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The excessive increase in the world population, the harmful effect of traditional agricultural products and livestock farming on the environment, climate change, decrease in drinkable water and declining arable land, resources lead researchers to seek alternative sustainable food. Environmentally friendly features of microalgae such as CO2 consumption and rich nutrient content, the no need for drinking water and land make microalgae encouraging alternative food resorce.
They are photosynthetic microorganisms that produce energy and biomass using carbon dioxide and light. There are 16 classes of microalgae, including cyanobacteria, green algae and diatoms, which are biotechnologically important.
Microalgae contains sustainable ingredients for high quality staple food such as polyunsaturated fatty acids,  proteins, amino acids, lipids and, bioactive components as well as phytochemicals, essential vitamins, and minerals. Microalgae biomass has high levels of essential nutrients and functional compounds used in various industries. Chlorella and Spirulina which contain high amounts of protein have been commercialized as food supplements. Carotenoid group color pigments are isolated from Dunaliella and Haematococcus microalgae and used as food additives. In addition, polyunsaturated fatty acids were isolated from microalgae and presented to the market as a food supplement. In recent years, functional food products such as some microalgal-based biscuits and crackers, soft drinks, pizza and chocolate have also been produced due to their rich nutritional content.
This study aims to explain the chemical composition of microalgae and its current applications in the food industry as a functional food ingredient and its potential as a sustainable alternative food source.
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1. INTRODUCTION
The increasing of the world population increases the global food demand. In a study prepared by FAO, et al. in 2021, it was reported that the number of people affected by hunger in the world will reach approximately 660 million by 2030 (Chichaibelu et al., 2022). In addition, the COVID-19 pandemic significantly affects the food supply system. The traditional food supply system needs a transformation to meet the increasing global food demand. The adverse effects of traditional foods on environmental such as climate change, scarcity of agricultural plantations, decrease in potable water resources, increasing greenhouse gas emissions, using pesticide and increased carbon emissions from livestock farming have led food suppliers to seek new sustainable food.
Algae are a resistant species. They can live in a variety of habitats, adapting to harsh living conditions. (Levasseur, et al., 2020). Algae are divided into two according to their size; macro and microalgae. Microalgae usually consist of a single cell or a collection of single cells. The organisms with the highest photosynthetic efficiency are microalgae. They perform photosynthesis using light and nutrients such as carbon dioxide (CO2), nitrogen, phosphorus and potassium. Cyanobacteria, green algae and diatoms are important microalgae due to their potential for biotech applications, apart from 16 different microalgae classes. (Hosseinkhani et al., 2022). In the last years, the use of a functional component in the nutritional content of microalgae by adding to foods or processing directly into the food product has attracted more and more attention. In the study of Chen et al., (2022), the number of publications on microalgae is given in Figure 1 by years
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Figure 1. Number of publications by years of different microalgae applications (Chen et al., 2022)
One reason why microalgae are promising as an alternative food source is their strong carbon sequestration ability. Compared to traditional livestock and traditional agricultural products, the using of land by microalgae is very small. While herbicides and pesticides are used in traditional agricultural products, there is no need for herbicides or pesticides in the production of microalgaes. Their production is not limited to the seasons. Compared to traditional food sources, it is predicted that microalgae will be an important source in meeting the nutritional needs due to their ability to increase their weight 2-3 times in a day under suitable conditions, their easy and economical production, and no side effects (Uzuner and Haznedar, 2020). Microalgaes have various bioactive compounds such as polyunsaturated fatty acids (EPA and DHA), polyphenols, phycobiliproteins (pigment-protein complexes) and phytosterols, protein (bioactive peptides and essential amino acids),  pigments (carotenoids, chlorophylls), vitamins, polysaccharides (Levasseur et al., 2020; Matos, et al., 2017; Kumar et al., 2022). Balboa et al. (2013) found that methanolic and ethanolic algae extracts have antimicrobial effects against food-borne bacteria in meat and bakery products. 
The use of microalgae in food has been accepted as safe by national authorities. Nostoc flagelliforme is traditional in Chinese diet and Spirulina has also been traditionally consumed in Mexico and Africa since the 1900s. The last years, use of microalgae-based foods, food additives and food supplements has increased. For example, docosahexaenoic acid (DHA) is used in some beverages like milk and juices for infants and children (Singh et al., 2020).
In recent years, it has been reported that 13,090 new food products based on microalgae have been introduced to the world market. 21% of these new food products are beverages and 79% are food (Boukid et al., 2021).
Considering the increasing trend of microalgae in the food market, this review aims to present a new approach for microalgae-based functional food ingredients and foods, to present the promising properties of microalgaes as a sustainable alternative food source and the potential for application in the food industry. In addition, a discussion of the environmental problems and challenges that may be encountered in microalgae-based food applications is also included.
2. NUTRITIONAL COMPOSITION of MICROALGAE
Many nutritional and functional components that can be processed into food products contain microalgae. While carbohydrates and proteins constitute the basic nutritional components, polyunsaturated fatty acids, color pigments, vitamins and minerals constitute functional components that can be obtained from microalgaes. The nutritional components found in microalgae are shown in Figure 3. The ratios of nutrient components that can be obtained from the best known microalgae species are summarized in the Table 1 made by Kusmayadi et al. (2021).
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Figure 2. Bioproducts from microalgae biomass and their applications

Table 1 Nutritional composition of different microalgae species (Kusmayadi et al., 2021)
	Microalgae species
	Compounds (%)
	References

	
	Lipids
	Proteins
	Carbonhydrates
	

	Botryococcus braunii
	33
	39.61
	2.38
	Sydney ve ark.,(2010)

	Chlorella vulgaris
	14–22
	51–58
	12–17
	Wolkers ve ark.,(2011)

	Haematococcus pluvialis
	15
	48
	27
	Bleakley ve Hayes (2017)

	Isochrysis galbana
	12–14
	50–56
	10–17
	Milledge (2011)

	Nannochloropsis sp.
	22–31
	33–44
	8–14
	Xu ve ark., (2004)

	Porphyridium cruentum
	5.78-7.55
	27.7-40.8
	22.8–39.3
	Fuentes ve ark., (2000)

	Scenedesmus quadricauda
	1.9
	47
	21–52
	VanKrimpen ve ark., (2013)

	Spirulina maxima
	6–7
	60–71
	13–16
	Milledge (2011)

	Synechococcus sp.
	11
	63
	15
	Becker (1994)

	Tetraselmis maculata
	3
	52
	15
	VanKrimpen ve ark.,(2013)


Pigments
Pigments attract attention as natural color dyes in the food industry. Microalgae pigments are grouped into 3 classes; phycobiliproteins (such as water-soluble phycocyanin), carotenoids (such as oil-soluble xanthophylls and carotenes), and chlorophylls (fat-soluble) (Sasa et al., 2020). The best known strain (approximately 14% w/w in dry matter) for β-carotene production is Dunaliella salina. Microalgae produce different color pigments under different nutritional conditions. For example, Lv et al., (2016), in their study, investigated the cell morphology and carotenoid accumulation of microalgae culture in Dunaliella salina under conditions of nutrient deprivation (sulfur, phosphorus and nitrogen) and combined use of nutrients. It has been reported to form different color pigments under different conditions. 
Astaxanthin (bright red color pigment) is produced at a high rate by Haematococcus pluvialis.(Hosseinkhani et al., 2021). One of the color pigments used in the food industry and beneficial for health is fucoxanthin. (Peng et al., 2011). Phaeodactylum tricornutum, also known as the sea diatom, contains high amounts of fucoxanthin, which draws attention as a functional food due to its anti-obesity properties. Microalgae also have higher carotenoid content than macroalgae. For example, some microalgae have up to 15 times higher fucoxanthin (18.23 mg/g) than the dominant producer seaweed (Gomez et al., 2016).
Another commercially important pigment is phycocyanin, a protein-pigment complex that gives blue color. The phycocyanin color pigment is most commercially obtained from Spirulina, with 7% to 20% of its protein content being phycocyanin. The extracted phycocyanin is used in soft drinks, candies, chewing gums and jellies.
Color pigments produced by microalgae have health benefits such as anti-inflammator, neuroprotective and antioxidant properties. For example, carotenes have the feature of being both a free radical scavenger and a precursor to vitamin A for eye health.
Fatty acids
Polyunsaturated fatty acids (PUFAs) are essential, meaning they must be obtained through diet. Considering the health benefit of PUFA’s, they are attracting attention by microalgae producers.
Omega 3 and omega 6 fatty acids are included in PUFAs. Alpha linolenic acid (ALA) Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), are in the omega 3 fatty acid class, while arachidonic acid (ARA) and γ-linolenic acid (GLA) are in the omega 6 fatty acid class of immune, cardiovascular, nervous PUFAs are important areas that provide health benefits on their systems and play role in hormone synthesis. Lipids produced by microalgae contain higher PUFA than fish oil. Especially in heterotrophic conditions, as well as less chemical contamination. 39% of the lipids produced by Phaeodactylum tricornutum and Nannochloropsis sp microalgae are EPA, and 30-40% of the lipids produced by Thraustochytrium and Schizochytrium limacinum microalgae are DHA.
Higher plants, fungi and bacteria can be used for the industrial manufatoring of EPA and DHA but fungi need carbon of organic origin for PUFA synthesis and biomass growth will be very slow. Plants must be genetically modified for PUFA synthesis (Ursin, 2003).
Proteins
Proteins are an important source of nutrients in human nutrition, consisting of amino acids. The protein content of microalgae is higher than traditional protein sources. (chickpea 18%,  soy 35%; beef 50% and turkey 63%). The protein content of microalgae is in the range of 40-60% in dry matter. (Bleakley and Hayes, 2017; Geada et al., 2021). Another reason microalgae are gaining attention is because they are more economical and ecological friendly. Because of microalgae have high growth rates, photosynthetic efficiency and also carbon neutralization properties.
Christaki et al. (2011) reported that Arthrosphira, C. vulgaris, and Spirulina contained 70% (w/w), 51-58% (w/w) and 60-71% (w/w) protein respectively. Microalgae also can be genetically modified to synthesize high-efficiency protein. The ability of microalgae to synthesize all amino acids makes them superior to conventional protein foods (Kusmayadi et al., 2021). 
Phenilalanin, isoleucine, leucine, lysine, methionine, valine, histidine, arginine and threonine which is called essential amino acids (EAAs) must be supplied outside. Some foods of animal origin contain all of the EAAs, while plant foods do not fully compensate the EAAs. For this reason, EAAs that are insufficient in vegan nutrition have the potential to be met through microalgal proteins (Barka and Blecker, 2016).
Vitamins and Minerals
Microalgae contain pro A (β-carotene), vitamins B, C and E also  Isochrysis galbana contains vitamins A, group B and E also Euglena gracilis  contains  pro A  and vitamins C and E (Zhou et al., 2022; Del Mondo et al., 2020). In the study of Tarento et al., (2018), it was determined that Anabaena cylindrica, whose biotechnological production process has been developed for vitamin K1, has 200μgg-1 vitamin K1 content, can be provided up to two to three times the daily adult need, and even by optimizing the process, the efficiency has been increased up to four times. In addition, Chlorella strains have the ability to synthesize significant levels (9-18%) of vitamin B12. B12 cannot be synthesized from higher plants, but can be obtained from bacteria in the digestive system of animals or from animal foods. Vitamin B12 deficiency, which can be encountered in a vegetarian diet, can be obtained from microalgal sources. Megaloblastic anemia can occur in vitamin B12 deficiency. Chlorella sp has high vitamin B content. B group vitamins are important in fatty acid synthesis, electron transfer and DNA repair. (Edelmann et al., 2019). In addition, Spirulina is used as a source of vitamins A, B, E and K (Carmona et al., 2009). Eisenia arborea contains a similar amount of vitamin C to citrus fruits. Vitamin C has an antioxidant effect and a role in the immune system, tissue growth and repair. Spirulina also contains vitamin E, which has antioxidant properties, and B1 vitamins, which have anti-inflammatory properties (Chew et al., 2017; Edelman et al., 2019).The effects of microalgal vitamins on human metabolism vary due to solubility and structure differences. In vivo and in vitro digestion model trials should be performed to determine metabolic effects.
In addition to vitamins, microalgae contain minerals such as phosphorus, calcium, potassium, sulfur, sodium and magnesium in their structure. One of the things to consider is that high sodium consumption is not recommended as some microalgae species may contain high levels of sodium and may increase blood pressure and cardiovascular ailments (Aburto et al., 2013). The micromineral composition of different microalgae species, such as copper, iron, manganese, selenium and zinc, also differs.
Carbonhydrates
Carbohydrates are the main product of photosynthesis, and under suitable conditions, microalgae can be used as a source of carbohydrates with antioxidant, hypolipidemic and hypoglycemic activities. A storage carbohydrate can be defined as a set of polysaccharides found inside the cell. In microalgae, carbohydrates are mainly present as polysaccharides. Storage carbohydrates (simple sugars, starch, cellulose, etc.) in microalgae are found in the chloroplast and cytosol. It is possible to accumulate carbohydrates up to 50% in dry weight (w/w) with a high photosynthesis rate (Markou et al., 2012).
Carbohydrate metabolism and composition differ according to microalgae species. For example, in dry matter, Porphyridium cruentum (w/w) contains 40-57%, Prymnesium parvum (w/w) 25-33%, Scenedesmus quadricauda (w/w) 21-52% carbohydrates. (Van Krimpenet et al., 2013). Carbohydrate production efficiency and composition in microalgae are affected by temperature, growing system and presence of light, salt stress, nutrients, etc. It can be managed with environmental parameters. In addition, the metabolic process and the kind of carbon source affect the carbohydrate composition formed after photosynthesis in microalgae. (Kusmayadi et al., 2021). 
Sulphated polysaccharides from microalgae polysaccharides have received special attention due to their bioactivity (Matos 2017). Sulphated polysaccharides are produced from the culture of Porphyridium cruentum. Sulphated polysaccarides can be used in food and vaccine applications. One of the sulphated polysaccharides β1-3 glucan, has effects on health, stimulating the immune system and reducing blood cholesterol. Sulfated polysaccharides are used for their emulsifier, thickener and stabilizer properties in food industry (Matos, 2017; Ruocco et al., 2016). For example, carrageenan is used as a suspension stabilizer in cocoa milk. (Ruocco et al., 2016). 
3. MICROALGAE APPLICATIONS as HUMAN FOOD
Algae have been used as food and fodder for centuries. For example, it is stated that the use of Nostoc microalgae by some tribes in Africa and Spirulina microalgae in Asia is quite old. People are accustomed to the use of microalgae as food. The reason this source has only had commercial use for a few decades is the focus on a possible inadequate protein provision due to the fast growth of the world's population in the mid-1900s. In the 1950s, the use of algae was proposed as an alternative protein source to meet the global food request. Japan began the first industrial scale production of the microalgae species Chlorella for human consumption in the 1960s. Large scale algae production plants were built in Australia, Asia, Israel, India and the USA in the 1980s (Chacón-Lee and González-Mariño, 2010: 656; Vigani et al., 2015: 81; Wells et al., 2017: 949).
Food products containing microalgae can be classified into two major groups that containing all microalgae biomass and containing a microalgae-derived compound. Microalgae biomass can be used to color foods and benefit from their nutritional or functional properties (Lafarga, 2019: 2).
Arthrospira, Chlorella, Dunaliella salina, Aphanizomenon flos-aquae, Haematococcus and Spirulina are the most commonly used microalgae for human consumption. One of the reasons for this is that Arthrospira, Chlorella, Spirulina and Aphanizomenon have a rich composition of protein and essential elements, while Dunaliella and Haematococcus have carotenoids with antioxidant activity (Spolaore et al., 2006: 88; Niccolai et al., 2019: 1).
Various foods produced with the addition of microalgae are offered for sale in Asia and North America, especially in European countries including Italy, Germany, Spain and France. These include pasta, cookies, biscuits, crackers, cakes, rusks, cereal bars, fruit bars, ice cream, smoothies, organic algae drinks, candies, vegetable juice and chocolate (Lafarga, 2019: 2).
However, the addition of microalgae biomass to some cereals and dairy products continues to be the subject of various studies. Aydemir and Öner (2020: 553) investigated the effects of 0.25%, 0.50, 0.75 and 1% Spirulina platensis additions on the microbiological, chemical, physical, and sensory properties of yoghurts during the storage period. It was determined that the addition of Spirulina platensis increased the total phenolic substance content, total antioxidant capacity value and protein amount of yoghurts. The addition of Spirulina platensis, did not change statistically Lactobacillus delbruecki subps. bulgaricus and Streptococcus thermophilus numbers. It was determined that the most liked samples from the sensory point of view were control yoghurt and yoghurt with 0.25% Spirulina platensis addition, respectively. Szmejda et al. (2018: 44) investigated the effect of Spirulina platensis use on antioxidant capacity in the production of dairy, pistachio and mint ice cream. According to the results of the antioxidant activity tests surveyed by the free radical scavenging potential, the researcher determined that all ice creams enriched with microalgae extract had a significantly higher antioxidant potential. The addition of Spirulina improved the ability for quenching free radicals about by 8% in dairy ice cream and the lowest parameters were determined this product. Çelekli et al. (2019: 4) investigated the growth of probiotic bacteria in buttermilk produced by adding 0.25%, 0.5%, and 1% S. platensis and using probiotic culture before and after fermentation and on days 7, 14, and 21 of storage. The addition of S. platensis remarkably increased the development of probiotics after fermentation and during storage, and the highest total dry matter and protein values were achieved with the use of S. platensis at the rate of 1%. Tohamy et al. (2018: 347) investigated the effect of the use of Chlorella vulgaris on some properties of cheese. It has been reported that the use of Chlorella vulgaris enriches Se, Zn, Fe, Mg and K and increases its antioxidant activity.
Güroy (2020) produced muffins using 0.4%, 0.6 and 0.8% fresh or dried Spirulina and examined the impact of Spirulina addition on some properties of muffins. It was defined that muffins containing 0.6% and 0.8% fresh Spirulina contained higher phycocyanin and scored higher sensory point than muffins containing 0.8% dried Spirulina. Onacık Gür et al. (2018: 7) examined the effect of adding 1, 2, 3% Spirulina platensis powder on whole grain cookies. Moisture content and hardness of the cookies decreased due to the addition of microalgae powder, and even the addition of 1% microalgae changed the color of the cookies to intense green. Singh et al. (2015: 1394) was carried out biscuit production with the addition of Spirulina platensis powder. The addition of spirulina powder to the biscuit improved its protein and antioxidant potential proportionally with the added amount of spirulina powder. Ak et al. (2016: 30) carried out chemical, microbiological and sensory analysis in the bread they produced by adding 10% Spirulina. The use of Spirulina enabled the bread to be enriched in terms of protein, Ca, Mg and Fe and had a positive impact on the prevention of mold growth in bread stored at room conditions. Although the algae aroma was perceived, the sensory evaluation of the bread was found to be satisfactory. Based on these results, the researcher reported that the use of microalgae can improve the nutritional quality without having a negative effect on the shelf-life. In a study investigating the effect of using Dunaliella salina microalgae on some properties of pasta, El-Baz et al. (2017: 45) stated that in terms of cooking quality, the volume and weight of pasta increased, and cooking losses also increased. The increase in the amount of microalgae used increased the amount of Fe, Ca, Mg, K minerals and chlorophyll A, chlorophyll B and carotene phytochemicals. Sensory evaluation showed that the mouthfeel and overall acceptability of pasta enriched with 1% and 2% algae were not significantly affected compared to the control sample, while the flavor was not significantly affected in pasta containing 1% algae.
As mentioned before, in addition to microalgae biomass, some components produced by microalgae can be used in various foods. Pigments such as phycobiliproteins, polyunsaturated fatty acids and carotenoids are the main components obtained using microalgae (Spolaore et al., 2006: 88). The effect of the use of these components obtained from microalgae on the properties of foods attracts the attention of researchers. It is reported that biscuits produced using phycocyanin extracted from Spirulina platensis are acceptable in terms of sensory properties such as color, odour/aroma, taste, texture, general taste and general acceptability. It is also stated that the addition of phycocyanin can increase the oxidative stability of biscuits during storage (Abd El Baky et al., 2015: 236). 
With a regulation made in 2015, the commercialization of foods containing oil rich in EPA and DHA extracted from the microalgae Schizochytrium sp. was allowed in the European Union. Astaxanthin is accepted by the FDA as GRAS, which is the acronym for "generally recognized as safe". This product is produced from Haematococcus pluvialis and is another example of microalgae derived compounds commercialized for food applications (Lafarga, 2019: 2).
The use of microalgae in human nutrition is not limited to the use of all microalgae mass or the components it produces in foods. Microalgae can be found on the market in different forms such as liquids, capsules and tablets. Microalgal tablets are preferred by consumers because they are rich in protein, vitamins, polysaccharides, polyunsaturated fatty acids, microelements and edible fiber and are believed to improve health, prevent diseases and aid weight loss (Lianget al., 2004: 45). However, there is no commercialized product prepared with the addition of microalgae in Turkey. However, vitamin supplements and fishmeal with spirulina, and spirulina in powder and capsule form are available in the market (Sasa et al., 2020: 103).
4. SUSTAINABILITY of ALGAL-BASED FOODS
Many people in the world face hunger. It is reported that 828 million people are affected by hunger in 2021 and this number corresponds to 9.8% of the world population (FAO, IFAD, UNICEF, WFP, WHO, 2022). On the other hand, it is stated that the world population exceeded 7.8 billion in 2021 and it is expected to exceed 9.3 billion by 2050 (TUIK, 2013; TUIK, 2022). As a result of the increasing world population, it is inevitable that the demand for food will increase (Ahmad et al., 2020: 6). On the other hand, growing world population, increasing consumption of persons, technological developments, ease of intercommunicate and rising translocation of the people have caused limited natural resources and revived environmental problems (Özdemir and Güçer 2018: 281). Therefore, while meeting the increasing food demand, the limited resources such as water and soil should be regarded, and the effects of food production on the ecosystem should be considered (FAO, 2017). It emerges as the need to feed the ever-increasing human population with more and more limited natural resources. This is considered one of the most important challenges faced in the 21st century (Torres-Tiji et al., 2020: 1). This has resulted in an increased interest in sustainable food (Ifeanyichukwu et al., 2020: 33).
Sustainable food is defined as food that is protective and sensitive to biodiversity and ecosystems, culturally acceptable, accessible, affordable, nutritionally adequate, safe and healthy (Baş et al., 2021: 1). One of the promising feedstock in terms of sustainability is microalgae (Draaisma et al., 2013: 169). Because microalgae have high productivity per unit area. They can also be grown on land that is not suitable for agriculture. In addition, it can be grown in non-drinking waters and salty waters (Torres-Tiji et al., 2020: 1).
Microalgae don’t have particular support and seminal structures. It can change carbon dioxide and all of the light energy into biomass. It converts 6% of the radiation into biomass. This rate is much lower in terrestrial crops. Therefore, it has higher surface area efficiency and photosynthetic activity compared to terrestrial crop plants. Sugarcane is one of the plants with the highest photosynthetic conversion efficiency. It has a photosynthetic activity of 3.5% to 4%. For industrial production, microalgae are suitable. Because they have simple growth requirements such as inorganic salts, wide environmental compatibility, and higher growth rate, (Kumar et al., 2022: 2).
Another advantage of microalgae is that they can be grown in all climatic conditions (Kumar et al., 2022: 2). Climatic conditions suitable for microalgal productivity are in areas with high temperature, low precipitation and high annual sunshine. These areas are considered unsuitable for agriculture. Currently, some microalgae production facilities are semi-desert areas with little rainfall and more sunlight. Examples of these are Eilat (Israel), Hutt Lagoon (Western Australia), and Whyalla (South Australia) (Randhir et al., 2020: 3).
Food production has some environmental impacts on terrestrial and aquatic environments. Agricultural activities, which are part of the food production process, are one of the main actors in the depletion of resources, as they use about one-third of arable land, almost three-quarters of global water resources and one-fifth of energy. Animal production requires a large amount of land to raise animals and produce their feed, approximately half of all of all agricultural activities. Agriculture negatively affects lands by causing pollution and weakening of soil health due to excessive chemical input. It is emphasized that clearing more land to meet the increasing demand for food, especially meat, poses a danger to ecosystems. It is stated that this land clearing, also called deforestation, makes an indirect but major contribution to the impact of agriculture on the environment, including loss of biodiversity (Meyer and Reguant-Closa, 2017: 2).
Although animal foods come to the forefront as a protein source, plant products such as grains and pulses are recommended to protect natural resources such as water and soil and to provide more affordable protein supply (Ismail et al., 2020: 57). However, although their protein content is close to animal protein sources, it is thought that causes such as desertification of agricultural lands, becoming water resources are limited and climate change may make difficult the production of grains and pulses. This has enabled microalgae, whose production is relatively less dependent on climate and water, to come to the fore as a protein source (Can et al., 2021: 1148). It is reported that microalgae-based proteins have several advantages compared to other currently used protein sources and can contribute significantly to meeting the protein needs of the world population. Microalgae-based proteins have low land needs (<2.5 m2 per kg protein) compared to animal-based proteins such as pork (47-64 m2), chicken (42-52 m2) and beef (144-258 m2). Also microalgae have less soil requirements compared to some vegetable protein sources. For example, pea protein meal, soybean meal and others (Caporgno and Mathys, 2018: 2). Microalgae have higher protein yield per unit area compared to terrestrial crops. This value is 4-15 tons/Ha/year for microalgae, 0.6-1.2 tons/Ha/year for soybean, 1-2 tons/Ha/year for pulse legumes, and 1.1 tons/Ha/year for wheat (Bleakley and Hayes, 2017: 2).
Similarly, the estimated land area required to produce algal sterols is notably less than that required by crops such as canola or maize. For instance, the rapeseed plant uses 12 m2 land/year/kg oil produced whereas microalgae use only 0.1-0.2 m2 land/year/kg oil. Microalgaes is not only considered as an alternative protein source, is considered also as the leading alternative to plants for sustainable phytosterol production due to have a lot of advantage (Randhir et al., 2020: 3).
A significant impact of agriculture on the environment is the use of water. About 70% of all surface and groundwater is used for agricultural activities (Meyer and Hayes, 2017: 3). The water required to produce a variety of food and fodder plants is 500-2000 L of water per kilogram of plant produced. Producing 1 kg of animal protein takes approximately 100 times more water than producing 1 kg of grain protein (Pimentel and Pimentel, 2003: 662). As water resources have become as limited as land, it should be noted that beef production has a significantly larger water footprint compared to alternative meat and plant sources, although there are some exceptions (Meyer and Hayes, 2017: 3).
It is stated that although microalgae cultivation needs a large amount of water regardless of the growing system used, this water can be recovered or recycled comparatively easily, but fresh water will be required due to evaporation losses from growing systems based on open ponds. There are researchers who suggest that this could affect the sustainability of large scaled microalgal production, only replacing evaporation losses with fresh water will use three times the amount of fresh water used for watering in the entire agricultural land mass of the USA. Nevertheless, the possibility of using salt water or degraded water for microalgal production is expressed (Randhir et al., 2020: 4).
The composition of the atmosphere is changing with the excessive use of fossil fuels, destruction of forests, wrong land use, unconscious consumption of natural resources, gases released into the atmosphere and additional problems created by rapid population growth. As a result of this, unusual weather conditions called global climate change are experienced today. The biggest reason for this change is that the greenhouse gases, whose accumulations in the atmosphere increase rapidly as a result of various human activities, disrupt the radiation balance of the earth and as a result, they tend to increase the surface temperatures of the world with the contribution of urbanization, by strengthening the natural greenhouse effect (Kayıkçıoğlu and Okur, 2012: 25).
Agricultural food production is responsible for 30% of greenhouse gases emitted globally, occupies 40% of usable land and affects 70% of water resources such as rivers, lakes and groundwater. Although animal foods provide 18% of calories from food and 37% of food-borne protein, they are disproportionately responsible for 83% of agricultural land occupation and 58% of food-related greenhouse gas emissions (Polat and Yılmaz Tuncel, 2021: 137). And yet, microalgae are suggested as a sustainable food source for humans and animals. Because it has the potential to reduce environmental problems caused by the expansion of land based food production and provide solutions for global food security (Kusmayadi et al., 2021: 1).
Microalgae have valuable nutrients including omega 3 and omega 6 long chain polyunsaturated fatty acids. Moreover, it has lower chemical contamination and higher purity compared to marine fish, which is a source for these nutrients (Kusmayadi et al., 2021: 1). As a source of protein, DHA and EPA microalgae biomass has been found to have similar or lower environmental effects than fish fillet obtained through aquaculture and hunting (Schade et al., 2020: 3008).
On the other hand, it is reported that the use of microalgae in the form of protein powder is not more environmentally friendly than plant sources and its environmental impact is in the same range as animal protein sources (Smetana et al., 2017: 166). However, microalgae contain a wide variety of nutrients. One of them is beta-carotene. Therefore, it was determined that the environmental effects of producing the same nutritional combination of protein and beta-carotene from carrot + tofu were higher than producing Spirulina tablets (Ye et al., 2018: 154).
When processed for meat substitutes, a highmoisture extruded Chlorella resulted in a more environmentally sustainable product than beef and pork, with present technology readiness level and economy of scale for microalgae production (Caporgno and Mathys, 2018: 3). Moreover, it is reported that the environmental effects of microalgae production can be decreased. It has been indicated that these effects will decrease 4.5 times when hydrolyzed food waste is used as a carbon source. Therefore, it is stated that microalgae can stand out as one of the most sustainable protein sources (Kusmayadi et al., 2021: 6).
5. CHALLENGES ENCOUNTERED IN ALGAL-BASED FOOD APPLICATIONS
Although microalgae-based products have slowly started to take their place in food markets as healthy food, they need progress in the identification, cultivation, product development and promotion of algal species in order to replace traditional foods.
Biomass efficiency in microalgae production is still not sufficient to meet food industry needs. Microalgal food prices are quite expensive compared to traditional food prices, they should be able to compete with traditional food prices. For example, in 2017 Smetana et al. evaluated the sustainability of microalgae as a food/feed protein source using the life cycle assessment method. It has been reported that protein production requires a more complex system than conventional sources, and according to the results obtained, Chlorella and Spirulina have worse environmental effects than conventional protein sources (Smetana et al., 2017). 
Reducing the cost of microalgae production is closely related to biotechnological developments. Increasing biomass efficiency will reduce production costs. For this reason, new bioreactor design, development of new species using genetic engineering methods, rapid sampling and development of efficient screening methods are important (Beal et al., 2015). Reducing the cost of microalgae production is closely related to biotechnological developments. Increasing biomass efficiency will reduce production costs. For this reason, new bioreactor design, development of new species using genetic engineering methods, rapid sampling and development of efficient screening methods are important (Beal et al., 2015). Also the addition of microalgal biomass to foods can cause various difficulties, mainly due to their intense color or fishy taste and odor (Lafarga., 2019). However, sensory quality can be increased with product development studies.
6. CONCLUSION
Today, many people are already facing hunger. On the other hand, the world population is increasing day by day and more and more people are in need of nutrition. However, existing food production systems produce by using limited resources in the world. In addition to the limited resources used for food production, one of the deadlocks in this process is that the production systems create some negative effects on the environment and make the resources more limited. This situation, especially in recent years, has led researchers to search for alternative food sources that are environment friendly and can obtain more efficiency using less resources. At this point, microalgae have emerged as a promising food source. One of the reasons for this is that microalgae are rich in nutritional components that can be used in both human and animal nutrition. Another important reason is the indications that resources can be used more efficiently during the production of microalgae and microalgal food components and their negative effects on the environment can be reduced compared to other food production systems. Therefore, microalgae stand out as a sustainable alternative to meet the increasing nutritional needs and as a functional food component today, where there is an increasing interest in healthy nutrition.
However, there are some problems concerning microalgae. It is possible to list these as the environmental effects being close to traditional food production systems in some cases, the high cost, some hesitation about sensory acceptability and general acceptance by the consumer. However, although it is suggested that there may be some difficulties and limitations related to its production and use, it is thought that research and development studies in production technologies as well as product development and promotion studies will contribute significantly to overcoming these difficulties.
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