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1. Introduction

Global food demand is projected to rise by 
35–56% by 2050, and potentially by up to 62% 
when the impacts of climate change are considered 
(Van Dijk et al., 2021). The projected increase in the 
intake of animal-derived protein poses particular 
challenges for both food security and environmen-
tal sustainability. Consequently, the development 
and adoption of alternative protein sources for direct 

human consumption will be essential (Henchion et 
al., 2017). 

Microalgae are regarded as one of the most 
promising alternative protein sources for future. The 
term microalgae are not based on phylogenetic clas-
sification, but it refers to a heterogenous group of 
unicellular photosynthetic microorganisms, both 
eukaryotic and prokaryotic (Barros de Medeiros et 
al., 2022). Microalgae are a sustainable alternative 
protein source and are also characterized by high 
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contents of essential fatty acids and vitamins. Fur-
thermore, due to their abundance of bioactive com-
pounds, they are increasingly recognized as valuable 
ingredients in the formulation of functional foods 
(Hernández et al., 2022). 

Dairy products are widely consumed across 
the globe and are an important source of essential 
nutrients. The incorporation of microalgae into dairy 
matrices has been proposed as a strategy to enhance 
their nutritional profile by providing additional pro-
teins, essential fatty acids, vitamins, and antiox-
idants, thereby contributing to the development of 
more sustainable and health-promoting products 
(Hernández et al., 2022).

The aim of this manuscript is to provide a con-
cise overview of dairy product formulations incor-
porating microalgae, with an emphasis on future 
prospects and associated challenges.

2. Microalgae composition

According to AlgaeBase, the leading global 
database of algal taxonomy, approximately 50,000 
microalgal species have been described to date 
(algaebase.org). Nevertheless, only a limited num-
ber of these species are used in food production, 
with Arthrospira (Spirulina) platensis and Chlorel-
la vulgaris being the predominant species applied in 
the dairy industry (Hernández et al., 2022).

Microalgae are a rich source of protein, which 
can be as high as 70% of dry biomass (Lucako-
va et al, 2022). The protein content of Arthrospi-
ra platensis is in the range 55-70% per dry matter 
and 42-55% in Chlorella vulgaris (Barros de Medei-
ros et al., 2022). Both species produce high-quality 
proteins containing all essential amino acids (Luca-
kova et al., 2022). Although they are deficient in 
sulphur-containing amino-acids, the amino acid pro-
files of these microalgae are comparable to the con-
ventional protein sources, egg and soybean (Beck-
er, 2007). The main obstacle for using microalgae as 
a protein source is the presence of a cellulosic cell 
wall, which is indigestible in the human gastrointes-
tinal tract (Fasolin et al., 2019). This limitation can 
be addressed through various cell disruption tech-
niques, including enzymatic hydrolysis, microwave 
treatment, pulsed electric fields, high-pressure pro-
cessing, ultrasonication, osmotic shock, and chemi-
cal methods (Barros de Medeiros et al., 2022).

The lipid content in microalgae is usually in the 
range 20-50% per dry matter biomass, and is influ-
enced by the metabolic status of the cells and culti-

vation conditions (Barros de Medeiros et al., 2022). 
Microalgae are a source of polyunsaturated fat-
ty acids (PUFAs) ω-3 and ω-6 fatty acids, and ster-
ols (Randhir et al., 2020). C. vulgaris is a source of 
α-linolenic acid (ALA, C18:3 n-3) and linoleic acid 
(LA, C18:2 n-6) (Hernández et al., 2022), where-
as A. platensis is particularly rich in ω-6 fatty acids, 
with γ-linolenic acid (GLA, C18:3 n-6) being pre-
dominant (Senila et al., 2025). Other microalgal spe-
cies, including Nannochloropsis gaditana, Nanno-
chloropsis oculata, Pavlova lutheri, Phaeodactylum 
tricornutum, and Tetradesmus pseudonana, are val-
uable sources of eicosapentaenoic acid (EPA, C20:5 
n-3), while Pavlova lutheri is recognized for its high 
content of docosahexaenoic acid (DHA, C22:6 n-3) 
(Lucakova et al., 2022). PUFAs produced by micro-
algae are of special interest, since they contain low-
er levels of contaminants (dioxins, polychlorinated 
biphenyls, methyl mercury) compared to fish oils 
(Barros de Medeiros et al., 2022). 

Carbohydrates, which make up to 20% of the 
dry biomass, are usually accumulated in microalgae 
in the form of starch or other polysaccharides, such 
as glycogen, β-glucan etc, depending on the spe-
cies. Exopolysaccharides are of special interest due 
to their beneficial health effects, such as antioxidant 
capacity and antitumor effects (Barros de Medeiros 
et al., 2022; Lucakova et al., 2022). Moreover, some 
of the carbohydrates produced by microalgae can 
serve as prebiotics (Eltanahy et al., 2021).

3. Microalgae in dairy products

Microalgae can be incorporated into dairy 
products, especially fermented milk, ice creams 
and cheeses in order to increase protein con-
tent and deliver bioactive compounds (Behesthip-
our et al., 2013). The incorporation into fermented 
dairy products can be done either before fermenta-
tion, directly into the milk or after fermentation into 
the finished product (Hernández et al., 2022). The 
approach where microalgae are added before fer-
mentation process is preferred, since their interac-
tion with lactic acid bacteria has a pivotal role in the 
product quality (Albuquerque et al., 2024). Yogurt 
was the most extensively studied fermented dairy 
product, in which microalgae incorporation has been 
shown to improve the nutritional profile, particular-
ly by increasing the protein content (Luwidharto et 
al., 2025). A. platensis was most frequently used in 
the studies, typically at concentrations not exceed-
ing 1% (Barkallah et al., 2017; Bchir et al., 2019; 
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Silva et al., 2019; Atallah et al., 2020; Khaledabad 
et al., 2020). 

The addition of microalgae to yogurt can affect 
its functional and technological properties. Bioac-
tive peptides formed during fermentation, togeth-
er with carotenoids, chlorophylls, phycocyanin, and 
other pigments, as well as phenolic compounds orig-
inating from microalgae, contribute to enhanced 
antioxidant activity (Albuquerque et al., 2024). 
Multiple studies (Barkallah et al., 2017; Atallah et 
al., 2020; Khaledabad et al., 2020; Mesbah et al., 
2022; Nazir et al., 2022) have reported a signifi-
cant increase in antioxidant capacity when A. plat-
ensis is added to yogurt. However, antioxidants can 
change stability during processing and refrigerat-
ed storage, highlighting the need for optimized for-
mulation strategies to preserve antioxidant potential 
throughout the product’s shelf life (Albuquerque et 
al., 2024). The addition of microalgae to fermented 
dairy products can promote the growth and surviv-
al of starter cultures and probiotic bacteria, owing to 
the bioavailability of trace elements, vitamins, and 
growth-promoting bioactive compounds (Caporg-
no and Mathys, 2018). Studies by de Mocanu et al. 
(2013), Khaledabad et al. (2020), and Luwidharto 
et al. (2022) demonstrated that A. platensis addition 
leads to higher viable counts of lactic acid bacteria 
in fermented dairy products, potentially enhancing 
their functional properties.

However, the development of yogurt-based 
product with microalgae comes with the challeng-
es, especially regarding textural and sensory prop-
erties. Interactions between lipids from microalgae 
and milk can affect emulsion creation and the struc-
ture of yogurt with regard to the texture and stabil-
ity of the final products (Albuquerque et al., 2024). 
Interactions between proteins from microalgae and 
milk proteins should be also taken into considera-
tion, since they can form protein complexes which 
affect yogurt viscosity. Microalgal fortification 
enhanced the viscosity of yogurt, which is attribut-
ed to protein and exopolysaccharide contents (Bchir 
et al., 2019; Luwidharto et al., 2022). However, the 
incorporation of microalgae into yogurt affects not 
only its nutritional value but also key sensory attrib-
utes, particularly flavour and colour, which strongly 
influence consumer acceptance. Unique aroma and 
taste notes could challenge acceptance in markets 
with a preference for traditional flavours (Zarrin et 
al., 2014; Silva and Pandolfi, 2020). As such, the 
impact that microalgae can have on sensory proper-

ties can pose both as an opportunity for innovation 
and obstacle to broader market appeal.

Cheese is a highly versatile category of dairy 
product, encompassing a wide variety of types that 
differ in technological processes, sensory character-
istics, physicochemical properties, etc. Most stud-
ies exploring the incorporation of microalgae have 
focused on soft white-brined cheeses, quark, and 
cheese spreads (Garofalo et al., 2022). The micro-
algal species most commonly investigated for incor-
poration into cheese are A. platensis and C. vulgaris. 
Regarding cheese analogue composition, the addi-
tion of algae has the most profound impact on pro-
tein and fat content (Agustini et al., 2016; Darwish, 
2017; Golkmani et al., 2019; Bosnea et al., 2020). 
The antioxidant activity was also improved also by 
the addition of microalgae to cheese, mainly due 
to the higher levels of phenolic compounds, flavo-
noids, β-carotene, etc. (Darwish, 2017; Ismail et al., 
2023; Lousada Falcão et al., 2023). 

The addition of microalgae had effects on the 
starter culture and probiotic growth in cheese. Stud-
ies by Mazinani et al. (2016) and Golkmani et al. 
(2019) demonstrated that the inclusion of A. platen-
sis can enhance bacterial growth and viability, even 
during prolonged storage. Microalgae addition can 
also markedly influence cheese texture, one of its 
most critical quality attributes. This effect is often 
linked to the water-binding capacity of microal-
gal proteins and exopolysaccharides (Luwidhar-
to et al., 2025). Reported textural changes differ 
by cheese type. Golkmani et al. (2019) observed 
reduced hardness in Feta-type cheese, whereas 
Darwish (2017) found increased hardness, cohe-
siveness, gumminess, and chewiness in Karaish 
cheese. In the study by Falcão et al. (2023), cream 
cheese and quark with added C. vulgaris showed 
decreased firmness and softer texture than the con-
trol. Regarding the sensory attributes, a bitter taste 
is one of the biggest challenges to overcome when 
microalgae are added (Golkmani et al., 2019; Bos-
nea et al., 2020). It was reported that the bitter taste 
was more pronounced with the increasing level of 
microalgae and increased storage time (Golkmani 
et al., 2019).

Ice cream is a complex dairy product composed 
of milk, sweeteners, stabilizers, emulsifiers, flavours, 
and colourants (Durmaz et al., 2020). Microalgae, 
rich in natural pigments and bioactive compounds, 
present a promising alternative to food colourants, 
which are perceived as “unhealthy”, and certain sta-
bilizing agents in ice cream formulations (Hernández 
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et al., 2022). Among various microalgae species, A. 
platensis has been the most extensively studied for 
ice cream fortification (Malik et al., 2012; Agustini et 
al., 2016; Balensiefer et al., 2021). Fortified products 
have demonstrated compositional changes, including 
increased protein and fat content. Fortified ice creams 
also showed changes in other important parameters, 
such as prolonged melting time, and higher overrun 
due to enhanced air incorporation (Malik et al., 2012; 
Agustini et al., 2016). Rheological properties were 
also influenced; for instance, a reduction in viscos-
ity was observed (Agustini et al., 2016), attributed 
to the lower water absorption capacity of A. platen-
sis compared to conventional stabilizers (Robertson, 
2014). The addition of microalgae had impact also 
on sensory properties, since excessive supplementa-
tion intensified bitterness (Durmaz et al., 2020).

4. Conclusion

The incorporation of microalgae into dairy 
products can significantly enhance their nutrition-

al and functional properties, most notably through 
increased protein content, enrichment with essential 
fatty acids, vitamins, minerals, and a boost in anti-
oxidant capacity. Additionally, microalgae contrib-
ute bioactive compounds, such as phycocyanin and 
carotenoids, which could offer health-promoting 
effects. However, their application also introduces 
technological and sensory challenges. Fortification 
often alters rheological characteristics and product 
stability, while sensory attributes can be negative-
ly affected with the development of increased bit-
terness, herbaceous and marine-like aromas, which 
can limit consumer acceptance. These drawbacks 
can be mitigated through careful selection of micro-
algal species, optimization of cultivation and pro-
cessing conditions, and adjustment of inclusion lev-
els to balance functionality with sensory appeal. 
Future research should focus on species screen-
ing, microalgae pre-treatment (e.g., cell disruption, 
deodorization), and integration with flavour-mask-
ing strategies to develop dairy products that are both 
functionally enhanced and organoleptically accepta-
ble to a broad consumer base.
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