value was observed in spring’s water, as well as an increase in
the total hardness value, while concentrations of nitrate and phosphate in spring’s
water decreased compared to river water, and this may be due to consumption by
the microalgae. High nitrate concentration in the river is mainly resulted from water
runoff coming from the surrounding agricultural fields (Al Bomola, 2001).
Euglenoids Diversity
Haqlan springs are characterized by high diversity of euglenoids (40 species) in
comparison to the surrounded Euphrates river (24 species). This may be attributed
to the relatively high concentration of sulphate that the euglenoids can utilize in
conditions of low dissolved oxygen concentration (Giordano et al., 2005; Brennan
& Owende, 2010). Abundance of eugleoinds in organically polluted water with
high sulphate concentration is well documented elsewhere (Adesalu & Nwankwo,
2010; Zakryś et al., 2017). On the hand, euglenoids can also thrive in warm
stagnant springs (Kouassi et al., 2013). All euglenoids taxa found in this study are
presented in table 3, among which 13 species are new records in Iraq in comparison
to the list of Iraqi algal flora (Maulood et al., 2013). Table 3 shows that there are 10
species found in the two sites, and this may be attributed to the fact that these
species have a wide tolerance to environmental conditions, while there were other
species that were found in one of the two sites, which may exhibit their narrow
extent of tolerance to variation in environmental conditions.
Table 2: The physical and chemical factors of water in the study sites.
Parameters
Site 1
Water temperature (°C)
23
pH
7.60
Electrical conductivity (EC) (μS/cm)
737
Salinity (psu)
0.48
Total alkalinity CaCO3 (mg/l)
128
Total hardness CaCO3 (mg/l)
437
Sulphate (mg/l)
280
Nitrate (μgm/l)
281
Phosphate (μgm/l)
42

Site 2
35
7.8
4222
2.7
140
1300
2040
103
27

Euglenoids Systematic Account
The following is an alphabetically arranged euglenoid species which are
considered here as new records in Iraq.
Class Euglenophyceae
Order Euglenida
Family Euglenidae
Genus Euglena
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Euglena texta (Dujardin) Hübner (Plate 1a):
Cell ovoid, 38 μm long, 26 μm wide, slightly depresses at the apex. Chloroplasts
discoid, pyrenoid absent, numerous small and ovoid paramylon bodies, located in
the chloroplasts.
Euglena truncata L.B.Walton (Plate 2c):
Cylindrical cell, 150-165 μm long, 20-26 μm wide, rounded on both poles. Multiple
and discoid chloroplasts, nucleus ovoid, in the lower body, presence of a single and
very elongated paramylon grain (Prescott, 1973).
Class Euglenophyceae
Order Euglenida
Family Phacidae
Genus Lepocinclis
Lepocinclis fusiformis (Carter) Lemmermann (Plate 1d):
Cell ovoid in outline, 30-36 μm long and 26-28 μm wide. Chloroplasts disc-shaped,
pyrenoids absent, four rings of paramylon in the cell.
Lepocinclis fusiformis var. major Fritsch & Rich (Plate 1f):
Elongate-ovoid cells, widest below the midregion. Subsequently produced into a
rather brief obtuse tail-piece, typically. At the anterior end with bipapillate
protrusion, periplast often. Two large oval rings, often overlapping each other,
chloroplasts of various irregularly shaped disks, diameter of cells 27 μm, 40-58 μm
long.
Lepocinclis glabra Drezepolski (Plate 2a):
Broadly ellipsoid cells, 38 μm long, 25 μm high, anterior end truncate, posterior
end with a prominent median papilla, produce slightly deflected sharp end. Tailpiece, longitudinally striated, periplast multiple chloroplasts, 2 paramylon bodies.
Class Euglenophyceae
Order Euglenida
Family Phacidae
Genus Monomorphina
Monomorphina nordstedtii (Lemmermann) T.G.Popova (Plate 1j):
Napiform cells, 17 μm in diameter, 38 μm long. almost spherical but with a long,
straight, sharply pointing caudus; anteriorly narrowly rounded, periplast forming an
envelope, the periplast, widely separated from an elliptical protoplast. A spirally
striated, non-observed paramylon bodies, numerous chloroplasts. Indistinct ovoid
discs.
Class Euglenophyceae
Order Euglenida
Family Phacidae
Genus Phacus
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Phacus crenulatus Prescott (Plate 1i):
Cells 15 μm in diameter, 35 μm long, ovoid-pyriform later extended to form a
gradually tapering, sharp-pointed caudus, narrowly rounded but bilobed anterior
end, with a convex papilla between the lobes, flagellum as long as or a little longer
as the cell. Cell margins distinctly crenulate or undulate, longitudinally striated
periplast with undulating lines, paramylon bodies’ two circular discs.
Phacus lemmermannii (Swir.) Skvortzow (Plate 2b):
Cell diameter 30 μm, length 45 μm. widely ellipsoid to ovoid cells, distinctly
twisted in the posterior portion and rather sharply tapered to a short, sharp caudus
turning to the right, slightly retused at the anterior pole and often very narrowly
rounded, paramylon bodies, either 2 moderately large rings or, more often. Two
larger rings and some small circular plates.
Phacus salinus (F.E.Fritsch) E.W.Linton & Karnkowska (Plate 1c):
Cells ovoid to elliptical with posterior pole widely rounded and anterior orifice
eccentric, 53 μm long, 34 μm wide. Transverse optical cut circular, prolonged in a
lateral depression. Numerous paramylon grains.
Class Euglenophyceae
Order Euglenida
Family Euglenidae
Genus Trachelomonas
Trachelomonas armata (Ehrenberg) F.Stein (Plate 1b):
Cells ovate, 35-40 μm long, 25 μm in diameter. Flagellum aperture located in a
collar surrounded by a circle of spines. Anterior region of the wall with sparsely
scattered spines over the midregion, and with long backwardly directed spines in
the posterior part.
Trachelomonas nadsonii Skvortzov (Plate 1g):
Diameter 17 μm, 58 μm long. Lorica long with collar and caudal projection, 4-5
μm wide, collar, 8 μm long, 10 μm long posterior cauda, ellipsoid fusiform. The
anterior end narrowed conically into a cylindrical collar, conically narrowed
posterior end into a conical cauda, apertures of flagellum with a long cylindrical
opening. The collar around the mouth has many short spines, the wall punctuated,
dotted with short spines spaced sparsely.
Trachelomonas oblonga Lemmermann (Plate 1h):
Cells 17-20 μm in diameter, 35 μm, long narrowly ellipsoid or ovoid, narrowly
posteriorly rounded but with a short, blunt caudus; anteriorly very slightly
narrowed, with a bipapillate protrusion from which the flagellum arises; flagellum
approximately as long as the body arises, periplast smooth, paramylon in the shape
of 2 very wide, curved plates, one on each side and appearing as 4 plates in some
positions.
Trachelomonas similis Stokes (Plate 1e): Cells 15-20 μm in diameter, 40-43 μm
in length. Flagellum aperture in a curved collar, wall uniformly roughened by
irregularly shaped granulations, test oblong -ellipsoid.
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Table 3: Alphabetical list of the euglenoids in Euphrates river (Site 1) and Haqlan
springs (Site 2). Species marked with asterisk are new records in Iraq.
Taxa
Site 1
Site 2
Colacium arbuscula Stein
+
C. vesiculosum Ehrenberg
+
Euglena acus (Müller) Ehrenberg
+
E. acus var. rigida Hübner
+
E. convoluta Korshikov
+
E. deses Ehrenberg
+
+
E. ehrenbergii Klebs
+
E. elastica Prescott
+
+
E. elongata Schewiakoff
+
E. gracilis Klebs
+
E. minuta Prescott
+
E. oxyuris Sclimarda
+
+
E. oxyuris var. minor (Skvortzov) Popowa
+
E. polymorpha Dangeard
+
E. proxima Dangeard
+
E. sanguinea Ehrenberg
+
E. spirogyra Ehrenberg
+
E. texta (Dujardin) Hübner*
+
E. truncata Walton*
+
Euglena sp. 1
+
Euglena sp. 2
+
Lepocinclis fusiformis (Carter) Lemmermann*
+
+
L. fusiformis var. major Fritsch & Rich*
+
L. glabra Drezepolski*
+
L. ovum (Ehrenberg) Lemmermann
+
+
L. playfairiana Deflandre
+
L. sphagnophila Lemmermann
+
Lepocinclis sp.
+
Monomorphina nordstedtii Lemmermann*
+
+
Phacus acuminatus Stokes
+
+
P. acuminatus var. drezepolskii Skvotzow
+
P. asymmetrica Prescott
+
P. chloroplastes Prescott
+
+
P. crenulatus Prescott*
+
P. curvicauda Svirenko
+
+
P. glaber (Deflandre) Pochmann
+
P. lemmermannii (Swir.) Skvortzow*
+
P. longicauda (Ehrenberg) Dujardin
+
P. orbicularis Hübner
+
P. psudoswirenko Prescott
+
P. pyrum (Ehrenberg) Stein
+
P. salinus Linton & Karnkowska*
+
Phacus sp. 1
+
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Phacus sp. 2
Trachelomonas armata (Ehrenberg) Stein*
T. ganulosa Playfair
T. hispida (Perty) Stein
T. lacustaris Drezepolski
T. nadsonii Skvortzov*
T. oblonga Lemmermann*
T. pulcherrima Playfair
T. similis Stokes*
T. varians Deflandre
Trachelomonas sp.

+
+
+
+

+
+

+
+
+
+
+
+
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Plate 1: a. Euglena texta, b. Trachelomonas armata, c. Phacus salinus, d. Lepocinclis
fusiformis, e. Trachelomonas similis, f. Lepocinclis fusiformis var. major, g.
Trachelomonas nadsonii, h. T. oblonga, i. Phacus crenulatus, j. Monomorphina
nordstedtii. Scale bar: 10 μm.
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Plate 2: a. Lepocinclis glabra, b. Phacus lemmermannii, c. Euglena truncata, d. Colacium
vesiculosum, e. Euglena proxima, f. E. acus var. rigida, g. E. minuta. Scale bar: 10
μm.
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Plate 3: a. Euglena acus, b. E. deses, c. E. ehrenbergii, d. Colacium arbuscula, e. E.
proxima, f. E. elongata, g. E. elastica. Scale bar: 10 μm.
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Plate 4: a. Euglena spirogyra, b. Euglena sp. 1, c. Euglena sp. 2, d. E. sanguinea, e. Phacus
acuminatus var. drezepolskii, f. Euglena polymorpha, g. E. gracilis, h.
Trachelomonas ganulosa. Scale bar: 10 μm.
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Plate 5: a. Phacus psudoswirenko, b. Trachelomonas lacustaris, c. T. pulcherrima, d. T.
varians, e. Phacus acuminats, f. Trachelomonas hispida, g. Phacus chloroplasts,
h. Lepocinclis ovum, i. Phacus curvicauda. Scale bar: 10 μm.
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Plate 6: a. Phacus longicauda, b. Lepocinclis sp., c. P. asymmetrica, d. Phacus sp. 1, e. P.
orbicularis, f. P. chloroplasts, g. Phacus sp. 2, h. P. pyrum, i. Lepocinclis
playfairiana, j. Phacus psudoswirenko. Scale bar: 10 μm.
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Conclusions
There is a high diversity of euglenoids at Haqlan valley waters, in which the
number of species reached the double as compared with that found in the Euphrates
river. This is the evidence of contamination of the spring’s waters. This study also
showed a documentation of 13 new records of euglenoids in Iraqi waters. These
confirmations are needed for more studies for these species of algae in other areas
of Iraqi aquatic environments to determine the true existence for Euglenophyta in
Iraqi waters.
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Abstract: The present study was carried out to assess the effect of grape seed
oil supplemented diet on non- specific immunity of Cyprinus carpio against the
pathogenic bacteria Pseudomonas aeruginosa. Fish weights 41.69±2.25 g and
total length 13.65±1.24 cm were randomly distributed into four treatments (two
replications for each treatment). Fish groups were fed four dissimilar diets up
to 40 days. The first group (T1) was fed with 0.2% grape seed oil, the second
group (T2) was fed supplemented with 0.5% grape seed oil, the third group
(T3) was supplemented with 1% grape seed oil and the forth group (T4) was
served as the control group which fed basal diet without supplementing with
grape seed oil. Forty-six fishes in all treatment groups were challenged
intramuscularly with P. aeruginosa on day 41. The fishes in experimental
groups were challenged intramuscularly with 0.2 ml P. aeruginosa at a
concentration of 108 CFU/ml and after challenge (14 days), the different
parameters were determined including nitroblue tetrazolium % (NBT),
myeloperoxidases % (MPO), phagocytic activity (%) and serum lysozyme
activity (U/min). The results indicated that T2 group had significant increased
(p<0.05) in NBT activity, MPO activity, phagocytic activity and lysozyme
activity compared with control group and to other treatment groups, followed
by T1 and T3, respectively. In addition, T2 showed highest resistance to
challenge P. aeruginosa compared with other groups. T3 and T4 groups
showed a decreased performance in all non-specific immune parameters. There
were histopathological effects in liver, showing a focal region of lymphocyte
aggregation (T3), and hemorrhage into the hepatic vein with infiltration of
inflammatory cells (T4). Therefore, these results indicated that 0.5% grape
seed oil (T2) as additive fed could be used as prophylactic in common carp
culture to enhance the protection against any possible infection by P.
aeruginosa.
Keywords: Cyprinus carpio, Pseudomonas aeroginosa, Grape seed oil,
Nonspecific immune, Histopathological effects

Introduction
The unmanaged fish culture practices and inverse environmental conditions
which influence fish health leading to the economic losses in production of fishes.
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Fish diseases are causing intensive loss to the fish farmers throughout the world
(Amrevuawho et al., 2014; Al-Faragi & Hassan, 2017).
Bacterial pathogens are the utmost important and in charge of severe
mortalities in a broad range of fishes at various stages of growth (Swain et al.,
2007; Al-Faragi, 2014). P. aeruginosa is found naturally in water and soil as a
gram-negative opportunistic pathogen of animals and plants (Phennicie et al.,
2010). It is responsible for rise mortality in hatchery of fish worldwide (Kousar et
al., 2020). Disease symptom, produced by Pseudomonas bacteria, is a marked
septicaemic hemorrhage in skin of mouth region, opercula and ventral part of the
body (Phennicie et al., 2010). Antibiotics are the most strategy to bout diseases in
aquaculture, and Pseudomonas diseases are mainly controlled by antibiotics
(Ginovyan et al., 2015). However, the continuous use of antibiotics often leads to
drug resistance (Tasok et al., 2017; Al-Haider et al., 2019; Al-Niaeem et al.,
2020).
Controlling of diseases by the use of antibiotics has been criticized for their
negative effects (Grondel et al., 1987). In order to reduce the hazard of diseases,
the plane of resistance to contagion in the cultivated organisms should be
increased by the use of better vaccines, immunostimulants, feeds and higher
disease resistance by selective breeding (Rossi et al., 2017).
Immunostimulation is considered as a hopeful alternative treatment to
antibiotics for their wide spectrum nature. Disease preventive measurement is ecofriendly and cost effectiveness. The immunostimulant is a derivative of synthetic
drugs and biological agents. Amongst the biological agents are plants, and the
derivatives are commonly used for disease therapy because they are versatile in
nature and economical aspects. Herbs and spices such as Cuminum cyminum
(Yilmaz et al., 2013), chitosan (Alishahi et al., 2014; Al-Mossawai & Ali, 2019)
and curcumin (Tasok et al., 2017; Arslan et al., 2018) can successfully replace
antibiotics in fish culture.
There are some studies which indicate to the high levels of bioactive
compounds in grape seed oil (GSD) and their relationship to health benefits
(Ozcan & Al Juhaimi, 2017). The main constitutive materials of grape seed oil are
linoleic fatty acids, flavonoids, phenolic acids (such as gallic acid), vitamin E,
ellajic acid and stilbenes (Apaydin et al., 2017). All the materials are responsible
for some biological properties (Garavaglia et al., 2016) such as anti-inflammatory,
antioxidant and anti-hypercholesterolemia activities (Hashemi et al., 2017). The
overall objective was to evaluate the efficacy of dietary grape seed oil supplement
as a resistance material against Pseudomonas aeruginosa in the common carp C.
carpio.
Materials and Methods
Fish Specimens and Diet Preparation
A total of 64 live common carps, weighing 41.69±2.25 g and 13.65±1.24 cm
total length, were obtained from ponds of Marine Science Centre, University of

Efficiency of grape seed oil on C. carpio challenged with P. aeruginosa

132

Basrah and transported to the laboratory on 15 December 2020. The fishes were
sterilized in a saturated saline solution to get rid of pathogens and ectoparasites.
They were acclimated for 14 days and fed on a standard diet. Fishes were
randomly distributed in eight tanks: eight fishes per tank of 30 x 40 x 60 cm.
Water quality criteria were controlled by measuring daily temperature (20.6±0.23
°C), salinity (2.1±0.4 PSU), pH (8.85±0.04) and dissolved oxygen (8.8±0.4).
Fish groups were fed four dissimilar diets up to 40 days. The first group was
fed with 0.2% grape seed oil, the second group was fed supplemented with 0.5%
grape seed oil, the third group was supplemented with 1% grape seed oil and the
fourth group, was served as the control group, fed basal diet without
supplementing with grape seed oil.
The blood samples from each fish were collected by severing of the caudal
peduncle to determine non-specific immune parameters.
P. aeruginosa Activation and Challenge of Fishes with P. aeruginosa
The bacterial culture was attended after 24 hrs by taking a swab from the stock
culture of the bacteria by the loop mineral carrier and placed in a test tube
containing the sterile Nutrient Broth (N.B.) feed medium. Pipes were incubated at
37 °C for 24 hrs to confirm diagnosis of the bacteria. Pseudomonas isolation agar
(PIA) was used after autoclave sterilization and poured into Petri dishes taken
from the pre-equipped 0.1 ml from the 24 hrs bacterial culture spread on the
bacterial culture medium and incubated for 24 hrs at 37 °C. At the onset of
growth, a gram of bacterial culture was stained and microscopically diagnosed,
and examined for the growing colonies in the dish in terms of shape, colour, edge
and appearance (Harley & Prescott, 2002). P. aeruginosa was challenged in NB
37 °C for 24 hrs, then compared with standard McFarland's tubes which were
prepared according to Garvey et al. (1977). The reading was taken by the optical
spectrometer with a wavelength of 600 nm. The bacterial suspension of P.
aeruginosa was compared with the McFarland reading. Any observation of
turbidity is equal when the two readings mean that the number of bacteria became
108/ ml.
After 40 days of the feeding period, the fishes were prepared to the challenge
with 107 CFU/ ml by using intraperitoneal injection, where each fish individual
received 0.2 ml of bacterial solution. Physiological saline was used in the
injection for the control specimens. After infection, the animals were observed for
14 days. At this period, any external or internal symptoms on the fishes were
analysed.
Non-specific Immune Parameters
The respiratory burst activity of the neutrophils was measured by nitroblue
tetrazolium assay (NBT). This assay was carried out by using the reduction of
NBT to formazon as a measure of superoxide anion production was done
following Siwicki (1987). The lysozyme activity level was measured by using the
turbidimetric assay, and the use of hen egg white lysozyme taken as standard
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according to Siwicki (1987). Phagocytic activity was detected by using
Micrococcus lysodeikticus (0.2 mg/ml) as described by Siwicki et al. (1994).
According to Quade & Roth (1997), total myeloperoxidase (MPO) content present
in serum was estimated.
Histopathological Examination
Specimens from fish liver were fixed in 10% neutral formalin. Paraffin sections
(5 microns thick) were prepared, stained with haematoxylin and eosin (H&E) and
examined under a light microscope (Humason, 1972).
Statistical Analysis
Differences among groups, in terms of non-specific immunes, were tested by
one-way analysis of variance (ANOVA) at 0.05 using SPSS 20.
Result and Discussion
Non-specific Immune Parameters
Immune system stimulation of fishes through novel drugs, especially from plant
sources, is of great interest for commercial aquaculture (Tasok et al., 2017).
Myeloperoxidase activity of the control group and grape seed oil supplemented
groups is presented in Table 1. MPO activity after 40 days dietary feeding of grape
seed oil was significantly (p<0.05) higher in grape seed oil groups compared to
control group. After challenge, 0.5% grape seed oil group (T2) registered the
highest MPO activity (2.46%) which showed significant difference than T1, T3 and
T4 (Table 2).
MPO is a heme-containing peroxidase expressed mainly in neutrophils and to a
lesser degree in monocytes. In the presence of hydrogen peroxide and halides, MPO
catalyzes the formation of reactive oxygen intermediates, including hypochlorous
acid (HOCl). The MPO/HOCl system plays an important role in microbial killing
by neutrophils. In addition, MPO has been demonstrated to be a local mediator of
tissue damage and the resulting inflammation in various inflammatory diseases
(Sahu et al., 2007). It utilizes hydrogen peroxide during the respiratory burst to
produce hypochlorous acid (Sahoo et al., 2005). In the present finding, the
treatment groups showed higher MPO activity (except T3) compared to the control
group. A similar result was reported in case of garlic (Sahu et al., 2007) and
Curcuma longa (Tasok et al., 2017).
Respiratory burst activity (NBA) in C. carpio neutrophils indicated significant
(p<0.05) increase in all grape seed oil groups compared to control group after 40
days feeding of grape seed oil (Table 1). There was a significant (p<0.05)
difference between T1 and T3. After challenge (Table 2), NBA increased
significantly in all grape seed oil groups in comparison to control group. T2 showed
the highest level of NBT which was significantly different than in other groups (T1,
T3 and T4). The phagocytic activity (%) was found to be significantly (p<0.05)
higher after 40 days dietary of 0.5% grape seed oil compared to control, and not
significant (p>0.05) in dietary of 0.2% and 1% fed in grape seed oil (Table 1). After
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challenge with P. aeruginosa, T2 group revealed significant difference in
comparison to T1, T3 and T4, while T3 showed a significant decrease in
phagocytic activity compared to the other treatments (Table 2). Phagocytosis is a
critical biological activity through which the host can protect itself from infectious
and non-infectious environmental particles and remove unwanted host cells in
order to maintain tissue homeostasis (Øverland et al., 2010; Mu et al., 2019).
The possible reason for these results is that low concentrations of food
additives contain limited quantities of active substances, and the fish ability to
benefit from them is limited, as increasing their concentration will give negative
results due to the energy spent by the fish to get rid of the increased
concentrations (Olsen et al. 2001; Ringø et al., 2010; Akrami et al., 2013).
NBT activity is typically associated with respiratory burst activity,
characterized by intracellular localization of super oxide anion in phagocytes
(Sahoo et al., 2005). Phagocytes, after activation, generate super oxides and other
reactive compounds (i.e. hydrogen peroxide and hydroxyl radical) during the
period of intense oxygen consumption called respiratory burst. These oxygen
reactive radicals are considered toxic for bacterial fish pathogens (Siwicki, 1987).
In the present study, the highest activity of NBT was observed in T2 group which
fed with 0.5% of grape seed oil that was beneficial in protecting them from the
disease-causing organism (P. aeruginosa). Other immunostimulants such as garlic
(Sahu et al., 2007), Curcumin (Tasok et al., 2017), are also known to stimulate
phagocytes in fishes.
The serum lysozyme activity of C. carpio after 40 days feeding trail on grape
seed oil and after challenge with P. aeruginosa is shown in Table 1. The results
exhibited the highest lysozyme activity (35.3 U/ml) in T2 fish group. There was
significant (p<0.05) difference between T2 and control group. T1 showed no
significant (p>0.05) difference compared to T3 and control groups.
The serum lysozyme activity after challenge with P. aeruginosa, T3 group
revealed significant (p<0.05) difference in comparison to control group (T4) and
also significant (p<0.05) difference than T1 and T3. In addition, T3 showed a
significant decrease compared to the other treatments (Table 2). It is well known
that lysozyme is a primary marker of fish defense system, which causes lysis of
pathogens, activation of the complement system and phagocytes by acting as
opsonin (Magnadóttir, 2006). Lysozyme is an enzyme that breaks down the
peptidoglycan (β-1, 4-glycosidic linkages) of the bacterial cell wall, thereby
controlling the infection. An increase in the lysozyme activity suggests elevation
of various humoral factors that protect the host during pathogen invasion
(Harikrishnan et al., 2010). It was also previously reported that serum lysozyme
activity could be enhanced through dietary administration by various herbs in
Chinese sucker Myxocyprinus asiaticus (Zhang et al., 2009) and Labeo rohita
(Das et al., 2015) treated with tulsi (Ocimum sanctum) extracts; in yellow crocker
Pseudosciaena crocea supplemented with Astragalus root (Jian & Wu, 2003) and
L. rohita fed with andrographolide (Basha et al., 2013).
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Table1: The nonspecific immune response activities in in common carp fed with diets
supplemented with different doses of grape seed oil after 40 days.
Nonspecific immune
T1
T2
T3
T4
response
(0.2%)
(0.5%)
(1%)
(Control)
MOP activity (%)
0.23±0.05a 0.46±0.05b
0.3±0.1a
0.16±0.05c
NBT activity )%(
25±2.64a
43.3±1.15b
28.3±2.88c
22.3±2.51a
Phagocytic activity (%)
7.3±2.08a
16.6±1.52b
12.3±1.52c
7±2.64a
a
b
a
Serum lysozyme
25.3±2.51
35.3±2.3
27.6±2.3
23±2.0a
activity (U/min)
Different letters in the same row are significantly different (p<0.05). MOP:
Myeloperoxidase NBT: Nitroblue tetrazolium assay.
Table 2: The nonspecific immune response activities in common carp after 14 days of
challenge with P. aeruginosa.
T1
T2
T3
T4
Nonspecific immune response
(0.2%)
(0.5%)
(1%)
(Control)
MOP activity (%)
0.66±0.20a 2.46±0.11b 0.12±0.05c 0.10±0. 02d
NBT activity )%(
37.66±1.52a 79.66±2.08b 15.03±1.42c 18.33±2.08d
Phagocytic activity (%)
34.3±2.08a 77.6±2.30b
5.6±1.01d 5.5±1.21d
Different letters in the same row are significantly different (p<0.05). MOP:
Myeloperoxidase NBT: Nitroblue tetrazolium assay.

Histopathological Changes
Some pathological signs were appeared in the tissues among different groups.
These changes included hemorrhage into the hepatic vein, lymphocyte
aggregation and inflammatory cells (Huizinga et al., 1979).
Plate 1 showed histological sections of liver of control fishes, before their
challenge with P. aeruginosa, showing the normal hepatic tissue, hepatic cords
and liver sinusoid (Plate 1A), while Plates 1B and C indicated that fishes fed diet
containing 0.2% and 0.5% grape seed oil, showed no effect on hepatocytes. Plate
1D showed that the pathological changes represented hemorrhage into the hepatic
vein with infiltration of inflammatory cells (liver of control fishes, after 14 days of
challenge with P. aeruginosa). In Plate 1E, liver of fishes, fed diet containing 1%
grape seed oil, showed a focal region of lymphocyte aggregation migrating from
dilated blood vessels to degenerate hepatocytes.
The reason of occurring these pathological changes is due to high intensity of
P. aeruginosa which obstruct metabolism in the liver, especially in the treatment
T3, because of the energy exchange by the fishes to get rid of the increase in grape
seed oil (Akrami et al., 2013). The histopathological changes in the current study
are similar to those of Magdy et al. (2014) on African catfish Clarias gariepinus.
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Plate 1: Histological sections of liver. A: Liver of control fishes, before challenge with P.
aeruginosa, showing the normal hepatic tissue, hepatic cords (white thick arrow)
and liver sinusoid (S) (200X, H&E stain). B: Fishes fed diet containing 0.2%
grape seed oil, the liver of fishes showing hepatic cords (white thick arrow) with
no effect on hepatocytes (400X, H&E stain). C: Fishes fed diet containing 0.5%
grape seed oil, the liver of fishes showing sinusoid (S), pancreas (P) and nucleus
(N) with no effect on hepatocytes (400X, H&E stain). D: Liver of control fishes,
after 14 days of challenge with P. aeruginosa, showing the liver with hemorrhage
into the hepatic vein with infiltration of inflammatory cells (arrow) (400X, H&E
stain) and E: Fishes fed diet containing 1% grape seed oil, the liver of fishes
showing a focal region of lymphocyte aggregation (thin arrow) migrating from
dilated blood vessels (thick arrow) to degenerated hepatocytes (400X, H&E
stain).
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Conclusion
The grape seed oil has beneficial effects, which included the protection against
oxidative damage in cells, and anti-inflammatory effects in fishes. Non-specific
immune responses were elevated in common carp. Thus, use of grape seed oil for
fries of this fish at 0.5% as nonspecific immune response promoter is suggested.
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Abstract: Between January and December 2019, a total of 368 fish specimens
were collected from Hamrin lake in Diyala province, Iraq. These fishes
belonged to 16 species: Acanthobrama marmid, Alburnus caeruleus, A. sellal,
Arabibarbus grypus, Carasobarbus luteus, Carassius auratus, Chondrostoma
regium, Cyprinion kais, C. macrostomum, Cyprinus carpio, Garra rufa,
Leuciscus vorax, Luciobarbus xanthopterus, Mastacembelus mastacembelus,
Mystus pelusius and Planiliza abu. The result of inspection showed that these
fishes were infected with 25 species of parasites belonging to the class
Myxosporea. These included one species each of Chloromyxum and Unicauda,
two species each of Myxidium and Thelohanellus and 19 species of Myxobolus.
Among these parasites, Myxobolus pfeifferi infected the highest number of
hosts (ten host species), followed by M. drjagini and M. oviformis (nine host
species each), while five parasite species infected one host species each.
Among these fishes, C. luteus was infected with the highest number of parasite
species (18 species), followed by C. carpio (13 species). Myxobolus. hemibarbi
was recorded in the present study for the first time in Iraq. The description and
measurements of this parasite is presented. In addition, a total of 35 new host
records in Iraq were reported for 18 species of these parasites.
Keywords: Myxosporea, Myxozoa, Fishes, Hamrin lake, Iraq

Introduction
The parasites are a major part of world biodiversity (Poulin & Morand, 2004).
The myxosporeans and monogeneans are recognized among the most common
parasites of numerous fish species (Özer et al., 2015). The myxozoans are parasites
that affect a great variety of tissues (Klinger & Floyd, 1998). They infect fins, skin,
gills, operculum, buccal cavity, nasal chamber, eye ball, gall bladder, liver, spleen,
kidneys, heart and wall of the alimentary canal of freshwater fishes (Kaur, 2014).
The taxonomy of myxozoans is still based on the structure of the spore stages;
number of shell valves, spore shape and position of the polar capsules (Feist &
Longshaw, 2006). According to the introduction of the checklists of the genus
Myxobolus, Mhaisen & Al-Jawda (2020) gave a detailed account on evolution of
the phylum Myxozoa.
Received Oct. 28, 2020, accepted Dec. 30, 2020
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In Iraq, Herzog (1969) recorded the first occurrence of three myxosporeans from
fishes of Iraq. After that numerous works were done in which more species of the
phylum Myxozoa were recorded. The latest article by Mhaisen & Al-Jawda (2020)
indicated that a total of 97 Myxobolus species, four Chloromyxum spp., one
Henneguya species, one Kudoa species, six Myxidium species, two Myxobilatus
species, four Thelohanellus species and one Unicauda species are so far known
from fishes of Iraq. The present article aimed to report on additional records of
some myxosporean parasites of fishes of Iraq from Hamrin lake in Diyala province.
Previously only one report (Balasem et al., 2000) was published on the parasitic
fauna of fishes of this lake.
Materials and Methods
The sampled fishes were collected from the south part of Hamrin lake at Diyala
province, during the period from January to December 2019. The description of this
lake was demonstrated by Balasem et al. (2000). As well demonstrated by AlJawda & Asmar (2014), these fishes were captured by gill nets of different mesh
sizes as well as cast nets. Fishes were brought to the laboratory with containers
filled with ice. These fishes were identified according to Coad (2010). Total length
and weight was recorded for each fish. Smears from the skin, gills and buccal
cavity were examined under a compound microscope. On dissection of fishes,
muscles and all internal organs were examined according to Amlacher (1970).
Parasite classification was based on Bykhovskaya-Pavlovskaya et al. (1962),
Shulman (1984) and Hoffman (1998). The prevalence of infection was computed
according to Margolis et al. (1982). Index-catalog of parasites and disease agents of
fishes of Iraqi (Mhaisen, 2020) was followed to specify number of previous host
records for each parasite species to reduce the reference list for each parasite
species. The scientific names, together with their orders and families, and the full
authority of the valid fish host species are according to Fricke et al. (2020), as
shown in the following systematic account.
Class Actinopteri
Order Cypriniformes
Family Cyprinidae
Arabibarbus grypus (Heckel, 1843)
Carasobarbus luteus (Heckel, 1843)
Carassius auratus (Linnaeus, 1758)
Cyprinion kais Heckel, 1843
Cyprinion macrostomum Heckel, 1843
Cyprinus carpio Linnaeus, 1758
Garra rufa (Heckel, 1843)
Luciobarbus xanthopterus Heckel, 1843
Family Leuciscidae
Acanthobrama marmid Heckel, 1843
Alburnus caeruleus Heckel, 1843
Alburnus sellal Heckel, 1843
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Chondrostoma regium (Heckel, 1843)
Leuciscus vorax (Heckel, 1843)
Order Siluriformes
Family Bagridae
Mystus pelusius (Solander, 1794)
Order Synbranchiformes
Family Mastacembelidae
Mastacembelus mastacembelus (Banks & Solander, 1794)
Order Mugiliformes
Family Mugilidae
Planiliza abu (Heckel, 1843)
Results and Discussion
During the present study, a total of 368 fish specimens were captured. The
parasitological investigation of these fishes revealed the occurrence of 25 species of
parasites belonging to the class Myxosporea. The following is a brief account on
the occurrence of these parasites which are alphabetically arranged under their
genera. For each parasite species, its first record in Iraq will be indicated as well as
the total number of its host species so far recorded from fishes of Iraq and any new
host record will be declared depending on Mhaisen (2020) without mentioning this
reference each time to economise space.
Chloromyxum bychoviskii Shulman 1962 was revealed from A. marmid, A.
grypus, C. luteus, C. auratus, C. regium, C. kais, G. rufa and L. vorax. The first
paper to document this parasite from fishes of Iraq was from unspecified host by
Mansor et al. (2012) who reported no authority for this parasite. No more hosts are
so far known for this parasite in Iraq. So, the eight hosts of the present study
represent new host records for this parasite in Iraq.
Myxidium pfeifferi Auerbach, 1908 was recorded from A. marmid, A. grypus, C.
luteus, C. auratus and C. carpio. Balasem et al. (1997) reported this parasite in Iraq
from B. sharpeyi (= M. sharpeyi) from Al-Qadisiya dam lake, northwest of
Baghdad and then, it was nominated from five other host species which included A.
grypus and C. luteus, and hence A. marmid, C. auratus and C. carpio of the present
study represent new host records for this parasite in Iraq.
Myxidium rhodei Léger, 1905 was isolated from C. luteus and C. carpio. In Iraq,
the first mention of this parasite was from B. sharpeyi (= M. sharpeyi) from AlQadisiya dam lake, northwest of Baghdad by Balasem et al. (1997). It has been
subsequently reported from ten other fish species which included C. luteus and C.
carpio.
Myxobolus bramae Reuss, 1906 was detected from C. luteus and L.
xanthopterus. The first record concerning this parasite in Iraq was from B.
xanthopterus (= L. xanthopterus) from Al-Qadisiya dam lake, northwest of
Baghdad by Asmar et al. (1999), then it was recorded from eight other host species
which included both C. luteus and L. xanthopterus.
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Myxobolus cyprini Doflein, 1898 was isolated from C. luteus. The first report
from Iraq was from unspecified host by Mansor et al. (2012) who reported no
authority for this parasite. So, C. luteus of the present study represents a new host
record for this parasite in Iraq.
Myxobolus cyprinicola Reuss, 1906 was recorded from A. grypus, C. regium, C.
macrostomum, C. carpio, L. xanthopterus and P. abu. This parasite was recorded
for the first time in Iraq from C. carpio from Dokan lake by Abdullah (1997). After
that, it was reported from 13 other host species which included the six above-named
host species of the present study.
Myxobolus dispar Thélohan, 1895 was detected from C. luteus, C. carpio, L.
xanthopterus and P. abu. Abdul-Ameer (1989) reported this spore for the first time
in Iraq from C. regium from Tigris river at Salah Al-Dien province. Then, it was
recorded from 12 other host species which included C. luteus, C. carpio, L.
xanthopterus and P. abu.
Myxobolus dogieli Bykhovskaya-Pavlovskaya & Bykhovski, 1940 was isolated
from L. xanthopterus and P. abu. Abdul-Ameer (1989) declared its first record in
Iraq from P. abu (as L. abu) from Tigris river at Salah Al-Dien province. Then, it
was reported from eight other host species which included L. xanthopterus and P.
abu of the present study.
Myxobolus drjagini (Akhmerov, 1954) Landsberg & Lom, 1991 was revealed
from A. grypus, C. luteus, C. auratus, C. regium, C. carpio, G. rufa, L.
xanthopterus, M. mastacembelus and P. abu. The first report in Iraq was from C.
luteus (reported as B. luteus) from the northern sector of the main drainage at AlMahmoodia city by Balasem et al. (2002). Later on, it was reported from nine other
host species which did not include C. auratus, C. carpio, G. rufa and M.
mastacembelus and hence C. auratus, C. carpio, G. rufa and M. mastacembelus of
the present study represent new host records for this parasite in Iraq.
Myxobolus ellipsoides Thélohan, 1892 was recorded from A. grypus. The first
report from Iraq was from C. macrostomum by Al-Jadoaa (2002). After that, it was
reported from three other host species which did not include A. grypus and hence A.
grypus of the present study represents a new host record for this parasite in Iraq.
Myxobolus hemibarbi Dogiel & Achmerov 1960 was recorded from C. luteus.
This parasite was not previously reported from Iraqi fishes. It was reported herein
as a new record of Myxobolus for the parasitic fauna of Iraqi fishes, and hence C.
luteus is considered as the first host for M. hemibarbi in Iraq. Spores (Figure 1) are
pyriform with narrow and pointed anterior end. Pyriform polar capsules are quite
large. Small sporoplasm is pushed to the posterior end of the spore. Length of
spores 12-14 μm, width 10-11 μm, thickness 8 μm, length of polar capsules 8-10
μm and their diameter 3.5-4.5 μm. The description of this spore was similar to those
previously reported in Shulman (1984) with slight differences in the measurements
between each specimen.
Myxobolus koi Kudo, 1919 was isolated from C. luteus and C. carpio. AlNiaeemi (1997) reported this spore for the first time in Iraq from Silurus glanis.
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Later on, it was reported from five other host species which included C. luteus
but not C. carpio. So, C. carpio of the present study represents a new host record
for this parasite in Iraq.
Myxobolus kubanicus Bykhovskaya-Pavlovskaya & Bykhovski, 1940 was
detected from A. caeruleus, C. luteus and C. regium. The first report in Iraq was
from A. grypus, C. luteus, L. barbulus (as B. barbulus) and L. xanthopterus by
Atwan (2016). After that, it was reported only from M. sharpeyi by Sheyaa (2019)
and hence, both A. caeruleus and C. regium represent new host records in Iraq for
this parasite. The specific name was misspelled as kubanicum instead of kubanicus
by both Atwan (2016) and Sheyaa (2019).
Myxobolus macrocapsularis Reuss, 1906 was recorded from A. grypus, C. luteus
and C. auratus. Abdullah (1997) recorded this spore for the first time in Iraq from
L. barbulus (as B. barbulus). Later on, it was reported from seven other host species
which included A. grypus and C. luteus but not C. auratus. So, C. auratus of the
present study represents a new host record for this parasite in Iraq.
Myxobolus muelleri Bütschli, 1882 was revealed from P. abu. The first report in
Iraq was from L. xanthopterus (as B. xanthopterus) by Herzog (1969). After that, it
was reported from 11 other host species which included P. abu. The authority of
this parasite was spelled as mülleri by some references and as müelleri by others,
while some stated no authority.
Myxobolus orientalis Shulman, 1962 was isolated from both C. luteus and C.
auratus. Al-Nasiri (2008) reported this spore for the first time in Iraq from A.
grypus (as B. grypus). Later on, it was reported from only one host species which
was C. luteus. So, C. auratus of the present study represents a new host record for
this parasite in Iraq.
Myxobolus oviformis Thélohan, 1892 was recorded from A. grypus, C. luteus, C.
auratus, C. kais, C. macrostomum, C. carpio, G. rufa, L. xanthopterus and P. abu.
Herzog (1969) gave the first record of this parasite in Iraq from A. grypus (as B.
grypus), L. vorax (as A. vorax), L. esocinus (as B. esocinus) and M. sharpeyi (as B.
sharpeyi). After that, it was reported from 18 other host species which did not
include C. kais and G. rufa, and hence, both C. kais and G. rufa of the present study
represent new host records in Iraq for this parasite.
Myxobolus parvus Shulman, 1962 was recorded from C. luteus, C. regium, C.
kais, C. macrostomum, C. carpio and P. abu. Abdullah (1997) recorded this
parasite for the first time in Iraq from C. carpio. Later on, it was reported from nine
other host species which did not include C. kais and C. macrostomum, and hence,
both C. kais and C. macrostomum of the present study represent new host records in
Iraq for this parasite.
Myxobolus pfeifferi Thélohan, 1895 was recorded from A. sellal, A. grypus, C.
luteus, C. auratus, C. regium, C. kais, C. carpio, L. xanthopterus, M. pelusius and
P. abu. Its first report from Iraq was from A. marmid by Fattohy (1975). After that,
it was reported from 34 other fish species in Iraq, inclusive of the all above-named
host species of the present study.
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Myxobolus poljanski Shulman, 1962 was recorded from C. luteus, C. carpio and
L. xanthopterus. The first report from Iraq was from A. grypus (as B. grypus) by
Abdullah (1990). Later on, it was reported from six other host species which did not
include C. carpio. So, C. carpio of the present study represents a new host record in
Iraq for this parasite.
Myxobolus schulmani Donec, 1962 was recorded from C. auratus. Al-Nasiri
(2008) gave the first record of this parasite in Iraq from A. grypus (as B. grypus),
who mentioned no authority for this parasite. After that, it was reported from two
other host species which did not include C. auratus, and hence, C. auratus of the
present study represents a new host record for this spore in Iraq.
Myxobolus sphaericus (Fujita, 1924) Landsberg & Lom, 1991 was recorded
from A. grypus, C. luteus, C. kais, C. carpio, L. xanthopterus and P. abu. The first
report in Iraq was from C. regium by Abdul-Ameer (1989) who spelled its name as
Myxobolus sphaerica. Later on, it was reported from 12 other hosts which did not
include C. kais and C. carpio. So, both C. kais and C. carpio of the present study
represent new host records in Iraq for this parasite.
Thelohanellus catlae Chakràwarty & Basu, 1958 was recorded from C. auratus
and C. carpio. Abdul-Ameer (1989) recorded this parasite for the first time in Iraq
from C. macrostomum. After that, it was reported from four other host species
which did not include C. carpio, and hence, C. carpio of the present study
represents a new host record for this parasite in Iraq.
Thelohanellus dogieli Achmerov, 1955 was recorded from C. macrostomum and
C. carpio. Bdair (2018) gave the first record of this parasite in Iraq from C. carpio.
Later on, it was reported from only one host species which was C. auratus. So, C.
macrostomum of the present study represents a new host record for this parasite in
Iraq.
Unicauda lumae Rahemo, 1976 was recorded from C. luteus and C. regium.
Rahemo (1976) gave the first record of this spore in Iraq, as species de novo, from
A. grypus (as B. grypus) from Tigris river at Mosul city. After that, it was reported
from three other host species which did not include C. luteus and C. regium. So,
both C. luteus and C. regium of the present study represent new host records for
this parasite in Iraq.
Table 1: Myxosporean species with their site of infection and percentage incidence.
Parasite species
Host species
Site of infection*
%
Incidence
Chloromyxum bychoviskii A. marmid**
G
75
A. grypus**
G
40
C. luteus**
G
35.2
C. auratus**
G
17
C. regium**
G
52.1
C. kais**
G
25
G. rufa**
G
5
L. vorax**
G
25
Myxidium pfeifferi
A. marmid**
K
11.1
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M. rhodei
Myxobolus bramae
M. cyprini
M. cyprinicola

M. dispar

M. dogieli
M. drjagini

M. ellipsoides
M. hemibarbi***
M. koi
M. kubanicus

M. macrocapsularis

M. muelleri
M. orientalis
M. oviformis

A. grypus
C. luteus
C. auratus**
C. carpio**
C. luteus
C. carpio
C. luteus
L. xanthopterus
C. luteus**
A. grypus
C. regium
C. macrostomum
C. carpio
L. xanthopterus
P. abu
C. luteus
C. carpio
L. xanthopterus
P. abu
L. xanthopterus
P. abu
A. grypus
C. luteus
C. auratus**
C. regium
C. carpio**
G. rufa**
L. xanthopterus
M. mastacembelus**
P. abu
A. grypus**
C. luteus**
C. luteus
C. carpio**
A. caeruleus**
C. luteus
C. regium**
A. grypus
C. luteus
C. auratus**
P. abu
C. luteus
C. auratus**
A. grypus
C. luteus
C. auratus
C. kais**

K
S, K
K, L, H
K
K
K
K, S, L, G
H, K
L, K
S, K
S, G
S
K, H
K, L
K, H, L, S, O, G, Sk
K
K
L
K, G, S, H
K, L, S
K, L, S, G
S
S, K
K
Sk, K, L
G
K
K
H, K, G
K, L, S, T, G, H
K, L, H
G
S
G, H, S, K
G
G, S, K, L, H
S, K, L, H
G, H, K
G, H, K, S, L
G
K, L, G
K, S, G, H
K, G
S, K, L
G, S, K, L, H, Sk
G, K, S
K, L, Sk
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20
14.7
4.2
3.8
14.7
7.6
26.4
6.2
2.9
40
13
25
1.9
12.5
67
2.9
1.9
6.25
6.1
6.25
3
20
14.7
2.1
8.6
1.9
5
6.25
50
10.3
40
5.8
2.9
1.9
33.3
8.8
4.3
40
32.3
2.1
1
20
2.1
40
23.5
4.2
50
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C. macrostomum
H, G
25
C. carpio
G
3.8
G. rufa**
K
5
L. xanthopterus
K, G
18.7
P. abu
S, K, L, H, Sk
8.2
M. parvus
C. luteus
L, K, G
8.8
C. regium
G, S
4.3
C. kais**
H
25
C. macrostomum**
G, L, S, H, K
50
C. carpio
K
1.9
P. abu
G, L, S, H, K, O, Sk
25.7
M. pfeifferi
A. sellal
G, L, K
7.1
A. grypus
G, L, K, S, Sk
40
C. luteus
K, G, S, L, Sk
41.1
C. auratus
K, G, S, Sk, H
6.3
C. regium
G, L
8.6
C. kais
Sk
25
C. carpio
L, Sk
3.8
L. xanthopterus
K, G, L, H
12.5
M. pelusius
K, S
5.5
P. abu
G, L, S, H, K, O, Sk
15.4
M. poljanski
C. luteus
S, K
2.9
C. carpio**
K
1.9
L. xanthopterus
K
6.2
M. schulmani
C. auratus**
G
2.1
M. sphaericus
A. grypus
K
20
C. luteus
G, L, S, K, Sk
5.8
C. kais**
L, K
25
C. carpio**
Sk, K, G
3.8
L. xanthopterus
K
6.2
P. abu
G, L, S, K, Sk, H
34
Thelohanellus catlae
C. auratus
K
2.1
C. carpio**
K
7.6
T. dogieli
C. macrostomum**
S
25
C. carpio
K, S, H
7.6
Unicauda lumae
C. luteus**
G
2.9
C. regium**
G
4.3
* Site of infection: G= Gills, H= Heart, K= Kidneys, L= Liver, O= Ovaries, Sk= Skin,
S= Spleen, T= Testes.
** New host record in Iraq.
*** New parasite record in Iraq.

Myxosporeans parasitic on some fishes from Hamrin lake in Diyala province, Iraq

149

Figure 1: Spore of Myxobolus hemibarbi from gills of C. luteus (1000x).

To sum up on the myxosporean infections of fishes of the present study,
Myxobolus pfeifferi was the prevalent parasite among these fishes as it was
recorded here from ten fish host species, followed by M. drjagini and M. oviformis
which were reported from nine fish species each, while two hosts were recorded for
one myxosporean each. Dealing with the host specificity, it seems from table 1 that
five species (M. cyprini, M. ellipsoides, M. hemibarbi, M. muelleri and M.
schulmani) occurred in only one host species each. C. luteus was infected with the
highest number of myxosporeans (18 species). Few myxosporeans were recorded as
external parasites, but most of them were found as internal parasites.
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Abstract: This study was carried out to assess some physical, chemical and
sensory properties of fish waste oil extracted by two different methods:
physical (boiling) and chemical (acid fermentation). Samples of common carp
viscera were collected from local markets in the city of Basrah, which included
viscera of the common carp Cyprinus carpio. The most prominent and
significant difference was the extraction yield which amounted to 57.14% vs
35.71% (vol./wt.) for the physical and chemical methods, respectively. Other
physical properties: refraction index, specific weight, specific gravity,
viscosity, cloud point and pour point, Were superior in physical method of the
physical method. Measured chemical indices (free fatty acids FFA, fatty acid
profile, peroxide value, iodine number and Thiobarbituric acid value TBA)
indicated some variability between oil types, the most obvious was FFA which
increased significantly from 0.107 to 0.205% for physical and chemical
methods, respectively. The sensory tests (color and odor) were in favor of oil
extracted with the physical method characterized by a light amber color and a
mild fishy flavor.
Keywords: Acid fermentation, Boiling, Common carp, Oil extraction, Fish
viscera

Introduction
Although production-wise aquaculture has surpassed wild capture fisheries, feed
input in aquaculture still heavily depends on wild capture fisheries. In 2014, 16.9%
(15.8 million tons) of whole wild capture landings were reduced to fish meal and
fish oil. Fish meal and fish oil are the most nutritious and most easily digestible
feed ingredients for farmed fishes (FAO, 2016), which is the main reason why
approximately 70% of all globally produced fish meal and fish oil is still used in
aquacultures as feed (Tacon & Metian, 2015).
The global production of wild fisheries and aquaculture reached 190.9 million
tons of fishes and crustaceans (FAO, 2016). Handling and cleaning of fishes leave
large amounts of waste matter, the most important of which are internal viscera,
heads and skins of some species, which are characterized by their high nutritional
value (Arvanitoyannis & Kassaveti, 2008; Al-Noor, 2014). Release of large
amounts of fish wastes and secondary products from their clean-up and preparation
Received Oct. 29, 2020, accepted Dec. 31, 2020
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processes and fish product canning plants causes two main problems; the loss of
large amounts of nutrients such as proteins, fats, and mineral salts, as well as
contributing to environmental and health pollution and damage with an economic
loss of its disposal (Ben Rebah & Miled, 2012). On the other hand, fish wastes are
of high economic and nutritional value because they contain minerals from 0.8-2%,
fat up to 25%, and protein between 15-30% (Ghaly et al., 2013). These wastes are
recovered by converting into some by-products, including fish meal and fish oil,
which are still known to be the most nutritious and most digestible ingredients for
feeding farmed fishes (FAO, 2016).
Fish oil consists of three major categories; saturated and monounsaturated fatty
acids (MUFAS) and polyunsaturated fatty acids (PUFAS) (ώ-3). The latter is
essential for animals that cannot pre-synthesize them from an external source. Fish
oils are the main source of long-chain polyunsaturated fatty acids including
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DAH), particularly
important for healthy embryonic growth in vertebrates (Spalvins & Blumberga,
2018).
Human consumption patterns of fish oil are divided into four sections as healthy
food ingredients, as commodities for food factories, as pharmaceutical ingredients,
or as components of animal feed (Dunbar et al., 2014). Fish oil is considered a vital
nutrient in aquaculture, and oil recovery from fermented fish silage can contribute
to the production of low-cost fish oil, an alternative to conventional fish oil in
aquaculture (Regost et al., 2003).
The most common extraction method for fish oil production includes three basic
steps; cooking at high temperatures (85-95 °C), press, and centrifugation (Shepherd
& Bachis, 2014). Abd El-Rahman et al. (2018) indicated that the oil extracted by
wet extraction method has high yields and optimal physical and chemical properties
for use in various industries. So, the extraction method has an effect on the physical
and fatty acid properties of fish oil (Nazir et al., 2017). Because of the existence of
large amounts of fish wastes, the present study was aimed at maximizing the use of
such wastes for the production of fish oil and evaluating its quality by analyzing
their most significant chemical, physical and sensory properties.
Materials and Methods
This study was conducted from September 2019 to March 2020. Fish wastes
were obtained from the local markets of Basrah city as a by-product of fish sale and
cleaning practices. Wastes included the internal viscera of marketed common carp.
Upon arrival at the laboratory, samples were chopped by using an electric meat
grinder. The chemical content of fish wastes was estimated using the methodology
set out in A.O.A.C. (2000) and the moisture content by drying at a temperature of
105 °C until weight stabilization. Protein content was assessed by calculating the
amount of nitrogen × 6.25 after digestion by the micro-Kjeldahl method. A soxhlet
extraction method for intermittent extraction was applied to assess lipid content by
using cyclohexane as a solvent for six hours. Ash content was estimated by
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muffling at a temperature of 525 °C for 14 hours. Carbohydrates in samples were
calculated by using the following equation:
Carbohydrates (%) = 100 - (Moisture% + Ash% + Protein% + Fat %)
Oil Extraction
Chemical Method (Acid Fermentation)
Fish oil was extracted by acid fermentation as indicated by Al-Kanaani (2014).
A weight of 1000 grams of viscera was chopped in a plastic container and mixed
with 100 ml of 5% acetic acid and 3% citric acid with 100 ml of distilled water,
mixing well for 15 minutes and transferring into the 2l polyethylene bags which
eventually sealed tightly taking into account the volume of gases resulting from
fermentation. Samples were incubated at 40-45 ºC and from 4-7 days with daily
continuous shaking. After complete fermentation, the mixture was centrifuged for
10 minutes at 3000 rpm. After centrifugation, the mixture was separated into three
notable layers; the top (oil layer), middle semi-rigid layer (protein-rich) and the
bottom (water and minerals). The oil layer was transferred into a separating funnel
for further purification. The lower layer was discarded and purified oil was
preserved into dark glass vials and refrigerated for further testing.
Physical Method
Fish oil is prepared according to the wet (boiling) extraction method as
described by Vidotti et al. (2011). A weight of 1000 g chopped viscera was placed
into a cooking bowl with 1000 ml of distilled water and cooked at 100 °C for 50
minutes. The mixture was left for one day before it was separated into two layers.
The upper oil layer was collected and placed into a centrifuge to eliminate
suspended impurities and obtain crude oil which was further purified by using the
separating funnel method.
Yield Value
The yield value was expressed as a percentage of the oil extracted from a known
weight of fish wastes and calculated as follows:
Yield value (%) = Extracted fish oil/ Weight of sample x 100
Chemical Quality Tests
Iodine value had been estimated by the Hanes method mentioned in A.O.A.C.
(2000). Peroxide value was assessed according to the method indicated in Pearson
(1976) where the results were expressed in milliequivalent (meq) of peroxide per
kilogram of oil. The acid value was estimated according to the method mentioned
in Pearson (1976). The saponification number was estimated according to the
method reported in Pearson (1976) for the oils extracted. Thiobarbituric acid (TBA)
value was estimated according to the method indicated in Pearson (1976). Total
fatty acids were estimated based on Stoffel et al. (1959), while fatty acid profile
was assessed by using GC-MS chromatography (Bako et al., 2017).
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Physical Analysis
The refractive index was measured according to the guide of A.O.A.C. (2000).
The density of oils as well as the qualitative weight were determined according to
the methods mentioned in Pearson (1976) by using a density bottle. The ASTM
D445 has been used, which is the standard method, to estimate the kinematic
viscosity of transparent and non-transparent liquids, and the dynamic viscosity was
calculated by the equation stated by Sathe & Salunkne (1981) as:
v=r×t
Where v = viscosity, r = route length and t = time.
The cloud point and pour point were estimated according to Regost et al. (2003).
Sensory Tests
Sensory tests (odor, color and general acceptance) were performed according to
the oil sensory evaluation form (Pearson, 1976).
Statistical Methods
All data were expressed as the mean of three replicates ± standard deviation.
The statistical package of SPSS (Ver. 20) was used to analyze data sets. Differences
between means were calculated by the LSD method.
Results
Yield Value
The yield value of the oil extracted by the physical method was 57.14%, which is
greater than the value of the chemical method (35.71%). Statistical analysis showed
that differences were significant (p≤0.05).
Chemical Composition of Fish Wastes
Table 1 demonstrates the chemical composition from fish wastes used in the
study, where the moisture was 68.74%, protein 18.32%, fat 7.11% and ash 5.85%.
Chemical Properties
Table 2 demonstrates the chemical properties of oils extracted from fish wastes.
A variation could be observed in the values of the qualitative characteristics and
chemical oils derived from methods, characterized by oil extracted the way the
physical qualities of good spirits and a difference of moral from the oil obtained by
way of chemical and the highest iodine value was 94.43 g/100 g oil for the oil
produced by the physical method while the value was 85.16 g/100 g oil in the
fermentation oil sample. As for the chemical properties, there was a variation in the
values of the chemical properties, which is the value of peroxide (1.8 and 2 meq/kg
oil). The value of free fatty acids was 0.107% and 0.205% and the saponification
value was 187 and 168.5 mg/g oil. The thiobarbituric acid value was 3.88 and 5.52
mg malaldehyde/kg for the oil extracted by physical and chemical methods,
respectively, and the total fatty acid composition and the percentage were as shown
in table 3 and 4.
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Table 1: Chemical composition of fish wastes.
Ingredients
Percentage
Moisture
68.74
Protein
18.32
Fat
7.11
Ash
5.85
Table 2: Chemical properties of physically and chemically extracted fish waste oils.
Chemical properties
Physical
Chemical
extraction
extraction
Iodine value (g/100 g oil)
94.43±2.881
85.16±2.011
Peroxide value (meq/kg oil)
1.8±0.179
2±0.264*
Free fatty acids value (%)
0.107±0.006
0.205±0.0134*
Saponification value (mg/g oil)
187±1.069
168.5±1.732
Thiobarbituric acid (TBA) mg Malonaldehyde/kg
3.88±0.030
5.52 ±0.485*
Values are mean of triplicates ± S.D., * significant at p≤0.05 (rows).
Table 3: Fatty acid profiles for both extracted methods of fish waste oils.
Fatty acid
Extraction method
Physical
Chemical
C12:0
0.78
0.54
C14:0
6.96
6.48
C16:0
18.01
19.44
C17:0
1.94
1.38
C18:0
3.12
5.63
C20:0
0.33
1.09
C22:0
0.35
0.46
C14:1 w5
0.59
0.97
C16:1 w7
9.35
9.88
C17:1 w7
2.78
3.88
C18:1 w9
21.8
19.55
C20:1 w9
2.66
1.89
C24:1 w9
2.48
4.38
C18:2 w6
10.11
8.41
C18:3 w3
8.64
6.14
C20:3 w3
2.94
2.14
C20:4 w6
1.87
1.84
C20:5 w3 (EPA)
3.41
4.11
C22:6 w3 (DHA)
1.78
1.69
Table 4: Percentages of saturated and unsaturated fatty acids (%) in fish waste oils.
Fatty acid group
Physical extraction
Chemical extraction
Saturated SFA
31.49±5.921
35.02±6.325*
Mono-un Saturated MUFA
39.66±7.324
40.55±6.384
Poly- un Saturated PUFA
28.75±3.318
24.33±2.499*
Values are mean of triplicates ± S.D., * significant at p≤0.05 (rows).
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Physical Properties
Table 5 demonstrates the physical properties of oils extracted from fish wastes.
The value of the refractive index was similar in the two forms of oil: 1.472744 in
the physical and 1.471564 in the chemical extracted oil. Viscosity values were
34.14 in the physical extracted oil and 39.21 for chemical extracted oil. Cloud point
value was lower in chemical (8.84 °C) than in physical extracted oil (5.44 °C). The
pour point was higher in physical (-5.8 °C) in comparison with chemical oil (-3.6
°C).
Table 5: Physical properties of fish oils by both extracted methods.
Physical properties
Physical method
Chemical method
Refractive index
1.472±0.180
1.471±0.0037
Specific gravity (g/ml)
1.100±0.891
1.121±0.914
Specific weight (g)
1.078±0.878
0.901±0.616
Viscosity (cm2/sec)
34.14±0.858
39.21±0.916*
Cloud point (˚C)
5.44±4.3
8.84±7.1*
Pour point (˚C)
-5.8±0.152
-3.6±0.173*
* Significant at p≤0.05 (rows).

Sensory properties
Table 6 illustrates the sensory tests for oils extracted from fish wastes by the two
methods. The physically extracted oil was characterized by better colour and odor
in comparison with chemically extracted oil which has a darker colour and more
fishy acid flavour. General acceptance was clearly different between tow oil types
where physically extracted oil was characterized by more acceptability.
Table 6: Sensory tests for oil extracted from fish wastes.
Type of sample
Sensory tests
Color
Odor
Physical method
light amber
light fish
Chemical method
yellowish-brown
acidic fish

General
acceptance
good
fair

Discussion
Previous studies have been conducted to investigate the utilization of fish
processing wastes by converting them into more valuable products that directly or
indirectly contribute to human consumption (Al-Hussainy, 2007). The results
showed that oil extracted from common carp wastes is of high quality, which makes
it suitable for use in most of the involved industries. The extraction method saffects
oil yield where the physical method (wet extraction) includes curing of protein in
fish waste- water mixture, and this process eventually separates oil easily from the
solids in the mixture. The differences in the yield value of the oil could reflect the
type of waste sample and its condition before physical extraction and temperature
profile during extraction (Nazir et al., 2017).
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The fatty acid profile according to the results of GC-MS indicated that the most
potent fatty acid chains were found in the range of C12 and C22 which in turn
determines the intended functional properties of the extracted oil. The extraction
method may have variable impacts on the content and quality of the three major
fatty acid groups: SFA, MUFA and PUFA. The quantity of PUFA derived from the
physical extraction was higher compared to the acid fermentation method which
agrees with the results of some other studies on the extraction of fish waste oil, on
contrary to the MUFA rate, which was closely similar between the two extracted
oils, a result consistent with previous studies (Al-Hussainy, 2007; Nazir et al.,
2017).
Fatty acid profile, peroxide, iodine and free fatty acids (FFA) values are among
the most important indicators for the quality of oils (Khoddami et al., 2012). The
current study showed that there were significant differences (p<0.05) between
chemical and physical characteristics of the extracted oils. Iodine value indicates
the degree of unsaturation of fatty acids in oils where higher values reflect the
higher oil content of unsaturated fatty acids, which in turn is a good indicator of the
source or type of oil (Yi et al., 2014). Free fatty acids FAA are formed as a
consequence of the hydrolysis process that occurs due to the exposure of oil to heat
and water. Values recorded in the current study were close to Al-Hussainy (2007)
in the fish oil wastes of Ilisha compressa (0.99%) and lower than the value of 3% in
Abd El-Rahman et al. (2018). The differences in the ratios of free fatty acids reflect
moisture and iron content of these oils which are important factors in hydrolysis
acceleration and free fatty acid release (Aidos, 2002).
Iodine value in wet extraction could increase as a result of oxidation of the
double bonds in fatty acid representing the temperature profile of extraction
mixture. The iodine value of 110.51g/100g oil was recorded for physically
extracted oil from mackerel which is close to the finding of the current study as
well as to Bako et al. (2017). The saponification value is correlated with the
molecular weight of the fatty acids in the oil, and is inversely proportional to the
molecular weight of the fatty acids present in the chlorides. The difference in
saponification value reflects the type of fatty acids and the length of the carbon
chain associated with soap crystals (Bonilla-Méndez & Hoyos-Concha, 2018). TBA
is an important measure of oxidative rancidity. The values recorded in the current
study are similar to that of Al-Hussainy (2007) who recorded a value of 2.43 for oil
extracted from fish viscera.
The peroxide test is used to determine the onset of rancidity in oil but it does not
indicate the progression of lipid oxidation. It does not reflect the extent or amount
of oil breakdown caused by various oxidative factors and should not exceed 10
mg/kg which is comparable to the present results as well as to those of Nazir et al.
(2017). The values are also consistent with those obtained by Jayasinghe et al.
(2013) where the value of peroxide was 2.9 meq/kg for the oil extracted from the
fish viscera. Saponification value is correlated with the molecular weight of the
fatty acids in the oil, which is inversely proportional to the molecular weight of the
fatty acids present in the chlorides. The difference in saponification value reflects
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the type of fatty acids and the length of the carbonate chain associated with soap
crystals (Bonilla-Méndez & Hoyos-Concha, 2018). TBA is an important measure of
oxidative rancidity. The values recorded in the current study are similar to that of
Al-Hussainy (2007) who recorded a value of 2.43 for oil extracted from of fish
viscera.
The refractive index is used to determine the purity of oils where values increase
with the percentage of unsaturated fatty acids in the oil. The values of the refractive
index were close in both extracted methods which subsequently were in line with
that of Al-Hussainy (2007) in carp waste oil. The present study also concurred with
Bako et al. (2017) for Scomber scombrus oil with the refractive index of 1.415.
The specific weight was 0.878 g in physical oil and 0.801 g in chemical oil, The
density of the oils and the specific weight vary depending on the composition of the
unsaturated fatty acids and their molecular weights due to the higher density of
some oils than others due to the high content of unsaturated fatty acids with double
bonds (Inguglia et al., 2020). The specific gravity was 0.891 g/ml in physical oil
and 0.914 g/ml in chemical oil. The results are consistent with Sathivel et al.
(2002). The specific gravity was 0.854 g/ml for oil extracted from catfish Clarias
gariepenus and 0.853 g/ml for oil extracted from mackerel (S. scrombrus). The
values were similar to those of Al-Hussainy (2007) in carp viscera oil where the
specific gravity was 0.994 g/ml. Viscosity is defined as gravity-resistant fluid and
increases with increasing saturation. The presence of impurities is adversely
affected by temperature. Any increase in temperature by 1 °C leads to a 2%
decrease in viscosity (Razon, 2009). Viscosity was 34.14 cm2/sec in physical oil
and 39.21 cm2/sec in chemical oil, and such values are consistent with Abd ElRahman et al. (2018) for oil extracted from the fish viscera who reported the
viscosity as 33.37 cm2/sec.
Fog and spill points are also important physical properties in the assessment of
oil quality. The focal point is based on the presence of both polyunsaturated and
unsaturated fatty acids.
Oil color is one of the factors that determine consumer acceptance and are very
important in determining its subsequent use. The darker the colour of the oil, the
longer it is stored. Colour is influenced by several factors including processing
temperature and the amount of oxygen available in addition to the existence of
pigments such as carotenoids. On the other hand, oil flavour expresses volatile
compounds found in extracted oil which could be detected as odours (Warm et al.,
2000).
Studied oils possessed a distinctive odour which is very similar to its fishy
origin. The physically extracted oil has a clear fish odour while the chemical oil has
a fishy odour with little acid note. Physical oil was light amber in contrast to
chemical oil which was yellowish-brown. This result is in line with Al-Hussainy
(2007).
In conclusion, fish wastes could be considered as a suitable and sustainable
source of fish oil production with acceptable chemical, physical and sensory
properties. The physical (boiling) and chemical (acid fermentation) recovery

Some properties of fish oil extracted from fish wastes

160

methods were easy-to-use and low-cost techniques for extracting fish oil with
suitable specifications although they could be improved further by modifying some
processing parameters.
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