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Abstract: With the aquaculture industry’s growth comes an increased demand for fishmeal, leading to overfishing and rising prices. Spirulina,
a microalga rich in protein and essential nutrients, is proposed as an alternative protein source research in the diet of Nile tilapia, Oreochromis
niloticus, a major aquaculture species. This study investigates the effect of replacing fishmeal with Spirulina at a higher percentage than in
previous studies. The formulated diets containing 0%, 30%, and 50% Spirulina were tested over a 58-day period to determine the effect
on growth, survival, and proximate composition on Nile tilapia. Results showed that replacing fishmeal with Spirulina at both 30% and
50% levels did not negatively affect growth or survival rates. Water quality parameters remained within optimal ranges throughout the
experiment, indicating that Spirulina inclusion did not adversely affect water quality. Proximate analysis of the fish muscle revealed no
significant differences in crude protein content but fish fed 30% Spirulina had higher crude fat content. Overall, the study concludes that
Spirulina can replace fishmeal up to 50% without negative effect on the growth, survival and proximate composition of Nile tilapia.
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1 Introduction

The growth of the aquaculture industry in recent years for
supplying animal food for humans has resulted in an in-
creased demand for fishmeal and fish oil, which are used
as feed ingredients due to their high protein content. This
is especially true for carnivorous species such as grouper,
Asian seabass or barramundi, and Atlantic salmon (Rosas et
al., 2018; Geng et al., 2022). Even omnivore species such as
tilapia are given formulated diets containing fishmeal. The
demand for fishmeal and its cost have been rising over the
years as aquaculture is increasing on a large scale (FAO,
2022). This has led to fisheries being overexploited, poten-
tially causing overfishing, and consequently, the supply is
insufficient. To address the substantial demand and reduce
pressure on fishmeal, aqua-feed experts continue to search
for other ingredients with high protein content, sustainable
supply, and high nutritional value, such as algae, plants, and
animal sources (Rosas et al., 2018; Geng et al., 2022;Woolley
et al., 2023).

Spirulina Arthrospira platensis is one of the most com-
monly produced microalgae commercially. It is a filamentous
and multicellular cyanobacterium that contains a high per-

centage of crude protein, approximately 65% by dry weight,
and contains the essential amino acids (Koru E., 2012) and
has minerals, antioxidants, vitamins, essential fatty acids, and
various bioactive compounds (Zhang et al., 2020). Further-
more, these components help aquaculture species resist dis-
eases and improve growth performance (Yousefi et al., 2022).
In formulated diets for fish such as Nile tilapia, Spirulina ef-
fectively replaced animal-derived proteins and it maintained
normal reproduction throughout three generations of the fish
(Lu and Takeuchi,2004). Spirulina plays a significant role
for Nile tilapia because it improves the immune response and
fish flesh quality, acts as a growth promoter, increases the sur-
vival of fish, reduces the cost of fish feed, and improves the
blood profile (Abdel-Tawwab M. and Ahmad M.H., 2019;
Ibrahem et al., 2013; Noman S., 2018). Mahmoud et al.
(2018) determined that 1% and 2% Spirulina supplement in
the diet of Nile tilapia had no significant impact on growth,
however, it improved Nile tilapia’s resistance to the bacteria
Pseudomonas fluorescens. Al-Mahrouqi et al. (2023) ana-
lyzed the effects of replacing fishmeal with 5%, 10%, and
15% Spirulina on the proximate composition and intestinal
microbiota of Nile tilapia juveniles and reported a diversity
of microbes in fish fed Spirulina with low abundance of
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pathogens and high abundance of beneficial microbes.
Studies have been conducted to determine the effect of

fishmeal replacement with Spirulina on the growth of Nile
tilapia Oreochromis niloticus and other species. Takeuchi et
al. (2002) compared the effect of raw Spirulina and commer-
cial diet on the growth and body composition of Nile tilapia
and found that fish fed the commercial diet has a slightly
higher growth rate, however, fish fed Spirulina had higher
protein and polar lipid content, and lower ash content. Ve-
lasquez et al. (2015) tested the inclusion of Spirulina at 30%,
45%, 60%, and 75% and found that 30% is the optimal in-
clusion level that resulted in increased growth performance
of Nile tilapia, whereas at 60% inclusion, there was no sig-
nificant effect on fish growth and at 75%, the growth rate
decreased. Youssef et al. (2023) conducted a study on the par-
tial replacement of fishmeal by Spirulina (0%, 2.5%, 5%, and
10%) in the diets for Nile tilapia and showed that Spirulina
enhanced the growth performance of Nile tilapia. However,
in the case of another tilapia species Oreochromis mossam-
bicus the inclusion of 20-100% Spirulina (Arthrospira max-
ima) did not improve growth performance (Olvera-Novoa et
al.,1998). Similar results were obtained in the case of hybrid
red tilapia (O. niloticus x O. mossambicus) with the inclusion
of 5-20% Spirulina Arthrospira maxima (Ungsethapand et
al.,2010). In contrast, 75% inclusion of Arthrospira platen-
sis resulted in increased growth of the hybrid red tilapia.
Similarly, Arthrospira platensis can replace up to 75% of
the fishmeal in the diet of whiteleg shrimp Litopenaeus van-
namei (Macias-Sancho et al., 2014). However, in the case
of Nile tilapia, a maximum of 30% fishmeal replacement
with Spirulina Arthrospira platensis has been reported to
result in increased growth while 75% resulted in decreased
growth. In our study, 50% fishmeal replacement with Spir-
ulina was hypothesized as the optimum level of replacement
in the formulated diet for Nile tilapia which is the third major
aquaculture finfish species in the world (FAO, 2022). The
study was conducted to determine the effect of Spirulina
as a fishmeal replacement at 30% and 50% on fish growth,
survival, and proximate composition of Nile tilapia fed the
three diets.

2 Materials and Methods

2.1 Formulation and preparation of diets

The three diets were formulated to balance the crude protein,
crude lipid, fiber, and ash for all diets at 36%, 6%, 3%,
and 7%, respectively. Since the experimental fish were Nile
tilapia juveniles, which require higher protein, 36% was used,
similar to other research studies (Olvera-Novoa et al.,1998;
Ibrahem et al., 2013; Velasquez et al.,2015) which used 35-
36% crude protein in Nile tilapia formulated diets.

The dry feed ingredients were bought from Bio Prod-
ucts Company in Barka, Oman. The feed ingredients were
weighed according to the feed formulation and mixed well

together in a bucket. Fish oil was added and all ingredients
were mixed well. Water was added gradually to the mixture
until the mixture became coherent. The mixture was intro-
duced into the meat mincer machine for pelletizing. The
pellets were air-dried for two days, and the dried pellets were
put in plastic jars and kept in the chiller. To preserve the qual-
ity, small quantities of feed were taken, weighed, recorded,
and kept in small containers for daily feeding in each tank.
Whenever these feeds were used up, another batch of feeds
was taken, weighed, and recorded to calculate the number of
feeds given to each tank.

2.2 Effect on growth and survival of Nile
tilapia

The experiment was conducted over 58 days at the Depart-
ment of Marine and Fisheries Sciences, College of Agri-
cultural and Marine Sciences, at Sultan Qaboos University
(SQU). The initial mean weight of the juvenile Oreochromis
niloticus was (14.24 ± 4.28 g). Nine glass tanks, each con-
taining 64.5 L of freshwater, were stocked with ten fish (=155
fish per m³). The three formulated diets (0% Spirulina, 30%
Spirulina, and 50% Spirulina) were tested in three replicates
each and distributed randomly. The fish were fed at 2%
body weight or until satiation two times per day (morning
and afternoon). To maintain water quality, feces and any
uneaten feeds were siphoned out three times per week. The
weight and length of all fish in each tank were measured
every month to monitor their growth and survival. Dissolved
oxygen and temperature were measured daily using ProODO
Optical Dissolved Oxygen measuring device, while pH was
measured using a Teletemp Double Junction Waterproof pH
Meters device. Ammonia was measured by Hanna Ammonia
Medium Range Portable Photometer-HI96715, while nitrite
and nitrate were measured using API Fresh Water Master test
kit once a week.

At the end of the experiment, the number of surviving fish
was counted, and the final weight and total length of each
fish were measured using a digital balance and measuring
board to determine the growth parameters for each diet. The
following formulas were used:
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Table 1. Feed formulation ingredients (%) for the three diets (T1: 0% Spirulina, T2: 30% Spirulina, and T3: 50% Spirulina

Table 2. Growth and survival of Nile tilapia fed the three diets (T1: Control or 0% Spirulina, T2: 30% Spirulina, and T3: 50% Spirulina)
during a 58-Day Culture Period. Values are means and standard deviation of three replicates.

2.3 Proximate analysis of fish muscle

At the end of the experiment, three fish were taken from
each treatment, which all had the same size. They were
put in plastic bags, labeled, and placed in the chiller at a
temperature of -18°C until further analysis. For analysis, fish
fillets were cut to extract only the flesh and then weighed.
Then they were placed on a labeled plate then put in the oven
at 60°C for 24 hours to get dried flesh and weighed again
to calculate the moisture. Moreover, the dry muscles were
ground in a blender to obtain a powder content for analysis.
Proximate analysis for crude protein, crude lipid, and ash
was performed using AOAC on triplicate samples in the feed
laboratory.

2.4 Statistical Analysis

Analysis of Variance (ANOVA) and Tukey tests were per-
formed to determine any significant difference (P < 0.05)
in the water stability, attractiveness, palatability, and growth
parameters.

3 Results and Discussion

3.1 Growth and survival rates

Table 2 shows the means and standard deviations of the
growth of fish given the three treatments (T1, T2, and T3).

The ANOVA and Tukey tests have shown no significant dif-
ferences among the treatments (P > 0.05). The survival rate
was 100% in all treatments.

Our results showed no significant difference in growth and
survival of fish fed the three formulated diets using fishmeal
and Spirulina as protein sources. In the study by Olvera-
Novoa et al. (1998), who tested the replacement of fishmeal
with Spirulina at ratios of 20, 40, 60, and 100%, there was no
significant difference in growth at 20 and 40% replacement,
and lower growth at 60, 80, and 100%. Velasquez et al.
(2015) recommended replacing 30-45% of fishmeal with
Spirulina in Nile Tilapia diets, and our study shows good
results even at 50% fishmeal replacement. Spirulina is also
reported to enhance growth in other species such as abalone
Haliotis midae (Britz, P., 1996), dwarf gourami Trichogaster
lalius (Baksi et al., 2017), and sturgeon Acipenser baeri
(Palmegiano et al., 2005).

In future experiments, it may be worthwhile to test re-
placements higher than 50% of fishmeal and investigate other
effects of using Spirulina as fishmeal replacement in the
diet of other fish species (such as koi carp) that are more
expensive species than tilapia.

3.2 Water Quality

Table 3 shows the minimum and maximum values in water
quality parameters. There was no significant difference (P
> 0.05) in the water quality parameters between treatments.
Temperature increased during the experiment, which was
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Table 3. Minimum and maximum water quality parameters in the rearing tanks for the evaluation of the three diets (T1: control; T2: 30%
spirulina; T3: 50% spirulina) for 2 months.

conducted towards summer. The dissolved oxygen fluctuated
during the experiment period, and overall, there was a declin-
ing trend. The pH was in the range of 6.2-9.4, and there was
a decreasing trend during the experiment period. There was
no significant difference (P > 0.05) in ammonia, nitrite, and
nitrate among the treatments. The water quality parameters
during the experiment were similar among treatments and
were generally within the optimal range for Nile tilapia.

3.3 Proximate composition of Nile tilapia
muscles

Table 4 shows the crude protein, fat, ash, and nitrogen-free
extract of the fish fed the control diet (T1), 30% Spirulina
(T2), and 50% Spirulina (T3). There was no significant
difference (P > 0.05) among the treatment means except
in crude fat and NFE as indicated by ANOVA and Tukey
tests. T1 had the highest NFE (10.67 ± 0.07%) whereas 30%
Spirulina (T2) had the highest crude fat (5.58 ± 0.08%) and
lowest NFE (9.63 ± 0.12%). On the other hand, the 50%
Spirulina (T3) diet had the lowest crude lipid (4.6 ± 0.2%).

Table 4. Proximate composition of Nile tilapia Fed Three Diets
(T1: Control or 0% Spirulina, T2: 30% Spirulina, and T3: 50%
Spirulina). Values in a column with different superscripts are signif-
icantly different at P<0.05).

Our results showed no significant difference in crude
protein in the muscle of fish, reflecting the isonitrogenous
content of the diets, and are similar to the findings of Al-
Mahrouqi et al. (2023) and Ungsethaphand et al. (2010).
The higher lipid in fish fed T2 (30% Spirulina) could be due
to the combination of the lipids in fishmeal and Spirulina,
while the higher ash in fish fed T1 (fishmeal) may be due to
the fish species used or possibly the inclusion of fish bones in
preparing the fishmeal. Lu et al. (2004) reported that tilapia

fed Spirulina contain high protein, polar lipids, and omega-6
HUFA, and lower amounts of non-polar lipid, all of which
demonstrate healthy flesh quality.

4 Conclusions

Fish meal replacement with Spirulina at 30 and 50% in the
formulated diet for Nile tilapia is appropriate because there
was no negative effect on the growth, survival, and proximate
composition. The use of Spirulina to partially replace fish-
meal could decrease the pressure on the wild fisheries for
fishmeal production. Future research could explore higher
replacement levels and the effects of Spirulina inclusion in
the formulated diets for other aquaculture species.

Acknowledgments

We thank the students in Fish Nutrition and Feeding Course
for their help in feeding and measuring water quality and fish
growth during the first month of the experiment and to Ms.
Kathiya of the Feed Analytical Laboratory of the Department
of Animal and Veterinary Science in SQU, for the proximate
analysis.

Author Contributions

R.A.N.: Data curation and analysis, Visualization, Writing-
Original draft preparation.

W.G.G.: Conceptualization, Methodology, Validation, Su-
pervision, Project administration, Writing-Reviewing and
Editing.

A.A.S.: Conceptualization, Methodology, Validation,
Writing-Reviewing and Editing.

Conflict of Interest

The authors declare no conflict of interest.

Applied Environmental Biotechnology (2024) - Volume 9, Issue 2 33



Spirulina Arthrospira platensis as fishmeal replacement: effect on the growth, survival and proximate composition of Nile tilapia Oreochromis niloticus

References
Abdel-Tawwab M. and Ahmad M.H., 2009. Live Spirulina (Arthrospira

platensis) as a growth and immunity promoter for Nile tilapia, Ore-
ochromis niloticus (L.), challenged with pathogenic Aeromonas hy-
drophila. Aquaculture Research, 40(9): 1037–1046.
https://doi:10.1111/j.1365-2109.2009.02195.x

Al-Mahrouqi H., Dobretsov S., Abdala-Dı́az R., 2023. The effect of Spir-
ulina (Arthrospira platensis) feed supplement on proteins, lipids, carbo-
hydrates, and microbiota of juvenile Nile Tilapia (Oreochromis niloticus).
Applied Environmental Biotechnology, 8(1): 1–8.
https://doi.org/10.26789/aeb.2023.01.001

Association of Official Analytical Chemist (AOAC), 1990. Official Meth-
ods of Analysis. 15th Edition. Agricultural Chemical; Contaminant;
Drugs (K. Helrich (ed.); Vol. 1, Issue Volume 1). Association of Official
Analytical Chemist, Inc.

Baksi S., Behera S., Bhakta D., Kumar S., 2017. Effects of Spirulina powder
in colouration and growth enhancement of an indigenous ornamental
fish Trichogaster lalius. International Journal of Advanced Biological
Research, 7(2): 263-267.

Britz, P., 1996. The suitability of selected protein sources for inclusion in
formulated diets for the South African abalone, Haliotis midae. Aqua-
culture, 140(1–2): 63–73.
https://doi.org/10.1016/0044-8486(95)01197-8

FAO, 2022. The State of World Fisheries and Aquaculture 2022. Towards
Blue Transformation. Rome, FAO.
https://doi.org/10.4060/cc0461en

Geng L., Zhang J., Mu W., 2022. Replacing fishmeal protein with blended
alternatives alters growth, feed utilization, protein deposition and gut
micromorphology of humpback grouper, Cromileptes altivelis. Animal
Feed Science and Technology, 292: 115434.
https://doi.org/10.1016/j.anifeedsci.2022.115434

Ibrahem M. D., Mohamed M. F., Ibrahim M. A., 2013. The role of Spirulina
platensis (Arthrospira platensis) in growth and immunity of Nile Tilapia
(Oreochromis niloticus) and its resistance to bacterial infection. Journal
of Agricultural Science, 5(6).
https://doi.org/10.5539/jas.v5n6p109

Koru E., 2012. Earth Food Spirulina (Arthrospira): Production and Quality
Standards. in: El-Samragy, Y. (Ed.), Food Additive.
https://doi.org/10.5772/31848

Lu J. and Takeuchi T., 2004. Spawning and egg quality of the tilapia
Oreochromis niloticus fed solely on raw Spirulina throughout three
generations. Aquaculture 234: 625–640.
https://doi.org/10.1016/j.aquaculture.2003.12.027

Macias-Sancho J., Poersch L., Bauer W. R., 2014. Fishmeal substitution
with Arthrospira (Spirulina platensis) in a practical diet forLitopenaeus
vannamei: Effects on growth and immunological parameters. Aquacul-
ture, 426–427: 120–125.
https://doi.org/10.1016/j.aquaculture.2014.01.028

Mahmoud M. G., El-Lamie M., Kilany O. E., 2018. Spirulina (Arthrospira
platensis) supplementation improves growth performance, feed utiliza-
tion, immune response, and relieves oxidative stress in Nile tilapia

(Oreochromis niloticus) challenged with Pseudomonas fluorescens. Fish
& Shellfish Immunology, 72: 291–300.
https://doi.org/10.1016/j.fsi.2017.11.006

Noman S., 2018. Use of Spirulina in Fish Culture. Department of Aquacul-
ture, 32: 6–21.

Olvera-Novoa M. A., Domı́nguez-Ce, L. J., Olivera-Castillo L., 1998. Effect
of the use of the microalga Spirulina maxima as fishmeal replacement
in diets for tilapia, Oreochromis mossambicus (Peters), fry. Aquaculture
Research, 29(10): 709–715.
https://doi.org/10.1046/j.1365-2109.1998.29100709.x

Palmegiano G. B., Agradi E., Forneris G., 2005. Spirulina as a nutrient
source in diets for growing sturgeon (Acipenser baeri). Aquaculture
Research, 36(2): 188–195.
https://doi.org/10.1111/j.1365-2109.2005.01209.x

Rosas V. T., Poersch L., Romano L. A., 2018. Feasibility of the use of Spir-
ulina in aquaculture diets. Reviews in Aquaculture, 11(4): 1367–1378.
https://doi.org/10.1111/raq.12297

Takeuchi T., Lu J., Yoshizaki G., 2002. Effect on the growth and body
composition of juvenile tilapia Oreochromis niloticus fed raw Spirulina.
Fisheries Science, 68(1): 34–40.
https://doi.org/10.1046/j.1444-2906.2002.00386.x

Ungsethaphand T., Peerapornpisal Y., Whangchai N., 2010. Effect of feed-
ing Spirulina platensis on growth and carcass composition of hybrid red
tilapia (Oreochromis mossambicus × O. niloticus). Maejo International
Journal of Science and Technology, 4(2): 331–336.

Velasquez S. F., Chan M. A., Abisado R. G., 2015. Dietary Spirulina
(Arthrospira platensis) replacement enhances performance of juvenile
Nile tilapia (Oreochromis niloticus). Journal of Applied Phycology,
28(2): 1023–1030.
https://doi.org/10.1007/s10811-015-0661-y

Woolley L. D., Chaklader R., Pilmer L., 2023. Gas to protein: microbial
single cell protein is an alternative to fishmeal in aquaculture. Science of
the Total Environment, 859: 160141.
https://doi.org/10.1016/j.scitotenv.2022.160141

Yousefi M., Ahmadifar M., Mohammadzadeh S., 2022. Individual and com-
bined effects of the dietary Spirulina platensis and Bacillus licheniformis
supplementation on growth performance, antioxidant capacity, innate
immunity, relative gene expression, and resistance of goldfish, Carassius
auratus to Aeromonas hydrophila. Fish & Shellfish Immunology, 127:
1070–1078.
https://doi.org/10.1016/j.fsi.2022.07.015

Youssef I., Saleh E. S. E., Tawfeek S. S., 2023. Effect of Spirulina platensis
on growth, hematological, biochemical, and immunological parameters
of Nile tilapia (Oreochromis niloticus). Tropical Animal Health and
Production, 55(4).
https://doi.org/10.1007/s11250-023-03690-5

Zhang F., Man Y. B., Mo W. Y., 2020. Application of Spirulina in aqua-
culture: a review on wastewater treatment and fish growth. Reviews in
Aquaculture 12(2): 582-599.
https://doi.org/10.1111/raq.12341

34 Applied Environmental Biotechnology (2024) - Volume 9, Issue 2

https://doi:10.1111/j.1365-2109.2009.02195.x
https://doi.org/10.26789/aeb.2023.01.001
https://doi.org/10.1016/0044-8486(95)01197-8
https://doi.org/10.4060/cc0461en
https://doi.org/10.1016/j.anifeedsci.2022.115434
https://doi.org/10.5539/jas.v5n6p109
https://doi.org/10.5772/31848
https://doi.org/10.1016/j.aquaculture.2003.12.027
https://doi.org/10.1016/j.aquaculture.2014.01.028
https://doi.org/10.1016/j.fsi.2017.11.006
https://doi.org/10.1046/j.1365-2109.1998.29100709.x
https://doi.org/10.1111/j.1365-2109.2005.01209.x
https://doi.org/10.1111/raq.12297
https://doi.org/10.1046/j.1444-2906.2002.00386.x
https://doi.org/10.1007/s10811-015-0661-y
https://doi.org/10.1016/j.scitotenv.2022.160141
https://doi.org/10.1016/j.fsi.2022.07.015
https://doi.org/10.1007/s11250-023-03690-5
https://doi.org/10.1111/raq.12341

	Introduction
	Materials and Methods
	Formulation and preparation of diets
	Effect on growth and survival of Nile tilapia
	Proximate analysis of fish muscle
	Statistical Analysis

	Results and Discussion
	Growth and survival rates
	Water Quality
	Proximate composition of Nile tilapia muscles

	Conclusions

