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Abstract 
Microalgae such as Arthrospira (spirulina), Chlorella, Dunaliella, Haematococcus, Nannochloropsis 
and Schizochytrium have evolved from niche nutraceuticals to mainstream functional-food ingredients. 
They provide concentrated protein, omega-3 fatty acids, pigments, vitamins, and minerals while 
demanding minimal land and freshwater. For emerging economies in Asia, Africa, and Latin 
America—where malnutrition coexists with urban diet shifts—microalgae promise affordable, 
sustainable nutrition. Yet their economic viability depends on cultivation systems, downstream costs, 
consumer acceptance, and regulatory clarity. This paper integrates techno-economic assessments, 
regulatory frameworks, consumer willingness-to-pay studies, and real-world case examples to evaluate 
microalgae’s prospects in emerging markets. The analysis concludes that microalgae-based functional 
foods become viable when scaled through hybrid value chains—high-value pigments and DHA oils 
cross-subsidize bulk biomass, supported by regulatory clarity, local processing clusters, and consumer-
oriented product designs. 
 
Keywords: Microalgae, spirulina, functional foods, techno-economics, nutraceuticals, emerging 
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1. Introduction 
Functional foods bridge basic nutrition and targeted health benefits. Microalgae are 
positioned at this intersection, offering protein levels exceeding 50% of dry weight 
(Arthrospira, Chlorella), essential fatty acids (notably DHA from Schizochytrium), and 
bioactive pigments such as phycocyanin and astaxanthin (Spolaore et al., 2006) [15]. 
Commercial cultivation today concentrates on spirulina and Chlorella because they are 
robust, accepted by regulators, and already recognized by global food markets (Siedenburg et 
al., 2022) [11]. 
In emerging markets, the nutrition context is unique: deficiencies in iron, vitamin A, and 
protein-energy coexist with a growing prevalence of diabetes and cardiovascular disease. 
Microalgae fortification of staples (biscuits, pasta, noodles) or development of algal oil-
fortified dairy analogues directly addresses this dual burden. Regulatory milestones such as 
India’s Food Safety and Standards Authority (FSSAI) compendium listing spirulina (FSSAI, 
2021) and the European Food Safety Authority’s approval of Schizochytrium oils for 
multiple food uses (EFSA NDA Panel, 2014; 2021) have reduced uncertainty for industry 
actors. 
 

2. Properties and Applications of Microalgae in Functional Foods 
Microalgae biomass contains proteins with all essential amino acids, bioavailable iron, B-
vitamins, and pigments with antioxidant capacity. Spirulina is often consumed as whole 
biomass in tablets, powders, or incorporated into bakery products (Becker, 2013). Chlorella 
provides chlorophyll-rich biomass with detoxification claims. Carotenoids from Dunaliella 
(β-carotene) and Haematococcus (astaxanthin) are exploited as natural colorants and 
antioxidants (Lorenz & Cysewski, 2000) [8]. Schizochytrium provides DHA-rich oil that 
competes with fish oil in infant formulas and supplements. 
 

3. Regulatory Landscape 
In India, FSSAI’s nutraceutical regulations include spirulina under approved ingredients with 
limits on contaminants and labeling requirements (FSSAI, 2021). In the EU, Schizochytrium 
oil has repeatedly been evaluated as a novel food and granted approval for use in beverages, 
cereals, and infant foods (EFSA NDA Panel, 2014; 2021). These frameworks reduce 
compliance risk and guide emerging-market regulators. 
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Fig 1: Regulatory Frameworks Impacting Microalgae Commercialization 

 

4. Cultivation Systems and Techno-Economics 

Open raceway ponds (ORPs) dominate spirulina production 

due to low CAPEX and simple operation. However, 

contamination risk limits them to robust strains. 

Photobioreactors (PBRs) provide controlled environments 

for sensitive strains and high-purity pigments but demand 

higher capital and energy inputs (Chisti, 2007) [3]. Techno-

economic analyses estimate biomass production costs 

ranging from US$500-9500 per tonne depending on system 

and location (Slade & Bauen, 2013) [12]. 

 

 
 

Fig 2: Comparative Economics of Raceway Ponds vs. Photobioreactors 

 

Downstream costs are equally significant. Harvesting 

(centrifugation, flocculation), drying (spray or freeze-

drying), and pigment/oil extraction dominate operating 

expenses. Biorefinery models that co-extract pigments, 

proteins, and oils improve margins (Slegers et al., 2020) [14]. 

 

5. Consumer Acceptance and Willingness to Pay 

Consumer studies consistently highlight taste, odor, and 

color as barriers to adoption. Matos et al. (2022) [10] reported 

that sensory acceptance declines at inclusion levels above 

3% in bread, though masking strategies improve outcomes. 

Van der Stricht found that organic labels and Nutri-Score 

labeling significantly increased willingness-to-buy for 

algae-enriched pasta. Maehle and Skjæret (2022) [9] 

observed that environmental concern and innovation 

attitudes drive willingness-to-pay for algae-enriched bread 

and beer. 

 

 
 

Fig 3: Sensory Acceptance Curve of Microalgae-Fortified Products  
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6. Business Models in Emerging Markets 

Three pathways dominate: (i) B2B supply of standardized 

powders, pigments, and oils to food manufacturers; (ii) B2C 

branding of spirulina powders, fortified snacks, and 

beverages; (iii) institutional procurement through school 

meals and hospital nutrition. 

Case studies in India show women’s self-help groups 

producing spirulina chikkis and biscuits for mid-day meal 

schemes, achieving both nutritional impact and micro-

enterprise income (Swaminathan et al., 2019) [16]. This 

model demonstrates economic feasibility when public 

procurement secures demand. 

 

7. Circular Economy Integration 

Microalgae cultivation can integrate with wastewater 

treatment and CO₂ capture, reducing nutrient and carbon 

costs (Goh et al., 2022). Residual biomass from pigment/oil 

extraction can feed into animal feed or biofertilizer markets, 

creating multi-product revenue streams. 

 

 
 

 Fig 4: Microalgae Biorefinery Flowchart  

 

8. Economic Scenarios 

Scenario 1 - Bulk Spirulina for Fortified Staples 
Raceway ponds in sunny, low-labor-cost regions produce 

spirulina biomass at ~US$1000 per tonne. Inclusion into 

biscuits or noodles at 1-2% maintains sensory acceptance 

while improving nutrition. Margins remain slim but viable 

when anchored by institutional demand. 

 

Scenario 2 - Pigment-Led Premium Strategy 
Hybrid ORP-PBR facilities co-produce spirulina biomass 

and high-value phycocyanin extracts. Pigment sales at 

several hundred USD/kg cross-subsidize bulk biomass, 

enabling profitability despite higher CAPEX. 

 

Scenario 3 - DHA Oil-Centric Model 
Heterotrophic fermentation of Schizochytrium yields DHA 

oils for infant formulas and supplements. Although energy 

and feedstock costs are high, market prices for DHA oils 

sustain profitability, especially in export-oriented strategies. 

 

9. Risks and Mitigation 

Adverse-event reports associated with contaminated 

spirulina highlight the importance of quality assurance 

(ANSES, 2017) [1]. Mitigation includes strict water-quality 

testing, heavy-metal screening, and validated contaminant 

analysis. Flavor rejection risk can be managed through 

encapsulation or flavor masking.

Table 1: Risk Register for Microalgae Functional Foods 
 

Risk Impact Mitigation 

Contamination (heavy metals, microcystins) Regulatory sanctions, recalls COAs, independent lab testing 

Sensory rejection Low repeat purchase Flavor masking, low inclusion rates 

Regulatory delays Time-to-market slippage Pre-submission dossiers 

Weather volatility Yield loss in ORPs Hybrid cultivation, diversification 

 

10. Conclusion 

Microalgae-based functional foods in emerging markets 

represent a feasible and scalable opportunity when pursued 

through high-value-first strategies, robust regulatory 

compliance, and consumer-centric formulations. Spirulina 

and Chlorella biomass can support staple fortification, while 

pigments and DHA oils deliver premium margins. 

Institutional procurement, SME clusters, and circular 

economy integration strengthen economic viability. With 

proper safeguards, microalgae can transition from niche 

supplements to mainstream nutrition in emerging 

economies. 
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