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ABSTRACT 

Chlorella species, especiallyChlorellapyrenoidosa 

and Chlorellavulgaris are gaining attention as 

valuable microalgae with strong potential in food 

innovation. Their rich nutrition makes and diverse 

bioactive compound and a promising ingredient for 

developing a healthy focused and sustainable food. 

This review highlights the engineering properties 

including their protein, lipid and polysaccharide 

composition along with rheological and functional 

trials that contribute to improve the food processing 

performance. Recent advancement in extracting 

techniques as ultrasonication, enzymatic hydrolysis 

and ionic liquid assisted method to have a great 

enhanced recovery and performance of Chlorella 

proteins and peptides which are also known for 

their antioxidant, anti-inflammatory, and immune 

support effect. Fermentation technology applied to 

Chlorella species offers a dependable approach to 

enhance the sensory attributes of food products 

incorporated with these microalgae.Chlorella 

derived components are being successfully applied 

in many functional food formats, including gels, 

emulsions, 3D and 4D printed food products and 

fermented food products. While challenges persist 

like solubility and large-scale processing, hence 

feasible and economical researches in formulation 

and process optimization can offers a good 

solution.  The unique engineering and bio 

functional qualities of Chlorellapyrenoidosa and 

Chlorellavulgaris position then as the key natural 

resources for driving innovation in sustainable, 

health promoting food, further requires periodical 

research to expand their micro, medium and large 

industrial applications even further 

Keywords:Chlorellapyrenoidosa, 

Chlorellavulgaris,  functional food, fermentation, 

protein content 

 

I. INTRODUCTION 
Disrupting cell wall regards to the 

breaking of the strongly bound cell wall which 

keeps intact the nutrition power component 

of Chlorella species. The cell wall itself is the 

major challenge to harness the engineering 

application in Chlorella species due to the robust 

structure of cell wall and so it adversely affects 

efficient process of protein extraction and to utilize 

other beneficial bioactive compounds. 

further counting the possible alternate to 

the challenge of disrupting cell wall is simply 

acknowledge by the in-depth ancient techniques, 

mother of all scientific approach. The agitation is a 

keyword to rely on ancient or traditional technique 

to foster the alternative methods which can show 

promising results of breaking cell wall up to some 

reasonable extent which may be considered 

somewhat similar to modern approach. Rooting to 

ancient time of dealing with agitation to disrupt 

something of vegetative plant source, water was 

one of the universal common medium to break any 

structure which may have been firmly bound. 

Concealed frame can be a good option to 

agitate Chlorella species having water as important 

medium to break the cell wall which may 

somewhere relate to centrifugation technique of 

separating supernatant form biomass residue. 



 

        

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 7, Issue 11 Nov. 2025,  pp: 77-80 www.ijaem.net  ISSN: 2395-5252 

      

 

 

   

DOI: 10.35629/5252-07117780                |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 78 

It is definite that Chlorella specie biomass 

has potential to display unique properties related to 

the rheological behaviours mainly such as viscosity 

and having capacity of gelation, which somewhere 

ensures the capacity of enhance texture and food 

stability properties. Looking forward the 

emulsification, water-binding and properties of 

foaming capacity is main reason to extend 

functionality as naturally derived food additives.    

 

II. APPLICATION IN FOOD SYSTEM 
Chlorella species are incorporated in food 

products, Gel based food products uses the gelling 

properties to improve the texture and retain the 

moisture. Baked products with value addition and 

fermented products are made with polysaccharides 

and Chlorella protein. [2]Novel texture and 

customized nutrition through creative 3D and 4D 

food printing applications. 

Overall, the properties and bioactive 

compoundsof Chlorella species exhibit functional 

benefits suitable to be added in various food 

products and they may show some significant effect 

on human health considering it to strengthening the 

role as functional food ingredients.  

 

III. CHALLENGES AND FURTHER 

DIRECTIONS 
The major challenges are related to protein 

solubilitymodulation and scalable extraction 

process,eventually literature and research study 

should prioritize to improve functionalization 

techniques, sensory optimization and integration 

with emerging food technology to enhance the 

application scope. 

Growing, harvesting, and processing 

Chlorella algae require controlled conditions, like 

proper light, temperature, and nutrients. This may 

make the whole process expensive. Specialized 

equipment like photobioreactors methods add more 

cost making Chlorella product more expensive than 

common protein sources. Theinvestment needed for 

research, improving algae strains and scaling up 

production are quiet substantial.Certainly, the 

optimum focus requires the design of low-cost 

growth medium or controlled low-cost environment 

to harness the benefits of Chlorella with developing 

the entire process as economical, which specially is 

much needed for developing countries.  

Producing Chlorella on an Industrial scale 

is very challengeable. It is hard to keep light evenly 

distributed, ensure proper nutrient flow, and control 

pH and temperature when growing dense cultures. 

Outdoor farms face issues like contamination, 

buildup on equipment, and changing weather 

conditions that can hurt yield and consistency. 

Moving from small lab setups to full commercial 

production calls for new bioreactor designs and 

more advanced process management and otherwise 

to combine effective but economical set of 

techniques, rooted to ancient techniques or 

traditional practices. 

Chlorella has tough cell walls made of 

cellulose and other resistant materials, which 

makes it difficult to digest and extract the nutrients 

inside. To get around this, advanced techniques like 

pulsed electric fields or ultrasonication are needed 

to break open the cells without damaging the 

valuable nutrients. 

Chlorella has natural flavour and 

unpleasant smell, which limits how easily it can be 

added to food. Its protein sometimes does not 

dissolve well and has larger molecules, which 

affects how they behave in recipes and restricts 

their use in more complex food products. 

Therefore, there use would be a better option to add 

in lesser proportion simply to perform a value-

addition to food product or even to enhance the 

nutritional value and for food fortification. 

 

IV. BIOACTIVE COMPOUND 

ENRICHMENT THROUGH 

FERMENTATION 
Fermentation of Chlorellavulgaris 

enhances its bioactive compounds which includes 

antioxidant peptide and polyphenols which 

contributes to improve nutritional and functional 

qualities in food products. Fermentationwith lactic 

acid bacteria (LAB) not only increase antioxidant 

capacity but also improves the protein digestibility 

and introduce the beneficial probiotics making 

fermented Chlorella a promising functional 

ingredient for beverages and dairy products. 

Fermented Chlorella is increasingly being 

used in variety products like protein supplement, 

health drinks, fermented snacks, dairy alternatives, 

and 3D printed foods. These applications boost 

bioactivity of ingredients and improve their taste 

and sensory qualities. By fermenting Chlorella, it 

becomes richer in beneficial compounds such as 

polyphenols, flavonoids, peptides, and vitamins 

which makes a highly effective ingredient in 

functional food promoting health.  

Fermentation is obvious to expect higher 

results related to significant increase in 

polyphenols, antioxidant activity, and relatively 

potential of probiotic, enhancement in protein 

digestibility and sensory quality in foods derived of 

fermentation and beverages. Particularly this holds 
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it as a functional ingredient of value to health-

enhancing products. 

 

V. NUTRITIONAL AND SENSORY 

OPTIMIZATION 
Different types of cultivation methods and 

post-harvesting techniques can affect the nutritional 

composition, flavour, and aroma of Chlorella 

biomass. These variations manifest the differences 

in protein, lipidand vitamin levels, along with 

sensory characteristics such as grassy odours, 

which are influenced by chlorophyll pigment and 

the processing conditions. Optimizing microbial 

load and applying effective biomass washing can 

result in enhancing product quality and extend 

shelf-life which are crucial for food 

use.Fermentation technology on chlorella species 

can be a reliable solution to optimize sensory 

qualities of food products added with chlorella 

species. 

 

VI. CELL DISRUPTION AND 

BIOAVAILABILITY 
The though cell wall of Chlorellavulgaris 

makes it very difficult for the body to access the 

nutrients and to overcome this, methods like 

mechanical, enzymaticor chemical cell disruption 

are used to breakdown the cell wall, resulting in 

improving protein solubility and digestibility. This 

process helps to release valuable bioactive 

compounds which makes them easier to use food 

products. This is one important area to research the 

techniques very relevant to break cell wall which 

may directly reduce the cost significantly.  

 

VII. ANTIOXIDANT AND 

THERAPEUTIC BENEFITS 
Chlorella is a rich source of phenolic 

compounds, carotenoids and other bioactive 

molecules which contributes to its strong 

antioxidant, anti-inflammatory, and anti-tumour 

effect. All these properties are usen in functional 

foods designed to boost the health and helps to 

prevent disease and support threptic treatment. 

 

VIII. IMPACT ON ORGANOLEPTIC 

AND PROCESSING PROPERTIES 
Chlorella imparts the colour, moisture 

content, and texture of food products. Adding to it 

changes the sensory experience which can is fine-

turned through carful formulation and processing 

methods. Its bioactive compounds also help to 

protect against oxidation and extend the shelf-life 

of food products. 

Chlorellapyrenoidosa stands out in food 

processing and for its high protein levels, immune 

boosting effects and affordability and making it a 

promising sustainable protein source. Protein and 

peptides form Chlorellapyrenoidosa offer health 

benefits role antioxidant, anti-inflammatory, and 

antibacterial effects. 

These proteins are specially extracting for 

new food technologies like 3D printing and 4D 

printing where they serve as bio-inks which 

improves dough by enhancing the quality and 

fermentation and leads to a better texture with 

product stability. 

 

IX. CONCLUSION 
Chlorellavulgaris and 

Chlorellapyrenoidosa offers a diverse set of 

emergingfunctional properties which makes them 

highly promising for new developed food products. 

Their rich protein content, versatile functionality 

and sustainable production represent valuable 

ingredients for developing the next generation of 

nutrient and eco-friendly food products. The 

advancements in extraction technologies, 

processing methods and product formulation will 

be essential to fully realize their potential in food 

industry. 

Their unique engineering characteristics 

also support wide range applications, particularly in 

functional foods and sustainable product 

formulation. Continuous process in extraction, 

processing and bioprocess engineering will further 

enhance their role in creating food solutions that 

align with evolving industry needs and consumer 

expectations and acceptance. 
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