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Abstract 

A partially randomized experimental design was conducted to evaluate the effect and potential 

of spirulina species (Arthrospira fusiformis) isolated from Momela Lakes, Tanzania, on the 

growth, antioxidant capacity, feed utilization, and body composition of Nile tilapia fingerlings. 

Five dietary treatments were formulated, including spirulina meal at 5%, 10%, and 15% of the 

total diets, as well as control diets with freshwater shrimp or Lake Victoria sardine. The protein 

content of the experimental diets was 25, 28, and 35% for a treatment containing spirulina at 5, 

10, and 15% inclusion, respectively, while the control diets had 35% crude protein each. After 

eight weeks of feeding, fish fed with a lower inclusion level of spirulina showed the best 

growth performance and feed utilization efficiency, similar to the fish fed with control diets. 

The group fed with 5% spirulina exhibited excellent protein efficiency ratio compared to all 

other fish groups. All spirulina-fed fish groups demonstrated higher protein deposition and 

strong antioxidant activity against free radicals compared to those fed with control diets. In 

conclusion, spirulina proves to be a superior feed ingredient for high-quality Nile tilapia 

farming, providing comparable results to control feeds. 

 

Keywords: Spirulina, Arthrospira fusiformis, Nile tilapia fingerlings, Feed utilization 

efficiency, Antioxidant capacity. 

 

Introduction 

Tilapia is a popular fish for aquaculture 

worldwide due to its adaptive feeding 

behaviour and ability to consume a wide 

range of feeds. As the fish matures, its 

feeding preference shifts towards plant 

materials (Takeuchi et al. 2002). Fishmeal 

has traditionally been used in fish diets as a 

source of protein (Kathleen 2016), however, 

due to increasing demands for fish and rising 

prices (Kim et al. 2013, Nguyen and 

Kinnucan 2018, Garba 2021), there is 

currently a need for alternative, affordable 

protein sources. In Tanzania, like many Sub-

Saharan countries, the aquaculture sector 

faces various challenges, including barriers 

related to fish feeds (Munguti et al. 2014, 

Tran et al. 2019, Mmanda et al. 2020, 

Mulokozi et al. 2020, Mramba and Kahindi 

2023). Prohibitive costs of commercial feeds 

and fish-based ingredients lead to 

unprofitable practices for the majority of fish 

farmers who rely on natural productivity with 

minimal supplementation (Kaliba et al. 2006, 

https://dx.doi.org/10.4314/tjs.v49i3.11
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Chenyambuga et al. 2014). Introducing a 

cheap alternative protein source is crucial for 

sustainable aquaculture production in 

Tanzania and other economically-similar 

countries. 

Studies have shown that plant-based diets 

can significantly replace fishmeal and reduce 

feed ingredient costs (Madalla 2008, El-

Sheekh et al. 2014, Khalila et al. 2018). 

Microalgae, particularly Arthrospira species 

(commonly known as spirulina), have been 

found to have multiple benefits for farmed 

fish. They can replace fishmeal, improve fish 

health, enhance meat quality, and provide 

essential nutrients (El-Sheekh et al. 2014, 

Pilot et al. 2014).  Spirulina is considered as a 

nutrient-rich microalgae with high quality 

protein having all essential amino acids, fats 

and polyunsaturated fatty acids, vitamins and 

minerals, as well as the phytopigments that 

protect the body against free radicals 

(Takeuchi et al. 2002, Hosseini et al. 2013, 

Michael et al. 2019). Previous studies have 

utilized different species of spirulina in 

aquaculture as feed additives and for partial 

fishmeal replacement (James et al. 2006, 

Belal and El-Hais 2012, Hussein et al. 2013, 

Mulokozi et al. 2019a). In Tanzania, 

Arthrospira fusiformis is abundant in soda 

lakes located in the northern part of the 

country, serving as a food source for birds 

like the Lesser Flamingo (Hamisi et al. 2017, 

Mulokozi et al. 2019b). This study therefore 

focused on using A. fusiformis isolated from 

Momela Lakes for Nile tilapia fingerlings 

farming, by evaluating its effects on growth 

performance, body composition, and feed 

utilization efficiency. 

 

Materials and Methods 

Source of microalgae and cultivation  

The inoculum of Arthrospira fusiformis 

was obtained from the stock culture kept at 

the Institute of Marine Sciences, University 

of Dar es Salaam, Tanzania, which was 

previously isolated from the Lake Big 

Momela (Mulokozi et al. 2019b). At the 

Institute, the culture was maintained in 

Zarrouk medium in Erlenmeyer flasks. 

Before the onset of this study, the culture was 

checked for contamination and if noticed, a 

serial dilution process was conducted to 

ensure unialgal culture. The mass culture of 

spirulina was conducted in plastic basins (100 

litres) using a low-cost medium produced by 

mixing NPK complex fertilizer and few 

ingredients of Zarrouk’s media (Michael et 

al. 2019). The culture was agitated twice a 

day by using a clean wooden spoon to avoid 

clumps. After one month, the biomass was 

harvested, rinsed with clean fresh water to 

remove adsorbed salts then sundried, 

followed by grinding to powder. The dry-

ground biomass was then used in the feed 

formulation of the fish diets. 

 

Proximate composition analysis  

The proximate analysis for the 

determination of nutritive compositions in the 

feed ingredients, experimental diets (Table 

1), and fish’s whole body (Table 4) was done 

at the Department of Botany, University of 

Dar es Salaam based on the standard 

analytical methods (Allen 1989, AOAC 1999, 

Michael et al. 2019). Whole body proximate 

composition of the experimental fish was 

determined at the end of the experiment, 

except for the initial body composition of fish 

taken from each tank before the experiment. 

The moisture content was determined by 

oven drying the samples at 60 °C overnight to 

a constant weight. The percentage loss in 

weight after drying was the moisture of the 

sample while the remaining was the dry 

matter. Protein content was analysed by semi-

micro Kjeldahl digestion followed by the 

indophenol-blue colorimetric method. The 

crude lipid was analysed using a mixture of 

organic solvents containing chloroform, 

methanol, and water in the ratio of 1:2:0.8, 

which was then raised to 2:2:1.8 (Bligh and 

Dyer 1959). The indigestible materials, 

termed as fibres were determined 

gravimetrically after acid hydrolysis and 

alkali extraction method. The other content of 

the sample was ash, which is a measure of the 

total minerals. This was determined as the 

residue after combustion of the dried sample 

materials.  
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Experimental diets  

Five dietary treatments were formulated 

using ingredients shown in Table 2: three 

with spirulina and two control diets with 

fishmeal. The spirulina diets had 5% (T5), 

10% (T10), and 15% (T15) per 100 g diet, 

while the control diets consisted of either 

freshwater shrimp meal (TC), accounting for 

51% of the total diet, or Lake Victoria sardine 

(TR), representing 65% of the total diet. 

These ingredients were selected because they 

are among the commonly used protein 

sources in some locally-formulated diets. 

Table 1 presents the proximate composition 

of the feed treatments, with the 5% spirulina 

diet (T5) containing 25% crude protein, the 

10% spirulina diet (T10) containing 28% 

crude protein, and the 15% spirulina diet 

(T15) having a similar protein content (35%) 

to the control diets. 

 

Table 1: Proximate composition of the experimental diets 

Diets  

Composition (%) T5 T10 TC TR T15 

Crude protein 25.1 28.3 35.1 35.4 35.2 

Moisture 5.98 6.88 7.92 7.28 5.79 

Crude lipid 9.06 11.62 6.55 11.70 13.99 

Crude fibre 7.93 11.74 6.28 4.87 13.70 

Ash 10.27 10.82 18.61 12.02 10.91 

Nitrogen free extract 38.70 31.56 26.88 33.53 16.46 

Dry matter 94.0 93.12 96.31 97.54 94.21 

 

Table 2: Feed ingredients used in the formulation of experimental diets 

Experimental diets 

Ingredient (g 100 g
-1

) T5 T10 TC  TR T15 

Maize bran 85 78 41 27.0 70 

Binder (Pollard)  3.0 3.0 3.0 3.0 3.0 

Sunflower seed cake  5.0 7.0 3.0 3.0 10.0 

Premixes* 2.0 2.0 2.0 2.0 2.0 

Spirulina meal 5.0 10.0 - - 15.0 

Fishmeal (sardine) - - - 65.0 - 

Fishmeal (shrimp) - - 51.0 - - 

*Premixes of vitamins, minerals and amino acids (T5 = Dietary treatment with 5% spirulina, 

T10 = Dietary treatment with 10% spirulina, TC = control diet with shrimp meal, TR = control 

diet with sardine meal, T15 = Dietary treatment with 15% spirulina). 

 

Stocking and experiment setup 

The experiment was conducted for eight 

weeks in the concrete tanks of 1 m
3
 located at 

Kunduchi Fisheries Centre, University of Dar 

es Salaam. The Nile tilapia fingerlings, 

Oreochromis niloticus were obtained from a 

stock kept in concrete ponds whose brood 

stocks were collected from Tanzania 

Fisheries Research Institute (TAFIRI) 

Mwanza. In stocking, 165 healthy mixed sex 

fingerlings of 4.1 ± 0.1 g average weight 

were selected, and randomly distributed into 

five dietary groups. Each treatment had three 

replicates with a stock of 11 fingerlings per 

tank. Prior to the initial feeding, the 

fingerlings were subjected to a two-day 

period of fasting to ensure their guts were 

empty. Subsequently, one fish from each tank 

was selected and frozen for the initial 

proximate composition analysis. The 

remaining 10 fingerlings in each tank were 

fed three times a day (at 9 am, 12 pm and 4 

pm), except for the day before and after the 

sampling for weight measurement when the 

fingerlings were fed only once to minimize 

any potential handling stress. At first, the 

fingerlings were fed at 10% of their wet body 

weight followed by 7% after two weeks and 

finally 5% up to the end of the experiment. 

Water exchange was done at 50–75% by 
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volume every three days. Water quality 

variables such as dissolved oxygen (Ecosense 

DO 200A, China), temperature and pH 

(Combo HI98129, Italy) were measured in-

situ daily.  

 

Growth performance and feed utilization 

indices 

The body weight was group-weighed on a 

weekly basis for each tank by using a 

portable balance (Endel, Global Weighing 

Company) and feed amount adjusted 

accordingly. Siphoning was done daily early 

in the morning before feeding to remove the 

faeces and other wastes in the tank. 

Unconsumed feeds were collected from the 

feeding point by siphoning after one hour of 

feeding and left to sun dry and then weighed 

for estimating the actual feed intake. Growth 

performance was measured in terms of 

average weight gain (AWG), average daily 

weight gain (DWG), specific growth rate 

(SGR) and survival. The utilization of feed 

was measured as the feed intake (FI), feed 

conversion ratio (FCR), feed efficiency 

percent (FE%) and protein efficiency ratio 

(PER). The protein intake was estimated by 

calculating the protein content in the fish 

feed. The following formulas were used: 

AWG (g) = 𝐹𝑊 − 𝐼𝑊……………...………………………………………………….…….. 1 

DWG (g fish day
-1

) = (FW − IW)/Time (days)………………………………………...….. 2  

SGR (% day
-1

) = 100 × (ln [𝐹𝑊] − ln [𝐼𝑊])/(𝑇𝑖𝑚𝑒 (𝑑𝑎𝑦𝑠) )……………........................... 3 

Survival (%) = 100 × (𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑠𝑡𝑜𝑐𝑘/𝐹𝑖𝑠ℎ 𝑠𝑡𝑜𝑐𝑘𝑒𝑑)……………………………....…... 4  

FI (g fish day
-1

) = (𝑇𝑜𝑡𝑎𝑙 𝑓𝑒𝑒𝑑 𝑖𝑛𝑡𝑎𝑘𝑒 𝑝𝑒𝑟 𝑓𝑖𝑠ℎ/𝑇𝑖𝑚𝑒(𝑑𝑎𝑦𝑠) …………………….……… 5 

FCR = 𝐹𝑒𝑒𝑑 𝑖𝑛𝑡𝑎𝑘𝑒/𝑙𝑖𝑣𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛……………………………………………...….…... 6 

FE percent (FE %) = 100 × (𝑊𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛/𝐹𝑒𝑒𝑑 𝑖𝑛𝑡𝑎𝑘𝑒)………………………….…..….. 7 

PER = 𝐿𝑖𝑣𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛/𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝑖𝑛𝑡𝑎𝑘𝑒………………………………………….………..8 

Where; FW = Final fish weight, IW= Initial fish weight. 

 

Body composition and antioxidant 

capacity of the experimental fish 

At the end of the experiment, nine (9) fish 

from each dietary treatment were randomly 

selected for the analysis of the whole-body 

proximate composition. All fish samples 

were first weighed and then oven dried to 

constant weight, thereafter ground for the 

analysis of crude protein, crude lipid, ash and 

nitrogen free extracts, following standard 

procedures (Allen 1989, AOAC 1999). On 

the other hand, the antioxidant activity was 

determined in terms of radical scavenging 

activity (RSA) and effective concentration at 

which 50% (EC50) of the free radicals are 

scavenged. Three fish from each dietary 

treatment were dissected to remove the liver 

and gut for testing the scavenging ability 

against the free radical, 2,2-diphenyl-

picrylhydrazyl (DPPH). The entails were 

smashed and placed in the solution 

containing 95% ethanol, for digestion. The 

extracts for each fish group were then diluted 

into four different concentrations ranging 

from 0.001 to 0.03 mg/ml from which, 3 ml 

of the concentration was mixed with 1 ml of 

DPPH (0.125 µM in 95% ethanol). The 

inhibitory capacity of the gut extract against 

DPPH was calculated according to equation 

9; 

%RSA= ((ADPPH-AE)/ADPPH) *100 …. 9 

 

Statistical analyses  

All statistical analyses were carried out 

using the SPSS Statistical software version 

20 (IBM SPSS Statistics 20, IBM Corp. 

2011, USA). Normality was tested with the 

Kolmogorov–Smirnov test, and homogeneity 

of variance was assessed with Levene’s test. 

One-way ANOVA determined differences in 

treatment means for proximate composition, 

growth, and feed utilization parameters. 

Repeated measure ANOVA examined 

differences in fish daily weight. The Tukey 

Honest Significant Difference test (THSD) 

was used for multiple mean comparisons 

when significant differences existed between 

feed treatments. Significance was determined 

at p ≤ 0.05. Results are reported as mean ± 

standard deviation. 
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Results 

Fish growth performance 

All experimental fish showed an increase 

in body weight with time (Figure 1). The fish 

group fed with low amount of spirulina 

inclusion (T5) showed the best growth 

similar to the control fish groups (Table 3). 

The fish in treatment T5 had their SGR 

statistically similar to both of the control 

diets, and similar FW, AWG and DWG with 

feed containing sardine (TR). There was a 

poor growth trend for the fish group fed with 

higher amounts of spirulina thereby recording 

lower values of all the measured growth 

parameters. The growth was intermediate for 

the fish group fed on 10% spirulina inclusion, 

while TC showed the best growth. There was 

a statistically significant influence of feed 

treatments (F (4, 10) = 84.203, p < 0.001), 

experimental time (F (4, 10) = 53.526, p = p 

< 0.001), and a synergetic influence of 

experimental period and feeding treatment (F 

(3, 39) = 3.223, p = p < 0.001) to the DWG of 

the experimental fish. On the other hand, the 

survival rate was above 80% for all 

experimental fish with spirulina fed fish 

groups recording the excellent survival of up 

to 96% compared to the control which had 

85% as the highest record. There was no 

significant variation among the feed 

treatments (F (4, 10) = 1.204, p = 0.380), and 

there was no mortality related with the 

experimental diet.  

 

Feed utilization parameters 

There was a significant difference in the 

feed utilization efficiency among the fish 

groups (Table 3). Similar to growth 

performance, fingerlings fed lower inclusion 

levels of spirulina exhibited good feed intake. 

However, those fed higher inclusion levels 

showed reluctance to consume the feeds, 

resulting in poor FCR and PER. Notably, the 

fish group T5 exhibited FCR that was 

statistically comparable to the control diets. 

Remarkably, the fish group that consumed 

the diet containing 5% spirulina achieved the 

highest PER, followed by the 10% spirulina-

fed fish groups, which displayed comparable 

efficiency to the control fish groups. 

 
Figure 1: Changes in fish body weight during the eight weeks of the experiment. 
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Table 3: Fish growth and feed utilization parameters (Mean ± SD, n = 3) in the experimental 

set-up   

 Dietary treatments   

Parameter T5 T10 TC TR T15 

IW (g) 4.1 ± 0.2
a
 4.1 ± 0.1

a
 4.1 ± 0.1

a
 4.0 ± 0.1

a
 4.0 ± 0.1

a
 

FW (g) 14.6 ± 0.5
a
 12.3 ± 0.4

b
 16.4 ± 0.3

c
 15.6 ± 0.3

ac
 10.5 ± 0.2

d
 

AWG (g) 10.6 ± 0.8
a
 8.2 ± 0.7

b
 12.3 ± 0.4

c
 11.6 ± 0.6

ac
 6.5 ± 0.4

d
 

DWG (g
 
fish

 
day

-

1
) 

0.19 ± 

0.01
a
 

0.15 ± 0.01
b
 0.22 ± 

0.01
c
 

0.21 ± 0.01
ac

 0.12 ± 0.01
d
 

SGR (%
 
day

-1
) 2.3 ± 0.10

a
 1.9 ± 0.1

b
 2.5 ± 0.1

a
 2.4 ± 0.1

a
 1.7 ± 0.1 

c
 

Survival (%) 89.3 ± 

11.1
a
 

88.4 ± 0.8
a
 82.9 ± 5.1

a
 85.5 ± 4.8

a
 96.3 ± 6.4

a
 

FI (g fish
 
day

-1
) 0.4 ± 0.0

a
 0.4 ± 0.0

b
 0.5 ± 0.0

c
 0.4 ± 0.0

d
 0.4 ± 0.0

e
 

FCR 2.1 ± 0.2
a
 2.6 ± 0.24

b
 2.1 ± 0.1

a
 2.0 ± 0.2

a
 3.1 ± 0.2

c
 

PER 1.9 ± 0.1
a
 1.4 ± 0.1

b
 1.4 ± 0.0

b
 1.4 ± 0.1

b
 0.9 ± 0.1

c
 

Different superscripts in the same row indicate the significant difference in the means (p < 

0.05). Where: IW stands for initial weight, FW for final weight, AWG for average weight gain, 

DWG for daily weight gain, SGR for specific growth rate, FI for feed intake, FCR for feed 

conversion ratio, PER for protein efficiency ratio. 

 

Fish body composition 

There was a significant difference in the 

whole-body proximate composition for the 

crude protein (F (4, 10) = 40.219, p < 0.001), 

ash (F (4, 10) = 169.26, p < 0.001) and crude 

lipid (F (4, 10) = 2.969, p = 0.039). The 

spirulina-fed fish groups deposited higher 

protein than the control groups, and the fish 

that were offered low levels of spirulina 

inclusion had higher protein content (Table 

4). Surprisingly, the fish fed with the sardine 

meal deposited the least crude protein than 

that of the initial fish. Similarly, for the ash 

content, the amount of the final body was 

lower compared to the initial content. The 

body of the fish fed with shrimp meal 

recorded the lowest values of ash content. 

 

 

Table 4: Whole-body chemical composition (on dry weight basis) of the Nile tilapia 

fingerlings before and after the feeding experiment (Mean ± SD, n = 3) 

 Dietary treatments    

Compositi

on (%) 

 Initial T5 T10 TC TR T15 

MO 73.1 ± 2.2 73.9 ± 3.4
a
 75.2 ± 3.8

a
 73.2 ± 0.3

a
 75.4 ± 1.6

a
 75.0 ± 2.0

a
 

DM 26.9 ± 2.2 26.1 ± 3.4
a
 24.8 ± 3.8

a
 26.8 ± 0.3

a
 24.7 ± 1.6

a
 24.9 ± 2.0

a
 

CP 49.3 ± 0.4 51.4 ± 1.2
a
 51.9 ± 0.7

a
 49.0 ± 0.4

a
 41.4 ± 2.1

b
 50.4 ± 0.6

a
 

CL 14.6 ± 1.8 11.1 ± 1.8
ab

 11.7 ± 2.3
a
 12.6 ± 2.9

a
 11.2 ± 2.0

a
 15.1 ± 2.7

ac
 

Ash 27.8 ± 2.5 24.4 ± 0.5
a
 24.1 ± 0.6

a
 15.7 ± 0.5

b
 23.3 ± 0.6

ac
 25.2 ± 0.6

ad
 

Different superscripts in the same row indicate the significant difference in the means (p < 

0.05). Where: MO = moisture, DM = dry matter, CP = crude protein, CL = crude lipid. 

 

Antioxidant activity of the fish 

All the fish groups fed on spirulina had 

stronger scavenging ability than the control 

fish, and strongest capacity was expressed by 

T10, and similarly the lowest effective 

concentration (EC50) at which 50% of the 

DPPH free radicals were quenched (Figure 

2). Poor scavenging ability was recorded in 

TR, which also attained the EC50 at the 

highest concentration of 0.012 mg/ml while 

others attained EC50 at lower concentrations 

(Figure 2). The radical scavenging ability 

varied significantly with extract 

concentration (F (1, 4) = 99.667, p = 0.000), 

and fish groups (F (1, 4) = 8.259, p = 0.000).  
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Figure 2: The scavenging ability of experimental fish’s extracts against DPPH. 

 

Discussion 

In the present study, the amounts of 

protein in spirulina-containing diets ranged 

between 25.1 and 35.2%, and the reference 

diets contained 35% of the crude protein. 

This was in agreement to what was earlier 

suggested by Bahnasawy (2009) that the Nile 

tilapia fingerlings (5 to 25 g) had the protein 

requirement ranging from 25 to 35%. The 

study revealed that with spirulina as one of 

the feed ingredients, the amount of protein in 

the feed does not determine the biochemical 

composition of the fish, as the protein content 

of the fish’s whole-body did not vary among 

the feed treatments. This can be linked to the 

changes in the rate of protein synthesis and 

deposition in the fish’s body and muscles 

(Carter et al. 2011). The spirulina-fed fish 

groups exhibited higher protein deposition 

compared to the control groups, which had a 

large quantity of protein. Also, the fish that 

were offered low levels of spirulina inclusion 

had higher protein content than that fed on 

high content. Similar findings have been 

reported in previous studies. For instance,  

Bin Dohaish et al. (2018) found that Nile 

tilapia supplemented with lower levels (5–

20%) of Spirulina platensis had higher 

protein content in their bodies compared to 

the control and fish fed with 50% spirulina. A 

similar scenario was also observed by 

Mulokozi et al. (2019a) where the highest 

protein composition (53.48%) was recorded 

in the body of Rufiji tilapia supplemented 

with 25% spirulina while the fish fed with 

100% spirulina had 51.18% protein.  

The composition of lipids increased with 

the level of spirulina inclusion in the diet 

whereas the fish which consumed high 

inclusion, deposited higher levels of lipids. 

This tendency is similar to what was 

observed by Tongsiri et al. (2010) who found 

that the Mekong Giant Catfish fed with 

higher spirulina inclusion had higher 

composition of protein and lipid. However, 

the results are contrary to those recorded by 

Abdulrahman and Ameen (2014) who found 

that lipid content in the body of common carp 

was reduced as spirulina was increased in the 

diet. The values of moisture content were in 

the acceptable level (60–80%), which concur 

with many of the previous studies (El-Sheekh 

et al. 2014, van Ruth et al. 2014, Teame et al. 

2016). However, fish groups fed on a lower 

amount of spirulina (5%) and those fed on 

shrimp meal had a good quality meat than 
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other groups, as they contained lower 

moisture contents. 

The lower feed intake in spirulina diets 

containing higher inclusion levels was 

possibly attributed to high fibre content 

(Table 1) and palatability as also previously 

reported by Abdel-Tawwab et al. (2006). 

Spirulina meal has no attractant smell, unlike 

fishmeal and shrimp meal, therefore an 

increase in spirulina inclusion reduces the 

palatability, which in turn affects the feed 

intake as was observed in this study. The 

FCR of 5% spirulina-fed fish was statistically 

similar to the control diets signifying the 

capacity of spirulina to improve feed 

efficiency by triggering the intestinal bacteria 

(Amer 2016). Previous studies have revealed 

the capacity of spirulina addition in the diet 

of Nile tilapia showing great impact in the 

FCR even at a low level of inclusion. For 

instance; Belal and El-Hais (2012) found that 

the addition of 1% spirulina (A. fusiformis) to 

the fishmeal-based diet, led to an excellent 

FCR of 1.27. Similarly, the study conducted 

by Bin Dohaish et al. (2018) recorded a FCR 

of 0.78 with an inclusion of a 5% spirulina. It 

was found that the fish fed with higher 

spirulina inclusion had lower PER. This 

suggests that the fingerlings were able to take 

the feed but failed to assimilate it completely 

(Takeuchi et al. 2002). Furthermore, 

Bahnasawy (2009) reported a more likely 

scenario whereby feed with low protein 

content was assimilated efficiently and 

resulted in good PER, suggesting that fish do 

take an amount of protein which they can 

assimilate efficiently. The tendency of PER 

observed in the current study however, is 

similar to that reported by Kim et al. (2013) 

for the Parrot fish (Oplegnathus fasciatus) 

and Mulokozi et al. (2019b) for the Rufiji 

tilapia fry (Oreochromis urolepis urolepis) 

that also recorded higher protein efficiency 

ratios at lower spirulina inclusion. On the 

contrary however, our findings differ from 

those reported by James et al. (2006) who 

found that the PER increased with the level 

of spirulina in the diet of the Red Swordtail. 

Other studies have reported an inconsistent 

tendency; for instance, El-Sheekh et al. 

(2014) observed that the hybrid red tilapia fed 

75% spirulina had similar PER to that fed 

100% spirulina, while Amer (2016) showed 

that the supplementation at 1% spirulina had 

better PER than 0.5 and 1.5% inclusions.  

Spirulina is among the antioxidant-rich 

microalgae due to possession of 

phytopigments and vitamins (Takeuchi et al. 

2002, Michael et al. 2018). Antioxidants 

usually exhibit powerful scavenging capacity 

towards the free radicals, as it was revealed 

that spirulina-fed fish possessed higher 

scavenging ability compared to the control 

fish groups. These results agree with those 

from previous studies which show the 

antioxidant potential of spirulina to farmed 

fish  (James et al. 2006, Kim et al. 2013, 

Amer 2016). However, it was noticed that the 

scavenging activity was not related to the 

amount of spirulina content as the fish fed 

with higher inclusion had lower ability 

compared to those fed with lower inclusion, 

the reason for this observation remains 

unclear. 

 

Conclusion 

The study found that fish groups fed on 

low levels of spirulina-containing diets 

expressed the best growth, and feed 

utilization efficiency, similar to the control 

diets. It was further noticed that high amount 

of spirulina inclusion did not result in 

improved growth or feed efficiency, rather, a 

small amount was sufficient for significant 

improvements. The study therefore 

recommended spirulina, Arthrospira 

fusiformis as an ideal feed ingredient for 

raising better-quality Nile tilapia fingerlings. 

 

Acknowledgement  

The authors are very grateful to the Institute 

of Marine Sciences, University of Dar es 

Salaam for funding the research through the 

Swedish International Cooperation Agency 

(Sida) Bilateral Marine Science Program. We 

would also like to thank the anonymous 

reviewers for their constructive comments 

that improved the manuscript. 

 

Declaration of Conflict of Interest 

Authors declare that there is no conflict of 

interest. 



Tanz. J. Sci. Vol. 49(3) 2023 

595 

References 

Abdel-Tawwab M, Khattab YAE, Ahmad 

MH and Shalaby AME 2006 

Compensatory growth, feed utilization, 

whole-body composition, and 

hematological changes in starved juvenile 

Nile tilapia, Oreochromis niloticus (L.). J. 

Appl. Aquac. 18: 17–36. 

Abdulrahman NM and Ameen HJH 2014 

Replacement of fishmeal with microalgae 

Spirulina on common carp weight gain, 

meat and sensitive composition and 

survival. Pak. J. Nutr. 13: 93–98. 

Allen SE 1989 Analysis of vegetation and 

other organic materials. In: Allen SE (Ed) 

Chemical Analysis of Ecological 

Materials 2
nd

 edition (pp 46–60), Oxford 

London, Boston Melbourne. 

Amer SA 2016 Effect of Spirulina platensis 

as feed supplement on growth 

performance, immune response and 

antioxidant status of mono-sex Nile 

tilapia (Oreochromis niloticus). Benha 

Veterinary Medical Journal 30(1): 1–10 

AOAC 1999 Official methods of analysis 

(16
th

 edition) Association of Official 

Analytical Chemists, Washington, DC. 

Bahnasawy MH 2009 Effect of dietary 

protein levels on growth performance and 

body composition of monosex Nile 

tilapia, Oreochromis niloticus L. Reared 

in fertilized tanks - SciAlert Responsive 

Version. Pak. J. Nutr. 8: 674–678. 

Belal EB and El-Hais AMA 2012 Use of 

Spirulina (Arthrospira fusiformis) for 

promoting growth of Nile tilapia 

fingerlings. Afr. J. Microbiol. Res. 6: 

6423–6431. 

Bin Dohaish E, Al Dhahri M and Omar H 

2018 Potential application of the blue-

green alga (Spirulina platensis) as a 

supplement in the diet of Nile tilapia 

(Oreochromis Niloticus). Appl. Ecol. 

Environ. Res. 16: 7883–7902. 

Bligh EG and Dyer WJ 1959 A rapid method 

of total lipid extraction and purification. 

Can. J. Biochem. 37: 911–917. 

Carter C Houlihan D, Brechin J Mccarthy I 

2011 The relationships between protein 

intake and protein accretion, synthesis, 

and retention efficiency for individual 

grass carp, Ctenopharyngodon idella 

(Valenciennes). Can. J. Zool. 71: 392–

400. 

Chenyambuga S, Mwandya A, Lamtane H 

and Madalla N 2014 Productivity and 

marketing of Nile tilapia (Oreochromis 

niloticus) cultured in ponds of small-scale 

farmers in Mvomero and Mbarali 

districts, Tanzania. Livest. Res. Rural 

Dev. 26(3): 3–12.  

El-Sheekh M, El-Shourbagy I, Shalaby S and 

Hosny S 2014 Effect of feeding 

Arthrospira platensis (Spirulina) on 

growth and carcass composition of hybrid 

red tilapia (Oreochromis niloticus x 

Oreochromis mossambicus). Turkish J. 

Fish. Aquat. Sci. 14: 471–478. 

Garba AA 2021 Impacts of population 

growth in relation to changes in 

aquaculture and fisheries prices. J. Aquat. 

Sci. 36: 83–92. 

Hamisi M, Lugomela C Lyimo T, Bergman 

B, and Díez B 2017 Plankton 

composition, biomass, phylogeny and 

toxin genes in Lake Big Momela, 

Tanzania. Afr. J. Aquat. Sci. 42: 109–121. 

Hosseini SM, Khosravi K and Mozafari M 

2013 Nutritional and Medical 

Applications of Spirulina Microalgae. 

Mini Rev Med Chem. 13: 1231–1237. 

Hussein EES, Dabrowski K, El-Saidy DM 

and Lee BJ 2013 Enhancing the growth of 

Nile tilapia larvae/juveniles by replacing 

plant (gluten) protein with algae protein. 

Aquac. Res. 44: 937–949. 

James R, Sampath K, Thangarathinam R and 

Vasudevan I 2006 Effect of dietary 

Spirulina level in growth, fertility, 

coloration and leucocyte count in Red 

Swordtail, Xiphophorus helleri. Isr. J. 

Aquac. 58: 97–104. 

Kaliba  AR, Osewe KO, Senkondo EM, 

Mnembuka BV and Quagrainie K 2006 

Economic analysis of Nile tilapia 

(Oreochromis niloticus) production in 

Tanzania. J World Aquac Soc. 37: 464–

473. 

Kathleen A 2016 Evaluating Spirulina as a 

protein source in Nile tilapia 

(Oreochromis niloticus) grow-out diets. 



Michael et al. - Spirulina (Arthrospira fusiformis, Gomont 1892) as a High-Quality Feed … 

596 

MSc Thesis, Queen’s University 

Kingston, Canada. 

Khalila HS, Fayed WM, Mansour AT, Srour 

TM, Omar EA and Darwish SI 2018 

Dietary supplementation of Spirulina, 

Arthrospira platensis, with plant protein 

sources and their effects on growth, feed 

utilization and histological changes in 

Nile tilapia, Oreochromis niloticus. J. 

Aquac. Res. Dev. 9. 

Kim SS, Rahimnejad S, Kim KW and Lee KJ 

2013 Partial replacement of fish meal 

with Spirulina pacifica in diets for parrot 

fish (Oplegnathus fasciatus). Turkish J. 

Fish. Aquat. Sci. 13: 197–204. 

Madalla N 2008 Novel feed ingredients for 

Nile tilapia (Oreochromis niloticus L.). 

PhD Thesis, University of Stirling, UK. 

Michael A, Kyewalyanga MS and Lugomela 

CV 2019 Biomass and nutritive value of 

Spirulina (Arthrospira fusiformis) 

cultivated in a cost-effective medium. 

Ann. Microbiol. 69: 1387–1395. 

Michael A, Kyewalyanga MS, Mtolera MS 

and Lugomela CV 2018 Antioxidants 

activity of the cyanobacterium, 

Arthrospira (Spirulina) fusiformis 

cultivated in a low-cost medium. Afr. J. 

Food Sci. 12: 188–195. 

Mmanda FP, Mulokozi DP, Lindberg JE, 

Norman Haldén A, Mtolera M, Kitula R 

and Lundh T 2020 Fish farming in 

Tanzania: the availability and nutritive 

value of local feed ingredients. J. Appl. 

Aquac. 32: 341–360. 

Mramba RP and Kahindi EJ 2023 The status 

and challenges of aquaculture 

development in Dodoma, a semi-arid 

region in Tanzania. Aquac Int.  31: 1551–

1568. 

Mulokozi DP, Mmanda FP, Onyango P, 

Lundh T, Tamatamah R and Berg H 2020 

Rural aquaculture: Assessment of its 

contribution to household income and 

farmers’ perception in selected districts, 

Tanzania. Aquac. Econ. Manag. 24: 387–

405. 

Mulokozi DP, Mtolera MS and Mmochi AJ 

2019a Spirulina (Arthrospira fusiformis) 

as a potential protein source in practical 

diets for fry mariculture of Rufiji tilapia 

(Oreochromis urolepis urolepis). West. 

Indian Ocean J. Mar. Sci. 18: 57–67. 

Mulokozi DP, Mtolera MS and Mmochi AJ 

2019b Biomass production and growth 

performance of Momela Lake’s spirulina 

(Arthrospira fusiformis) cultured under 

urea and N:P:K fertilizers as cheaper 

nitrogen sources. Int. J. Biol. Chem. Sci. 

13: 861–869. 

Munguti JM, Kim JD and Ogello EO 2014 

An overview of Kenyan aquaculture: 

Current status, challenges, and 

opportunities for future development. 

Fish Aquatic Sci. 17: 1–11. 

Nguyen L and Kinnucan HW 2018 Effects of 

income and population growth on fish 

price and welfare. Aquac. Econ. Manag. 

22: 244–263. 

Pilot AI, Sumi KR, Sharker MR, Mandal SC, 

Rahman MM and Alam MR 2014 Effect 

of different live feeds on the growth 

performance and flesh quality of Nile 

tilapia (Oreochromis niloticus) 

fingerlings. Int. J. Pharm. Sci. Res 3: 181. 

van Ruth S, Erwin B, Koot A and Wijttenan 

M 2014 Seafood and water management. 

Foods 3: 622–631. 

Takeuchi T, Lu J, Yoshizaki G and Satoh S 

2002 Acceptability of raw Spirulina 

platensis by larval tilapia Oreochromis 

niloticus. Fish Sci. 68: 51–58. 

Teame T, Natarajan P and Tesfay Z 2016 

Proximate and mineral composition of 

some commercially important fish species 

of Tekeze reservoir and Lake Hashenge, 

Ethiopia. Int. J. Fish. Aquat. Sci. 4(1): 

160–164. 

Tongsiri S, Mang-Amphan K and 

Peerapornpisal Y 2010 Effect of replacing 

fishmeal with Spirulina on growth, 

carcass composition and pigment of the 

Mekong giant catfish. Asian J. Agric. Sci. 

2: 106–110. 

Tran N, Chu L, Chan CT, Genschick  S, 

Phillips MJ and Kefi AS 2019 Fish supply 

and demand for food security in Sub-

Saharan Africa: An analysis of the 

Zambian fish sector. Mar. Policy 99: 343–

350.

 


