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Application of Spirulina spp. as Fish Feed: A Minireview with Future Perspectives on Human Nutrition
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ABSTRACT 

	The fast rise of the world's population, as well as the rising need for high-quality protein sources, have exacerbated food security and sustainability issues. Aquaculture is critical to addressing global protein needs; yet, the high cost and scarcity of fish meal necessitate other, sustainable protein sources. Spirulina spp. (also known as Arthrospira platensis and A. maxima) are filamentous cyanobacteria known for their high nutritional content, which includes 55-70% protein, essential amino acids, polyunsaturated fatty acids, vitamins, minerals, pigments, and a variety of bioactive chemicals. This minireview covers recent research on the biochemical makeup of Spirulina spp. and assesses its potential use as a functional ingredient in aquaculture feed, while discussing its potential role in human nutrition as a future direction. Aquaculture studies show that dietary inclusion of Spirulina can partially replace fish meal without affecting growth, survival, or feed efficiency, while also improving pigmentation, immune responses, gut health, and reproductive performance in various fish species. In human nutrition, Spirulina contains antioxidant, anti-inflammatory, immunomodulatory, hypolipidemic, and anti-anemic characteristics, and it has been successfully incorporated into a variety of foods. Overall, Spirulina spp. are a promising, sustainable, and multifunctional resource for increasing aquaculture productivity and human nutritional health.
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1. INTRODUCTION 

The human population is currently increasing annually, hitting 8.2 billion in January 2026 and projected to hit 9 billion by 2060 (Worldmeter, 2026), creating difficulties for food availability (Shah et al., 2024). The global hunger Index is currently at 18.3, a slight drop from 19.0 in 2016, staying solidly in the moderate range. At the present slow rate, achieving zero hunger by 2030 is no longer a plausible objective, and 35 nations face severe hunger (Global Hunger Index, 2026). 

Fish have the potential to help meet human food needs, particularly those related to protein. However, in the fish aquaculture process, feed is one of the key components for successful production. The cost of fish meal as a source of feed protein tends to be high, so alternative protein sources that are less expensive and easier to obtain are required (Soma et al., 2024).

Spirulina spp. is a popular dietary supplement, nutraceutical product (Luo et al., 2024), and fish feed (Shah et al., 2024) because it provides a variety of nutrients, particularly protein with a content ranging from 55–70% (Anvar & Nowruzi, 2021). Spirulina has a short lifespan, is easy to grow, requires little area, and is resistant to a variety of nutrient depletion and drought conditions. As a result, several countries have developed spirulina production extensively. In Europe, France, Italy, Germany, and Spain are among the most developed producers, accounting for more than 50% of mapped production units focused on microalgae and/or Spirulina, according to a comprehensive mapping study covering 23 countries (Araujo et al., 2021). Although this study primarily documents European development, global interest in spirulina cultivation is also growing, as indicated by broader scientific attention worldwide (Sahil et al., 2024). Protein is a major nutritional requirement for growth in fish farming. Generally, farmers use fish meal as a source of protein; however, fish meal tends to be expensive, and spirulina has been widely used as an alternative (Soma et al., 2024).

This review article sought to discuss numerous studies concerning the nutritional value of spirulina, the application of spirulina as aquaculture feed, while highlighting human nutrition as a future research direction.

2. GENERAL CHARACTERISTIC OF Spirulina spp.

Spirulina spp., a cyanobacteria (blue-green algae), is one of the world's oldest living species. Around 1300 a.d., the Aztecs gathered spirulina—specifically Arthrospira platensis and Arthrospira maxima—from lake Texcoco, Mexico. Spirulina had been found in Lake Chad in 1940, around 10,000 kilometers from lake Texcoco, indicating another natural supply of this organism. In 1967, the International Association for Applied Microbiology described Spirulina as a promising future food source (Alfadhly et al., 2022). 
Spirulina is a prokaryotic, filamentous cyanobacterium widely used in aquaculture due to its high nutritional value. It is photosynthetic and contains thylakoid membranes within a cytoplasmic membrane. Spirulina forms multicellular filaments (trichomes) that are commonly coiled, which helps distinguish it from other cyanobacteria (Ivanova et al., 2025; Sinetova et al., 2024). Morphological characteristics may vary among species and can be influenced by culture conditions such as light intensity, temperature, and nutrient availability (Wu et al., 2012). Spirulina occurs in various habitats but mainly thrives in tropical and subtropical alkaline lakes and other extreme environments such as antarctic ice lakes (Ivanova et al., 2025). The biomass productivity and nutritional consistency of Spirulina spp. are influenced by cultivation conditions such as alkaline pH, temperature, light intensity, and nutrient availability, which are important considerations for ensuring stable quality in feed and food applications (Alfadhly et al., 2022; Villaró-Cos et al., 2024).

3. Biochemical Composition OF Spirulina spp.

Spirulina spp. are filamentous cyanobacteria with a highly nutrient-dense and consistent biochemical profile. Recent analyses report that Spirulina biomass contains 55–70% protein, 15–25% carbohydrates, and essential fatty acids constituting around 18% of dry weight (Anvar & Nowruzi, 2021). It is also rich in vitamins, minerals, and pigments—including carotenoids, chlorophyll a, and phycocyanin—making it a valuable source of multifunctional nutrients (Asghari et al., 2016). Multiple reviews published over the past decade consistently confirm these compositional patterns, providing strong evidence for its nutritional reliability.

Protein is the most significant component of Spirulina, both quantitatively and qualitatively. Its essential amino acid profile is comparable to or better than many plant proteins, including soybean (Podgórska-Kryszczuk et al., 2024). A notable feature is the abundance of phycobiliproteins, particularly C-phycocyanin, which may constitute up to 47% of the total protein fraction (Thevarajah et al., 2022). With protein content reaching 55–70% dry weight and essential amino acid profile comparable to or exceeding soybean, Spirulina offers a more concentrated protein source than many conventional plant proteins, making it a promising alternative for nutritional supplementation (Sabat et al., 2025; Lupatini et al., 2017). Beyond its nutritional role, C-phycocyanin demonstrates potent antioxidant and anti-inflammatory activities, supported by molecular evidence showing modulation of pathways such as ERK1/2, JNK, and NF-κB (Minic, 2021; Wu et al., 2016). Recent reviews consistently highlight phycocyanin as the major contributor to Spirulina’s bioactivity (Mittal et al., 2024; da Silva et al., 2021; Minic, 2021).

Although total lipid levels in Spirulina are relatively low, its fatty acid profile is enriched with the anti-inflammatory γ-linolenic acid (GLA). Lipid content varies widely depending on cultivation conditions—from 0.6% to over 20% dry weight—with GLA comprising a substantial proportion of total fatty acids (Ambrozova et al., 2014; Roughan et al., 1989). More recent work shows that Spirulina lipids can reduce inflammatory cytokines and oxidative stress in animal models, indicating meaningful bioactive potential (Yang et al., 2020).

Spirulina is also rich in micronutrients, with mineral and vitamin content influenced by the production system. Organically cultivated strains show high levels of iron and potassium, whereas conventional cultures contain more calcium (Janda-Milczarek et al., 2023). Vitamin B-complex content is notable, although debate remains regarding the true bioavailability of vitamin B12 (Gaur et al., 2024). Clinical evidence supports its nutritional benefits: supplementation significantly improved iron status and hemoglobin levels in malnourished children (Abed et al., 2016), underscoring its potential for anemia prevention.

Polysaccharides in Spirulina—including sulfated and non-sulfated forms—exhibit strong immunostimulatory and antiviral activities. They activate macrophages and lymphocytes, enhancing cytokine production through NF-κB signaling (Wu et al., 2020). Classic antiviral studies, still referenced due to lack of newer equivalents, show that Spirulina polysaccharides inhibit viral attachment and entry, with notable activity against HIV-1 and herpes viruses (Hayashi et al., 1996). These findings remain relevant, as recent reviews continue to cite them as foundational evidence.

Collectively, Spirulina’s biochemical richness—high-quality proteins, essential fatty acids, pigments, vitamins, minerals, and bioactive polysaccharides—underpins its strong antioxidant, anti-inflammatory, and immunomodulatory potential (Spínola et al., 2024; Bortolini et al., 2022). This diverse composition positions Spirulina as a multifunctional functional food with promising applications in nutrition and health promotion.

4. Spirulina spp. as FISH FEED

In aquaculture, feed costs represent approximately 50% of total production expenses, and fishmeal remains the primary protein source despite critical supply constraints (Dorothy et al., 2018). The aquaculture sector consumes over 70% of global fishmeal while marine resources are finite (Jannathulla et al., 2019). Global fishmeal production declined by 26.50% between 2000 and 2018, while prices increased sharply from 452 USD/t to 1,596.54 USD/t during the same period (Jannathulla et al., 2019). This supply–demand imbalance is further exacerbated by climate events and expanding aquaculture production, necessitating urgent exploration of alternative protein sources such as plant- and insect-based proteins (Hardy et al., 2010). Fish also require adequate nutrition to achieve maximum growth performance (Javeed, 2023). Therefore, alternative protein-rich feeds to replace fishmeal are needed.

Spirulina spp. are high in protein, making them a suitable substitute for fish meal in fish diet. The growing medium is also affordable, simple to cultivate and harvest, and rich in macro- and micronutrients. Furthermore, spirulina spp. grows quickly, does not require a large amount of growing space, and may be produced year-round under controlled conditions, resulting in a more predictable and sustainable supply chain (Carneiro et al., 2025). 

Several studies have shown that Spirulina spp. in fish feed provides benefits in fish farming (Table 1). Supplementation with Spirulina in fish feed can enhance growth of some fish including North African Catfish (Clarias gariepinus) (Purbomartono et al., 2023), Betta fish (Betta spp.) (Abdullah et al., 2023), Zebrafish (Danio rerio) (Carneiro et al., 2025), Pabda (Ompok pabda) (Akter et al., 2025), Koi Fish (Cyprinus carpio) (Sudirman et al., 2020), Nile tilapia (Oreochromis niloticus) (Youssef et al., 2023), Gangetic mystus (Mystus cavasius) (Al Mamun et al., 2023). Spirulina supplementation has been reported to improve growth performance in various fish species at specific inclusion levels (Al Mamun et al., 2023). This algae also improves intestinal morphometry indices, which increases intestinal absorption capacity (Al Mulhim et al., 2023). Spirulina can also improve gut flora and digestive enzymes, making it easier to break down indigestible feed components and extract more nutrients (al Mamun et al., 2023).

Supplementation with Spirulina in fish feed can also enhance color quality of fish such as betta fish (Betta spp.) (Abdullah et al., 2023; Saputra et al., 2023), caspian brown trout (Salmo trutta caspius) (A Roohani et al., 2019), and guppy fish (Poecilia reticulata) (Gultom et al., 2024). Carotenoids can be used to improve the color quality of fish, especially ornamental fish. Fish need to obtain carotenoids from their diet because they cannot make them on their own. However, synthesized carotenoids are expensive and ineffective. Because of its high carotenoid pigment content, spirulina is known for containing natural carotenoids, which can improve color quality by enhancing the natural mucus layer that contributes to the radiant appearance of the skin and fins (A Roohani et al., 2019).

Spirulina spp. has been demonstrated to influence the immune response in fish. Giving spirulina to tilapia (Oreochromis niloticus) is recognized to boost total white blood cells, lymphocytes, and eosinophils, which are characteristics of a non-specific immune response. The rise in lymphocytes is also a function of an immune response triggered by a specific pathogen. Giving spirulina to tilapia can enhance lysozyme activity, contributing to improved immune strength (Youssef et al., 2023).

5. Spirulina spp. as HUMAN FOOD: FUTURE POTENTIAL AND CHALLENGES

Spirulina spp. has been proposed as a promising future food due to its high nutritional value and demonstrated health benefits, including antioxidant, anti-inflammatory, and immunomodulatory effects (Spínola et al., 2024; Shah et al., 2024; Luo et al., 2024). The presence of bioactive compounds and prebiotic polysaccharides supports its potential application in human nutrition (Wu et al., 2020).
Spirulina can be processed into various forms such as powder, flakes, tablets, and capsules, and it has been incorporated into a wide range of food products, including beverages, bakery items, pasta, snacks, yogurt, and dairy products (Patil et al., 2025; Shah et al., 2024; Luo et al., 2024). It is also used as a natural colorant due to its pigment content, especially phycocyanin. However, despite these advantages, Spirulina faces significant challenges for mainstream human consumption. Major obstacles include high production costs, limited production capacity, processing difficulties, and concerns about food safety and contamination (Patil et al., 2025).
Additionally, the characteristic marine flavor and odor reduce consumer acceptance, limiting its use primarily to niche products or as a functional additive rather than a staple food (Villaró-Cos et al., 2024). Consumer unfamiliarity and limited market penetration also contribute to low adoption. To overcome these barriers, researchers are exploring strategies such as cultivation optimization, cost reduction through improved bioreactor design, water-efficient production systems, and the development of flavor-masking formulations (Patil et al., 2025).
Furthermore, clinical evidence and product development remain limited, necessitating more human trials to confirm safety, efficacy, and long-term benefits (Luo et al., 2024). Future research should focus on standardizing Spirulina production to ensure safety (e.g., controlling microbial contamination and heavy metal accumulation), optimizing processing to improve sensory properties, and conducting well-designed clinical studies to validate health claims. If these challenges can be addressed, Spirulina could become a sustainable solution to improve global nutrition, reduce malnutrition, and support health promotion.

6. Conclusion

Spirulina spp. are prospective long-term resources for aquaculture feed and human consumption due to their high protein content, balanced amino acids, necessary fatty acids, and bioactive substances. In aquaculture, partial substitution of fish meal with Spirulina can maintain or improve fish growth, feed efficiency, immunity, and coloration across a range of species. In human nutrition, Spirulina is a nutrient-dense functional food with antioxidant, anti-inflammatory, and immunomodulatory properties that help to improve nutritional quality and food security. Future research should focus on scaling Spirulina production for aquaculture feed while exploring human food applications through clinical and food technology studies. 
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Table 1. Summary of relevant publication investigating the effect of spirulinan on fish
	Species
	Development stage
	Treatment
	Parameter
	Main result
	Ref

	Milkfish
(Chanos chanos)
	Larvae
	Spirulina-based microcapsule 
(32% spirulina platensis+ 60% matrix gelatin+fish oil or eggs+gelatin+fish oil) and comercial diet as control for 42 days.
	Absolute growth rate, Specific growth rate, average daily growth rate, survival.
	There is no difference effect between spirulina-based microcapsules and control for milkfish growth.
	Sukardi et al., 2019

	Betta fish 
(Betta spp.)
	Adult
	Feeding Betta Fish for 4 months with:
A. Feed dose 45 g + growth hormone 1.5 mg + 3 g spirulina
B. Dose 45 g + growth hormone 2 mg + 3 g spirulina, 
C. Feed dose 45 g + growth hormone 2.5 mg + 3 g spirulina, 
D. Control (no treatment)
	Growth rate, survival rate, feed eficience, food conversion ratio, colour intensity.
	The best dose for growth and color intensity is treatment c, with a dose of 2.5 mg rgh hormone and 3 g of spirulina flour.

	Abdullah et al., 2023

	North african catfish (Clarias gariepinus)
	Adult
	Adding Spirulina 20 g kg-1, 30 g kg-1, 40 g kg-1, 0 g kg-1 as a control for 60 days.
	Visceral somatic index (vsi) and hepatosomatic index (hsi), weight, length, percentage of hematocrit and leukocrit
	The optimum dose for the final weight and length growth and the percentage of haematocrit of catfish is 40 g kg-1 feed. 
	Purbomartono et al., 2023

	Zebrafish 
(Danio rerio)
	Juvenile
	Fish meal was replaced with spirulina meal, with diets containing 0, 1, 2, 3, 4, and 5% spirulina meal for 60 days
	Growth and reproductive performance, mapping, identification, and annotation of differentially expressed genes.


	The diet containing 50 g kg−1 sm resulted in the highest final body weight, weight gain, specific growth rate, and protein efficiency, as well as increased gonadosomatic index, eggs per female, fertilization rate, and hatching rate compared to the results for the control group (0 g kg−1 sm). Rna-seq transcriptomic analysis identified 2299 differentially expressed genes in the sm50 group, mainly associated with muscle development and energy metabolism. 
	Carneiro et al., 2025

	Pabda 
(Ompok pabda)
	Fingerlings
	Different levels of spirulina (0% as control or s0, s2.5%, s5%, s7.5% and s10%) were supplemented at the expense of fish meal (fm) for 10 weeks
	Fish growth, feed utilization, and biological indices, proximate composition analysis of fish, determination of haematological parameters
	Dietary supplementation of 10% S. Platensis protein with fm protein may significantly improve the growth and the haematological parameters of o. Pabda.
	Akter et al., 2025

	Betta  fish  
(Betta  splendens)
	Adult
	Adding S. Platensis 0%, 1%, 1.5%, 2% on feed for 35 days.
	Color brightness, color diversity, chromatophore cell area, growth performance.
	The addition of 1.5% in the feed produced the highest values in the parameters of color, color diversity, chromatophore cell area. 
	Saputra et al., 2023

	Koi Fish 
(Cyprinus carpio)
	adult
	Adding Spirulina flour 0, 1, 3, 5% in 100 gr of feed for 30 days.
	Color quality, absolute growth (weight and length)
	Addition of Spirulina dose 1% the best results are obtained during preparation 1% and giving artificial doses with different doses Spirulina can increase the growth of koi fish.
	Sudirman et al., 2020

	Nile tilapia (Oreochromis niloticus)
	juvenile
	Adding 0%, 30%, and 50% Spirulina for 58 days
	Growth, survival, and proximate composition on Nile tilapia
	Spirulina can replace fishmeal up to 50% without negative effect on the growth, survival and proximate composition of Nile tilapia.
	Al-nadabi et al., 2024

	Nile tilapia (Oreochromis niloticus)
	adults
	Adding Spirulina: 2.5%, 5.0%, and 10.0% for 8 weeks.
	Growth performance, hematological, biochemical, and immunological blood analyses, intestinal histomorphometry and immunity

	S. platensis in fish diets can enhance the growth performance of tilapia, and it can reduce the dietary fish meal content without affecting the performance.
	Youssef et al., 2023

	Nile tilapia
(Oreochromis niloticus)

	Fingerlings
	Feeding nile tilapia for 24 weeks:
A. Fmr25s5 (25% fish meal replacement with 5% spirulina)
B. Fmr50s5 (50% fish meal replacement with 5% spirulina),
C. Fmr25s10 (25% fish meal replacement with 10% spirulina),
D. Fmr50s10 (50% fish meal replacement with 10% spirulina).
E. Control commercial feed (c)
F. Control formulated feed with fish meal (fmr0), 
G. Control formulated feeds with 25% replacement of fish meal
Control formulated feed 50% replacement of fish meal 
	Weight gain, feed conversion ratio, feed conversion efficiency, protein efficiency ratio, proximate analysis of fish flesh, biochemical assays
	S. Platensis enhanced growth performance, feed utilization, crude protein content, amylase activity, and antioxidant capacity of tilapia. The recommended percentage of s. Platensis in fish feed was 10%.
	Almuhim et al., 2023

	Rainbowfish (Melanotaenia boesemani)
	adult
	S. platensis supplementation at
0, 1%, 2%, 3% for 5 weeks
	Color quality, growth performance (absolute weight and length)
	Up to 2% of S. Platensis can be included in the feed due to its best color outcomes.

	Rahmatia and nainggolan, 2025

	Gangetic mystus (Mystus cavasius)
	Juvenile
	S. platensis supplementation at 0%, 2.5%, 5.0%, 7.5%, and 10% for 10 weeks
	Growth performance, feed efficiency, and biological indices, hematological analysis, lysozyme assay, metagenomic analysis of gut microbiota, bacterial challenge test with Aeromonas hydrophila
	The replacement of 7.5–10% of fish meal in the diet with S. platensis can improve the growth performance, body composition, feed utilization, and immune responses of M. cavasius.
	Al Mamun et al., 2023

	Caspian brown trout (Salmo trutta caspius)
	Juvenile
	S. platensis supplementation at 0% (control), 2%, 4%, 6%, 8% for 70 days 
	Growth parameters, Chemical analysis of diets and fish, Fatty acid profile, Amino acid profile, Colour parameters
	8% FMS (52.8 g/ kg spirulina in diet) treatment improved juvenile Caspian brown trout growth, carcass composition and pigmentation
	A Roohani et al., 2019

	Nemo Fish (Premnas biaculeatus)
	Adult
	S. platensis supplementation at 0%/kg, 2%/kg, 4%/kg, 6%/kg and 8%/kg for 60 days
	Colour parameters, Carotenoid content, Adobe photoshop test, Absolute length and weight growth, Survival rate, and water quality
	Adding spirulina flour to feed increases the color brightness of Nemo fish (Premnas biaculeatus), with the most effective treatment at 6% dose.
	Rahayu et al., 2024

	Guppy fish (Poecilia reticulata)
	Adult
	Spirulina sp. powder as much as 0%, 0.3%, 0.6%, 0.9%, and 1.2%
	Survival rate, water quality, Color Brightness Value (Chroma)
	The most effective dose are 0.9% and 1.2%.
	Gultom et al., 2024
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