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Spirulina to Precision Fermentation

India has the biology, feedstocks, and manufacturing base to build microbial protein, but
regulation, cost, and product strategy will decide whether it scales.
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ABSTRACT

India is well positioned to develop a broad microbial-protein sector. The country has established fermentation industries, a
large biotechnology workforce, diverse agricultural side streams, expanding renewable-energy capacity, and long
experience with products such as baker’s yeast and spirulina. The national BioE3 policy also identifies high-performance
biomanufacturing as a strategic route connecting biotechnology with economic growth, environmental gains, and
employment. Yet the commercial opportunity is often discussed too broadly. A nutraceutical microalgal powder, a fungal
food, a bacterial feed ingredient, and a precision-fermented dairy protein face different economics, safety requirements,
supply chains, and consumer expectations. This Article argues that India should not pursue “single-cell protein” as one
generic market. It should build distinct pathways around feed security, affordable nutrition ingredients, high-value
functional proteins, and circular use of local biomass. The most important gaps are not basic proof that microorganisms
contain protein. They are consistent feedstock quality, low-cost downstream processing, credible life-cycle evidence,
regulatory predictability, and product formats that fit Indian diets and purchasing power.
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ARTICLE AT A GLANCE

¢ India should separate microbial biomass, feed protein, biomass-fermented food, and precision-fermented ingredients as distinct markets.
* Agricultural side streams offer value only when consistency, contaminants, pretreatment, and competing uses are assessed.

* Regulatory planning must begin during strain and process development, not after product formulation.
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Figure 1. An India-focused alternative-protein and biomanufacturing ecosystem linking feedstocks, production platforms, outputs, and
enabling systems.

1. India already has a microbial-protein foundation

Single-cell protein (SCP) is sometimes presented as a futuristic technology, but parts of the Indian market are already
familiar with microbial biomass. Spirulina is sold as a food or nutraceutical ingredient, yeast is used in baking and
fermentation, and fungal or bacterial cultures are central to numerous traditional and industrial foods. The relevant
transition is therefore not from zero to microbial protein. It is from scattered products to a deliberate biomanufacturing
sector with clear nutritional, feed, and industrial objectives.

India’s strengths are structural. Sugar, starch, fruit, dairy, and food-processing industries generate side streams that may
support fermentation after appropriate pretreatment and safety assessment. The country also has pharmaceutical and
enzyme-manufacturing experience, a large network of biotechnology institutions, and a growing start-up ecosystem. The
BioE3 policy places biomanufacturing at the centre of a national bioeconomy strategy and identifies smart proteins and
functional foods among areas where biological production can create economic and environmental value (Department of
Biotechnology, 2024).

However, these advantages do not automatically produce affordable food. Fermentation facilities designed for high-
value enzymes or medicines may be too costly for bulk protein. Food-grade production requires large volumes, efficient
sterilisation, low-cost media, reliable utilities, and inexpensive drying or texturisation. The central industrial question is
whether India can combine its scientific capacity with process economics suited to products that may sell at a fraction of
pharmaceutical prices.

2. Four markets should be treated separately

The first market is established microbial biomass, especially microalgae and yeast. Spirulina can provide protein,
pigments, micronutrients, and functional ingredients, but quality varies with cultivation conditions, contamination
control, drying, and storage. The FAO review by Habib et al. (2008) highlighted its nutritional potential while also
stressing the need for production standards. India can improve this segment through strain authentication, contaminant
testing, realistic health claims, and integration into foods rather than relying only on premium supplement formats.

The second market is animal and aquaculture feed. India imports or competes for several protein-rich feed ingredients
while poultry, dairy, and aquaculture demand continues to grow. Yeast, fungal biomass, methanotrophic bacteria, or
proteins derived from agricultural side streams could reduce exposure to volatile imports. Feed applications can tolerate
flavours and colours that would be difficult in human food, but they still require evidence for digestibility, growth
performance, animal health, residues, and food-chain safety.
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The third market is biomass fermentation for direct food, including mycoprotein-like products. These products use
whole microbial biomass and can be texturised into familiar forms. Their success depends on sensory quality, price, and
cultural fit more than on novelty. The fourth market is precision fermentation, in which engineered microorganisms
produce a defined molecule such as whey protein, egg protein, enzyme, lipid, pigment, or vitamin. Precision
fermentation can target high-value ingredients, but purification and regulatory evidence often dominate cost. Treating all
four markets as one “alternative protein” sector hides these differences (Ritala et al., 2017).

3. India’s feedstocks are an opportunity and a risk

Agricultural and food-processing residues are attractive because they can lower raw-material cost and create circular
value. Molasses, starch hydrolysates, fruit-processing residues, whey streams, and lignocellulosic biomass may support
microbial growth. Yet “waste-fed” does not mean automatically safe or sustainable. Residues vary by season and
supplier, may contain pesticides, cleaning chemicals, mycotoxins, heavy metals, or inhibitory compounds, and may
require energy-intensive pretreatment.

A commercially credible process must specify the feedstock, control its composition, and validate removal of hazards.
For human food, regulators will examine the production organism, genetic modifications if any, medium components,
manufacturing process, composition, contaminants, allergenicity, stability, and intended consumption. FSSAI’s
framework for non-specified foods and ingredients requires pre-market approval where a product does not fall within
existing standards, making early regulatory planning essential rather than a final paperwork step (Food Safety and
Standards Authority of India, 2017).

Feedstock economics must also include opportunity cost. Molasses may already have value in ethanol or chemical
production; whey can be processed into other food ingredients; crop residues may be used as fodder or soil amendments.
A biorefinery should compare all realistic uses and allocate environmental burdens transparently. The best feedstock is
not simply the cheapest material at the factory gate. It is one that is consistently available, safe, traceable, and more
valuable as microbial protein than in its existing use.

4. Regulation and evidence must grow with the technology

India’s food regulation is capable of evaluating novel products, but developers need clearer expectations for microbial
biomass and precision-fermented ingredients. Questions include whether the production organism remains in the final
product, whether recombinant DNA is detectable, how allergenicity is assessed when a protein is molecularly identical
to an animal-derived protein, and how vegetarian or vegan labelling should be interpreted. Predictable guidance can
reduce uncertainty without lowering safety standards.

Claims require particular caution. A protein-rich product should not be marketed as a treatment for anaemia, immunity,
diabetes, or malnutrition unless evidence supports the specific claim, dose, and population. Microbial protein may
contribute to better diets, but nutrition problems are shaped by affordability, distribution, sanitation, health, and overall
food diversity. The State of Food Security and Nutrition in the World emphasises that healthy diets depend on food-
system access, not one ingredient (FAO et al., 2024).

Safety evidence must also be communicated publicly. Consumers may reasonably ask whether a product contains
genetically modified organisms, how fermentation is controlled, what remains after purification, and how contamination
is prevented. Avoiding these questions can create distrust. Transparent labels and plain-language explanations are likely
to be more effective than vague claims that a product is “natural,” “lab-free,” or automatically sustainable.

5. A practical Indian strategy

A sensible strategy would begin with use cases where India has a clear resource or market advantage. Feed ingredients
could be developed near sugar mills, distilleries, biogas plants, or food-processing clusters, provided contaminants and
lifecycle impacts are controlled. Spirulina and other microalgae could move from poorly differentiated supplements
toward standardised ingredients with verified composition. Biomass-fermented foods could be designed around Indian
culinary formats rather than imitating Western meat products exclusively.

Precision fermentation should initially target molecules whose value justifies purification cost: specialised nutrition
proteins, enzymes, flavours, lipids, or functional ingredients. Shared pilot facilities can help start-ups test strains,
fermentation conditions, downstream processing, and regulatory analytics without building full plants. This aligns with
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the broader BioE3 objective of high-performance biomanufacturing platforms and could create regional employment in
quality control, fermentation operations, analytical testing, and equipment maintenance (Department of Biotechnology,
2024).

India’s advantage will not come from copying every product launched abroad. It will come from linking microbial
physiology to local feedstocks, Indian diets, feed demand, and manufacturing strengths. Success should be measured
through cost per digestible protein, verified environmental performance, safety, farmer or processor value, and consumer
adoption. The country can become an important microbial-protein producer, but only if it treats the sector as food and
feed infrastructure rather than a sequence of fashionable start-up claims.

6. What an Indian pilot should prove

A strong Indian pilot should begin with one defined product and one buyer. For example, a facility might convert a
traceable food-processing side stream into a yeast or fungal feed ingredient for a nearby aquaculture cluster. The pilot
should document feedstock variability, pretreatment, contamination controls, fermentation yield, downstream recovery,
nutritional composition, shelf life, animal performance, and cost. Trying to demonstrate food, feed, waste treatment,
carbon reduction, and multiple products in one project can make every conclusion weak.

The environmental study should use measured electricity, steam, water, transport, and residue data. It should identify
what happens to the side stream today and what product the microbial ingredient actually replaces. If the residue is
already used as cattle feed or soil amendment, diversion may create indirect effects. If it is discharged untreated, the
project may generate both pollution-control and protein benefits. These baselines are local and should not be borrowed
from another country.

Commercial readiness should be evaluated through repeat batches and buyer specifications, not one successful
fermentation. Regulators and customers need evidence that composition remains within limits. The pilot should also test
packaging, ambient storage, monsoon logistics, and end-user preparation. India’s microbial-protein opportunity will
become investable when demonstrations produce auditable data on unit economics, safety, and demand, rather than only
proof that a selected organism can grow on a selected substrate.

Key takeaways

¢ India should separate microbial biomass, feed protein, biomass-fermented food, and precision-fermented
ingredients as distinct markets.

e Agricultural side streams offer value only when consistency, contaminants, pretreatment, and competing uses are
assessed.

¢ Regulatory planning must begin during strain and process development, not after product formulation.
* The mosbe feed, standardised microalgal ingredients, and high-value precision-fermented molecules.

¢ Indian product formats, purchasing power, and culinary habits should shape innovation from the beginning.
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