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In the present investigation, spirulina (Arthrospira fusiformis) was used as feed additives on growth 
performance in Nile Tilapia (Oreochromis niloticus). A. fusiformis was isolated from various rook pool 
of a rocky shore, Alexandria and Kafr El-Sheikh Governorates, Egypt. The results showed that the 
optimum medium, pH and temperature for the growth protein and chlorophyll-a content of A. fusiformis 
were Zarrouk medium, 9 and 35°C, respectively. The dry weight of A. fusiformis was 1.8 g/L and protein 
and chlorophyll-a contents were 64.3% and 13.2 mg/g at 35°C and pH 9, respectively. A. fusiformis was 
used as feed additives on growth performance in Nile Tilapia for 12 weeks. Three (3) diets were 
formulated to be isocaloric and isonitrogenous containing (about 4616 kcal/kg DM) and (about 31.49% 
CP) for Tilapia fingerlings: one, a control diet without supplements; second, a supplement with 1% A. 
fusiformis and third, a supplement with 1% Spirulina pacifica. Results indicated that fish fed on 1% 
spirulina exhibited greater growth than those fed with the control diet. Fish fed with the control diet had 
the lowest protein content. Carcass lipid recorded the highest value in the control treatment, which was 
statistically different from the supplemented treatments. Ash content increased significantly with the 
increase spirulina levels as compared with the control treatments. Fish fed with spirulina-containing 
exhibited higher glucose, lipid and protein values in fish serum. Also, fish fed with spirulina-
supplementation significantly decreased aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) values compared with control suggesting that spirulina is an appropriate 
growth-stimulating additive in Nile Tilapia culture. 
 
Key words: Arthrospira fusiformis, biomass, feed additives, growth parameters, Nile Tilapia. 

 
 
INTRODUCTION 
 
The demand for animal protein for human consumption is 
currently on the rise and is largely supplied with terrestrial 
farm animals. Aquaculture, however, is an increasingly 
important option in animal protein production (Fuller, 
1992). Fish is an important component of the Egyptian 
diet. Tilapia  is  an  important  food  fish  in  many  tropical 
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areas of Africa, America and Asia. Many species of 
Tilapia have been cultured in developing countries, where 
animal protein is lacking. Tilapias are considered suitable 
for culture, because of their high tolerance to adverse 
environmental conditions, their relatively fast growth and 
the ease with which they can breed good utilization of 
artificial diets, resistance to disease, excellent quality of 
its firmly textured flesh and finely appetizing fish to 
consumers (Corpei, 2001). Nile Tilapia, Oreochromis 
niloticus L. is by far the most important farmed Tilapia 
species. Tilapia  is the most familiar and popular fishes in 
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Egypt, as well as, in the Middle East and warm climate 
countries (Philippart and Ruwet, 1982; El-Sherif and El-
Feky, 2009). Fish production should be increased in 
Egypt to meet the demand of the increasing population. 
Nile Tilapia is an important food fish that has been 
introduced to many different parts of the world by man. It 
can today be found on all continents except Antarctica. In 
several countries, Nile Tilapia has become a problematic 
invasive species after its introduction.  

Microbes defined feed additives play an important and 
critical roles in aquaculture systems (Irianto and Austin 
2002; Kesarcodi-Watson et al., 2008; Belal and 
Khalafalla 2011). Influences of feed additives on immune 
responses and bacterial loading in aquatic organisms and 
environments are well documented (Gatesoupe 1999; 
Verschuere et al., 2000). As feed additives, dried algae 
improve growth, feed efficiency, carcass quality, and 
physiological response to stress and disease in several 
species of fish (Mustafa and Nakagawa 1995). 

Spirulina, Arthrospira fusiformis is considered as a rich 
source of protein, vitamins, minerals, essential amino 
acids, and fatty acids [gamma-linolenic acid (GLA)], 
antioxidant pigments such as carotenoids and vitamin E 
and trace elements (Belay et al., 1996). In addition, it is 
effective as an immunomodulator (Takeuchi et al., 2002). 
Several studies have been conducted using dried 
spirulina as a feed supplement (Watanabe et al., 1990; 
Ungsethaphand et al., 2010; Ahmadzade-Nia et al., 2011; 
Mukherjee et al., 2011; Roy et al., 2011). Therefore, the 
aim of this work was designed to isolate and characterize 
spirulina, A. fusiformis, and using it as a growth promoter 
in diets for Nile Tilapia (O. niloticus). 
 
 
MATERIALS AND METHODS 

 
Isolation of Arthrospira fusiformis  

 
Samples of sea water were collected from various niches of a rook 
pool of a rocky shore, Alexandria and Kafr El-Sheikh (Baltiem city) 
Governorates, Egypt. Enrichment cultures of spirulina were 
established from sea water samples on liquid Zarrouk’s medium 

(pH 9) (Pnadey et al., 2010a) supplemented with antibiotics 
(nystatin (100 mgml

−1
) and cycloheximide (100 mgml

−1
) at 35°C for 

20 days and illuminated with day-light fluorescent tubes having 5 
Klux at the surface of the vessels. Cultures were manually stirred 
twice for a few minutes every day. This procedure was repeated 
four times. Isolation was done using serial dilution and streaking 
plate method (Ferris and Hirsch, 1991). Samples were diluted with 
sterilized medium up to 10

-8
 dilution. Dilution tubes were incubated 

under constant light at 35°C. The culture was inoculated into 
nutrient agar medium and incubated in dark for 3 days (Schwartz et 
al., 1990). The isolated strains were identified according to 
Komarek and Anagnostidis (1989), Vonshak and Tomaselli (2000) 
and Bano and Siddiqui (2004). 
 
 
Cyanobacterial growth experiment 
 

A. fusiformis with fast growth, highest chlorophyll and protein under 
laboratory conditions was selected to study the effect of variable 
media, pH and temperature on its growth. Five media were included  

 
 
 
 
in this study (Pandey et al., 2010a) such as Zarrouk’s medium, 
Rao’s media (Singh, 2006), CFTRI media (Venkataraman et al., 
1995), OFERR media (Singh 2006), Revised media (6) (Raoof  et 
al., 2006) and Bangladesh medium No.3 (Khatun et al., 1994 and 
2006). 500 ml each medium in 1000 ml flask was prepared and the 
same amount of inoculum in each medium was inoculated. Each 
flask containing 500 ml from each medium was inoculated with 20 
ml of homogenized culture of A. fusiformis (10

7
 cfu/ml). The pH of 

Zarrouk’s medium (Pandey et al., 2010a) was adjusted to 7, 8, 9, 
10, 11 and 12 at 35°C for 25 days and illuminated with day-light 
fluorescent tubes having 5 Klux at the surface of the vessels. To 
determine the effect of temperature, Zarrouk’s medium with pH of 9 
was incubated at 15, 20, 25, 30, 35, 40 and 45°C. The cultures 
were illuminated with day-light fluorescent tubes having 5 Klux at 

the surface of the vessels. Cultures were manually stirred twice for 
a few minutes every day. The experiments were run in triplicates. 
 
 
Analytical methods 
 
Biomass concentration (g

-1
) was calculated by measuring dry 

weight. For dry weight measurement homogenous suspensions of 

known quantity of spirulina sample were filtered through filter paper 
8 mm pore size (Screen printing paper) and oven dried at 75°C for 
4 to 6 h. The dried filter paper containing spirulina biomass were 
cooled and weighed. The difference between the initial and final 
weight were taken as the dry weight of spirulina biomass. The dry 
weights were expressed in terms of g

-1
. Samples were taken in 

triplicates. Chlorophyll-a content was estimated by the method 
Mackinney (1941). Protein was determined by the method Lowry et 
al. (1951). 

 
 
Experimental fish 

 
Nile Tilapia (O. niloticus) fingerlings were brought from a fresh 
water commercial farm in Motobas, Kafr El-Sheikh Governorate, 
Egypt. Prior to the start of the experiment, fish were kept in a 
fiberglass tank and randomly distributed into glass aquaria to be 
adapted to the experimental condition until the experiment was 
started. Fish were fed on the control diet for 2 weeks; during this 
period, healthy fish at the same weight replaced died ones. All the 
experimental treatments were conducted under an artificial photo 
period equal to natural light/darkness period (12 h light: 12 h 
darkness). 

 
 
Experimental diets 
 
Three diets were formulated containing feed additives for Nile 
Tilapia fingerlings: one as a control diet without supplements; 
second, a supplement at 1% (w/w) with A. fusiformis; and third, a 
supplement at 1% (w/w) with Spirulina pacifica (Arthrospira 

platensis, was obtained from Kailua-kona, Hawii, USA). The basal 
and tested diets were formulated from the commercial feed 
ingredients. The dry ingredients were grounded through a feed 

grinder to a very small size (0.15 mm).  
Experimental diets were formulated (Table 1) to be isocaloric and 

isonitrogenous (31.49% crude protein and 461.63 kcal GE /100 g 
diet). The ingredients were weighted and mixed by a dough mixer 
for 20 min to homogenize the ingredients. The estimated amount of 
oil components (sunflower oil) was gradually added (few drops 
gradually) and the mixing operation was continued for 20 min. The 
diets were pelleted through fodder machine and the pellets were 

dried under room temperature. The diets were collected, and stored 
in plastic bags in refrigerator at 4°Ċ for further use during the 
experimental period. 
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Table 1. Composition and proximate analysis of the experimental diets. 

 

Composition (%) 
Treatments

 5
 No. (On DM basis, %) 

Control (T1) A. fusiformis (T2) S. pacifica (T3) 

Feed ingredients    

Herring fish meal 15 15 15 

Soybean meal 35 35 35 

Yellow corn  30 30 30 

Wheat bran 15 14 14 

Sunflower oil 3 3 3 

Vitamins and minerals premix
1
 2 2 2 

A. fusiformis - 1 - 

S. pacifica - - 1 

Total 100 100 100 

Dry matter 91.25 91.20 90.89 

Crude protein 31.38 31.46 31.58 

Ether extract  6.05 6.06 6.04 

Crude fiber  5.03 4.10 4.25 

Total ash  4.49 4.46 4.43 

Nitrogen free extract  53.05 53.90 53.68 

    

Calculated energy value    

GE (kcal/kg)
2
 4583 4625 4620 

DE (kcal/kg)
3
 3437 3469 3465 

P/E (mg/kcal)
4
 91.30 90.67 91.14 

 
1
Vitamins and minerals premix at 2% of the diet supplies the following per kg of the diet: 75000 IU 

Vitamin A; 9000 IU Vitamin D3; 150 mg Vitamin E; 30 mg Vitamin K3; 26.7 mg Vitamin B1; 30 mg 
Vitamin B2; 24.7 mg Vitamin B6; 75 mg  Vitamin B12; 225 mg Nicotinic acid; 69 mg Pantothenic 
acid; 7.5 mg Folic acid; 150 mg Vit.C; 150 Biotien; 500 mg Choline chlorid 300 mg DL-methionine; 

93 mg Fe; 11.25 mg Cu; 210 mg Zn; 204 mg Mn; 5 mg Se and Co 5 mg ( Local market ). 
2
GE 

(Gross energy) was calculated according to NRC (1993) by using factors of 5.65, 9.45 and 4.22 K 
cal/ggram of protein, lipid and carbohydrate, respectively. 

3
DE (Digestible energy) was calculated 

by applying the coefficient of 0.75 to convert gross energy to digestible energy according to Hepher 

et al. (1983). 
4
P/E (protein energy ratio) = crude protein  10000 / digestible energy, according to 

Hepher et al. (1983). 
5
Treatments: T1 (control), without supplements; T2, 1% A. fusiformis; T3, 1% 

S. pacifica. 

 
 
 
Experimental design of rearing fish 

 
A total of 120 Nile Tilapia fingerlings with an average initial body 
weight of about7.08 g ± 0.08 were randomly divided into three 
treatment groups and stocked into 12 glass aquaria (70 L each). 
Three aquaria were assigned for each treatment. Fresh tap water 
was stored in fiberglass tanks for 24 h under aeration for 
dechlorination. One third of all aquaria were replaced daily. Five air 

stones were used for aerating the aquaria water. Water 
temperature ranged between 26 to 28°C. Fish feces and feed 
residues were removed daily by siphoning. Fish from each replicate 
were weighted at the start of each experiment and hence was 
counted and weighted every 2 weeks throughout the experimental 
period (12 weeks). 

Fish in all treatment were daily fed with the experimental diets at 
a level of 5, 4 and 3% of the body weight daily for the 1 to 4, 5 to 8 
and 9 to 12 weeks, respectively. The feed amount was given three 
times daily (900, 1200 and 1500) in equal proportions for 12 weeks. 
Fish were weighed biweekly and feed amounts were adjusted on 
the basis of the new weight. 

Chemical analysis 

 
Proximate chemical analyses were made of diet ingredients and a 
sample of fish at the beginning and at the end of the experiment 
according to standard methods (AOAC 1992) for dry matter, crude 
protein, ether extract, crude fiber and ash. Gross energy (GE) 
contents of the experimental diets and fish samples were calculated 
by using factors of 5.65, 9.45 and 4.22 kcal/g of protein, lipid and 

carbohydrates, respectively (NRC, 1993) . 
 
 
Water quality measurements 

 
Water samples were taken each week for monitoring water quality. 
Analytical methods were done according to the American Public 
Health Association (APHA, 1985). The pH values were determined 
by A digital pH-meter, Jenway, model, 3010. Water temperature 
and oxygen level were measured daily at 8 o'clock by Oxygen 
meter model 9070. In all treatments, water quality parameters 
ranged between 26 to 28°C, 7.5 to 8.0, 5.60 to 6.50 mg/L and 0.08  
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Figure  1. Effect of different medium on biomass, chlorophyll- a and protein content production of A. fusiformis. 
 

 
 

to 0.13 mg/L, for water temperature, pH, dissolved oxygen and 
water ammonia, respectively. All the water quality parameters were 
within the acceptable ranges for fish growth (Boyd, 1984). 
 
 
Blood parameters 

 
Blood samples were collected at the end of experiment; fish in each 

aquarium were weighted and 5 fish were taken randomly for blood 
sampling. The blood was collected using heparinized syringes from 
the caudal vein. Blood samples were centrifuged at 4000 rpm for 20 
min to allow separation of plasma which was subjected to 
determine plasma total protein (Tietz, 1990). Blood plasma total 
lipids were determined according to the method of McGowan et al. 
(1983). Glucose concentration was determined according to Trinder 
(1969). Alanine aminotransferase (ALT) and activity of aspartate 
aminotransferase (AST) were determined by the methods of Young 

(1990).  
 
 
Statistical analysis 

 
The obtained numerical data were statistically analyzed using 
SPSS (1997) for one-way analysis of variance (ANOVA). The 
significance of difference between means was determined by 
Duncan’s multiple range test (P < 0.05) (Duncan, 1955). 

 
 
RESULTS AND DISCUSSION 
 
Samples of sea water were used to isolate Arthrospira on 
Zarrouk medium by using enrichment technique and 5 
isolates from Arthrospira were isolated. A preliminary 
classification based on the morphology and physiology of 
the isolates revealed that, the 5

th
 isolates were identified 

as A. fusiformis (Spirulina platensis, formely). Enrichment 
is the process of providing a suitable environment in 
highly alkaline lakes with high pH for the growth and 
reproduction of a special group of microalgae while being 
inhibitory or lethal for non-target organisms. Spirulina sp. 
is photoautotrophic endowed with oxygenic 
photosynthesis and grows profusely in alkaline lakes of 
subtropical regions (Vonshak and Tomaselli, 2000). One 
(1) out of 5 Arthrospira strains gave the highest biomass 
dry weight, chlorophyll and protein content, comparing 
with the other strains. This strain was selected for the 
subsequent studies with the aim to evaluate efficacy of 
different medium, pH and temperature on its biomass dry 
weight, chlorophyll and protein content. 

Result in Figure 1 shows that the dry weight of 
biomass, chlorophyll-a content and protein content of A. 
fusiformis were higher on Zarrouk medium than the other 
media (Rao

,
s medium, CFTRI, OFERR and Revised 

medium 6). The similar studies were done by Pandey et 
al. (2010a). 

Results in Figure 2 exhibited that, A. fusiformis was 
grown at different pH (7, 8, 9, 10, 11, and 12) in flask 
culture and monitored and expressed in terms of dry 
weight. The maximum dry weight was 1.92 g/L at pH 9.0 
on the 25

th
 day after the inoculation. Earlier results also 

demonstrated that optimum pH for maximum growth of S. 
platensis (A. fusiformis) was from 9 to 9.5 (Pandey et al., 
2010b). High alkalinity is mandatory for the growth of A. 
fusiformis and bicarbonate is used to maintain high pH. 
This is because the pH gradually rises as bicarbonate 
added to the culture medium is dissolved to produce CO2,
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Figure 2. Effect of different medium pH on biomass production of A. fusiformis.  
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Figure 3. Effect of different temperature on biomass production of A. fusiformis. 

 
 
 
which releases OH

-
 during cultivation of S.  platensis. 

Spirulina sp. is regarded as obligatory alkalophiles, with 
the maximal growth rate being obtained at pH 9.5 to 9.8. 
The fact that it thrives in the high pH environment, which 
makes life for other microorganisms rather difficult, is the 
key for the success of large-scale monoalgal cultures of 
Spirulina (Grant et al., 1990). Chlorophyll-a content and 
protein content are also maximal at pH 9. The Chlorophyll 
content is 14 mg/g and protein content is 64% of dry 

weight. Similar studies have also been done by various 
workers of cyanobacteria (Kim et al., 2007).  

The effect of different temperatures on the growth A. 
fusiformis strain is shown in Figure 3. The growth of A. 
fusiformis was maximal at 35°C. The temperature 35°C 
appears to be the optimum degree for A. fusiformis. 
Moreover, the tested microbial isolates exhibited growth 
at 15, 20, 25, 30 and 40°C. No growth was observed at 
45°C. It has been shown by previous workers (Pandey et
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Table 2. Growth performance parameters of Nile Tilapia (O. niloticus) fed on the experimental diets. 
 

Item 
Treatments  

SE*
 

Control (T1) A. fusiformis (T2) S. pacifica (T3)  

Initial weight (g/fish) 7.10 7.08 7.07  0.08 

Final weight (g/fish) 34.21
b 

39.52
a 

37.19
ab 

 0.68 

Average total gain
1
 (g/fish) 27.11

b 
32.44

a 
30.12

ab 
 1.21 

Average daily gain
2
 (g/fish/day) 0.32

b 
0.39

 a 
0.36

ab 
 0.03 

Specific growth rate
3
  (SGR % /day) 1.87

b 
2.05

a 
1.98

ab 
 0.08 

Survival rate
4
  (%) 100 100 100  0.001 

Feed intake (FI, g/fish) 44.52
 

45.23
 

44.61
 

 1.74 

Feed conversion ratio
5
 (FCR) 1.50

a 
1.27

c 
1.35

b 
 0.15 

Protein efficiency ratio
6
 (PER) 2.13

c 
2.50

a 
2.35

b 
 0.14 

Protein productive value
7
 (PPV, %) 37.49

b 
45.15

a 
42.62

a 
 1.38 

Energy retention
8
 (ER, %) 24.05

b 
27.62

a 
26.47

a 
 1.54 

 

Means in the same rows having different superscript letters were significantly different at 0.05 levels. *Standard error 
of the mean derived from the analysis of variance. ATG (g/fish) = Average final weight (g) – Average initial weight (g). 
ADG (g/fish/day) = [ATG (g) / experimental period (d)]. SGR (%/day) = 100 (Ln final weight – Ln initial weight) / 

experimental period (d). SR =100 [Total No. of fish at the end of the experimental / Total No. of fish at the start of the 
experiment]. FCR = DM Feed Intake (g)/Live weight gain (g). PER = Live weight gain (g)/ Protein intake (g). PPV (%) 
=100 [Final fish body protein (g) – Initial fish body protein (g)]/crude protein intake (g). ER % = 100 (GE gain / GE 

intake) 
 
 

 

al., 2010) that the optimal growth temperature for A. 
fusiformis is between 30 and 35°C or in the range of 35 to 
38°C (Vonshak and Tomaselli, 2000). 

S. platensis is a cyanobacterium that has been largely 
studied due to its commercial importance as a source of 
protein, vitamins, essential amino acids, and fatty acids in 
many countries in tropic, subtropical and temperate 
regions for use in human health food, as an animal feed 
additive (Belay et al., 1996). 

A. fusiformis was grown under optimum growth 
conditions and the produced dried biomass was used in 
the following investigation in feed additives as growth 
promoters in Nile Tilapia fingerlings diets. 
 
 
Chemical composition of diets 
 
Experimental diets (Table 1) contained nearly similar 
levels of DM, CP, EE, CF, ash, NFE, GE, DE and P/E 
ratio. The CP and GE content of experimental diets were 
around 31.49% and 4.62 kcal/g, respectively. These 
values were within the range suggested for Tilapia by 
Jauncey and Ross (1982) and NRC (1993). 
 
 
Growth performance and survival rate  
 
Data in Table 2 shows the growth performance and 
nutrient efficiencies on Nile Tilapia fingerlings fed diets. 
No significant differences in initial body weight were 
found among the different experimental treatments, 
indicating the accuracy of randomization process 
between the experimental treatments. 

It is clearly shown (Table 2) that all the tested growth 
parameters (gain, ADG and SGR) in the diets 
supplemented with A. fusiformis administered to the 
fingerlings produced the best growth rate. On the other 
hand, the group of fish fed with control diet exhibited the 
lowest final body weight. Statistical analysis showed that, 
the group of fish fed diets supplemented with 1% of A. 
fusiformis and S. pacifica had significantly higher values 
than those control diet. 

Results show that, treatments with A. fusiformis and S. 
pacifica had feed conversion ratios (FCR) significantly 
lower than those for the control diets. The best 
conversion ratio was recorded for the 1% of A. fusiformis 
(1.27) treatments.  

In general, fish fed with the diets supplemented with 
feed additives showed better feeding efficiency than 
those fed with control diet. The protein efficiency ratio 
(PER), protein productive value (PPV %) and energy 
retention (ER %) were significantly higher in the 
treatments containing 1% A. fusiformis and S. pacifica 
than in control treatments. The lowest PER, PPV and ER 
were recorded in the control treatments. 

The best FCR values observed with feed additives -
supplemented diets suggest that addition of spirulina 
improved feed utilization. Similar results have been 
reported for feed additives used in diets for piglets (Gil, 
1998). In practical terms, this means that feed additives 
use can decrease the amount of feed necessary for 
animal growth which could result in production cost 
reductions. 

The PER and PPV results indicate that supplementing 
diets with spirulina significantly improves protein 
utilization in Tilapia. This contributes to optimizing protein
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Table 3. Effect of A. fusiformis and S. pacifica on Nile Tilapia body composition (%, on DM basis). 
 

Item Initial fish 
Treatments  

SE*
 

Control (T1) A. fusiformis (T2) S. pacifica (T3)  

Dry matter, (%) 23.72 28.52 28.64 28.90  0.29 

Crude protein (%) 57.10 58.84
b 

60.21
a 

59.68
a 

 1.42 

Ether extract (%) 17.65 20.24
a 

19.58
b 

19.89
b 

 0.56 

Ash (%) 14.21 14.42
b 

15.53
a 

15.80
a 

 0.10 

Energy, (kcal/100 g)  536 551 545 545  2.54 
 

Means in the same rows having different superscript letters were significantly different at 0.05 levels. *Means of 
the standard error derived from the analysis of variance. 

 
 
 

Table 4. Blood plasma parameters of Nile Tilapia fed on the experimental diets. 
 

Item 
Treatments  

SE*
 

Control (T1) A. fusiformis (T2) S. pacifica (T3)  

Plasma glucose (mg/dl) 58.11
b 

62.54
a 

63.87
a 

 0.45 

Plasma total protein (g/dl) 5.10
b 

7.58
a 

6.97
a 

 0.15 

Plasma total lipid (g/dl)  4.23
b 

5.28
a 

4.89
a 

 0.12 

AST (U/dl) 115
a 

108
b 

112
b 

 3.45 

ALT (U/dl) 46
a 

42
b 

41
b 

 1.58 
 

Means in the same rows having different superscript letters were significantly different at 0.05 levels.  
*Standard error of the mean derived from the analysis of variance. 

 
 
 

use for growth, a significant quality given that protein is 
the most expensive feed nutrient. The improvement in the 
biological value of the supplemented diets in these 
treatments with high population and low dietary protein 
demonstrated that spirulina supplements performed more 
efficiently in stress situations (Ringo and Gatesoupe, 
1998). 
 
 
Body composition 
 
Feed additives supplementation significantly affected 
whole-fish body composition except for dry matter, which 
did not differ (Table 3). Fish fed with the control diet had 
the lowest protein content; however, all feed additives 
supplementation appeared to improved protein content 
without significant difference. Carcass lipid content was 
also affected by dietary protein content, with the highest 
values in the control treatment, which were statistically 
different from the supplemented treatments. The lowest 
overall lipid content was recorded with A. fusiformis 
treatment, which was not statistically different with all 
other treatments. Ash content increased significantly with 
the increase of feed additives and the highest ash 
content was obtained in fish fed with 1% S. pacifica, 
whereas the lowest was obtained in fish fed with the 
control diet. 

These results suggest that A. fusiformis supplemen-
tation plays a role in enhancing feed intake with a 
subsequent enhancement of fish body composition. The 

better feed intake in spirulina- supplemented diets may 
have been due to increase fish appetite resulting in a 
higher feed intake and therefore improved growth. 
Moreover, due to the high feed intake and nutrient 
utilization, the deposited nutrients increased. On the 
other hand, changes in protein and lipid content in fish 
body could be linked with changes in their synthesis, 
deposition rate in muscle and/or different growth rate 
(Soivio et al., 1989; Abdel-Tawwab et al., 2006). 
 
 
Biochemical blood parameters 
 
Results in Table 4 showed that, fish fed with diets 
containing feed additives exhibited higher glucose, lipid 
and protein values. Also, feed additives supplementation 
significantly decreased AST and ALT values compared 
with control. 

Biochemical analyses often provide vital information for 
health assessment and management of cultured fish 
(Pincus, 1996; Cnaani et al., 2004; Řehulka et al., 2004). 
In the present study, fish fed with diets containing 1% 
spirulina exhibited higher glucose, lipid and protein 
values. These results suggest an improvement of fish 
health when fed with feed additives supplement. 
Moreover, the measurement of AST and ALT in plasma is 
of considerable diagnostic value in fish, as it relates to 
general nutritional status as well as the integrity of the 
vascular system and liver function. This result agrees 
with  Abdel-Tawwab  et  al.  (2008)  who  investigated the 
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use of commercial baker yeast as a growth and immunity 
promoter for Nile Tilapia; they found that biochemical 
parameters were improved in fish fed yeast. 
 
 
Conclusion 
 
It can be concluded that the addition of 1% spirulina in 
Tilapia fingerlings diets improves animal growth, and 
mitigates the effects of stress factors. The two tested 
strains used in the present study were effective in 
stimulating fish performance, though A. fusiformis 
produced the best results, being the most viable option 
for optimizing growth and feed utilization in intensive 
Tilapia culture.  
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