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A b s t r a c t   A r t i c l e  I n f o  

The use of the microalgae Spirulina in aquaculture has several potential advantages 

over the production of fish. This study was designed to investigate the effect of 

different replacement levels of fishmeal with Spirulina on some microbiology counts 

of common carp Cyprinus carpio L., the trail was conducted for 105 days and for this 

purpose 200 fingerlings common carp had been used. Five experimental diets were 

used and Spirulina replaced fishmeal protein from the standard diet at0% (T1), 5% 

(T2), 10% (T3), 15% (T4) and 20% (T5) levels. Psychrophilic count, coliform and 

Escherichia coli in common carp muscle, intestine and water rearing had been 

examined in which no psychrophilic bacteria in carp muscles were found as compared 

to control that were contain 16×10
4
, and the count of coliform bacteria decreased as the 

ratio of Spirulina increased in the diets, the highest was in control 1.2×10
2
 while the 

lowest was in T3 with 2×10.  Different count of psychrophilic bacteria were in 

common carp intestine; the higher was in the control group with 600×10
4
,
 
while the 

lowest count obtained in the T5 with 0×10
4
, the same trend had been shown in the 

coliform counts in fish intestine in which the highest was in T3 with 35×10
2 

but the 

lowest was in T5 with 2×10.  The control showed lowest results in psychrophilic count 

in rearing water with 2×10 and the highest were in other treatments, regarding coliform 

counts the lowest value had been shown in T2 and T3 (1.5×10
2
 and 1.5×10

2
)
 

respectively and the highest was in T4 (4×10
2
).  
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Introduction 

 

Increased demands for seafood products and deficiency in 

natural sources have promoted the aquaculture industry to 

supply markets with seafood products. A sustainable 

industry requires well-studied aquatic species from 

biological, physiological, nutritional and ecological 

aspects. Rapid growth and disease resistance are two 

important characteristics of the cultured animal. 

Therefore, antibiotics have been applied to enhance 

immune response and feed utilization for many years 

(FAO, 2010). However, due to concerns caused by the 

development of antibiotic resistance micro-organisms and 

possible harmful effects to the environment and human 

health, the use of antibiotics has been banned or restricted 

in many countries (Kesarcodi-Watson et al., 2008). 

http://www.ijcrbp.com/
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Aquaculture is the farming of aquatic organisms in 

inland and coastal areas, involving intervention in the 

rearing process to enhance production and the individual 

or corporate ownership of the stock being cultivated 

(FAO, 2012). Diet supplementation is an important 

aspect in aquaculture management especially in intensive 

or in semi-intensive fish culture, and is promising for 

increasing fish production (Abdelghany and Ahmad, 

2002; Abdel-Tawwab et al., 2007). However, protein is 

essential for normal tissue function, for the maintenance 

and renewal of fish body protein and for growth. Due to 

the cost of the protein, the feed will be more cost 

effective if all the protein is used for tissue repair and 

growth and little catabolized for energy (Gauquelina      

et al., 2007). Apart from developing low-cost diets, 

different feeding management strategies such as on-

demand feeding regimes (Andrew et al., 2002). One 

problem facing fish culturists is the need to obtain a 

balance between rapid fish growth and optimum use of 

the supplied feed. When fish are fed with a suitable 

feeding frequency, growth and feed conversion ration are 

expected to improve because regulating their feed intake 

in relation to their energy demand (Kim et al., 2007). 

 

Spirulina is a Cyanobacterium that has been 

commercially cultivated for more than 10 years due to its 

high nutritional content; e.g. protein, amino acid, 

vitamin, minerals, essential fatty acid and β- carotene 

(Vonshak, 1997). Spirulina can be considered a 

nutritional supplement that has various health benefits 

for humans, and a feed supplement for animals having 

economic benefits, as an example, it can be a suitable 

food supplement when fed to trout, sea bass, fancy carp, 

red tilapia, shrimp and mollusk. It has been found that 

the alga can be used as an alternative source of protein 

and can also be used to improve the color, flavor and 

quality of meat (Al-Badri, 2010).  

 

Researchers have reported the therapeutic effects of 

Spirulina as a growth promoter, probiotic, and booster of 

the immune system in animals including fishes (James et 

al., 2006). Spirulina is used to promote the growth of 

livestock, poultry, prawn, carp, canaries and exotic birds 

(Nandeesha et al., 2001). Preclinical testing suggests 

Spirulina has hypocholesterolemic, immunological, 

antiviral, and anti-mutagenic properties (Chamorro et al., 

1996). 

 

The number and types of bacteria lived on the skin of a 

live animal depends on the quality and the water 

contamination level, fresh water like river flakes contain 

several types of microorganism that has more variety 

than sea and oceans waters and contain a specific rate of 

soluble salt which determined the type and number of 

living bacteria, the psychrophilic and mesophilic type of 

microorganisms had been isolated from fish body 

surface, these group found on the body surface of fresh 

and salt water fish, the genus Pseudomonas spp. formed 

40-50% of the total contamination (Aldulaimi, 1978 ). 

The increase in total microorganisms count in fresh fish 

isdue to the contamination either after fishing or to the 

boats and fishing tools (Frazier and Weshthoff, 1988) 

ICMSF (1986) determined the limited of total bacterial 

count as 10
5
-10

7
 cfu/g for fre sh fish. While the average 

of total bacterial count on skin, gills and intestine of 

different types of microorganism were 10
2
-10

7
, 10

3
-10

5
 

and 10
4
-10

8
 cfu /cm g

-1
 respectively (Liston et al., 1976; 

Huang and Leung, 1993).  

 

So, the aim of this study was to examine the effects of 

replacing fishmeal with Spirulina on some 

microbiological counts such as psychrophilic bacterial 

count, Enterobacteriaceae count and Escherichia coli in 

order to determine the ability of Spirulina to use as 

antimicrobial agents for the therapy of microbial 

infectious diseases and in turn enhance the health of fish, 

increasing the ability to fight off infections through the 

reduction of stress levels. 

 

Materials and methods 

 

Experimental animal: The experiment was conducted for 

105 days and for this purpose 200fingerlings common 

carp Cyprinus carpio L. were brought from a local 

aquarium fish supplier located in Kut City, middle of 

Iraq. The size of fish was varying and the weights ranged 

between 25 and 45 g.  

 

The fish were sorted depending on size then weighed 

and put in experimental plastic aquariums. Mean initial 

weight was 35.7g. The fish were acclimated to 

laboratory conditions and fed with control pellets (32% 

protein) prior to the feeding trials for 21 days. Twenty 

plastic aquariums (100 L) were used in this trial. Each 

tank was provided with a proper continuous aeration. 

Each aquarium was stocked with seven fish and fed two 

times a day. The numbers of treatments in the trial were 

five with four replicates for each.  

 

In T1 fish were fed a diet replacing fishmeal with 0% 

Spirulina, while in T2, fish were fed a diet replacing 

fishmeal with 5% Spirulina, T3 represents the third 

treatment, in which fish were fed on a diet replacing 

fishmeal with 10% Spirulina, While, in T4 fish were fed 
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a diet replacing fishmeal with 15% Spirulina, and final 

treatment T5 replacing fishmeal with 20% Spirulina, as 

its shown in Table 1. The aquaria (replicates) were 

randomly allocated to minimize differences among 

treatments. The continuous water flow discharged non-

consumed feed and feces particles from the aquaria. 

Also, a daily cleaning by siphon method was applied to 

remove remained particles from the system. Table 1 

represents the structure of experimental diet. In T1 fish 

were fed a diet replacing fishmeal with 0% Spirulina, 

while in T2, fish were fed a diet replacing fishmeal with 

5% Spirulina, T3 represents the third treatment, in which 

fish were fed on a diet replacing fishmeal with 10% 

Spirulina, While, in T4 fish were fed a diet replacing 

fishmeal with 15% Spirulina, and final treatment T5 

replacing fishmeal with 20% Spirulina. 
 

Table 1. The structure of experimental diet.  

Composition of diet Basis on 100 kg 

Spirulina 0% 5% 10% 15% 20% 

Fishmeal 24.2 21.7 19.2 16.8 14.2 

Wheat bran 35 35 35 35 35 

Soybean 20 20 20 20 20 

Broken rice 20.3 17.8 15.3 12.7 10.3 

Vitamin 0.5 0.5 0.5 0.5 0.5 

Chemical composition 

Crude protein % 32 32 32 32 32 

Crude fat and oils % 6.7 6.4 6.0 5.7 5.4 

Fiber % 7.6 7.6 7.5 7.5 7.5 

 

Used Spirulina: 500g of premium sinking Spirulina 

wafers, these top quality-sinking wafers are rich in 

Spirulina suitable for all herbivorous fish such as pleco's 

and catfish as well as shrimps and snails. Their chemical 

composition as labeled in the Table 2 below. 
 

Table 2. Chemical composition of used Spirulina as labeled. 

Composition Ratio % 

Crude Protein 34% 

Crude fat and oils 6% 

Fibre 5% 

Ash 10% 

Vitamin A(Per KG) 24000 IU 

Vitamin D 2600 IU 

Vitamin E 280 IU 

Vitamin C 550 mg/kg 

 

Psychrophilic bacterial count 
 

Fish tissue (1g) was aseptically excised mixed with 9 ml 

ofbuffered peptone water (0.1% BPW  w/v) and 

homogenized by using sterile mortar and transferred to 

sterile test tube, this was the first 10
-1

 dilution,  series of 

dilutions were prepared in 9ml of Butterfield's phosphate 

diluent until 10
-7

. One ml was removed from each 

dilution and put in 2 Petri-dishes, Plate Count Agar 

(Biolife, Italy) was cooled in a water bath to 45 ± 1°C 

and poured into the Petri-dishes, mixed gently by 

swirling or tilting each plate. The plates were incubated 

at a 5± 1°C for 10 days as described by ICMSF (1978). 

 

Enterobacteriaceae count   

 

The procedure of ICMSF (1986) had been followed. 

From the same previous dilutions, one ml from the 

aliquote was transferred to duplicate Petri dishes and 15 

ml of cooled violet red bile Agar (VRBA) (Oxoid) was 

added and immediately mixed with the sample. After the 

agar had set, a second layer (10 ml) of VRBG agar was 

added and allowed to set. The plates were incubated at 

35°C for 24 hrs after which the numbers of pink colonies 

were recorded.  

 

E. coli  

 

Eosin–Methylene Blue agar (EMB), were used, which 

was selective and differential for fecal Coliforms (E. 

coli), after incubation at 37°C for 24 hrs, the plates were 

examined for typical E. coli colonies, which are metallic 

green sheen. A number (2-3) of isolated colonies were 

picked out and purified on EMB, then subcultured to 

Nutrient agar slants and incubated at 35ºC for 18 -24 hrs 

to be tested completely through the complete test 

(APHA, 1992). 

 

Results and discussion 

 

In Table 3, there is no psychrophilic bacteria in carp 

muscles as compared to control which contain 16×10
4
, 

the count of coliform bacteria decreased as the ratio of 
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Spirulina increased in the diets in which the highest was 

in control 1.2×10
2 
while the lowest was in T3 with 2×10.  

Data in Table 4 show different count in psychrophilic 

count in common carp intestine; the higher was in the 

control group with 600×10
4
, the lowest count obtained in 

the T5 with 0×10
4
, the same trend showed in the 

coliform counts in fish intestine in which the highest was 

in T3 with 35×10
2 
but the lowest in T5 with 2×10. 

 
Table 3. Effect of replacing fishmeal with Spirulina on psychrophilic count, coliform and E. coli in common carp muscle. 

Treatment Psychrophilic count Coliform E. coli 

T1 16×10
4
 1.2×10

2
 -ve 

T2 0×10
4
 6×10 +ve 

T3 0×10
4
 2×10 -ve 

T4 0×10
4
 8×10 -ve 

T5 0×10
4
 3×10 -ve 

 
Table 4. Effect of replacing fishmeal with Spirulina on psychrophilic count, coliform and E. coli in common carp intestine. 

Treatment Psychrophilic count coliform E. coli 

T1 600×10
4
 19×10

2
 -ve 

T2 42×10
4
 22×10

2
 -ve 

T3 32×10
4
 35×10

2
 -ve 

T4 120×10
4
 7×10

2
 +ve 

T5 0×10
4
 2×10 -ve 

 

In Table 5, a different results obtained in which the 

control group showed lowest results in psychrophilic 

count in rearing water with 2×10 and the highest in other 

treatments, in regarding coliform counts lowest value 

had been shown in T2 and T3 (1.5×10
2
 and 1.5×10

2 

respectively) and the highest in T4 (4×10
2
). 

 
Table 5. Effect of replacing fishmeal with Spirulina on psychrophilic count, coliform and E. coli in common carp water rearing. 

Treatment Psychrophilic count Coliform E. coli 

T1 2×10 2.5×10 +ve 

T2 62×10 1.5×10
2
 -ve 

T3 28×10 1.5×10
2
 +ve 

T4 83×10 4×10
2
 -ve 

T5 12×10 2×10 -ve 

 

In the study of Abdel-Tawwab et al. (2008), the results of 

bacteria challenge, bactericidal activity, and NBT suggest 

the increase in phagocytosis in blood, which have an 

important role for prevention of infectious disease. 

Phagocytosis by these cells is a process of internalization, 

killing and digestion of invading microorganisms, in 

phagocytosis; phagocytes produce oxygen free radicals 

during the respiratory burst, which is toxic to bacteria as 

regards to our results observed in Table 5, an increase in 

Spirulina level leads to lowest the coliform counts but it 

causing to increase the coliform in T4.  

 

Al-Koye (2013) found the total bacterial account in the 

rearing water and intestine 231.667 and 683.333 

observed in T3 respectively had significant (p<0.05) 

different among other dietary treatments and this was in 

the same trend in our study in which the lowest count 

was in T4 that agree with our results. Watanuki et al. 

(2006) estimated the fluctuation in the number of 

bacterial cells in Spirulina-treated fish organs after an 

artificial challenge with Aeromonas hydrophila. They 

found that the bacteria numbers were lower in the liver 

and kidney of carp treated with Spirulina than the control 

treatment suggesting the increased resistance A. 

hydrophila infection. 

 

Provide specifications for Spirulina, which include 

specifications for protein, lead, minerals, moisture, beta-

carotene, total carotenoids, c-phycocyanin, arsenic, 

cadmium, mercury, pesticides, rodent hairs, and insect 

fragments, there also established the absence of E. coli, 

Salmonella and Staphylococcus aureus, total aerobic 

bacteria of less than 200,000 colony forming units per 

gram (cfu/g), and total coliforms of less than 10 cfu/g. 

The composition of Spirulina, as an example of Spirulina 

powder used is Pacifica™ which is a free-flowing green 

to bluish-green powder, it has a mild seaweed odor and is 

not soluble; it forms a suspension. The particle size is 

<125 microns and bulk density is >0.48 (g/ml). Total 

aerobic bacteria: <105 cfu/g; Total coliforms: <10 cfu/g 
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E. coli; Negative pesticides: negative arsenic: <0.5 ppm. 

Cadmium: <0.2 ppm; Lead: <0.2ppm; Mercury: <0.025 

ppm; Salmonella: negative (Osman et al., 2011).  

Borowitzka (1997) have attributed the Cyanophyta 

antimicrobial activity to different compounds. As only 

crude extracts of Spirulina examined, thus, the result of 

the present study supports the folkloric usage of the 

studied Cyanobacteria and suggests that the Spirulina 

extract possesses certain constituents with antibacterial 

properties that can be used as antimicrobial agents for the 

therapyof microbial infectious diseases. The extracts 

showed maximum activity against pathogenic microbes 

subjected to isolation of the therapeutic antimicrobials 

and hence the need to carry out further pharmacological 

evaluation (Pradhan et al., 2012). 
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