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Abstract: Food-significant algae (red, green, blue-green, and brown algae) are rich in vitamins, 

minerals, antioxidants, and other bioactive compounds, and they play an important role in both nu-

trition and medicine. In recent years, studies on molecular variation have allowed for a deeper un-

derstanding of the biological properties and beneficial components of algae by examining their ge-

netic diversity. Through molecular approaches, the genetic variation of different species and popu-

lations can be identified, enabling the selection of more suitable and effective algae species for food 

and medical applications. 
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Introduction: 

Algae are organisms with significant bio-

technological potential in the fields of food, 

medicine, energy, and ecology. They possess 

diverse species and characteristics, and their 

biological diversity is extensively studied. Mo-

lecular variation is a key approach for studying 

the genetic diversity of algae and utilising this 

diversity in biotechnological applications. 

These studies help improve our understanding 

of the biological properties of algae and allow 

for more efficient use of their beneficial traits. 

Food-significant algae offer numerous 

beneficial components for the human body due 

to their rich composition. Depending on the 

species, algae are rich in various nutrients. 

They contain valuable substances such as pro-

teins, vitamins, minerals, omega-3 fatty acids, 

antioxidants, amino acids, and dietary fibre. 

These compounds make algae an ideal  

choice as a nutritional supplement and for 

therapeutic purposes. 

Algae, particularly microalgae, have high 

protein content. Algal species such as Spirulina 

and Chlorella contain between 60% and 70% 

protein. The proteins found in algae include all 

the essential amino acids required by the human 

body, making them a high-quality source of 

protein. With these properties, algae are con-

sidered an indispensable food source in vege-

tarian and vegan diets. 

Algae are also rich in many essential vit-

amins. In particular, they contain B-group vit-

amins, vitamin A (beta-carotene), vitamin C, 

and vitamin E. The vitamin B12 content of al-

gae is especially important, as B12 is typically 

found only in animal products, yet it naturally 

occurs in some algal species. This is especially 

beneficial for individuals who follow vegan or 

vegetarian diets. 

Algae are also rich in minerals. They of-

fer essential minerals such as potassium, cal-

cium, magnesium, phosphorus, iron, and io-

dine. These minerals are crucial for human 
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health, particularly for bone strength, immune 

system function, and the transport of oxygen 

in the blood. Algae, especially marine algae, 

contain high levels of iodine, which is essen-

tial for the proper functioning of the thyroid 

gland. 

Algae are a valuable source of omega-3 

fatty acids as well. These fatty acids, especial-

ly EPA (eicosapentaenoic acid) and DHA 

(docosahexaenoic acid), contribute to cardio-

vascular health, reduce inflammation, and 

support cognitive function. Marine algae are 

considered an irreplaceable plant-based source 

of omega-3 fatty acids (Guliyev & Ismayilov, 

2017) 

Algae are also abundant in antioxidants. 

They contain compounds such as carotenoids 

and polyphenols, which help neutralise free 

radicals and prevent cellular damage. These 

antioxidants may slow the ageing process and 

reduce the risk of chronic diseases such as 

cancer (Alizadeh & Rzayev, 2018).  

Lastly, algae are rich in dietary fibre. 

The fibres found in algae support digestive 

health, improve gut function, and help prevent 

constipation. They also aid in the elimination 

of toxins from the body, thereby promoting 

overall wellness. 

Due to their nutrient-rich composition, 

food-significant algae are considered highly 

valuable for use as dietary supplements, health 

products, and functional foods. Their richness 

in diverse nutrients offers numerous health 

benefits and makes them an indispensable 

component of modern diets. 

Molecular variation refers to changes 

that occur in an organism’s genetic material, 

including DNA, RNA, or proteins. Algae pos-

sess a high degree of genetic diversity due to 

their ability to thrive in various environmental 

conditions. Studies on molecular variation 

help identify these genetic differences and ex-

amine their biological effects. In order to ex-

plore the genetic diversity of algae, research-

ers utilize genetic markers, DNA barcoding, 

gene expression profiling, and other molecular 

biology techniques. 

Such investigations enable a better un-

derstanding of the adaptation capabilities, bio-

logical activities, and ecological compatibility 

of different algal species within their respec-

tive ecosystems. Molecular variation studies 

are also critical for the conservation and sus-

tainable development of algal genetic re-

sources. 

Algae have a wide range of biotechno-

logical applications, particularly in food pro-

duction, pharmaceuticals, cosmetics, bioener-

gy, and environmental protection. Under-

standing these applications on a molecular 

level is essential, as such research supports the 

selection of more beneficial and effective al-

gal strains for industrial purposes. 

Due to their richness in proteins, vita-

mins (especially B12), minerals, omega-3 fat-

ty acids, and other nutrients, algae are exten-

sively used in the food industry. Molecular 

variation studies allow for the identification of 

more nutritious and health-promoting algal 

species suitable for food production. For in-

stance, algae such as Spirulina and Chlorella 

are widely used as dietary supplements due to 

their unique nutritional profiles, and exploring 

their genetic diversity can help enhance their 

productivity and quality. (Huseynova & 

Mammadova, 2020). 

Algae are used in the field of medicine, 

particularly as a source of bioactive compounds 

with anticancer, antibacterial, anti-

inflammatory, and antiviral properties. Molecu-

lar variation facilitates the more efficient pro-

duction of these potential pharmaceutical com-

ponents. For example, some algal species pro-

duce substances that may contribute to the de-

velopment of novel treatments for cancer. Ge-

netic variation studies provide essential data for 

the genetic improvement and optimisation of 

such species. (Huseynova & Mammadova, 

2020). 

Algae also play an important role in the 

cosmetics industry, as they offer beneficial 

minerals, vitamins, and antioxidants for skin 

health. Products derived from algae are used to 

protect and rejuvenate the skin. Molecular vari-

ation research enables the identification of 

more effective and skin-compatible algal strains 

for cosmetic applications (Nasirov & Veliyev, 

2019). Algae can also be utilised in bioenergy 

production. It is possible to produce biodiesel 

and bioethanol from various algal species. Mo-
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lecular variation aids in selecting species with 

enhanced energy production potential. Fur-

thermore, algae absorb carbon dioxide from the 

atmosphere, helping to mitigate environmental 

pollution. Their genetic modification and 

adaptability allow for more efficient and scala-

ble bioenergy processes. 

Algae are also employed in environmen-

tal remediation and ecosystem restoration. They 

play a key role in water purification, prevention 

of soil degradation, and maintaining ecological 

balance. Molecular variation contributes to the 

identification of algae involved in these pro-

cesses and supports the enhancement of their 

bioremediation capabilities (Rustamov & 

Shukurova, 2016). 

Variation studies are essential for deter-

mining the genetic potential of algae and for 

using this potential more effectively in biotech-

nological applications. Algae are widely used in 

the food, pharmaceutical, cosmetic, bioenergy, 

and environmental sectors, and molecular var-

iation accelerates the development of these 

fields. Genetic research facilitates the creation 

of more robust and beneficial algal strains, 

helping to shape the future of biotechnology 

(Rustamov & Shukurova, 2016). 

Food-significant algae are also used for 

medical purposes. They are rich in vitamins, 

minerals, amino acids, and polysaccharides. 

However, the lack of comprehensive 

knowledge about their genetic diversity and 

biological properties limits their optimal use. 

Molecular variation research is a vital tool for 

overcoming these limitations (Ahmadov & Sa-

farov, M., 2021). 

These algae have a wide range of applica-

tions in the food, pharmaceutical, and cosmetic 

industries. Their genetic diversity determines 

the variety of their metabolic and bioactive 

properties, which in turn broadens the scope of 

their practical uses. Studies on molecular varia-

tion are essential for understanding the evolu-

tion and adaptation of the biological and chem-

ical characteristics of algae. 

Main research. In recent years, advances 

in molecular biotechnology have opened new 

opportunities for investigating the genetic struc-

ture of algae. These studies reveal the presence 

of genetic variation across different algal popu-

lations and species, and how this variation cor-

relates with their biological activity. Molecular 

markers, such as SSR (Simple Sequence Re-

peat), AFLP (Amplified Fragment Length Pol-

ymorphism), and RFLP (Restriction Fragment 

Length Polymorphism), are widely used to as-

sess the genetic diversity of algae. Through 

these markers, genetic variation at the species 

and population levels is examined (Tahmazov, 

R., & Hasanov, N., 2015). 

Bioinformatics tools are also used in the 

study of algal genetic diversity. These tools en-

hance the speed and accuracy of analyzing algal 

genetic data. As a result, researchers can identi-

fy the variety and quantity of bioactive com-

pounds in algae, such as polyphenols, polysac-

charides, fatty acids, vitamins, and minerals. 

These analyses also provide insight into how 

different algal species adapt to specific envi-

ronmental conditions and ecosystems (Alizadeh 

& Rzayev, 2018).  

One of the most significant aspects of 

these studies is the ability to efficiently identify 

bioactive compounds associated with molecular 

diversity and to select genetically superior algal 

strains. This enables improvements in the quali-

ty of algae used in food and medical industries, 

leading to the development of more targeted 

and effective products. For example, certain 

algae with high levels of antioxidants and vita-

mins can be used as nutritional supplements. 

Genetic diversity demonstrates how algae 

adapt to diverse ecosystems and environmental 

conditions and how they develop specific bene-

ficial traits. This makes it possible to select 

more effective and application-specific algal 

species, particularly for use in the food and 

pharmaceutical sectors. The use of genetic 

markers to analyse various species and popula-

tions of algae enhances their classification and 

suitability for specific purposes (Guliyev & Is-

mayilov, 2017). 

Environmental factors also influence the 

genetic structures and biochemical composition 

of algae. Conditions such as temperature, sa-

linity, and light intensity can alter the produc-

tion and content of bioactive compounds, which 

in turn determine how algae may be used in 

medical and food-related applications. Devel-

opments in biotechnology, especially in genetic 
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engineering and selection methods, allow for 

the enhancement of desirable traits in algae and 

the cultivation of more suitable species. 

Climate change also affects this process. 

Rising global temperatures and other envi-

ronmental changes may influence the diversi-

ty of algae and their impact on ecosystems. 

Therefore, the conservation and sustainable 

use of algal genetic resources is of particular 

importance (Nasirov & Veliyev, 2019). 

In conclusion, the study of molecular varia-

tion in food-significant algae enables a deeper 

understanding of their biological characteristics 

and allows for more efficient use of these spe-

cies in food and medical applications. Investi-

gating the genetic diversity of algae and adapt-

ing them to environmental conditions will facil-

itate the selection of more productive and bene-

ficial strains in the future. These studies are al-

so crucial for ensuring food security, addressing 

health-related challenges, and promoting eco-

logical sustainability. 
 

Results and discussions: 

Molecular variation studies of food-

significant algae allow for a deeper understand-

ing of their genetic structure and biological 

characteristics. Research in this field provides 

essential information for the more effective and 

targeted use of algae. By using molecular 

markers, scientists can identify both the genetic 

diversity and the range of bioactive compounds 

present in algal species, enabling more efficient 

selection for nutritional and medicinal purpos-

es. 

As a result, molecular variation studies 

expand the application of food-significant algae 

in biotechnology and pharmaceuticals. The out-

comes of such studies pave the way for the de-

velopment of healthier and more effective nu-

tritional supplements and pharmaceutical prod-

ucts. Selecting algal strains with genetically 

superior traits is also important for ecological 

sustainability, as these strains are more adapta-

ble to various ecosystems and can be cultivated 

in a more resilient and sustainable manner. A 

better understanding of the genetic diversity 

and bioactive potential of algae will help re-

searchers discover new commercially valuable 

species in the future. These species will not on-

ly enhance the quality of food products but also 

open new avenues in the biomedical and cos-

metic industries. In conclusion, molecular vari-

ation research holds great potential both eco-

nomically and ecologically. 

Research on molecular variation and the 

biotechnological applications of algae enhances 

our understanding of the genetic potential of 

these organisms and promotes the efficient use 

of their beneficial properties. Algae are widely 

applied in the fields of nutrition, medicine, 

cosmetics, bioenergy, and environmental pro-

tection. By studying their genetic diversity 

through molecular variation, more productive, 

healthier, and effective strains can be selected. 

This approach accelerates the development of 

algal biotechnological applications, supports 

the creation of new bio-based products, and 

contributes to the advancement of existing 

technologies. Ultimately, molecular variation 

studies not only strengthen the ecological con-

tributions of algae but also help unlock their 

full biotechnological potential. 
 

Conclusıon: 

Molecular variation studies of food-

significant algae provide critical insights into 

their genetic diversity, biological traits, and bi-

oactive potential. These studies enable the iden-

tification and selection of genetically superior 

strains with enhanced nutritional and medicinal 

value, contributing to the development of effec-

tive biotechnological and pharmaceutical appli-

cations. By utilizing molecular markers, re-

searchers can improve strain selection for eco-

logical sustainability and adaptivity, promoting 

environmentally resilient cultivation systems. 

Moreover, understanding genetic varia-

tion helps uncover new algal species with 

commercial potential in industries such as food, 

medicine, cosmetics, and bioenergy. This 

knowledge facilitates the creation of healthier 

nutritional supplements, novel therapeutic 

agents, and bio-based products, while also ac-

celerating innovation in environmental protec-

tion technologies. 

Overall, molecular variation research sig-

nificantly enhances the economic and ecologi-

cal utility of algae, making it a key driver for 
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sustainable development and technological ad-

vancement in multiple sectors. 
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