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ABSTRACT 
Antarctic microalga Micractinium simplicissimum ASYA46 as a functional 

ingredient for dough preparation  
Görünmek, Mihraç 

Master Thesis, Molecular Biology and Genetics Department, Molecular Biology 

and Genetics Program 

Supervisor: Prof. Dr. Turgay ÇAKMAK 
January, 2024. 162 Pages. 

In the current global scenario, one of the biggest challenges for the 21st century 

is dwindling food supplies for a growing population. The World Food Programme 

has reported that the number of people suffering from food insecurity will increase 

to 345 million in 2023, with 1 in 9 people malnourished. While meeting immediate 

food needs is the goal, the real need is to support long-term programs. The limited 

availability of arable agricultural land, the 18% share of the global agricultural 

system in greenhouse gas emissions, the sustainability of traditional food sources 

being hampered by the decline in drinking water, and the need for CO2-neutral 

approaches increase the need for different sustainable and healthy food sources. 

At this point, microalgae are a promising candidate as an alternative food with its 

value-added metabolites. Microalgae stand out with their protein, lipid, 

carbohydrate, mineral, vitamin, fiber, and pigment content, which may vary 

according to environmental conditions, storage conditions, and harvesting 

methods. They are high-quality food candidates, especially with their carotenoid, 

sterol, rich amino acid structure, and polyunsaturated fatty acid content. Many 

microalgae species have a complete nutrient profile and outperform most plant 

species in terms of yield. Thousands of years of breeding and species selection 

work applied to traditional plants can be applied to microalgae in just a few years 

with advances in genetic engineering. In addition to their rich food composition, 

microalgae are also environmentally friendly as they grow fast, sequester carbon 

dioxide, do not compete with agriculture for soil, and do not need potable water 

as much as agriculture. Studies on the use of microalgae and their extracts in food 
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are increasing day by day. Many nutrients can be added to microalgae. However, 

the accessibility of nutrients is as important as their health effects. Unfortunately, 

today, foods whose formulation is enriched with any natural extract or product can 

appeal to a smaller audience both economically and in terms of access. At this 

point, it is also important that bread, which has a place in many civilizations, is 

accessible to all segments of society.  

The main theme of the study was based on microalgae obtained from Istanbul 

Medeniyet University Microalgae Culture Collection (IMUASYA-IMUARAS). In 

this context, psychrotolerant Chlorella vulgaris ASYA27 and Micractinium 

simplicissimum ASYA46 were isolated from Horseshoe Island during the IV 

National Antarctic Science Expedition, and mesotherm Chlorella vulgaris 

ARAS102 was isolated from Nemrut Volcanic Lake within the scope of another 

project were used. Since Chlorella is recognized by both GRAS and EFSA as 

microalgae suitable for human consumption and the elemental biochemistry of 

microalgae is shaped by environmental conditions, Chlorella vulgaris isolated 

from two different environments was used for the study. Micractinium 

simplicissimum is a microalga belonging to the same class as Chlorella but not 

documented by any authorized body for human consumption. Therefore, its food 

potential was evaluated in comparison with two other Chlorella.  

The thesis aimed to improve the nutritional properties of the original food matrix 

of whole wheat flour and gluten-free (oat) flour bread enriched with different 

proportions of microalgae biomass. For this purpose, the physicochemical 

properties of whole wheat and gluten-free flour bread fortified with Chlorella 

vulgaris ASYA27, Micractinium simplicissimum ASYA46, and Chlorella vulgaris 

ARAS102 at 1% and 3% were evaluated. In this context, moisture and ash 

content, total protein by Kjeldahl method, amino acid analysis by HPLC, 

chromatographic measurement of vitamins B1, B2, and B6, total diet, starch and 

if the content, sodium (Na), magnesium (Mg) by Atomic absorption spectroscopy 

(AAS), potassium (K), calcium (Ca), and phosphorus (P), copper (Cu), 

manganese (Mn), iron (Fe) and zinc (Zn) content, heavy metal analysis by ICP-
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MS, phosphorus analysis, oil content by Soxhlet and fatty acid methyl ester 

analysis by GC-FID. When the nutrient profile of the bread without microalgae 

added and the bread with 1-3% microalgae added were compared, an increase 

in moisture and ash content of the bread was observed. However, protein content 

increased by 9-34%. Amino acid content was also enriched with the addition of 

microalgae. Vitamin B1, B2, and B6 also increased with the addition of 

microalgae. Fiber content increased by 14-73%, while starch content increased 

by the highest 14% compared to the control group. Total lipid content increased 

between 7.5 and 30%. When the fatty acid profile was analyzed, an increase in 

total unsaturated fatty acid content was observed. 

Despite food scarcity, the search for non-traditional food continues. At this point, 

microalgae are a good candidate to be an ideal food source. Within the scope of 

the study, bread, which is accessible to everyone and has an important place in 

the daily diet, has increased positively in all parameters analyzed because of the 

additive of bread with microalgae. When the improvement results of three different 

microalgae in the bread profile were compared, Micractinium simplicissimum 

ASYA46, which may be a candidate for human consumption and has not been 

announced, was as effective as the other two microalgae. This is a good indicator 

of its suitability for consumption. In addition, bread formulation using both whole 

wheat and gluten-free oat flour was compared. The low protein content of gluten-

free foods made enrichment more vital, where the addition of microalgae 

contributed to improving the profile. 

Keywords: Antarctica, bread, dough, food, gluten-free product, microalgae 
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ÖZET 
Hamur hazırlama için fonksiyonel bir bileşen olarak Antarktika mikroalg 

Micractinium simplicissimum ASYA46 
Görünmek, Mihraç 

Yüksek Lisans Tezi, Moleküler Biyoloji ve Genetik Bölümü, Moleküler Biyoloji ve 

Genetik Programı 

Danışman: Prof. Dr. Turgay ÇAKMAK 

Ocak, 2024. 162 Sayfa. 

Güncel küresel senaryoda 21. yüzyıl için en büyük sorunlardan biri giderek artan 

nüfusa karşın giderek azalan besin kaynaklarıdır. Dünya Gıda Programı gıda 

sıkıntısı çeken insanların sayısının 2023 yılında 345 milyona yükseldiğini ve her 

9 kişiden 1’inin yetersiz beslendiğini rapor etmiştir. Her ne kadar acil gıda 

ihtiyacını karşılamak hedeflense de asıl ihtiyaç uzun vadeli programların 

desteklenmesidir. Ekilebilir tarım arazilerinin kısıtlı oluşu, küresel tarım sisteminin 

sera gazı emisyonundaki %18’lik payı, içme suyunun azalması sonucu geleneksel 

besin kaynaklarının sürdürülebilirliğinin sekteye uğraması ve CO2 nötr 

yaklaşımlara duyulan ihtiyaç sürdürülebilir ve sağlıklı farklı besin kaynaklarına 

yönelik yaklaşımları artırmaktadır. Bu noktada mikroalgler sahip olduğu katma 

değerli metabolitler ile alternatif gıda olarak ümit verici bir adaydır. Mikroalgler 

çevre şartları, saklama koşulları ve hasat şekline göre değişebilen protein, lipid, 

karbohidrat, mineral, vitamin, lif ve pigment içeriğiyle öne çıkmaktadır. Özellikle 

karotenoid, sterol, zengin amino asit yapısı ve çoklu doymamış yağ asidi içeriğiyle 

yüksek kaliteli besin adaylarıdır. Birçok mikroalg türü besin açısından eksiksiz bir 

profili sahiptir ve verim açsından çoğu bitki türünden daha iyi performans sergiler. 

Geleneksek bitkilere uygulanan binlerce yıllık ıslah ve tür seçimi çalışmaları 

gelişen genetik mühendisliği ile sadece birkaç yılda mikroalglere 

uygulanabilmektedir. Zengin gıda kompozisyonunun yanında hızlı büyümeleri, 

karbondioksit tutmaları, toprak için tarımla rekabet etmemeleri, içilebilir suya tarım 

kadar ihtiyaç duyulmamaları gibi çevre dostu özellikleri de mikroalglerin pozitif 

yönlerindendir. Gün geçtikçe de mikroalg ve ekstraktlarına yönelik gıdada 
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kullanımı üzerine çalışmalar artmaktadır. Mikroalg ile katkılandırılan birçok besin 

bulunmaktadır. Ancak besinlerin sağlığa etkileri kadar ulaşılabilirliği de önem 

taşımaktadır. Ne yazık ki günümüzde formülasyonu herhangi bir doğal ekstrakt 

ya da ürün ile zenginleştirilen besinler hem ekonomik hem de erişim anlamında 

daha küçük bir kitleye hitap edebilmektedir. Bu noktada birçok medeniyette yeri 

olan ekmeklerin her kesim tarafından ulaşılabilmesi de önemlidir. 

Çalışmanın ana teması İstanbul Medeniyet Üniversitesi Mikroalg Kültür 

Koleksiyonu’ndan (IMUASYA-IMUARAS) temin edilen mikroalgler üzerine 

kurgulanmıştır. Bu kapsamda IV. Ulusal Antarktik Bilim Seferi’nde Horseshoe 

Adası’ndan izole edilen psikrotolerant Chlorella vulgaris ASYA27, Micractinium 

simplicissimum ASYA46 ve bir başka proje kapsamında Nemrut Volkanik 

Gölü’nden izole edilen mezoterm Chlorella vulgaris ARAS102 mikroalgi 

kullanılmıştır. Chlorella hem GRAS hem de EFSA tarafından insan tüketimine 

uygun bir mikroalg olarak kabul edilmesi ve mikroalglerin element biyokimyasının 

çevresel koşullara göre şekillenmesi nedeniyle çalışma için iki farklı ortamdan 

izole edilen Chlorella vulgaris kullanılmıştır. Micractinium simplicissimum ise 

Chlorella ile aynı sınıfa ait ancak insan tüketimi açsından herhangi bir yetkili organ 

tarafından belgelenmeyen bir mikroalgdir. Bu nedenle diğer iki Chlorella ile 

karşılaştırılarak gıda potansiyeli değerlendirilmiştir. Tezin amacı mikroalg 

biyokütlesi ile farklı oranlarda zenginleştirilen tam buğday unlu ve glüten free 

(yulaf) unlu ekmeğin orijinal gıda matrisininin besinsel özelliklerinin artırılmasıydı. 

Amaç doğrultusunda Chlorella vulgaris ASYA27, Micractinium simplicissimum 

ASYA46 ve Chlorella vulgaris ARAS102 ile %1 ve %3 oranlarında katkılandırılan 

tam buğday ve glütensiz unlu ekmeğin fizikokimyasal özellikleri 

değerlendirilmiştir. Bu kapsamda nem ve kül içeriği, Kjeldahl metodu ile total 

proteini, HPLC ile amino asit analizi, B1, B2 ve B6 vitaminlerinin kromotografik 

ölçümü, total diyet, nişasta ve lif içeriği, Atomik absorpsiyon spektroskopisi (AAS) 

ile sodyum (Na), magnezyum (Mg), potasyum (K), kalsiyum (Ca) ve fosfor (P), 

bakır (Cu), manganez (Mn), demir (Fe) ve çinko (Zn) içeriği, ICP-MS ile ağır metal 

analizi, fosfor analizi, Soxhlet ile yağ içeriği ve GC-FID ile yağ aside metil ester 



 xix 

analizi yapılmıştır.  

Mikroalg eklenmeyen ekmekler ile %1-3 oranında mikroalg eklenen ekmeklerin 

besin profili karşılaştırıldığında ekmeğin nem ve kül içeriğinde artış görülmüştür. 

Bununla beraber protein içeriği %9-34 oranında artış göstermiştir. Amino asit 

içeriği de mikroalg ilavesi ile zenginleşmiştir. B1, B2 ve B6 vitamini de mikroalg 

ilavesiyle artmıştır. Lif içeriği %14-73 oranında artış sağlarken, nişasta içeriği 

kontrol grubuna göre en yüksek %14 seviyelerinde artışa yol açmıştır. Total lipit 

içeriği %7.5-30 arasında artış sağlamıştır. Yağ aside profili incelendiğinde toplam 

doymamış yağ aside içeriğinde yükselme gözlemlenmiştir. 

Gıda kıtlığına karşın geleneksel olmayan besin arayışı devam etmektedir. Bu 

noktada mikroalgler ideal besin kaynağı olmaya iyi bir adaydır. Çalışma 

kapsamında herkesin ulaşabileceği ve günlük beslenmede önemli bir yere sahip 

olan ekmeğin mikroalg ile katkılandırılması sonucu analiz edilen tüm 

parametrelerde olumlu anlamda artış meydana gelmiştir. Üç farklı mikroalgin 

ekmek profilinde meydana getirdiği iyileşme sonuçları karşılaştırıldığında özellikle 

insan tüketimine aday olabilecek ve anons edilmemiş olan Micractinium 

simplicissimum ASYA46’da diğer iki mikroalg kadar etkin olmuştur. Bu da 

tüketime uygunluğu noktasında iyi bir göstergedir. Bunun yanında hem tam 

buğday hem de glutensiz olan yulaf unu kullanılarak hazırlanan ekmek 

formülasyonu karşılaştırılmıştır. Glutensiz besinlerin düşük protein içeriği 

zenginleştirilmesini daha hayati hale getirmiştir, bu noktada mikroalg ilavesi profili 

iyileştirmeye katkı sağlamıştır. 

 

Anahtar kelimeler: Antarktika, ekmek, gıda, glutensiz ürün, hamur, mikroalg
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1. INTRODUCTION 

 
1.1 Agriculture and Wheat: A Historical Perspective 

Agriculture played a crucial role in the development and survival of early human 

civilizations. It enabled the transition from hunter-gatherers to settle societies, 

providing a continuous source of food. Archaeological excavations show that early 

human communities began farming in the Middle East around 10,000 years ago 

(Bar-Yosef, 2011). Without agriculture, people who had no choice but to hunt and 

gather would have had to depend on changes in seasons, migration patterns, and 

natural disasters for their food supply. This dependence condemned nutrition to 

uncertainty and variability, leading to periods of hunger (Handmer et al., 1999). 

However, agriculture provided a more sustainable and predictable food supply. 

Through the cultivation of crops and the domestication of animals, early humans 

were able to access food more consistently, which improved human nutritional 

well-being (Zeder, 2012). 

As agriculture developed, so did human civilization and its dominance over the 

environment. With the introduction of wheat into the human diet, there have been 

fundamental changes in nutrition and food culture. It has contributed to the human 

population as a source of calories, nutrients, vitamins, and minerals. This has 

contributed to the establishment and progress of human civilizations (Huth et al., 

2013). In addition, the processing of wheat into food has led to innovation and 

diversity in nutrition. For example, it led to the development of bread, which is a 

staple food and has a place in many cultures. Bread dates back to the ancient 

Egyptians and Mesopotamians. Bread consumption is embedded in many 

culinary cultures and is consumed all over the World (Haaland, 2007). Bread 

contributed to the development of ancient economies with its easy availability, 

storability, and portability (Pasqualone, 2018).  With this, many pastries, food 

processing techniques, and cooking methods have emerged. In this way, the 

cultivation of wheat and the development of bread have been a fundamental factor 
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in human nutrition, food culture, and the establishment of modern civilizations 

(Fairweather-Tait, 2003).  

In addition to food, progress has been made in agriculture, technology, and trade. 

It also allowed for the development of complex social structures: the specialization 

of labor, technology, and the arts. In short, this adventure is deeply linked to the 

evolution of human civilization (Klüver, 2008). 

1.2 Food Crisis and Sustainable Solutions 

One of the biggest challenges in nutrition is to provide sufficient/healthy food and 

ensure its sustainability. To address this challenge, interdisciplinary research 

strategies focusing on economic, environmental, and health issues are needed. 

Along with access to food, food security is also one of the main challenges. 

Poverty is a major cause of food insecurity in underdeveloped countries as it limits 

access to food (Mohapatra, 2020). Food insecurity can also be caused by conflict, 

terrorism, drought, pests, and many diseases (Alpas & Kiymaz, 2011). In addition, 

this situation threatens not only individual welfare but also social welfare. The 

Food and Agriculture Organization of the United Nations has reported that about 

820 million people suffer from chronic hunger and malnutrition (Ashagidigbi et al., 

2022). The global food crisis is an urgent situation that requires comprehensive 

strategies. In response to this problem, it is important to address issues 

comprehensively to ensure food security and to support small-scale farmers by 

investing in sustainable agricultural practices (Himmelgreen et al., 2009). 

 

The Relationship between Population Growth and Food Problems 

As the population increases, so does the demand for food. Producing more food 

to meet the growing demand puts pressure on agriculture. However, dwindling 

water resources, changes in vegetation due to climate change, and limited arable 

land make food supply difficult (S. Wang et al., 2022). Population growth is not 

only a matter of quantity but also of resource distribution and inequality in access 

to food. Fresh and nutritious food suffers the most from this situation. Global 

warming in particular poses challenges to agriculture around the world. Rising 
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temperatures, changes in rainfall patterns, and extreme weather events such as 

droughts and floods can disrupt crop yields. The situation is worsening, especially 

in places such as Africa, where the food problem is most acute (Bibi & Rahman, 

2023). The adoption of climate-smart agricultural systems that are integrated with 

climate change adaptation and mitigation strategies is recommended as a 

solution. In addition, the expansion of alternative food sources can also be a 

solution to the problem (Sniatala et al., 2023). Increasing the consumption of 

legume, insect, and algae-based proteins can also reduce the pressure on 

livestock and meet the needs of the population (Fatima et al., 2023). In short, to 

tackle the food crisis, a multifaceted approach should be adopted that addresses 

issues such as food scarcity in crowded cities, micronutrient scarcity, climate 

change, and population growth together (Dwivedi et al., 2023). 

 

Exploring the Crisis: Food Scarcity in Crowded Cities 

As urbanization increases, the demand for food also increases(S. Li et al., 2023). 

However, the scarcity of agricultural land in urban areas creates difficulties in 

terms of food production (X. Wang, Wang, et al., 2023). Add logistics and 

distribution to this situation and the situation becomes even more difficult 

(Kazancoglu et al., 2023). Scarcity affects not only the food security of urban 

populations but also social order and economic development. In response to this 

problem, strategies that promote sustainable urban agriculture are gaining 

momentum. This aims to increase local food production and reduce dependence 

on long-distance transportation of food (Shariatmadary et al., 2023). It is 

becoming attractive to turn to alternative non-agricultural foods. Algae is one of 

the most important food sources in this regard (Ahmad & Ashraf, 2023). For 

agriculture, the promotion of vertical, hydroponic, and aquaponic farming can help 

to maximize food production in urban areas (Oh & Lu, 2023). 

 

Micronutrient Scarcity: A Hidden Aspect of Food Insecurity 

Micronutrient scarcity is a hidden aspect of food insecurity that often goes 
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unnoticed but has significant impacts on the health and well-being of 

populations(Saquee et al., 2023). Micronutrients are essential vitamins and 

minerals required in small amounts for proper body function, growth, and 

development (Khader, 2021). However, many people worldwide suffer from 

micronutrient deficiencies, which can lead to serious health problems such as 

stunted growth, weakened immune systems, and impaired cognitive development 

(X. Wang, Dou, et al., 2023). To address micronutrient shortages, it is crucial to 

promote diverse and nutrient-rich diets, fortify staple foods with essential 

micronutrients, improve access to health care and nutrition education, and 

implement sustainable agricultural practices that prioritize nutrient-rich crops 

(Malézieux et al., 2023). In recent years, there has been increasing interest and 

innovation in alternative foods as a potential solution to problems such as hunger, 

population growth, food shortages in crowded cities, and the negative impact of 

climate change on agriculture (Barrett, 2021). One of these alternatives is non-

agricultural foods produced using methods that do not require traditional 

agricultural practices (Nyyssölä et al., 2022). These foods can be derived from a 

variety of non-conventional sources such as insects, algae, and plant-based 

proteins (X. Zhang et al., 2024). These alternative food sources have the potential 

to provide nutritious and sustainable options to address food scarcity and reduce 

the environmental impact of conventional agriculture (Tal, 2018). Furthermore, 

non-farm foods can be grown in smaller areas and are less dependent on specific 

climatic conditions, making them accessible to communities in urban areas or 

regions with limited agricultural land (Rathi, 2022). 

 

1.3 Whole Wheat Bread and Gluten Intolerance 

Food accessibility refers to the availability and affordability of safe and nutritious 

food for every individual in each community (Murrell & Jones, 2020). It is also the 

physical and economic availability of recommended and needed food items by 

consumption standards (Chen & Antonelli, 2020). This can be hindered by many 

factors such as income level, transportation, and geographical location (Negi & 
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Trivedi, 2021). Individuals who cannot access recommended and essential healthy 

foods turn to different alternatives. These individuals often seek foods that are 

high in calories, high in saturated fat, sodium and added sugar (Popkin & Ng, 2022). 

Areas with this convenience can be called food swamps and include fast-food 

restaurants, grocery stores, and establishments that serve unhealthy/processed 

foods (Smets et al., 2022). Unfortunately, the ease of access to unhealthy foods 

is also leading to an increase in diet-related diseases (Verde et al., 2023). Obesity, 

diabetes, and cardiovascular disease are the most prominent problems in the 

relationship between diet and disease (La Sala & Pontiroli, 2020). One proposed 

solution to the problem is to increase the availability of healthy alternative foods. 

One of the current approaches is to enrich bread, which is one of the basic foods 

accessible to everyone, and to consume whole wheat bread (Tebben et al., 2018). 

In recent years, demand for high-fiber whole wheat bread has increased as 

consumers have become more health-conscious (Collar, 2008). Whole wheat 

bread is healthier than white bread because it contains whole wheat grain with 

nutrient-rich bran and germ, and provides benefits with its high fiber content, 

soluble vitamin and mineral content, phytochemicals, and essential amino acid 

profile (Slavin, 2000). In addition, whole wheat bread helps with weight 

management by providing a longer-lasting feeling of satiety compared to refined 

bread (Bonnema & Slavin, 2014). Also, whole wheat bread has a lower glycemic index 

than refined bread, meaning it causes a slower and more gradual rise in blood 

sugar levels (Koksel et al., 2023). In general, wheat varieties differ in terms of 

gluten level, taste, texture, and protein content (Mastromatteo et al., 2014). Gluten 

has attracted attention in recent years with the increase in intolerant individuals 

(Roszkowska et al., 2019). Individuals with gluten intolerance need to consume 

gluten-free bread. These individuals cannot digest and process gluten, a protein 

found in wheat, barley, and rye (Demirkesen & Ozkaya, 2022). Three different 

conditions can occur as a result: Celiac disease, non-celiac gluten sensitivity, and 

wheat allergy (Elli et al., 2015). Gluten intolerance causes bloating, diarrhea, 

indigestion, skin flaking, itching, and many other digestive problems in people who 
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consume gluten. The increase and seriousness of the condition have led to the 

development of gluten-free bread and increased demand for the product 

(Bozoglu, 2012). 
 
 
 

1.4 Antarctic Microalgae 

Microalgae are photosynthetic, filamentous, and colony-forming, with cell sizes 

ranging from 1-100 microns, and exhibit remarkable physiological adaptations 

that enable them to survive and thrive in various ecological niches including 

freshwater, marine environments, and even extreme conditions such as 

hypersaline lakes and Antarctica (Queiroz et al., 2020). Microalgae have 

developed adaptive strategies to cope with changes in their chemical and physical 

environment (Kholssi et al., 2023). These strategies include the synthesis of a 

wide range of compounds through different metabolic pathways, such as 

pigments, lipids, proteins, and polysaccharides (Dolganyuk et al., 2020). In 

addition, microalgae have developed morphological adaptations such as cell wall 

structures and pigment compositions that contribute to their classification within 

different taxonomic groups (González-Hourcade et al., 2023).  

Microalgae are a vital part of the food chain in aquatic ecosystems, serving as 

primary producers and providing food for a variety of organisms. Microalgae are 

known as versatile cell factories. They are also benthic or planktonic, floating in 

water (W. Zhang et al., 2020). They contribute to the production of oxygen, and 

the removal of carbon dioxide from the atmosphere and play an important role in 

nutrient cycling (Cheng et al., 2006). Microalgae are also known for their ability to 

produce a wide range of bioactive compounds, including chlorophyll and pigments 

such as carotenoids, lipids, proteins, and polysaccharides (de Vera et al., 2018). 

Besides their ecological importance, microalgae are of great interest due to their 

potential biotechnological applications (Odjadjare et al., 2017). Some examples 

of these applications include their use as biofuels, food supplements, 

pharmaceuticals, and aquaculture (Ansari et al., 2021). Microalgae also can 
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remove pollutants and nutrients from water, making them useful in wastewater 

treatment and bioremediation (S. F. Ahmed et al., 2022). Overall, microalgae are 

a fascinating group of organisms with the ability to thrive in a variety of habitats 

and have enormous potential for ecological and economic purposes (Renuka et 

al., 2018).  

With their high adaptation capabilities, microalgae serve as a fundamental food 

source in most ecosystems in different geographies including Antarctica (Lyon & 

Mock, 2014). Microalgae in Antarctica have adapted to survive and thrive in 

extremely cold temperatures, high salinity, low carbon-nitrogen availability, and 

low light conditions found in the region (Teoh et al., 2013a). These adaptations 

include the production of antifreeze proteins to prevent ice formation, the ability to 

regulate their metabolic processes in response to changing environmental 

conditions, and the production of UV-absorbing compounds to protect against 

high levels of ultraviolet radiation (Montuori et al., 2023). Antarctic microalgae 

have also been found to produce unique bioactive compounds with potential 

industrial and pharmaceutical applications. This allows Antarctic microalgae to 

overcome their harsh environment and continue to photosynthesize, grow, and 

reproduce (Lauritano & Coppola, 2023). In addition to their adaptations for survival, 

Antarctic microalgae play a crucial role in the Antarctic ecosystem. They form the 

base of the food chain, providing food and energy for higher trophic levels such 

as krill, fish, birds, and marine mammals (Hay & Kubanek, 2002). 

 

1.5 Microalgae as Food 

Microalgae have been part of the human diet for thousands of years. The earliest 

use as food dates back 14,000 years ago in Chile (Villarruel-López et al., 2017). 

In the last few centuries, many written documents have been found proving its 

use as a food source. Documents have also been found showing that the Aztecs 

and Mesoamericans used Spirulina collected from Lake Texcoco (De Obeso 

Fernandez Del Valle & Scheckhuber, 2021). Nostoc and Chlorella were used to survive 

during the famine in China 2000 years ago (Han et al., 2013). Although the use of 
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microalgae as food goes back a long way, biotechnological developments began 

in the 1940s.  In 1952, the Algae Culture Symposium organized at Stanford 

University was the first of its kind and provided momentum to the field. In 1974, 

Spirulina was introduced by the UN as a good food for the future(Khatoon & Pal, 

2015). Much work was then done on the use of microalgae as food. Dihe, a cake 

containing algae, was widely used in Africa (Gohara-Beirigo et al., 2022a). 

Several microalgae are commonly consumed as tablets, powders, capsules, and 

additives to foods (Torky et al., 2023). In the USA, the concept of Generally 

Recognized as Safe (GRAS) comes to the fore. GRAS is the status given to any 

chemical or substance, including all organisms, that is considered safe for human 

consumption. There are two main criteria for GRAS status: documented 

consumption by humans over many years and scientific evidence that the 

proposed substance is safe (Burdock & Carabin, 2004). Some of the microalgae 

designated GRAS by the FDA are Arthrospira platensis, Chlamydomonas 

reinhardtii, Auxenochlorella protothecoides, Chlorella vulgaris, Dunaliella 

bardawil and Euglena gracilis (Torres-Tiji et al., 2020a). The GRAS concept 

applies to the USA and other countries have their regulations. Microalgae 

considered safe according to the European Food Safety Authority (EFSA) of the 

European Union are: Dunaliella salina; Auxenochlorella protothecoides, 

Auxenochlorella pyrenoidosa, Chlorella luteoviridis, Chlorella pyrenoidosa, 

Chlorella sorokiniana, Chlorella vulgaris, Graesiella emersonii, Haematococcus 

pluvialis, Heterochlorella luteoviridis, Nannochloropsis oculata, Odontella aurita, 

Parachlorella kessleri, Scenedesmus vacuolatus, and Odontella aurita (Cruz & 

Vasconcelos, 2023). Several factors contribute to the increasing popularity of 

microalgae as a food source (Matos, 2017). Interest in microalgae has increased 

in recent years because of the need for additional food sources, among others, 

and has contributed to rebalancing the interaction between environmental, human 

food, and animal feed sustainability (Viegas et al., 2021). Moreover, microalgae 

offer a valuable source of various nutritional compounds with high added value, 

such as lipids, proteins, pigments, antioxidants, vitamins, and minerals. These 
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compounds have been found to have many benefits for human and animal health, 

including antioxidant, antibacterial, antiviral, and anti-inflammatory activities 

(Nasser et al., 2018). Microalgae food products have been predominantly 

marketed as dietary supplements, but there is now a growing trend towards the 

inclusion of microalgae in a variety of food products such as pasta, snack foods, 

candy bars or chewing gum and beverages (Laamanen et al., 2021). 

 

1.6 Value-Added Nutrients of Microalgae 

Essential amino acids, essential fatty acids, phytosterols, phytosterols, pro-

prebiotics, polyphenols, carotenoids, and vitamins cannot be synthesized by the 

human body, so they must be obtained from both traditional (fruits and and 

vegetables) and non-traditional foods such as microalgae. Microalgae are 

characterized by both high productivity and rich nutrient content compared to 

traditional terrestrial food sources(Di Lena et al., 2020).  

The protein content of microalgae is of high potential for humans when compared 

in terms of protein digestibility and biological value (de Carvalho Carneiro et al., 

2019). In particular, the diversity of amino acid content, which has almost all amino 

acids, and the ratio of amino acids gives a favorable result compared to reference 

foods (León-Vaz et al., 2023). This makes microalgae a high-quality source of 

protein. Microalgae are also an important source of carbohydrates in terms of 

sugar, cellulose, starch, and other polysaccharides (de Carvalho Silvello et al., 

2022). The availability of digestible carbohydrates also ensures low limitations in 

use and applications (Olguín et al., 2022). The lipid content of microalgae can 

range from 25% to 40%, depending on the growth condition, and can be up to 

85% of the dry biomass(Olguín et al., 2022). The lipid profile is characterized by 

essential unsaturated acids such as linoleic acid, eicosapentaenoic acid (EPA), 

and docosahexaenoic acid (DHA) (Boelen et al., 2013). It has a higher fat 

concentration than fish oil, less contamination, and higher purity after extraction 

(Santigosa et al., 2021). Microalgae are also a source of almost all vitamins 

(Tandon et al., 2017). This increases the nutritional value of their biomass. 
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Exposure to high oxygen stress has enabled microalgae to develop more effective 

protection systems against radical oxidizers (Ugya et al., 2020). These include 

pigments such as carotene, phycobiliprotein, and chlorophyll. This makes 

microalgae stand out with their antioxidant properties (Mulders et al., 2014). 

Microalgae as a Protein Source 
Protein is very important for human nutrition. People meet their protein needs with 

the help of many foods. The intake of essential amino acids that the human body 

cannot synthesize is also important (G. Wu, 2009a). However, the scarcity in 

protein supply because of population growth has triggered the search for new 

sources. Protein-energy malnutrition, one of the most important drivers of global 

hunger, is on the rise and the need for single-cell proteins (SCP) to solve this 

problem is increasing (X. Zhang et al., 2022). Microalgae, macroalgae, fungi, 

bacteria, and yeast are important for SCP. Microalgae are particularly preferred 

with their high and rich amino acid profile and low nucleic acid content. Microalgal 

protein has attracted attention as a sustainable source with potential health 

benefits (Bratosin et al., 2021).  

Some species can contain up to 50-60% protein on a dry basis (Qazi, Ballance, 

Kousoulaki, et al., 2021). Microalgae protein is rich in essential amino acids 

(Andreeva et al., 2021). Research shows that microalgae proteins have favorable 

amino acid profiles that are like or even exceed those of other high-quality plant 

proteins. For example, it has a composition comparable to other traditional protein 

sources such as soybeans and eggs (Acquah et al., 2020).  On the other hand, 

ribulose bisphosphate carboxylase-oxygen (Rubisco), which is vital for 

photosynthetic organisms, can also be a source of dietary protein (Grácio et al., 

2023). 

Microalgal proteins exhibit many bioactivities besides their nutritional properties. 

Antioxidant, anti-inflammatory, anticarcinogenic, antitumor, and antimicrobial are 

some of them (Sheih et al., 2009). This group, called bioactive peptides, has many 

properties. Their amino acid sequence and chain lengths are the determining 

factors here. More research is needed to fully characterize them to determine their 
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nutritional value and amino acid availability (R. Kumar et al., 2022). This 

characterization is necessary to understand their potential as a new protein 

source and to ensure their suitability for human consumption. The use of 

microalgae as an alternative protein source is also of interest due to the current 

global scenario where sustainable and environmentally friendly protein sources 

are needed. Furthermore, the use of microalgae as a protein source is valuable 

as it has the potential for many by-products (Kusmayadi et al., 2021).  

 

1.6.1 Microalgae as a Protein Source 
Protein is very important for human nutrition. People meet their protein needs with 

the help of many foods. The intake of essential amino acids that the human body 

cannot synthesize is also important (G. Wu, 2009a). However, the scarcity in 

protein supply because of population growth has triggered the search for new 

sources. Protein-energy malnutrition, one of the most important drivers of global 

hunger, is on the rise and the need for single-cell proteins (SCP) to solve this 

problem is increasing (X. Zhang et al., 2022). Microalgae, macroalgae, fungi, 

bacteria, and yeast are important for SCP. Microalgae are particularly preferred 

with their high and rich amino acid profile and low nucleic acid content. Microalgal 

protein has attracted attention as a sustainable source with potential health 

benefits (Bratosin et al., 2021).  

Some species can contain up to 50-60% protein on a dry basis (Qazi, Ballance, 

Kousoulaki, et al., 2021). Microalgae protein is rich in essential amino acids 

(Andreeva et al., 2021). Research shows that microalgae proteins have favorable 

amino acid profiles that are like or even exceed those of other high-quality plant 

proteins. For example, it has a composition comparable to other traditional protein 

sources such as soybeans and eggs (Acquah et al., 2020).  On the other hand, 

ribulose bisphosphate carboxylase-oxygen (Rubisco), which is vital for 

photosynthetic organisms, can also be a source of dietary protein (Grácio et al., 

2023). 

Microalgal proteins exhibit many bioactivities besides their nutritional properties. 
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Antioxidant, anti-inflammatory, anticarcinogenic, antitumor, and antimicrobial are 

some of them (Sheih et al., 2009). This group, called bioactive peptides, has many 

properties. Their amino acid sequence and chain lengths are the determining 

factors here. More research is needed to fully characterize them to determine their 

nutritional value and amino acid availability (R. Kumar et al., 2022). This 

characterization is necessary to understand their potential as a new protein 

source and to ensure their suitability for human consumption. The use of 

microalgae as an alternative protein source is also of interest due to the current 

global scenario where sustainable and environmentally friendly protein sources 

are needed. Furthermore, the use of microalgae as a protein source is valuable 

as it has the potential for many by-products (Kusmayadi et al., 2021).  

 

1.6.2 Microalgae Proteins: Challenges and Handicaps 
Although microalgae protein has great potential for human consumption, it has 

several challenges and handicaps. Chief among these is the high cost of large-

scale production of microalgae protein. The production process requires 

significant infrastructure and resources to grow and extract large quantities of 

microalgae (Soto-Sierra et al., 2018). Another challenge is the variability in protein 

content among different microalgae species and strains (Bleakley & Hayes, 2017). 

This variability makes it difficult to standardize and optimize the production 

process. Furthermore, extraction of microalgae protein can be difficult due to the 

presence of rigid cell walls and complex cellular structures (Machado et al., 2022). 

These factors can hinder efficient protein extraction and limit the overall yield. 

Furthermore, the scalability of microalgae protein production is another barrier. 

While small-scale production of microalgae protein has been successful, scaling 

up the process to meet the demands of a growing population poses significant 

challenges (Villaró et al., 2023). Researchers are constantly exploring ways to 

address these challenges and overcome the handicaps associated with 

microalgae protein development. One potential solution to the high cost of large-

scale production is the application of improved cultivation and harvesting 
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methods. By optimizing the cultivation process and developing efficient harvesting 

techniques, researchers aim to reduce microalgae protein production (Khan et al., 

2018). Another approach to combat variability in protein content among different 

microalgae species and strains is genetic manipulation and strain selection 

(Sproles et al., 2021). By identifying and altering specific genetic traits responsible 

for protein content, researchers can work to standardize and optimize the 

production of microalgae proteins across different species. Furthermore, the 

scalability of microalgae protein production is also being addressed through the 

development of integrated biorefinery systems. These systems aim to maximize 

the utilization of microalgae biomass by co-producing value-added products 

alongside protein extraction. Researchers are working towards a more holistic 

and sustainable approach to microalgae biorefinery, integrating multiple 

processes such as lipid extraction and biofuel production (Slegers et al., 2020). 

Overall, while challenges exist, ongoing research and technological advances 

offer promising solutions to advance microalgae protein production toward 

commercial viability. As the field continues to evolve, the future of microalgae 

protein as a sustainable and high-quality dietary protein looks bright. 

 

1.6.3 Prospects of Microalgae Protein 
The prospects of microalgae protein are promising, as ongoing research and 

advances in technology continue to address the challenges and handicaps 

associated with its production (Bhattacharya & Goswami, 2020). By optimizing 

cultivation and harvesting methods, improving genetic manipulation techniques, 

and developing innovative extraction technologies, researchers are working to 

reduce production costs, increase protein yields, and improve the overall 

efficiency of microalgae protein production (Amorim et al., 2021). These 

developments will not only make microalgae protein a more economically viable 

and sustainable alternative to traditional protein sources such as fishmeal and 

soybeans but will also help meet the growing demand for high-quality and 

environmentally friendly protein sources (Bhatnagar et al., 2024).  Furthermore, 
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the unique properties of microalgae protein make it an attractive option for a 

variety of applications. 

For example, microalgae protein could be incorporated into functional food 

products due to its high nutritional value and potential health benefits (Caporgno & 

Mathys, 2018). Furthermore, microalgae protein has the potential to be used in the 

development of animal feed formulations, reducing dependence on traditional 

feed sources, and contributing to a more sustainable livestock industry (Madeira 

et al., 2017). The future of microalgae protein has great potential in addressing 

food and protein scarcity issues by providing a sustainable and environmentally 

friendly solution to meet the growing global demand for protein (Kim et al., 2019). 

In conclusion, microalgae protein is an emerging and promising source of 

sustainable dietary protein. Given the ongoing research and advances in 

technology, microalgae protein holds great promise as a future protein source. 

Thereby, microalgae protein has the potential to be an important and sustainable 

alternative to traditional protein sources and has the potential to revolutionize the 

protein industry by providing a sustainable and environmentally friendly solution 

to meet the growing global protein demand (Ahmad & Ashraf, 2023). 

Antarctic microalgae play a crucial role in the polar ecosystem and studying their 

protein profile is essential to understanding their unique adaptations and potential 

applications in various fields, including biotechnology, food production, and 

pharmaceuticals. By analyzing the protein profile of Antarctic microalgae, 

scientists can gain insight into the molecular mechanisms that allow these 

organisms to survive extreme environments such as low temperature, high 

salinity, and limited sunlight. This information could also help identify specific 

proteins with valuable properties, such as antioxidant or anti-inflammatory effects, 

and could be used in the development of new therapies and products that benefit 

human health and well-being (Pihlanto et al., 2017). In conclusion, studying the 

protein profile of Antarctic microalgae is important for understanding their 

adaptations, discovering valuable properties that can benefit human health and 

well-being, and exploring their potential as sustainable sources of nutrition and 
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biofuel (Biomolecular et al., 2022). 

 

1.7 Microalgal Carbohydrates 

Microalgae are organisms that can produce carbohydrates as a major component. 

Carbohydrates in microalgae cells can be both structural and storage compounds. 

The high carbohydrate profile of microalgae is one of the aspects of interest. For 

example, beta-glucan is in demand in the market with the potential for many 

biotechnological uses. Chlorella vulgaris and Desmodesmus sp. are particularly 

prominent in terms of carbohydrates (Ferreira et al., 2021). The adaptability of 

microalgae carbohydrates, whose profile can change according to different 

growth conditions, is also an important parameter in terms of biotechnological 

application potential. In summary, the rich carbohydrate profile of microalgae 

offers rich opportunities for various industrial and biotechnological applications, 

and further research on the cultivation and utilization of microalgal carbohydrates 

is warranted. 

 

1.7.1 Microalgae Carbohydrates for Human Consumption 
Microalgal carbohydrates are used to produce several compounds such as 

hydrocolloid, agar, alginate, carrageenan, and fructan (Mišurcová et al., 2012). 

These carbohydrates offer functional properties such as thickening, gelling, and 

stabilizing, making them suitable for use in a wide range of food applications 

(Ravindran & Rajauria, 2021). In addition, microalgal carbohydrates offer potential 

health benefits as they are low in calories, high in dietary fiber, and contain 

bioactive compounds with antioxidant and immune-boosting properties (Barros de 

Medeiros et al., 2022). Microalgal carbohydrates have also been found to have a 

low glycemic index, making them suitable for individuals with diabetes or those 

following a low-glycemic diet (Khemiri et al., 2022). The incorporation of 

microalgal carbohydrates into functional beverages, food products, and animal 

feeds has shown promising results (Camacho et al., 2019). Therefore, the use of 

microalgae carbohydrates in food products and animal feeds has the potential to 
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improve nutritional value, enhance functional properties, and promote overall 

health and well-being (Nagarajan et al., 2021).  

Consequently, the use of microalgal carbohydrates in human consumption has 

the potential to provide nutritional value, and functional benefits, and enhance 

health and well-being. Microalgal carbohydrates offer a sustainable and 

innovative solution to meet the growing demand for food products with enhanced 

nutritional profiles and functional properties. Overall, microalgal carbohydrates 

have the potential to revolutionize the food industry by providing a sustainable 

and nutritious alternative to traditional carbohydrate sources. The use of 

microalgae carbohydrates in human consumption has the potential to 

revolutionize the food industry by providing a sustainable and nutritious alternative 

to traditional carbohydrate sources, while also having the potential to address the 

limitations and challenges faced by agriculture, pharmaceuticals, nutrition, and 

other industries in developing solutions that meet the needs of the human body. 

It can contribute to the development of new functional foods and nutraceuticals 

that promote health and well-being (Shahid et al., 2020). 

The potential applications of microalgal carbohydrates are diverse and promising. 

They can be used in functional foods and beverages, animal feed, and even in 

the production of renewable biochemicals and biofuels (Markou et al., 2012). As 

a result, the development of microalgae carbohydrates presents both 

opportunities and challenges. Researchers are actively working to optimize 

cultivation conditions, employ genetic and metabolic engineering strategies, and 

take advantage of advanced extraction techniques to increase the carbohydrate 

content of microalgae and overcome the challenges associated with their 

development. 

The future of microalgae carbohydrates holds great promise and potential. The 

growing demand for sustainable and renewable sources of food, feed, biofuels, 

pharmaceuticals, bioplastics, and food additives presents a significant opportunity 

for the development of microalgae carbohydrates (Debnath et al., 2021). 

Moreover, advances in genetic and metabolic engineering techniques will enable 
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the manipulation of microalgae to produce high amounts of carbohydrates with 

desired properties (Ran et al., 2019). In addition, the integration of process 

intensification strategies and downstream processing technologies will improve 

the efficiency and cost-effectiveness of microalgae carbohydrate production. 

Furthermore, the search for new microalgae species with higher carbohydrate 

content and improved cultivation strategies will contribute to the expansion of the 

microalgae carbohydrate industry (Cea-Barcia et al., 2014). Finally, the use of 

microalgae in wastewater treatment and nutrient recovery processes contributes 

to the sustainability of microalgae carbohydrate production. Overall, the prospects 

of microalgae carbohydrates are promising, with opportunities for innovation, 

collaboration, and sustainable development in various industries.  

 

1.7.2 Carbohydrate Profile of Antarctic Microalgae 
Antarctic microalgae exhibit a diverse and intriguing carbohydrate profile. These 

microalgae species have adapted to extreme cold and harsh environmental 

conditions, leading to unique carbohydrate compositions (Morales-Sánchez et al., 

2020). Their carbohydrate profiles are mainly composed of polysaccharides such 

as cellulose, hemicellulose, and various types of algal polysaccharides. These 

carbohydrates contribute to the structural integrity and energy storage of Antarctic 

microalgae. In addition, Antarctic microalgae have been found to have high levels 

of storage carbohydrates, particularly in the form of starch and glycogen, which 

serve as energy reserves for survival during prolonged periods of low light and 

nutrient availability. The carbohydrate profile of Antarctic microalgae also includes 

unique sugars and sugar derivatives such as xylenes, mannans, fucans, and 

sulfated polysaccharides (İnan et al., 2023). These carbohydrates have been 

found to possess various bioactive properties, including antioxidant, anti-

inflammatory and anticoagulant activities. They have potential for applications in 

the pharmaceutical, nutraceutical, and cosmetic industries (Mehariya et al., 2021).  
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1.8 Microalgal Lipids 

Microalgal lipids are of great interest due to their potential use as a sustainable 

and environmentally friendly source of renewable energy and valuable 

compounds. The lipid content of microalgae can vary depending on the species 

and growing conditions (Bellou et al., 2014). Several factors affect the lipid content 

of microalgae, including nutrient availability, light intensity, temperature, and 

stress conditions. One of the most attractive components of microalgae is the 

ability to produce biofuels from their lipids (Rehman et al., 2022). Lipid production 

by microalgae is influenced by several factors such as the cost of reactor design, 

nutrient substrates, scalability, and energy demands. In addition, the cultivation of 

microalgae has attracted interest due to the ability to synthesize biologically active 

substances, rapid biomass growth, and the capacity to adjust their biochemical 

composition according to cultivation conditions (Moreno-Garcia et al., 2019). 

Compared to heterotrophic microorganisms, unicellular photosynthetic 

microalgae have the unique ability to produce biomass from inorganic substances 

and mineral elements by utilizing light energy during photosynthesis (K. Zhang et 

al., 2014). 

Fatty acids are the building blocks of lipids and play a vital role in determining the 

nutritional and functional properties of extracted lipids. Different microalgae 

species exhibit diverse fatty acid compositions and specific fatty acids are of 

particular interest due to their health benefits and industrial applications (Maltsev 

et al., 2021). Common fatty acids found in microalgal lipids include palmitic acid, 

oleic acid, linoleic acid, and α-linolenic acid (Arutselvan et al., 2021). These fatty 

acids contribute to the sensory properties, oxidative stability, and nutritional value 

of the extracted lipids (Demets et al., 2021). Furthermore, the fatty acid profile of 

microalgae can influence the quality of biodiesel derived from their lipids 

(Deshmukh et al., 2019). While high concentrations of saturated or 

monounsaturated fatty acids are desirable for biodiesel production due to their 

favorable fuel properties, the presence of polyunsaturated fatty acids can 

negatively affect the oxidative stability and cold flow properties of biodiesel 
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(Kateryna Maltseva et al., 2021). Therefore, understanding the fatty acid profile of 

microalgae is essential to optimize lipid extraction and lipid utilization processes 

for various industrial applications, including biodiesel production. 

Considered an environmentally friendly alternative, microalgae biomass 

production technologies play a vital role in reducing environmental pollution, 

utilizing carbon dioxide, releasing oxygen, and conserving water resources. 

Microalgae, which can be prokaryotic (e.g. cyanobacteria) or eukaryotic (e.g. 

green algae), act as efficient converters of solar energy into biomass (Ghayal & 

Pandya, 2013). As fossil fuel depletion continues to impact the environment, there is 

a growing emphasis on biofuels as a renewable, non-toxic, and environmentally 

friendly alternative. This approach aims to reduce dependence on fossil fuels and 

mitigate the environmental impacts resulting from their use.  Potential products 

derived from microalgae, including biodiesel, hydrogen, biogas, synthesis gas, 

pigments, and fatty acids, contribute to the diverse applications of microalgae 

cultivation. 

 

1.8.1 Microalgal Lipids for Human Consumption 
Microalgae have shown great potential in lipid production as they can produce 

lipids much faster compared to traditional oil crops such as soybeans. In addition, 

microalgae have a short growth and cultivation cycle of only 15 days, which is 

much faster than the annual cycle of soybeans (Taelman et al., 2015). Microalgae 

are not only valuable for biofuel production but also have potential applications in 

other industries such as agriculture (Ganesan et al., 2020). For example, 

polyunsaturated fatty acids found in microalgae lipids are essential nutrients for 

aquatic animals and humans (Remize et al., 2021). Furthermore, recent advances 

in the cultivation of microalgae using heterotrophic methods show promise for 

large-scale oil production (Morales-Sánchez et al., 2017). These advances in 

microalgae lipid production open new possibilities for the use of microalgae lipids 

as dietary supplements for human consumption. With their high lipid content and 

potential to produce polyunsaturated fatty acids, microalgae lipids have the 



 20 

potential to be a valuable source of health benefits and nutrients for human 

consumption (Béligon et al., 2016). As a result, microalgae lipids hold great 

promise for various applications, including biofuel production and nutritional 

supplementation for human consumption. Their ability to produce high-value 

compounds such as polyunsaturated fatty acids, antioxidants, and natural lipids 

makes them a valuable resource for various industries, including nutraceuticals, 

pharmaceuticals, and cosmetics (Banskota et al., 2019). Furthermore, the 

sustainable and environmentally friendly nature of microalgae cultivation makes 

them an attractive alternative to traditional lipid sources (Sati et al., 2019). 

Research and development efforts are focused on overcoming challenges related 

to microalgae lipid production, such as optimizing cultivation strategies, improving 

lipid extraction techniques, and scaling up production processes (Singh et al., 

2016). Once these challenges are overcome, microalgae lipids have the potential 

to become a major player in the global lipid market, offering a sustainable and 

renewable source of high-quality lipids with diverse applications in various 

industries (Carvalho et al., 2022). As a result, the use of microalgae for lipid 

production offers numerous advantages, including fast growth rates, high oil 

yields, and the ability to thrive in a variety of environments. 

 

1.8.2 Lipid Profile of Antarctic Microalgae 
Antarctic microalgae have unique adaptations to survive in extreme cold 

environments (Margesin et al., 2008). One of these adaptations is the 

accumulation of polyunsaturated fatty acids, which help increase membrane 

fluidity and protect against ice crystal growth. These polyunsaturated fatty acids, 

such as omega-3 and omega-6, have important health benefits and are essential 

for human nutrition (Ramesh Kumar et al., 2019). It has been found to have a high 

content of eicosapentaenoic acid and docosahexaenoic acid, which are highly 

valued for their anti-inflammatory and cardiovascular health benefits. In addition, 

Antarctic microalgae were found to accumulate significant amounts of phytol, a 

compound with potential applications in biopharmaceutical production due to its 
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antioxidant properties (X. Li et al., 2019). These unique adaptations and lipid 

profiles make Antarctic microalgae a valuable resource for producing high-quality 

lipids with diverse applications in the nutraceutical industry (Udayan et al., 2022). 

Although microalgae lipid production has enormous potential, there are still many 

challenges that need to be addressed. These include developing efficient and 

cost-effective cultivation systems for Antarctic microalgae, optimizing lipid 

extraction methods to ensure maximum lipid recovery, and increasing lipid 

productivity (Park et al., 2019). 

 

1.9 Microalgae Mineral Content 

Microalgae also contain a wide variety of minerals (Dolganyuk et al., 2020). These 

minerals play important roles in various biological processes and are essential for 

the growth and development of microalgae (Fox & Zimba, 2018). Microalgae can be 

a valuable source of these essential minerals due to their ability to bioaccumulate 

and bind heavy metals (Arunakumara & Zhang, 2007). Through their natural growth 

processes, microalgae can absorb and accumulate minerals from their 

surrounding environment. These minerals are then stored in the cells of 

microalgae, making them easily accessible for human consumption (Barbera et 

al., 2017). Consuming microalgae rich in essential minerals can increase the 

nutritional value of different foods. In addition, studies have shown that microalgae 

can be used to replace common ingredients such as sodium chloride (salt) in food 

products (Bernaerts et al., 2019). This can help reduce sodium intake while still 

providing essential minerals. This high mineral content makes them a valuable 

source of essential minerals for human consumption (Rzymski et al., 2019). 

However, it is important to note that the bioavailability of these minerals in 

microalgae may vary depending on the food matrix and their interactions with 

other compounds. Therefore, further research is needed to determine the 

bioaccessibility and bioavailability of microalgae minerals for optimal physiological 

functions in humans (Uribe-Wandurraga, Igual, et al., 2020).  

The mineral content of microalgae can vary depending on the species and 
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growing conditions (Santhakumaran et al., 2020). Some minerals in microalgae 

include iron, magnesium, calcium, potassium, and phosphorus (Fithriani & Melanie, 

2022). These minerals are important for microalgae and have potential health 

benefits for humans (Gharibzahedi & Jafari, 2017a). Microalgae can also accumulate 

some trace minerals such as selenium and zinc, which have been shown to have 

antioxidant and immune-boosting properties. (Mazo et al., 2007) Several factors, 

including the nutrient composition of the growth environment, light intensity, and 

pH levels influence the mineral content of microalgae. Therefore, understanding 

the mineral content of microalgae is crucial for their utilization in various industries 

such as nutrition, pharmaceuticals, and cosmetics (Mobin et al., 2019). 

 

1.10 Microalgae Vitamin Content 

Microalgae are an excellent source of natural vitamins, offering a wide range of 

essential nutrients to support human health (Sathasivam et al., 2019). Microalgal 

vitamins have been shown to have important roles in human metabolism and 

health maintenance, including regulation of cell growth and differentiation, 

immune function, and protection against oxidative stress (Del Mondo et al., 2020). 

They contain a wide range of water-soluble and fat-soluble vitamins, making them 

a valuable source of essential nutrients (Hagan & Anyangwe, 2023). The high vitamin 

content of microalgae, including vitamins A, B-complex, C, and E, makes them a 

valuable resource for enhancing their nutritional value and potential health 

benefits in various industries such as nutraceutical, food, and pharmaceutical 

industries (De Roeck-Holtzhauer et al., 1991). They contain important vitamins 

such as vitamin A, which plays a critical role in vision and immune function, as 

well as various forms of the vitamin B complex, which is essential for energy 

production, brain function, and metabolism. Microalgae are also rich in vitamin C, 

a powerful antioxidant that helps protect against oxidative stress and boost 

immune function. Microalgae also contain vitamin E, a powerful antioxidant that 

plays a role in protecting cells from damage and supporting cardiovascular health.  

The high vitamin content of microalgae makes them a valuable resource for 
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enhancing their nutritional value and potential health benefits in various 

applications (Loy & Chu, n.d.). The small size of microalgae, their high growth rate, 

and their ability to produce bioactive compounds make them a valuable resource 

for enhancing their nutritional value and potential health benefits in various 

industries such as food, nutrition, pharmaceuticals, and cosmetics by exploiting 

their biotechnological advantages through methods for cultivation and isolation of 

microalgae vitamins. Furthermore, advances in technology, such as stable 

isotope dilution analysis using LC-MS/MS, have enabled accurate quantification 

of vitamin content in microalgae (Pantami et al., 2020). To fully exploit the 

potential of microalgae as a source of microalgal vitamins for human 

consumption, it is crucial to continue research and development in the areas of 

cultivation techniques, extraction methods, and processing technologies to 

guarantee high quality and bioavailability. Microalgae have emerged as a 

promising and sustainable source of microalgal vitamins for human consumption 

(Chacón-Lee & González-Mariño, 2010). In conclusion, microalgae are a promising and 

sustainable source of microalgal vitamins for human consumption.  

 

1.11 Secondary Metabolites of Microalgae 

Microalgae are single-celled photosynthetic organisms that play an important role 

in various biotechnological applications. These applications include biofuel 

production, food and feed supplements, pharmaceutical products, cosmetics, and 

environmental remediation (Orejuela-Escobar et al., 2021). Metabolites produced 

by microalgae are of particular interest in these applications. These metabolites 

include bioactive compounds with potential therapeutic properties such as anti-

inflammatory, antimicrobial, and antioxidant activities (Pagels et al., 2022). 

Moreover, metabolites derived from microalgae show promising results in 

improving human health and reducing the risk of degenerative diseases (De 

Morais et al., 2015). Secondary metabolites from microalgae have great potential 

for the development of new pharmaceutical and nutraceutical products (Hassan 

et al., 2022). Research and exploration of secondary metabolites from microalgae 
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open new opportunities for the development of innovative pharmaceutical and 

nutraceutical products due to their unique properties and potential therapeutic 

applications.  

  

1.11.1 Microalgal Chlorophylls and Carotenoids 
Microalgae are microscopic organisms that play an important role in various 

ecosystems. They are primary producers, converting sunlight, water, and carbon 

dioxide into organic matter through the process of photosynthesis. One of the key 

components involved in photosynthesis is chlorophyll, a pigment that gives 

microalgae their green color. Chlorophyll is responsible for capturing light energy 

and converting it into chemical energy, which allows microalgae to grow and 

develop (J. C. da Silva & Lombardi, 2020). Microalgal chlorophyll is a good food known 

as a detoxifying agent (Piotrowska-Niczyporuk et al., 2017). Research shows that 

the consumption of microalgal chlorophyll can positively affect human health. 

These potential health effects include antioxidant properties, detoxification 

support, anti-inflammatory effects, antigenotoxic, antimutagenic, and potential 

cancer-fighting abilities (da Silva Ferreira & Sant’Anna, 2017a). Its consumption has 

been reported to improve the liver by increasing bile secretion (Bedirli et al., 2009). 

It has been found to regulate carbohydrate, protein, and lipid metabolism in 

humans (Ramos-Romero et al., 2021). It has been stated that the addition of 

easily absorbable and water-soluble chlorophyll (CHL) to the diet has 

anticarcinogenic benefits (Hamouda et al., 2022). Another study with CHL 

determined that it had a suppressive effect on the progression of lung cancer in 

mice (D. Zhong et al., 2020). 

Microalgae are a rich source of carotenoids, and pigments with many health 

benefits and commercial applications. Carotenoids play a vital role in microalgae, 

contributing to their coloration and protecting them against harmful environmental 

conditions such as excessive light and oxidative stress (X. M. Sun et al., 2018). 

Carotenoids also play an important role in the coloration of microalgae and their 

protection against environmental stress (Henríquez et al., 2016). By determining 
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the carotenoid content in microalgae, researchers can better understand the 

nutritional value and potential applications of these organisms. Furthermore, this 

knowledge can contribute to the development of innovative processes for the 

large-scale extraction and purification of carotenoids from microalgae, enabling 

their use in various industries such as food, cosmetics, and pharmaceuticals. The 

commercial use of microalgae for carotenoid production holds great promise due 

to their high carotenoid content and various health benefits (Novoveská et al., 

2019).  

 

1.11.2 Microalgal Phenolic Compounds  
In recent years, there has been increasing interest in the potential health benefits 

of microalgae due to their high phenolic content. Microalgae play an important 

role in the phenolic content of various biotechnological, commercial, and industrial 

sectors (Hajimahmoodi et al., 2010). These phenolic compounds, also known as 

polyphenols, have been shown to have antioxidant, anti-inflammatory, and 

anticancer properties (Vieira et al., 2021). Furthermore, phenolic compounds 

found in microalgae have been linked to cardiovascular and cancer prevention 

and have shown potential in the prevention of neurodegenerative diseases such 

as Alzheimer's and Parkinson's (Parameswari. & Lakshmi, 2022). Their diverse 

bioactivities and potential health benefits make microalgae phenolic compounds 

an attractive source for the development of nutraceuticals, functional foods, and 

pharmaceutical products (M. Silva et al., 2022). The abundance and diversity of 

phenolic compounds in microalgae make them a valuable resource for the 

development of novel functional food products with enhanced health benefits. 

Furthermore, studies have shown that different microalgae species exhibit 

differences in their phenolic content, with some species containing higher 

concentrations of specific phenolic compounds than others. Overall, the study and 

utilization of microalgae phenolic content have the potential to revolutionize 

industries such as pharmaceuticals, nutraceuticals, and functional foods by 

providing a sustainable and bioactive source of compounds with diverse health 
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benefits. 

 

1.11.3 Fiber Content of Microalgae 
Decoding microalgae fiber content has the potential to unlock new possibilities for 

developing functional foods with improved digestive health and increased satiety. 

Incorporating microalgae fiber into food products can contribute to increased 

dietary fiber intake, which is beneficial in supporting healthy digestion and 

preventing chronic diseases such as obesity, diabetes, and cardiovascular 

conditions (De Jesus Raposo et al., 2016). Furthermore, microalgae fiber has 

unique properties such as high water retention capacity and gel-forming ability, 

which can improve the texture, mouthfeel, and stability of food products (Uribe-

Wandurraga, Zhang, et al., 2020). Furthermore, microalgae fiber contains 

bioactive compounds such as antioxidants and polysaccharides, which show 

positive effects on gut microbiota and immune function (Y. Sun et al., 2014). 

These properties make microalgae fiber a promising ingredient for the 

development of functional foods aimed at improving digestive health and overall 

well-being (Zhou et al., 2023). The phycobiliprotein content of microalgae also 

contributes to their potential health benefits and applications in various industries 

(Manirafasha et al., 2016). These pigmented proteins have been found to possess 

antioxidant, anti-inflammatory, and anticancer properties, making them valuable 

in the development of dietary supplements, pharmaceutical products, and 

cosmetic formulations (Hlima et al., 2023). 

 

1.11.4 Microalgal Mycosporine-like Amino Acid  
Microalgal mycosporine-like amino acid content is an important parameter to 

study as it can provide insight into the ability of algae to withstand stressful 

environmental conditions (Raj et al., 2021). These mycosporine-like amino acids 

act as natural sunscreen compounds, protecting algae from harmful UV radiation 

(Sen & Mallick, 2021). This content has been observed in several microalgae 

species and plays an important role in maintaining the osmotic balance of 
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organisms, especially those involved in photosynthesis. In addition, the 

mycosporine-like amino acid content from microalgae has also been found to 

have antioxidant and anti-inflammatory properties, making them potential 

candidates for the development of natural and sustainable skincare products 

(Shick & Dunlap, 2003). Analyzing microalgal mycosporine-like amino acid content 

is essential to understanding the mechanisms of algal adaptation to stressful 

environmental conditions and their potential applications in industries such as 

cosmetics, pharmaceuticals, and biotechnology (Pliego-Cortés et al., 2019). The 

isolation and characterization of mycosporine-like amino acids from marine 

macroalgae have been investigated, but further research is needed to fully 

understand the distribution, content, and species of these compounds in different 

microalgae species (Xiong et al., 1999). By creating a comprehensive database 

on microalgae mycosporine-like amino acid content, researchers can improve 

their understanding of the distribution, contents, and types of these compounds 

in different microalgae species. The database will facilitate further research into 

the potential applications of microalgal mycosporine-like amino acids in various 

industries, including cosmetics, pharmaceuticals, and biotechnology (Y. Sun et 

al., 2020). Furthermore, the presence of mycosporine-like amino acids in 

microalgae makes it a promising ingredient for food use as these compounds 

have been linked to UV protection, antioxidant properties, immune-enhancing 

effects, and potential anti-inflammatory activities.  

 

1.12 Bioactivity Properties of Microalgae 

Microalgae are a valuable source of biologically active molecules in cosmetics, 

pharmaceuticals, energy, agriculture, nutraceuticals, and functional foods 

(Mimouni et al., 2012). Among these activities, antioxidant, anti-inflammatory, 

anticancer, antidiabetic, antimicrobial, antibacterial, antiviral, antihypertensive, 

and antifungal properties are the main ones (Tabarzad et al., 2020a). 

Bioinformatics has emerged as a vital tool to better understand the structure and 

activity of bioactive compounds derived from microalgae. By utilizing 
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bioinformatics, researchers can potentially develop bioactive compounds with 

enhanced efficacy and reduced negative effects. In addition to bioinformatics, 

advances in genetically modified techniques for cultivating microalgae have 

proven to be instrumental in harnessing their potential, especially in utilizing them 

for bio-based processes in various applications. Continued progress in 

bioengineering-related research plays an important role in the realization of green 

technology to produce microalgae-derived bioactive compounds, in line with the 

growing demand for sustainable and environmentally friendly solutions (Tejano et 

al., 2019). 

The multifaceted potential of microalgae, including their anti-diabetic, 

antibacterial, antiviral, and antifungal properties, underscores the need for 

continued research and investigation into their therapeutic applications (Ibrahim 

et al., 2023). Moreover, the different bioactive compounds found in microalgae 

position them as a promising source for nutraceutical and pharmaceutical 

development (Chu & Phang, 2019). Consequently, the evolving landscape of 

microalgae research provides a compelling opportunity to further investigate their 

therapeutic potential and develop innovative approaches that can exploit the 

diverse pharmacological properties of microalgae-based bioactive compounds. 

 

1.12.1 Antioxidant Profile of Microalgae 
Microalgae have attracted attention as a potential source of nutraceuticals due to 

their numerous health benefits (Galasso et al., 2019). This is because microalgae 

can produce a variety of biomolecules with bioactive properties such as beta 

carotene, lutein, astaxanthin, chlorophyll, phycobiliprotein, sulfated 

polysaccharides, phenolics, and polyunsaturated fatty acids (Gouveia et al., 

2010). These bioactive compounds found in microalgae have antioxidant 

properties that play an important role in protecting the body against oxidative 

stress and damage caused by free radicals (Rezayian et al., 2019). This 

antioxidant activity helps to neutralize harmful molecules in the body, reducing the 

risk of chronic diseases such as cardiovascular diseases, cancer, and 
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neurodegenerative disorders (Khavari et al., 2021). In addition, microalgae 

contain other antioxidant compounds such as phycobiliproteins and 

polyunsaturated fatty acids that contribute to their overall antioxidant capacity.  

Microalgae are also a potential source of bioactive compounds with direct anti-

tumor effects (Abd El-Hack et al., 2019). The antioxidant activities of microalgae 

products, their potential to ameliorate disease progression, and the underlying 

molecular mechanisms are of interest to the scientific community (Yu et al., 2022). 

However, more extensive research is needed to better understand the antioxidant 

effects of microalgae and their applications in disease prevention and treatment 

(Dixon & Wilken, 2018). Furthermore, microalgae production and the extraction of 

bioactive compounds from them are ongoing research areas. This research aims 

to identify and validate the beneficial effects of these bioactive compounds, 

examine their potential in disease prevention and treatment, and assess their 

impact on the environment. 

 

1.12.2 Anti-inflammatory Profile of Microalgae 
The anti-inflammatory properties of microalgae have been established by many 

studies, making them a potential source of natural anti-inflammatory agents 

(Montero-Lobato et al., 2018). These anti-inflammatory properties are attributed 

to the presence of bioactive compounds such as carotenoids, phycobilins, and 

sulfated polysaccharides in microalgae. These compounds have shown inhibitory 

effects on inflammatory mediators and pathways, including the production of pro-

inflammatory cytokines and activation of inflammatory signaling pathways (Sibi & 

Rabina, 2016). Microalgae have also shown the ability to reduce the expression of 

pro-inflammatory genes and enzymes involved in inflammation. These findings 

suggest that microalgae have the potential to be used in the development of anti-

inflammatory therapeutics and may contribute to the management and prevention 

of inflammatory diseases. 
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1.12.3 Anticancer Profile of Microalgae 
Microalgae show promising anticancer properties, making them a potential tool 

for cancer prevention (Martínez Andrade et al., 2018). Studies have demonstrated 

the ability of microalgae-derived compounds to inhibit tumor growth, induce 

apoptosis (programmed cell death) in cancer cells, and suppress cancer cell 

proliferation and metastasis (Alateyah et al., 2022). These anticancer properties 

are attributed to the rich bioactive compounds found in microalgae, such as 

phycocyanin, polysaccharides and bioactive peptides. Compounds derived from 

microalgae have also been shown to have the potential to improve the efficacy of 

conventional cancer treatments such as chemotherapy and radiation therapy by 

increasing their sensitivity to treatment and reducing their side effects (Jabeen et 

al., 2017). 

 

1.12.4 Antimicrobial Profile of Microalgae 
Microalgae have been found to possess significant antimicrobial capabilities, 

making them a potential natural alternative to synthetic antibiotics (Falaise et al., 

2016). Bioactive compounds such as peptides and polysaccharides have been 

shown to show activity against a variety of bacteria and fungi, including antibiotic-

resistant strains (Ayswaria et al., 2023). These compounds have the potential to 

address the growing problem of antibiotic resistance and contribute to the 

development of new treatments for microbial infections. 

 

1.12.5 Antibacterial Profile of Microalgae 
potential candidates for development. Research has shown that some microalgae 

species produce bioactive compounds with antibacterial activity against a variety 

of pathogens, including both gram-positive and gram-negative bacteria (Pradhan 

et al., 2014). These antibacterial compounds have the potential to combat 

antibiotic-resistant bacteria and provide alternative options for treating bacterial 

infections (Cepas et al., 2021). Moreover, the antibacterial properties of 

microalgae can be attributed to the presence of bioactive compounds such as 
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antimicrobial peptides, fatty acids, pigments, and polysaccharides in their cellular 

composition. 

 

1.12.6 Antiviral Profile of Microalgae 
Microalgae have also been studied for their antiviral properties. Research has 

shown that some species of microalgae have antiviral activity against a variety of 

viruses, including human pathogenic viruses (Carbone et al., 2021). These 

antiviral properties can be attributed to the presence of bioactive compounds such 

as polysaccharides, proteins, and lipids, which have been found to inhibit viral 

replication in microalgae and prevent viral attachment to host cells (Chaisuwan et 

al., 2021). 

 

1.12.7 Antifungal Profile of Microalgae 
Microalgae show promise as a natural alternative to conventional antifungal drugs 

due to their ability to inhibit the growth of various fungi (Schmid et al., 2022). 

Research has shown that some bioactive compounds found in microalgae disrupt 

fungal cell membranes and inhibit key enzymes involved in fungal metabolism 

(Scaglioni et al., 2019). Furthermore, microalgae have shown potential antifungal 

properties against common fungal pathogens such as Candida albicans and 

Aspergillus species (Battah et al., 2014). As the potential of microalgae in various 

therapeutic areas continues to be uncovered, it is imperative to further investigate 

their pharmacological properties and applications in clinical research studies. 

 

1.12.8 Antidiabetic Profile of Microalgae 
Microalgae have been found to play a role in the treatment of diabetes. Studies 

have shown that microalgae can regulate blood glucose levels, improve insulin 

sensitivity, and reduce oxidative stress in individuals with diabetes (Songserm et 

al., 2022). These effects are attributed to bioactive compounds found in 

microalgae, such as peptides and polysaccharides, which have been found to 

have potential antidiabetic properties. These compounds may help control blood 
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sugar levels and offer a natural alternative to conventional antidiabetic drugs 

(Siahbalaei et al., 2021). The potential of microalgae as antidiabetic therapy is 

particularly important given the global increase in the prevalence of diabetes and 

the need for effective, natural-based therapies to combat the disease and its 

associated complications (Hussein et al., 2023). Furthermore, the use of 

microalgae in the production of nutraceuticals and functional foods provides an 

opportunity to incorporate these beneficial compounds into daily diets, supporting 

better glycemic control and overall diabetes management. Studies have shown 

that microalgae, especially brown and red seaweeds, have anti-diabetic 

properties (Agarwal et al., 2023). These properties include the ability to regulate 

blood glucose levels, improve insulin sensitivity, and reduce oxidative stress. 

These beneficial effects can be attributed to bioactive compounds found in 

microalgae, such as fluorotannins, fucosterol, and polysaccharides (Kargın & 

Bilgüven, 2022). These compounds have been found to inhibit key enzymes 

involved in carbohydrate and lipid metabolism, potentiate insulin signaling 

pathways, and modulate glucose uptake in cells. In addition, bioactive compounds 

derived from microalgae have been shown to have the potential to reduce 

postprandial blood glucose concentrations (Kawee-Ai et al., 2019). The use of 

microalgae in the treatment of diabetes is promising due to its potential to regulate 

blood glucose levels, improve insulin sensitivity, and reduce oxidative stress. 

1.12.9 Antihypertensive Profile of Microalgae 
The antihypertensive properties of microalgae are attributed to their bioactive 

bioactive compounds such as peptides and pigments, which have been shown to 

inhibit angiotensin-converting enzyme (ACE) and lower blood pressure levels by 

promoting vasodilation (Jiang et al., 2021). Peptides such as valine, proline, 

tyrosine, aspartic acid are the best known. Microalgae may play a role as a 

reservoir of antihypertensive peptides, although this is relatively uncommon. This 

property of many microalgae species has also been reported in studies (Pekkoh 

et al., 2022). 
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2. MATERIAL & METHODS 

2.1 Microalgal strains and culture conditions  

In this study, Chlorella vulgaris ASYA27 and Micractinium simplicissimum 

ASYA46 isolated from Horseshoe Island in Antarctica in 2020, and Chlorella 

vulgaris ARAS102 isolated from Nemrut volcanic lake in Türkiye in 2016 were 

used from the microalgae culture collection of Istanbul Medeniyet University 

(https://www.imuasya.org/). Laboratory liquid stock cultures of ASYA27 and 

ASYA46 were grown in a climate cabinet (Fitotron SGC120) set at 15 °C, at a light 

intensity of 50 µmol photons/s/m2 (Philips TL-D 36W/840 fluorescent, ~3700 

lumens shelf top illumination; 16 h day/8 h night), in a 250 ml flask, on a shaker 

(VWR, M5000) at 120 rpm, 100 ml 8.82 mM NaNO3; 0.17 mM CaCl2.2H2O; 0.3 

mM MgSO4.7H2O; 0.43 mM K2HPO4; 1.29 mM KH2PO4; 0.43 mM NaCl and P-IV 

metal solution, soil water and vitamin supplemented Bold-3N medium. ARAS102 

stock culture was maintained in 100 ml 3N-BBM medium in a 250 ml erlen mayer 

on a shaker (VWR, M5000) at room temperature (23-25 °C) with a light intensity 

of 50 µmol photons/s/m2 (Philips TL-D 36W/840 fluorescent, ~3700 lumens shelf 

top illumination; 16 h day/8 h night) and a speed of 120 rpm. 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Location map of the sampling area and microscopic image of the isolates. Satellite 

 C. vulgaris ASYA27 and M. simplicissimum ASYA46, Horseshoe island, Antarctica  

B 

A C 

D E 

https://www.imuasya.org/
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images (A, B) and real view (C) of the Horseshoe island are given along with microscopic images 

of C.vulgaris ASYA27 (D) and M.simplicissimum (E). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Location map and image of the sampling area (A, B, C) and microscopic image of 

Chlorella vulgaris ARAS102 (D).  

2.2 Biomass production  

Although the isolation locations of all species were known, growth was monitored 

at 4, 15, and 25 °C to find the optimal growth temperature. The samples were 

cultured according to the results obtained. ASYA27 and ASYA46 were grown in 

a 30L photobioreactor containing 3N-BBM with pocket light system, ventilation, 

and cryostat connection, 15 °C/100 µmol light setting (Fig. 1). ARAS102 was 

grown in a 19L glass carboy with 25 °C/100 µmol light in a 3N-BBM medium. 

Microalgae were harvested in the late exponential phase after 28 days of growth. 

The harvested samples were dried in a lyophilizer and prepared for analysis. 

2.3 Dough Preparation 

While oat flour was used for gluten-free bread, whole wheat flour was used for 

gluten bread. In both dough formulations, 27% skim milk, 60% flour, 1% yeast, 

A 

B 

C 

D 

Chlorella vulgaris ARAS102, Lake Nemrut (Volcanic lake), Bitlis, Türkiye 
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3% salt, 2% sugar, and 7% olive oil were used. The breads were prepared 30 g 

each and 1% (0.3 g) and 3% (0.9 g) microalgae were used. A control group was 

formed by omitting microalgae in gluten-free and whole wheat flour bread. The 

doughs were baked in a 180 °C oven for 25 min, then lyophilized and made 

suitable for biochemical analysis. The experimental groups are presented in the 

table below. 
Table 1. Dough formulations and naming of experimental groups. 

Sample Name Description 

Dough (WW) 27% skim milk, 60% whole wheat flour, 1% yeast, 3% salt, 2% sugar and 7% olive oil 

Dough (GF) 27% skim milk, 60% oat flour, 1% yeast, 3% salt, 2% sugar and 7% olive oil 

Control-WW Microalgae-free whole wheat flour dough formulation 

Control-GF Microalgae-free oat flour dough formulation 

27- WW-1 1% C. vulgaris ASYA27 containing, whole wheat flour dough formulation 

27- WW-3 3% C. vulgaris ASYA27 containing, whole wheat flour dough formulation 

27-GF-1 1% C. vulgaris ASYA27 containing, oat flour dough formulation 

27-GF-3 3% C. vulgaris ASYA27 containing, oat flour dough formulation 

46- WW-1 1% M. simplicissimum ASYA46 containing, whole wheat flour dough formulation 

46- WW-3 3% M. simplicissimum ASYA46 containing, whole wheat flour dough formulation 

46-GF-1 1% M. simplicissimum ASYA46 containing, oat flour dough formulation 

46-GF-3 3% M. simplicissimum ASYA46 containing, oat flour dough formulation 

102- WW-1 1% C. vulgaris ARAS102 containing, whole wheat flour dough formulation 

102- WW-3 3% C. vulgaris ARAS102 containing, whole wheat flour dough formulation 

102-GF-1 1% C. vulgaris ARAS102 containing, oat flour dough formulation 

102-GF-3 3% C. vulgaris ARAS102 containing, oat flour dough formulation 

27-MB Lyophilized C. vulgaris ASYA27 

46-MB Lyophilized M. simplicissimum ASYA46 

102-MB Lyophilized C. vulgaris ARAS102 
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Figure 3. Appearance of bread enriched with microalgae before and after baking

ASYA27 raw bread ASYA27 baked bread 

ASYA46 raw bread ASYA46 baked bread 

ARAS102 raw bread ARAS102 baked bread 
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2.4 Moisture 

Moisture was determined by drying the sample in an oven at 105 °C for 2 hours 

(to constant weight). The average moisture values were used to calculate the 

chemical composition as a percentage of total dry matter. 

1. 4 g of sample was weighed into tared petri dishes. 

2. They were then placed in an oven at 105 °C for 2 hours. 

3. The petri dishes were cooled in a desiccator for 2 hours and then weighed.  

The calculation was made with the formula below: 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒	% =
Final	weight − Petri	tare

Sample 	´	100 

 

  
Figure 4. Stages of moisture analysis 
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C 

C 

D D 
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2.5 Ash 

For ash analysis, 2-3 g samples were weighed into tared crucibles and recorded. 

The crucibles were then subjected to incineration for 6 hours in a muffle furnace 

set at 550 °C. At the end of six hours, the crucibles were removed from the muffle 

furnace, cooled in a desiccator for about 2 hours, and then weighed. The following 

formula was used to find the amount of ash: 

 

𝐴𝑠ℎ	% =
W2 −W0

W1 	´	100 

W0: Crucible weight 

W1: Sample weight 

W2: Last weighing 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Stages of ash analysis.  

A: Samples weighed into cruses; B: Incinerated samples; C-D: Disposal to muffle furnace; a: 27-
WW/1 ash; b: ASIA27-WW/3 ash; c: ASYA27-GF/1 ash; d: ASYA27-GF/3 ash; e: ASYA46-WW/1 

ash; f: ASYA46-WW/3 ash; g: ASYA46-WW/1 ashASYA46-GF/1 ash; h: ASYA46-GF/3 ash; j: 
ARAS102-WW/1 ash; k: ARAS102-WW/3 ash; l: ARAS102-GF/1 ash and m: ARAS102-GF/3 

ash. 
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2.6 Protein  

Total nitrogen was determined by the Kjeldahl method after acid digestion (AOAC 

991.20), ammonium addition, steam distillation, and titration with 0.1 N HCl. The 

protein content was calculated using a nitrogen-to-protein conversion factor of N 

× 6.25.  

Sample preparation / Incineration 

During the combustion process, the nitrogen or protein present in the sample is 

converted to ammonium sulfate according to the formula below. 

                             Salt K2SO4 

Protein + H2SO4          →         (NH4)2SO4 

                             Catalyzer       

 

Salt 

Since the decomposition temperature of most of the samples is incinerated and 

the boiling point of the concentrated sulfuric acid is high, the boiling point of the 

acid needs to be raised. Potassium sulfate was used for this purpose. This salt is 

contained in Kjeltabs together with the catalyst. 

Distillation 

After incineration all samples were converted to ammonium sulfate. This reagent 

was therefore used as a distillation control. The principle of the distillation process 

is to convert ammonium to ammonia in the presence of alkali, i.e. NaOH, and then 

titrate it with a standard acid solution by steam distillation into a flask containing 

boric acid. 

 

 



 40 

Calculation 

The results obtained were expressed in g/100g nitrogen. Factors were used to 

convert nitrogen to protein according to the matrix. 

𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛	% =
1.4007	x	M	x	F	x	F	x	A − B

W 	´	100 

Protein (%) = NxF 

1.4007: Atomic weight of nitrogen corresponding to 0.1 ml of 0.1 N HCl 

M: Acidity molarity (mol/L) 

F: Standard Kjeldahl factor 

A: Titrant expenditure (ml) 

B: Control expenditure (ml) 

W: Sample weight (g) 

The % nitrogen value is multiplied by factors to obtain the protein value. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Stages of protein analysis. 

A B C 

D E F 
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2.7 Amino Acid Analysis 

The method covers 16 amino acids (aspartic acid, glutamic acid, serine, glycine, 

arginine, arginine, histidine, threonine, lysine, alanine, proline, hydroxyproline, 

leucine, isoleucine, cysteine, tyrosine, phenylalanine, valine, methionine).  

Environmental conditions that may cause oxidation (high temperature, UV light, 

etc.) were avoided during sample preparation. 

 

Chemicals, Solutions, and Preparation 

 

• Preparation of 0.1 N HCl solution: 8.28 ml of HCl was added to 1 liter of 

water. 

• Preparation of 6 N HCl solution: 496.8 ml HCl was added to 1 liter of water. 

• Preparation of derivatization solution (Edman reagent): 100 ml ACN was 

added to 1.2 ml phenylisothiocyanate (PITC) and stirred. 

• Preparation of 0.02 M ammonium acetate solution: 0.31 g of ammonium 

acetate was weighed and dissolved with 200 ml of water. 

• Preparation of Acetonitrile-Methanol-Triethylamine (ACN:MeOH: TEA) 

mixture: 100 ml acetonitrile, 50 ml methanol, and 20 ml triethylamine were 

mixed. 

 

Analysis 

Preparation of the Standard 

10 mg of each amino acid standard was weighed into a 100 ml balloon jug. 100 

ppm stock standard solution was prepared by dissolving with 0.1 N HCl and 

adding to the volume. 

Working standards were prepared by making necessary dilutions from the stock 

standard solution. 

 

Sample Preparation 

1. 0.1-1 g of homogenized sample was taken into a 50 ml sealed analysis bottle 

and hydrolyzed in an oven at 1100C for 24 hours by adding 20 ml of 6 N HCl 
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solution. After reaching room temperature, it was filtered through ordinary filter 

paper. 

2. 0.2 ml of the filtrate was taken and evaporated at 500C under nitrogen gas.  

3. 0.5 ml of ACN:MeOH:TEA mixture and 0.1 ml of derivatization solution (PITC) 

were added and derivatized in a 400C oven for 30 minutes. 

4. After evaporation at 400C under nitrogen gas, 5 ml of 0.02 M ammonium 

acetate was added. 

5. Filtered through a 0.45 µ filter and placed in vials 

 

Device Operating Conditions 

Mobile Phase  

1. Mobile Phase A: 0.78 g sodium dihydrogen phosphate dihydrate and 0.88 g 

disodium hydrogen phosphate dihydrate were dissolved with water and 

adjusted to pH:6.9. The volume was made up to 1 liter with distilled water. 

2. Mobile Phase B: Acetonitrile (HPLC pure) 

3. UV detector, 254 nm  

4. Flow Rate 1 ml/m 

Gradient Program (Injection Time: 40 min. 
Time (min) Mobile Phase A (%) Mobile Phase B (%) 

0.01 96 4 

15.00 84 16 

22.00 65 35 

26.00 60 40 

28.00 40 60 

30.00 40 60 

33.00 40 60 

33.01 96 4 

40.00 96 4 

 

Calculation 
The difference between parallel results should not be more than 15%. 

When calculating the linear range, R2=0.99 between concentrations. 
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The calculation was performed by comparing the sample to the standard by peak 

area or concentration. The concentration of the sample was calculated from the 

linear calibration line. 

Since the standard concentration was expressed in µg/ml, it was calculated with 

the following formula: 

C= a ´ V/m ´ k 
a: sample concentration 
k: slope for standard curve 
V: dilution factor (ml) 
m: sample weight(g) 
 
 
 
 

 

 

 
 
 
Figure 7. Stages of amino acid analysis. 

2.8 Analysis of vitamin B1 

Thiamine, a water-soluble vitamin group, is found in different forms (Thiamine, 

TNP, TPP, TTP) in foods. The pH range in which its highest stability is 2- 4. 

Therefore, it is the type of vitamin with the highest loss when examined or 

analyzed in foods with low acidic properties. Although the UV range for thiamine 

is between 245-254 nm, it is used to analyze foods with high amounts of thiamine.  

The UV detector is insufficient to detect Thiamine because it is found in low 

amounts in natural foods. Therefore, the more sensitive Fluorescence detector is 

used. However, since Thiamine alone does not show fluorescence, it is converted 

to Thiochrome by adding Potassium ferricyanide.  

For maximum fluorescence, the pH of the mobile phase and the prepared sample 

should be between 7-7.5. If the sample pH is higher than the mobile phase pH, it 

causes the retention time to shift. Thiamine is not present in foods in free form or 

the form of TNP and TPP. Therefore, alpha-amylase, clara-diastase, papain, acid 

A B 
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phosphatase, and beta-glucosidase enzymes are used to free and analyze these 

bonds. 

Water of appropriate purity should be used in experiments and in the preparation 

of solutions, and the chemicals used should be of analytical purity. Ambient 

conditions that may cause oxidation (high temperature, UV light, etc.) should be 

avoided in sample preparation. 

15% (w/w) NaOH solution: Weigh 15 g NaOH into a beaker and add 100 ml 

distilled water. Care was taken not to overheat when adding water.  

Preparation of potassium ferricyanide solution: 0.25 g of potassium ferricyanide 

was added to 25 ml of distilled water. 

Preparation of 0.1 N HCl solution: 8.28 ml HCl was added to 1 liter. 

Enzyme Preparation: 

• Acid phosphatase: For 1 mg, the potency is between 4-5 U. 

• 125 mg was taken for 50 samples and made up to 50 ml with distilled water. 

• Beta-Glucosidase: For 1 mg, the detection value is between 2-3 U 

• 250 mg was taken for 50 samples and made up to 50 ml with distilled water. 

Standard Thiamine stock solution:  

• 10 mg of thiamine vitamin standard was weighed into a 100 ml flask.  

• It was dissolved with some 0.1 N HCl.  

• Necessary dilutions were made from the stock standard and 0.05- 0.1- 0.2 

ppm standards were prepared.  

• While preparing the standards, 25 ml was taken and 1.5 ml of Potassium 

ferricyanide 1% solution (in 15% NaOH) was added. The pH was then 

adjusted to 7-7.1 with 15% ortho-phosphoric acid. 

Preparation of the Test Sample: 

• 10 g of homogenized sample was taken into a 100 ml balloon jug and 60 

ml of 0.1 N HCl solution was added.  

• Autoclaved at 121 C for 30 minutes. 

• It was then cooled to 37 degrees C and the pH of the sample was adjusted 

to 4.5 with sodium acetate solution. 
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• Then 250 mg clara-diastase, 50 mg papain, 20 mg alpha-amylase, 0.5 ml 

acid phosphatase, and 1 ml beta-glucosidase enzyme were added. 

• It was then kept in a shaking water bath at 45 degrees for 3-18 hours.  

• After the sample volume had cooled, the volume was made up to 100 ml 

with deionized water and filtered through ordinary filter paper. From the 

filtrate, 25 ml was taken into polyethylene tubes.  

• 1.5 ml of Potassium ferricyanide 1% solution (in 15% NaOH) was added.  

• The pH of the sample was then adjusted to 7.0-7.1 with 15% ortho-

phosphoric acid. The sample was filtered through a 0.45-micron filter.  

• The dilution factor for thiamine was calculated as 100 + final volume/25. 

• HPLC 

Calculation and Display of Results 

The calculation was done by comparing the standard with the sample based on 

peak area or concentration. The concentration of the sample was calculated from 

the linear calibration line generated. Since the standard concentration was 

expressed in µg/ml, it was calculated with the following formula. 

C=a*V/m*k 

a: sample concentration 

k: slope for standard curve 

V: Dilution factor (ml) 

m: sample weight (g) 

 

2.9 Analysis of vitamin B2 

Riboflavin, a water-soluble vitamin, is present in foods in different forms 

(Riboflavin, FMN, and FAD). Although Riboflavin is stable against heat and 

oxidation, the pH range in which its stability is the highest is 2-5. It starts to 

degrade above pH 7. Under pH 5, FMN and FAD are converted into Riboflavin. 

Riboflavin is present in foods in free form or the form of FAD and FMN, so it is 

analyzed by freeing these bonds using alpha-amylase, clara-diastase, papain, 

acid phosphatase, and beta-glucosidase enzymes.  In sample preparation, it is 

necessary to avoid ambient conditions (high temperature, UV light, etc.) that may 
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cause oxidation.  

Preparation of 0.1 N HCl solution:  

- 8.28 ml HCl is added to 1 liter.  

    

Enzyme Preparation: 

Þ Acid phosphatase: For 1 mg, the potency is between 4-5 U. 

Þ 125 mg was taken for 50 samples and made up to 50 ml with distilled water. 

Þ Beta-Glucosidase: For 1 mg, the potency is between 2-3 U 

Þ 250 mg was taken for 50 samples and made up to 10 ml with distilled water. 

Þ Standard Riboflavin stock solution:  

Þ 10 mg of Riboflavin vitamin standard was weighed into a 100 ml flask.  

Þ It was dissolved with some 0.1 N HCl.  

Þ Necessary dilutions were made from the stock standard and 0.05- 0.1- 0.2 

ppm standards were prepared. 

Test Sample Preparation: 

Þ 10 g of the homogenized sample was taken into a 100 ml flask and 60 ml 

of 0.1 N HCl solution was added.  

Þ It was placed in an autoclave at 121 degrees for 30 minutes. 

Þ It was then cooled to 37 degrees and the pH of the sample was adjusted 

to 4.5 with sodium acetate solution. 

Þ 250 mg clara-diastase, 50 mg papain, 20 mg alpha-amylase, 0.5 ml acid 

phosphatase, and 1 ml beta-glucosidase enzyme were added. 

Þ It was then kept in a 45-degree shaking water bath for 3 hours.  

Þ After cooling, the sample volume was made up to 100 ml with deionized 

water filtered through a 0.45-micron filter and placed in vials. 

Þ HPLC. 

HPLC Conditions 

Þ Mobile phase: Prepared by mixing 750 ml deionized water and 250 ml 

methanol.  

Þ Detector: Fluorescence Detector 
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Þ Excition: 445 nm 

Þ Emission:545 nm 

Þ Column Analytical reversed-phase column 

Þ Injection Volume: 20µl 

Þ Flow Rate:1 ml/min 

Calculation of Results  

The calculation was done by comparing the standard to the sample based on 

peak area or concentration. The concentration of the sample was calculated from 

the linear calibration line. Since the standard concentration is expressed in µg/ml, 

it was calculated with the following formula: 

C= a*V/m*k 

a: sample concentration 

k: slope for standard curve 

V: Dilution factor (ml) 

m: sample weight (g) 

 

2.10 Analysis of vitamin B6 

Vitamin B6, which belongs to the water-soluble vitamin group, is found in various 

forms in foods in the form of free pyridoxine, pyridoxal, and pyridoxamine. 

However, it is mostly found in natural foods such as phosphate, glycoside, and 

oligo-glucoside PL-phosphate, PN-phosphate, PM-phosphate, PN-glucoside, 

and PN-olicoside. 

Therefore, alpha-amylase, clara-diastase, papain, acid phosphatase, and beta-

glucosidase enzymes are used to free these bonds and analyze them. 

Since the PL form overlaps with other matrices when analyzing vitamin B6, the 

PL form is converted to the PN form. 

Preparation of 0.1 N HCl solution:  

• 8.28 ml HCl was added to 1 liter. 

Enzyme Preparation: 

• Acid phosphatase: For 1 mg, the potency is between 4-5 U. 

• Weighed 125 mg for 50 samples and added to 50 ml with distilled water. 
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• Beta-Glucosidase: The potency for 1 mg is between 2-3 U 

• For 50 samples, 250 mg was weighed and made up to 10 ml with distilled 

water. 

 

Preparation of standards   

• 10 mg Riboflavin vitamin standard was weighed into a 100 ml flask.  

• It was dissolved with some 0.1 N HCl.  

• Necessary dilutions were made from the stock standard and 0.05- 0.1- 0.2 

ppm standards were prepared. 

Preparation of the Test Sample: 

• 5-10 g of well homogenized sample was taken into a 100 ml flask and 60 ml 

of 0.1 N HCl solution was added.  

• Autoclaved at 121 °C for 30 minutes. 

• The pH of the sample was then adjusted to 4.5 with sodium acetate solution 

and 250 mg clara-diastase, 50 mg papain, 20 mg alpha-amylase, 0.5 ml acid 

phosphatase, and 1 ml beta-glucosidase enzyme were added. 

• It was then kept in a 45-degree shaking water bath for 18 hours.  

• The sample volume was made up to 100 ml with deionized water and filtered 

through 0.45-micron filter paper. 

• The PL form was converted to PN form according to the following method. 

• HPLC. 

HPLC Conditions: 

Mobile phase:  

• 11 g potassium dihydrogen phosphate and 0.5 g octanesulfonic acid sodium 

salt monohydrate was weighed and added to 940 ml distilled water. 

• Then 60 ml of Acetonitrile (ACN) was added. 

• The pH was adjusted to 2.85 with 85% orthophosphoric acid. 

• Filtered on 0.45% filter paper. 

Post-column derivatization 

• Produced with 1% sodium bisulfite solution. 

• Flow rate 0.1 ml/min 
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• Detector: Fluorescence Detector 

• Excitation 290 nm 

• Emission:395 nm 

• Column Analytical reversed-phase column 

• Injection Volume: 20µl 

• Flow Rate: 1 ml/min 

Calculation and Display of Results 

The calculation was done by comparing the standard to the sample based on 

peak area or concentration. The concentration of the sample was calculated from 

the linear calibration line. Since the standard concentration is expressed in µg/ml, 

it was calculated with the following formula: 

C=a ´ V/m ´ k 

a: sample concentration 

k: slope for standard curve 

V: Dilution factor (ml) 

m: sample weight (g) 

 

2.11 Total dietary fiber determination  

When the principle of total dietary fiber analysis is examined: gelatinization, 

hydrolysis, and depolymerization of starch in samples incubated at 100 °C with 

α-amylase. It is then incubated at 60 °C with protease to dissolve proteins. Then 

treated with aminoglucosidase to hydrolyze the starch fragments to glucose and 

ethanol to separate the depolymerized protein and glucose from the starch. The 

residues are filtered, washed with ethanol and acetone, dried, and weighed. One 

of the sample replicates is then used to determine protein and the other to 

determine ash. The results obtained are subtracted from the total amount of 

residue to arrive at the total dietary fiber value. 

MES/TRIS Buffer Preparation 

19.52 g 2(N-morpholino) ethane sulfonic acid (MES) (Megazyme cat. no. B-

MES250) and 14 g tris (hydroxymethyl)aminomethane (TRIS) (Megazyme cat. 

no. B-TRIS500) were dissolved in 1.7 L deionized water and pH adjusted to 8.2 
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with 6.0 N NaOH. It was then diluted to 2 L with water and kept at room 

temperature for use. 

Procedure  

• Weighed 1 g of sample in tall-form beakers. 

• 40 mL of MES-TRIS buffer solution was added to each beaker and mixed 

with a magnetic stirrer. 

• To degrade starches, 50 µl of a-amylase solution was added to each 

sample, the beakers were covered with aluminum foil and incubated in a 

water bath at 100 °C/35 min. 

• After the samples were removed from incubation, the water bath was set 

to 60 °C. 

• Then 100 µl of protease was added to each sample covered with aluminum 

foil and incubated at 60 °C/30 min. 

• Add 5 ml of 0.561 N HCl solution to the samples removed from the water 

bath (pH: 4.1-4.8 via 5% NaOH solution or 5% HCl solution). Then 200 µl 

of aminoglucosidase enzyme was added and incubated in a water bath at 

60 °C/30 min. 

• The volume was then made up to 200 ml with technical ethanol (96%). 

• Incubated again at 60 °C/1 hour in a water bath. 

• For the filtration step, 0.1 mg aliquots of crucibles containing celite were 

taken. (Celite was used because it prevents clogging of the pores and 

provides more comfortable filtration). 

• The celite bed in the crucible placed in the Nuche erlen was dispersed with 

distilled water (~3 ml), the samples taken from the water bath were filtered 

and the beakers were washed with ethanol and the remaining samples 

were filtered. 

• The residue in the crucible was washed with ethanol and acetone. The 

crucibles containing the residue were then dried overnight in an oven set 

at 103 °C. 

• The dried crucibles were cooled in a desiccator for about 1 hour and then 

weighed. 
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• After weighing the samples, they were treated in a muffle furnace at 550 

°C/4 hours for ash analysis.  

• The total diet was calculated after subtracting the ash result and the protein 

content previously determined by the Kjeldahl method from the residue. 

Calculation: 

Dietary Fiber (%) = (R1+R2/2) - (p-A)/ m1+m2/2 ´ 100 

 

R1 = residue weight 1 from m1; R2 = residue weight 2 from m2 m1 = sample 

weight 1; m2 = sample weight 2; A = ash weight from R1; p = protein weight  

 

2.12 Starch quantitative analysis 

The principle of the analysis is to enzymatically break down the starch in the 

sample to glucose, convert the glucose to NADPH, and calculate the amount of 

starch by the amount of NADPH produced. 

• 0.1 g of the ground sample was weighed into a 100 ml volumetric flask. 

• After adding 20 ml DMSO and 5 ml HCl (8 M), the samples were covered 

with parafilm and incubated in a water bath at 60 °C/30 min. 

• After cooling the samples to 20-25 degrees Celsius, the volume was made 

up to 100 ml with distilled water. It was then adjusted to pH:4-5 with 5 M 

NaOH. 

• 0.1 ml of the samples filtered through ordinary filter paper were transferred 

to spectrophotometer cuvettes. 

• 0.1 ml distilled water and 0.2 ml Enzytech AGS buffer were added to the 

samples. 0.1 ml distilled water for the blank and 0.1 ml Starch (HK) Assay 

Kit for the starch sample were added to the cuvettes. 

• The samples were covered with parafilm and incubated in a water bath at 

60 °C/30 min. 

• To the incubated samples 1 ml of Enzytec NADH/ATP enzyme and 1 ml of 

distilled water were added. Since no enzyme was added to the blank, 1.2 
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ml of distilled water was added to equalize the volume. After waiting for 5 

min, absorbance was measured at 340 nm. 

•  Finally, 0.020 ml of Glucose-6-phosphate enzyme was added to the 

cuvettes and absorbance was measured at 340 nm after one hour at room 

temperature. 

Calculation: 

Starch amount (g/l) = (V ´ MW/e ´ d ´ v ´ 1000) ´ ∆A 

V= final volume (ml) 

v= sample volume (ml) 

MW= molecular weight (Starch=162.1 g/mol) 

e= Absorption coefficient of NADPH (6.3 I x mmol-1 x cm-1 for 340 nm) 

 

2.13 Mineral analysis 

Atomic absorption spectroscopy (AAS) is based on the absorption of UV radiation 

by free atoms in the gaseous state. The sample to be analyzed is reduced to ash 

and then dissolved in an aqueous solution. After aspiration of the resulting 

solution, it is aerated and mixed with combustible gases (approx. 2100-2800 °C) 

and released to form a cloud. 

Radiation is passed through the atomized sample and the absorption of the 

radiation is measured at specific wavelengths corresponding to the mineral under 

study.  

The concentration of the mineral under study is determined by the intensity of the 

peaks in the spectrum. This highly sensitive method allows the detection of an 

element down to 1 ppm. Elements such as Zn, Mn, Mg, Ca, Cr, Fe, Li, K, and Na 

can be determined directly by this method. 

• Approximately 0.3-1.0 g of the homogenized samples were weighed into 

the sample chambers of the microwave unit. Then 6.5 ml of 65% nitric acid 

(HNO3) and 1.5 ml of 30% hydrogen peroxide (H2O2) were added. The lids 

of the sample containers were tightened tightly placed inside the device 

and turned on. In the microwave digestion device, digestion was performed 

with the program suitable for the matrix as shown in the table below. 
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Step Ramp time (min) Temperature (°C) Waiting time (min) 

1 5 90 5 

2 5 90 5 

3 5 120 5 

4 5 120 5 

5 5 150 5 

6 5 150 5 

7 5 175 5 

8 5 175 5 

 

• Standard Preparation 

Mineral stock standard solution (1000 mg/L) 

Intermediate standard (10 mg/L): 0.5 ml of the stock solution was taken in 50 ml 

balloon jugs and the volume was made up to 50 ml with 1% nitric acid. 

Working standard: 1.0, 2.0, 4.0 ml of the intermediate standard was added to 

three separate 50 ml flasks. The volume was then made up to 50 ml with distilled 

water. 

Working standard 1: (0.2 mg/L) 

Working standard 2: (0.4 mg/L) 

Working standard 3: (0.8 mg/L) 

Blank solution was subjected to the same treatments as the working standards. 

 

• Reading Conditions in AAS 

The desired mineral lamp was installed in the AAS instrument. After the lamp was 

lit, it was waited for about 1/2 hour to reach the appropriate energy level. 

According to the conditions suitable for the mineral (For example for zinc; 

Wavelength: 219 nm, Slit: 0.7 nm). 

Flame conditions: Acetylene-air mixture 

Blank, standard and samples were injected into the instrument (dilution of 

samples was performed as needed), followed by three injections for each sample.  
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• Calculations 

Mineral (mg/kg) = Sample absorbance * sample volume * dilution ratio * standard 

concentration / sample amount (g)* standard absorbance 

Inductively coupled plasma mass spectrometry (ICP-MS) instrument was used for 

heavy metal analysis.  Among many techniques, ICP-MS is the ideal technique 

for toxic/heavy metals due to its high throughput and low amounts of detection 

lipid. 
 

 
Figure 8. Stages of mineral analysis. 

 
2.14 Heavy Metal Analysis 

The end products obtained in the mineral analysis described above were also 

used in the ICP-MS device.  In particular, the heavy metals lead (Pb), arsenic (As) 

and mercury (Hg), which are likely to be present in algae, were analyzed. 

A B 

K J H 
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D C 



 55 

Standard preparation 

Stock standard solutions (1000 mg/L) were purchased commercially. 

Þ Intermediate standard A (10 mg/L): For lead, mercury and arsenic, 0.5 ml 

of the 1000 mg/L stock standard solution was taken into 50 ml balloonjugs 

and the volume was made up to 50 ml with 1% nitric acid. 

Þ Intermediate standard B (100 µg/L):  For lead, mercury and arsenic, 0.5 ml 

of the 10 mg/L "Intermediate standard A" solution was taken in a 50 ml 

flask and the volume was made up to 50 ml with 1% nitric acid.  

After the elements to be analyzed were prepared as above, the working standards 

were prepared as follows. 

 
Table 2. The working standards of heavy metal analysis 

Amount of intermediate 

standards (ml) 

Element concentration 

(ppm) 

Element 

concentration (ppb) 

0,5 0,1 1 

1,0 0,2 2 

2,0 0,4 4 

4,0 0,8 8 

8,0 1,6 16 

16 3,2 32 

 

Reading Conditions in ICP-MS 

After the device was properly prepared for use, the elements and isotopes to be 

analyzed were selected in the relevant method. The isotopes of the elements are 

given in the table below. After the weighing and preparation volume of the 

samples were entered into the sample section on the software, the device 

automatically performed the calculation. 
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Table 3. Recommended isotopes for element selection 

Element Mass 
Lead 204, 206, 207, 208 

Mercury 199, 200, 201, 202 

Arsenic 75 

 

2.15 Phosphorus Analysis  

The final product obtained in the mineral analysis was also used for this analysis. 

Sample and Standard Preparation 

Preparing molybdovanadate solution 

20 g ammonium molybdate was dissolved in 200 ml hot water and cooled. Then 

1 g of ammonium metavanadate was dissolved in 125 ml of hot water, cooled and 

140 ml of concentrated nitric acid was added. After mixing both solutions, the 

volume was made up to 1 liter with water. 

Phosphorus standard preparation 

Stock standard: KH2PO4 was weighed 0.2196 g after drying at 105 °C for 1 h and 

the volume was made up to 1 l with water. 

Working standard: 

Standard1: 50 * 1/100 = 0.5 mg/ml 

Standard2: 50 * KH2PO4 2/100 = 1 mg/ml 

Standard3: 50 * 4/100 = 2 mg/ml 

Standard4: 50 * 8/100 = 4 mg/ml 

Standard5: 50 * 16/100 = 8 mg/ml 

Standard6: 50 * 20/100 = 10 mg/ml 

Preparation of the test solution 

5 ml of molybdovanadate solution was added to 5 ml of sample solution and made 

up to 25 ml with distilled water. A blank was then prepared using only the 

chemicals. Samples and standards were then read at 400 nm wavelength. 

The phosphorus content of the samples was determined from the standard curve. 

The result gave the % phosphorus. 
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Figure 9. Stages of phosphorus analysis. 

 

2.16 Fat Determination by Acid Hydrolysis  

• Weighed 0.5 g of the homogenized sample into a glass beaker. Then 100 

-120 mL of acid solution (4.0 N HCl) was added to the sample.  

• Then it was hydrolyzed for 4 hours with the help of a 200 °C heater and 

stirrer. 

• The mixture was then brought to room temperature and 50 mL of distilled 

water was added. 

• The sample was filtered through filter paper and washed with distilled water 

(50 x 2) and the filter paper was dried in an oven at 105 °C for 1 hour. 

Soxhlet Extraction 

• It was put into the extractor cartridge together with the filter paper obtained 

because of acid hydrolysis. 

• Cartridges were placed in the device. 6 buttons were placed in the "rinsing" 

position. 

• Each button was set to a "boiling" position. The magnetic part was 

connected to the cartridge adapter.  

• The buttons were moved to the "rinsing" position again.  

• The extraction vessels were brought to constant weight and weighing 

values were taken.  

After extraction, the extraction vessels were dried in an oven at approximately 

A B 
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105 °C for 30 minutes. Then they were taken to the desiccator, cooled to room 

temperature, and weighed and the percentage of oil extracted was calculated. 

Calculation 

W3: Weight of the oil collection container at the end of extraction and after cooling 

in the desiccator 

W2: Initial weight of the oil collection container (Clean and pre-dried) 

W1: Sample weight 

%Oil = W3-W2/W1*100 

After the determination of oil by acid hydrolysis, esterification was performed.  

 

2.17 Fatty Acid Methyl Ester (FAME) Analysis 

Preparation of 2.0 N Potassium Hydroxide (KOH) Solution  

• Dissolve 11.22 g KOH with methyl alcohol in a 100 mL balloon flask. 

Sample Preparation 

• The oils obtained by the above-mentioned Acid Hydrolysis Fat 

Determination Method were used for this step. The sample was 

homogenized by thorough mixing.  

• Then 0.1 g sample was weighed into a centrifuge tube, 0.5 mL 2.0 N KOH 

and 5 mL heptane were added and vortexed for 1 min. Then dry sodium 

sulfate was added with a spatula tip and vortexed again. 

Gas Chromatography Working Conditions 

- Detector temperature 260 °C 

- Time constant 200 

- Range: 1 

- Injector temperature: 280 °C 

- Oven temperature program held at 120 °C for 2 minutes, increased to 220 

°C at 5 °C per minute and held for 10 minutes.   

- Carrier gas: Helium 

- Carrier gas flow rate: 0.5 mL/min 

- Air flow rate: 450 mL/min 

- Hydrogen flow rate: 45 mL/min 
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- Attenuation -4 

- Injection: automatic 

- Injection volume 1µL 

- Analysis time: 32min 

- Split mode: flow 

- Ratio: 50mL/min 

Analysis With GC-FID 

Mix fatty acid standard solution was injected into the GC-FID and fatty acid methyl 

esters were checked for their retention time. Sample injection was then performed 

(three times).  

 

Calculation 

The fatty acid composition in the sample was found as a relative percentage.    

Trans fat, Omega 3, Omega 6, saturated fat, monounsaturated fat, 

polyunsaturated fat was calculated according to the following formulas and the 

results were reported in g/100g. 

 

Trans	fatty	acids =
𝑇𝑜𝑡𝑎𝑙	𝑡𝑟𝑎𝑛𝑠	𝑓𝑎𝑡𝑡𝑦	𝑎𝑐𝑖𝑑𝑠	(%)
𝑇𝑜𝑡𝑎𝑙	𝑓𝑎𝑡	𝑖𝑛	𝑡ℎ𝑒	𝑠𝑎𝑚𝑝𝑙𝑒 	× 	100 

 

Trans	fatty	acids =
𝑂𝑚𝑒𝑔𝑎3	𝑓𝑎𝑡𝑡𝑦	𝑎𝑐𝑖𝑑𝑠	𝑡𝑜𝑡𝑎𝑙
𝑇𝑜𝑡𝑎𝑙	𝑓𝑎𝑡	𝑖𝑛	𝑡ℎ𝑒	𝑠𝑎𝑚𝑝𝑙𝑒 	× 	100 

 

Trans	fatty	acids =
𝑂𝑚𝑒𝑔𝑎6	𝑓𝑎𝑡𝑡𝑦	𝑎𝑐𝑖𝑑𝑠	𝑡𝑜𝑡𝑎𝑙
𝑇𝑜𝑡𝑎𝑙	𝑓𝑎𝑡	𝑖𝑛	𝑡ℎ𝑒	𝑠𝑎𝑚𝑝𝑙𝑒 	× 	100 

 

Saturated	fat =
𝑇𝑜𝑡𝑎𝑙	𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑	𝑓𝑎𝑡𝑡𝑦	𝑎𝑐𝑖𝑑𝑠	(%)

𝑇𝑜𝑡𝑎𝑙	𝑓𝑎𝑡	𝑖𝑛	𝑡ℎ𝑒	𝑠𝑎𝑚𝑝𝑙𝑒 	× 	100 

 

Monounsaturated	fat =
𝑇𝑜𝑡𝑎𝑙	𝑚𝑜𝑛𝑜𝑢𝑛𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑	𝑓𝑎𝑡𝑡𝑦	𝑎𝑐𝑖𝑑𝑠	(%)

𝑇𝑜𝑡𝑎𝑙	𝑓𝑎𝑡	𝑖𝑛	𝑡ℎ𝑒	𝑠𝑎𝑚𝑝𝑙𝑒 	× 	100 
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Polyunsaturated	fat =
𝑇𝑜𝑡𝑎𝑙	𝑝𝑜𝑙𝑦𝑢𝑛𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑	𝑓𝑎𝑡𝑡𝑦	𝑎𝑐𝑖𝑑𝑠	(%)

𝑇𝑜𝑡𝑎𝑙	𝑓𝑎𝑡	𝑖𝑛	𝑡ℎ𝑒	𝑠𝑎𝑚𝑝𝑙𝑒 	× 	100 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Figure 10. Stages of FAME analysis. 
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3. RESULTS 

3.1 Growth monitoring at different temperatures  

 
Figure 11. Growth rate of C. vulgaris ASYA27 

To determine the optimum temperature level for the growth, all microalgae were 

incubated at 4, 15, and 25 °C.  When it was grown at 4 °C, the microalga C. 

vulgaris ASYA27 reached its maximum concentration in 22 days with 

approximately 1.5- and 2.5 times higher biomass than those grown under 15 and 

25 °C.  
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Figure 12. Growth rate and Fatty acids profile of ASYA46 

 

M. simplicissimum ASYA 46 showed the best growth when it was incubated at 15 

°C. The microalga biomass reached its maximum level on day 22 with 

approximately 1.7-fold higher cell density when compared to those incubated at 

4 °C and 25 °C.  
 
 

 
 
 
Figure 13. Growth rate and Fatty acids profile of ASYA46 

When the growth graph for C. vulgaris ARAS102 at different temperatures was 

examined, the highest absorbance values were reached at 25 °C growth 

condition. The stationary stage was reached on the 22nd day for all three 

temperature conditions.  

Considering the optimal growth efficiency of the strains, the psychrotolerant 

microalgae C. vulgaris ASYA27 and M. simplicissimum ASYA46 were grown 

under 15 °C and the mesophilic microalga C. vulgaris ARAS102 was grown under 

25 °C for the following experiments.  
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3.2 Dough 

Control Group 
 
 
 
 
 
 
 

 

When the control group of whole wheat (a) and gluten-free (b) breads were 

examined; it was observed that the bread prepared with whole wheat was puffier. 
 
Microalgae-containing dough formulation 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When the bread enriched with C. vulgaris ASYA27 was examined, darkening in 

color was observed as expected as the microalgae percentage increased. 

However, it was observed that bread formulations prepared with whole wheat 

flour were fluffier. In addition, the color intensity of whole wheat flour bread was 

more vivid compared to bread prepared with gluten-free flour, regardless of the 

percentage.  

 

A B C D 

E F G H 

K L 

M. simplicissimum ASYA46 containing dough formulation A: 46-C/1; B: 46-C/3; C: 46-GF/1; D: 46-
GF/3; E: 46-C/1; F: 46-C/3; G: 46-C/1; H: 46-GF/1; K: 46-C/3; L: 46-GF/3 

A B 
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Figure 14. ASYA27, ASYA46 and ARAS102 containing dough formulation. 

 
The above statements also apply to bread formulations enriched with M. 

simplicissimum ASYA46, and C. vulgaris ARAS102. In general, the most intense 

color was observed in breads doped with C. vulgaris ARAS102. Puffiness was 

higher in breads prepared with whole wheat flour. 
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C. vulgaris ASYA27 containing dough formulation A: 27-C/1; B: 27-C/3; C: 27-GF/1; D: 27-GF/3; E: 
27-C/1; F: 27-GF/1; G: 27-C/3; H: 27-GF/3; K: 27-C/1; L: 27-C/3; M: 27-GF/1; N: 27-GF/3 

C. vulgaris ARAS102 containing dough formulation A: 102-C/1; B: 102-C/3; C: 102-GF/1; D: 102-
GF/3; E: 102-C/1; F: 102-C/3; G: 102-C/1; H: 102-GF/1; K: 102-C/3; L: 102-GF/3 
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Figure 15. The lyophilization stage of bread 

The lyophilized breads (A-B-C) were powdered with the help of a blender and 

packaged according to their groups (D). Although the samples were lyophilized, 

they were stored in a 4 °C refrigerator for the duration of the analysis just in case. 

 

 

 

 

 

A B 

C D 
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3.3 Minerals 

Table 4. Mineral content of bread enriched with microalgae and control group. 

Samples Na (mg/1000 
g) K (mg/1000 g) Mg (mg/1000 

g) Zn (mg/1000 
g) Ca (mg/1000 

g) Mn (mg/1000 
g) Fe (mg/1000 

g) Cu (mg/1000 
g) P (mg/1000 g) 

Control-WW 3755 ± 0,33 1505 ± 0,07 846,5 ± 0,32 14,4 ± 0,33 599,3 ± 0,52 16,4 ± 0,24 28,3 ± 0,36 2,4 ± 0,33 1144,6 ± 0,21 

Control-GF 3924,7 ± 0,38 1491,1 ± 0,23 826,2 ± 0,09 16,7 ± 0,22 648,3 ± 0,23 13,3 ± 0,07 46,1 ± 0,42 1 ± 0,09 1114,6 ± 0,21 

27- WW-1 4136,2 ± 0,39 1647,1 ± 0,14 976,1 ± 0,12 16,3 ± 0,24 769,4 ± 0,37 18,5 ± 0,22 41,4 ± 0,27 11 ± 0,18 1361,4 ± 0,45 

27- WW-3 4312,8 ± 0,77 1682,2 ± 0,15 1004,1 ± 0,09 18,1 ± 0,29 861 ± 0,39 20,5 ± 0,25 46,5 ± 0,42 14,3 ± 0,16 1423,5 ± 0,16 

27-GF-1 4444,1 ± 0,28 1712,9 ± 0,18 910,1 ± 0,17 18,4 ± 0,36 781,4 ± 0,28 15,8 ± 0,11 72,2 ± 0,26 15,3 ± 0,16 1377,4 ± 0,15 

27-GF-3 4562,7 ± 0,52 1790,3 ± 0,04 1054,1 ± 0,09 18,7 ± 0,47 867,6 ± 0,74 16,5 ± 0,35 74,9 ± 0,48 17 ± 0,42 1441,4 ± 0,20 

46- WW-1 4542,1 ± 0,21 1670,2 ± 0,05 976,4 ± 0,39 16,1 ± 0,20 844,6 ± 0,40 24,4 ± 0,26 31,2 ± 0,16 4,5 ± 0,28 1289,7 ± 0,25 

46- WW-3 4577,8 ± 0,40 1906,1 ± 0,03 1066 ± 0,06 18,4 ± 0,24 877,3 ± 0,61 27,5 ± 0,29 50,5 ± 0,38 8,9 ± 0,45 1448,4 ± 0,38 

46-GF-1 4442 ± 0,62 1788,2 ± 0,04 927,1 ± 0,16 20,4 ± 0,28 820,4 ± 0,38 16,9 ± 0,39 88,2 ± 0,59 6,6 ± 0,42 1210,6 ± 0,32 

46-GF-3 4501,6 ± 0,39 1828,3 ± 0,12 1095,1 ± 0,09 21,2 ± 0,20 865,4 ± 0,24 18,3 ± 0,30 107,5 ± 0,27 9,7 ± 0,23 1423,2 ± 0,06 

102- WW-1 4121,5 ± 0,63 1721,2 ± 0,16 1017,1 ± 0,09 16,8 ± 0,23 881,3 ± 0,29 24,5 ± 0,14 32,1 ± 0,40 4,2 ± 0,19 1448,4 ± 0,26 

102- WW-3 4212,6 ± 0,47 1832 ± 0,22 1186 ± 0,05 17,6 ± 0,29 987,9 ± 0,69 25,2 ± 0,13 57,5 ± 0,29 5 ± 0,32 1536,5 ± 0,35 

102-GF-1 4612,2 ± 0,32 1621,5 ± 0,18 1046,1 ± 0,09 19,6 ± 0,30 899,7 ± 0,60 13,8 ± 0,27 71,7 ± 0,29 5,5 ± 0,40 1411,6 ± 0,26 

102-GF-3 4651,4 ± 0,31 1854,4 ± 0,04 1096,1 ± 0,08 21,4 ± 0,38 956,3 ± 0,22 15,3 ± 0,21 100,3 ± 0,20 6,5 ± 0,24 1528,2 ± 0,12 

27-RM/MB 1778,6 ± 0,69 3739,2 ± 0,29 3576,1 ± 0,08 73,5 ± 0,17 7833,1 ± 0,50 117,4 ± 0,31 656,3 ± 0,58 106,1 ± 0,14 8504,4 ± 0,45 

46-RM/MB 1737,9 ± 0,47 4118,2 ± 0,05 3429 ± 0,05 52,2 ± 0,19 7080,7 ± 0,56 114,2 ± 0,27 506 ± 0,46 115,4 ± 0,35 6672,5 ± 0,35 

102-RM/MB 1815,1 ± 0,20 4257,4 ± 0,46 4385,1 ± 0,16 38,5 ± 0,21 10255 ± 0,16 111,4 ± 0,29 634,3 ± 0,33 31,3 ± 0,32 9123,5 ± 0,15 

Breads and seaweeds were evaluated for nine different minerals and 3 different 

heavy metals. Mercury, lead, and arsenic content were found to be below the 

detection limit of 0.013 ppm. This shows that the products and seaweeds do not 

pose a risk in terms of heavy metals. When the minerals were analyzed, an 

increase was observed in every mineral without exception compared to the 

control group. Detailed evaluation is presented in the graphs below. 
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Figure 16. Na content 

The Na content of all three microalgae strains was somewhat similar. All three microalgae 

caused significant increases in the Na content of dough preparations. The increase in 

sodium content with microalgae percentage was seen in all three microalgae. The 

highest increase of 21.9% compared to the control group occurred in whole wheat bread 

enriched with 3% M. simplicissimum ASYA46. The largest change was observed in 

gluten-free breads with 16.3% and 18.5% in breads supplemented with C. vulgaris 

ASYA27 and C. vulgaris ARAS102, respectively. 

 

 
 

 
 
 
 
 
 
 
 
 
 
Figure 17. K content 

The potassium content of bread enriched with C. vulgaris ASYA27 increased in parallel 

with the microalgae percentage. The greatest change compared to the control group was 

observed in the 3% microalgae supplementation of the gluten-free group with 20.1%. 

Whole wheat bread stood out with 26.6% in bread supplemented with M. simplicissimum 

ASYA46 and gluten-free group with 24.4% in bread supplemented with C. vulgaris 

ARAS102. As expected, the highest potassium increases were observed in breads 

supplemented with 3% microalgae. 
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Figure 18. Mg content 

The magnesium content of the microalga C. vulgaris ASYA27 was recorded as 3.57 

mg/g. When this microalga was added to whole wheat at 1% or 3%, the total Mg 

concentration increased by 15.3% and 18.6%. When gluten-free bread was made with 

C. vulgaris ASYA27, an increase of 10.2% and 27.6% in Mg concentration was recorded 

with the addition of 1% and 3% microalga to the dough preparation. For M. 

simplicissimum ASYA46, the increase in the gluten-free group stood out, while for C. 

vulgaris ARAS102, the whole wheat bread group stood out. 
 

 
 

 
 
 
 

 
 
 
 
 
Figure 19. Zn content 

The zinc content of bread enriched with C. vulgaris ASYA27 increased with the 

percentage of microalgae. The most striking increase compared to the control group was 

seen in the group with 3% microalgae addition to whole wheat bread with 25.3%. In 

general, a change between 10.5% and 25.3% was observed. The most remarkable 

increase occurred in gluten-free bread to which C. vulgaris ARAS102 was added with 

28.7%. M. simplicissimum followed with a 27.7% zinc increase in whole wheat bread. 

Overall, an increase of 11.4-28.7% was calculated compared to the control. 
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Figure 20. Ca content 

Among the microalgae, the prominent species in terms of calcium was C. vulgaris 

ARAS102 with 512.7 mg/100. In parallel, the most remarkable increase occurred in whole 

wheat bread supplemented with C. vulgaris ARAS102 at 3%. Among the other species, 

C. vulgaris ASYA27 showed the highest change in whole wheat bread with 43.7%, while 

M. simplicissimum ASYA46 increased in whole wheat bread with 46.4%. The most 

striking change for all three microalgae occurred in whole wheat bread. The highest 

increase in gluten-free bread occurred in the group to which C. vulgaris ARAS102 was 

added at 47.5%. 

 
 
 
 
 
 
 
 
 
 
 

Figure 21. Mn content 

The manganese increases by 67.8% in whole wheat bread to which M. simplicissimum.  

ASYA46 was added was the most remarkable change. Increases ranged from 27.0% to 

67.8%. The manganese content of all three microalgae was measured at almost similar 

levels. Supplementation of whole wheat bread with 3% microalgae gave the highest 

results for all three microalgae. The prominent group for gluten-free was the group with 

3% M. simplicissimum. In addition, the manganese content in microalgae was found to 

be 10 times higher than the manganese content of the control group bread. 
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Figure 22. Fe content 

The iron content of bread enriched with C. vulgaris ARAS102 increased in parallel with 

the percentage of microalgae. The most remarkable change of 117.7% compared to the 

control group was observed in the 3% microalgae fortification of the gluten-free flour 

group. In general, a change between 13.2% and 117.7% was observed compared to the 

control group. The iron content of C. vulgaris ASYA27 and ARAS102 was higher than 

that of M. simplicissimum ASYA46. The greatest change provided by the three 

microalgae occurred in the gluten-free bread group. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 23. Cu content 

Copper was the element that led to the most remarkable increase among minerals. While 

the copper content of Antarctic microalgae was around 10.6-11.5%, the copper content 

of the mesotherm C. vulgaris ARAS102 microalgae was measured as 3.1%. The copper 

content in psychrotolerant microalgae was 50 and 100 times higher than in whole wheat 

bread and gluten-free bread, respectively. Therefore, the addition of microalgae to bread 

showed remarkable increases in its content. In particular, the highest increase of 847.9% 

was measured in gluten-free bread to which M. simplicissimum ASYA46 was added. 
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Figure 24. P content 

Phosphorus content was measured as 850-912 mg/100 g in microalgae. As expected, 

the percentage of phosphorus increased as the percentage of microalgae increased. In 

the bread to which C. vulgaris ASYA27 microalgae was added, the highest increase was 

seen in the gluten-free bread with 29.3%, the most remarkable increase in the group to 

which M. simplicissimum ASYA46 was added was seen in the gluten-free group with 

27.7%, and the change for C. vulgaris ARAS102 was seen in the gluten-free group with 

36.2%. The three microalgae contributed to the bread at similar rates. 
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3.4 Moisture 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 25. Moisture content 

 

 

Although the moisture content of the 

breads decreased compared to the 

control group, the moisture content 

increased with increasing percentage 

among the breads supplemented with 

microalgae. The formulation with the 

highest moisture content in the group 

with C. vulgaris ASYA27 microalgae was 

whole wheat bread with 19.33%. 
 
 

 

For M. simplicissimum, the leading 

formulation in terms of moisture content 

was whole wheat bread with 3% 

microalgae added with 18.7%. Moisture 

content increased with the percentage of 

microalgae. 
 
 
 

 

 

The moisture content of breads 

containing C. vulgaris ARAS102 

increased with the percentage of 

microalgae. The highest increase was 

seen in whole wheat flour bread 

formulation with 20.9%. 
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3.5 ASH 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 26. Ash content 

 

 

The ash content of breads 

supplemented with C. vulgaris ASYA27 

increased with the percentage of 

microalgae. The highest increase was 

20.2% in the gluten-free dough 

formulation with 3% M. simplicissimum. 

The lowest increase was seen in the 

group with whole wheat flour and 1% 

microalgae with 2.7%. 
 
 

 

The gluten-free flour dough formulation 

enriched with M. simplicissimum 

ASYA46 at 3% showed an ash increase 

of 29.9%. The lowest increase was seen 

in whole wheat flour with 1% microalgae 

addition with 6%. 
 
 
 

 

 

The ash content of bread with C. vulgaris 

ARAS102 increased with the percentage 

of seaweed. The highest increase was 

seen in gluten-free flour bread with 

29.6%. The lowest increase was seen in 

whole wheat flour with 1% microalgae 

addition with 6.7%. 
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3.6 PROTEIN 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 27. Protein content 

 

 

The protein content of bread with C. 

vulgaris ASYA27 supplementation 

increased with the percentage of 

microalgae. The highest increase was 

seen in gluten-free flour bread with 

20.7%. The lowest increase was seen in 

whole wheat flour with 1% microalgae 

addition with 8.2%. 
 
 

 

The addition of microalgae into the 

dough formulations caused significant 

increments in the total protein content of 

the bread. The total protein content of 

whole-wheat bread increased by 10.2% 

and 21.9% while a 21.2% and 32.1% 

increase was recorded when M. 

simplicissimum was added with 1% or 

3% ratios, respectively. 

 
 
Likewise, C. vulgaris ARAS102 

increased the total protein content of 

whole wheat and gluten-free breads. 1% 

or 3% addition of C. vulgaris ARAS102 

caused 20.5% and 34.7% increase in 

whole wheat, 27.5% and 33% increase 

in gluten-free bread.  
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3.7 AMINO ACIDS 

 
The whole wheat bread 

enhanced with C. vulgaris 

ASYA27 and 3 percent with 

62.7 percent showed the most 
rise in aspartic acid values 

when compared to the control 

group. An increase was noted 

in tandem with the microalgae 

percentage increase. 

 
 

The gluten-free bread 

supplemented with C. vulgaris 

ARAS102 and 3 percent and 

10.3 percent showed the 

highest increase in glutamic 

acid values compared to the 

control group. In general, the 
percentage of microalgae 

increased in parallel with the 

increase in glutamic acid 

levels.  

 

For serine amino acid, the 

greatest increase was 
observed in ARAS102 with 

131.7% and in the enriched 

gluten-free bread with 3%. M. 

simplicissimum ASYA46 also 

exhibited higher serine content 

than other microalgae. 

 
 

Figure 28. Aspartic acid, glutamic acid, and serine content 
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When glycine values were 
compared with the control group, 
the greatest increase was 
observed in the gluten-free bread 
enriched with ARAS102 and 3% 
with 74.1%. In general, an 
increase in glutamic acid level 
was observed parallel to the 
increase in microalgae 
percentage. 
 
 
 
 
When the arginine values were 
compared with the control group, 
the greatest increase was 
observed in the gluten-free bread 
enriched with ARAS102 and 3% 
with 116.0%. In general, an 
increase in glutamic acid level 
was observed parallel to the 
increase in microalgae 
percentage. 
 
 
 
When the alanine values were 
compared with the control group, 
the greatest increase was 
observed in the gluten-free bread 
enriched with 3% ARAS102 with 
81.7%. In general, an increase in 
glutamic acid level was observed 
parallel to the increase in 
microalgae percentage. 
 
 
 
 

Figure 29. Glycine, arginine, and alanine content 
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When histidine values were 
compared with the control group, 
the greatest increase was 
observed in the gluten-free 
bread enriched with ARAS102 
and 3% with 105.1%. In general, 
an increase in glutamic acid 
level was observed parallel to 
the increase in microalgae 
percentage. 
 
 
 
 
When threonine values were 
compared with the control group, 
the greatest increase was 
observed in whole wheat flour 
bread enriched with 3% 
ARAS102 with 254.6%. In 
general, an increase in glutamic 
acid level was observed parallel 
to the increase in microalgae 
percentage. 
 
 
 
 
When the proline values were 
compared with the control group, 
the highest increase was 
observed in whole wheat flour 
bread enriched with 3% 
ARAS102 with 26.7%. In 
general, an increase in glutamic 
acid level was observed parallel 
to the increase in microalgae 
percentage. 
 
 

 
Figure 30. Histidine, threonine, and proline content 
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When the tyrosine values 
were compared with the 
control group, the greatest 
increase was observed in 
gluten-free flour bread 
enriched with ASYA27 and 
3% with 55.5%. In general, an 
increase in glutamic acid level 
was observed parallel to the 
increase in microalgae 
percentage. 
 
 
 
When the valine values were 
compared with the control 
group, the greatest increase 
was observed in the gluten-
free flour bread enriched with 
3% ARAS102 with 50.0%. In 
general, an increase in 
glutamic acid level was 
observed parallel to the 
increase in microalgae 
percentage. 
 
 
 
When methionine values were 
compared with the control 
group, the greatest increase 
was in whole wheat flour 
bread enriched with 3% 
ASYA27 with 39.7%. In 
general, an increase in 
glutamic acid level was 
observed parallel to the 
increase in microalgae 
percentage. 

 
Figure 31. Tyrosine, valine, and methionine content 
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When ısoleucine values were 
compared with the control 
group, the greatest increase 
was observed in whole wheat 
bread enriched with 3% 
ASYA27 with 41.5%. In 
general, an increase in 
glutamic acid level was 
observed parallel to the 
increase in microalgae 
percentage. 
 
 
When leucine values were 
compared with the control 
group, the greatest increase 
was observed in gluten-free 
flour bread enriched with 
ASYA46 and 3% with 34.9%. 
In general, an increase in 
glutamic acid level was 
observed parallel to the 
increase in microalgae 
percentage. 
 
 
 
When phenylalanine values 
were compared with the control 
group, the greatest increase 
was observed in whole wheat 
flour bread enriched with 3% 
ARAS102 with 29.5%. In 
general, an increase in glutamic 
acid level was observed parallel 
to the increase in microalgae 
percentage. 
 

 
Figure 32. Isoleucine, leucine, and phenylalanine content 
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When the lysine values were 
compared with the control 
group, the greatest increase 
was observed in whole wheat 
flour bread enriched with 
ASYA27 and 3% with 21.9%. 
In general, an increase in 
glutamic acid level was 
observed parallel to the 
increase in microalgae 
percentage. 
 
 
 
When tryptophan values were 
compared with the control 
group, the highest increase 
was observed in whole wheat 
flour bread enriched with 3% 
ASYA46 with 69.1%. In 
general, an increase in 
glutamic acid level was 
observed parallel to the 
increase in microalgae 
percentage. 
 

 
Figure 33. Lysine and tryptophan content 
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3.8 Vitamin 

Vitamin B1 (Thiamine) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 34. Vitamin B1 content 

 

 
 
The thiamine content of bread with and 
without ASYA27 supplementation 
increased steadily with the percentage 
of seaweed. The highest increase with 
0.077% was observed in the 3% 
microalgae supplemented group of 
whole wheat flour bread. The lowest 
increase was 0.030% in whole wheat 
flour bread with 1% microalgae 
supplementation. 
 
 
 
 
The thiamine content of bread with and 
without ASYA46 supplementation 
increased steadily with the percentage 
of algae. The highest increase was 
0.183% in whole wheat flour bread with 
3% microalgae supplementation. The 
lowest increase was 0.103% in whole 
wheat flour bread with 1% microalgae 
supplementation. 
 
 
 
 
The thiamine content of bread with and 
without ARAS102 supplementation 
increased steadily with the percentage 
of algae. The highest increase with 
0.094% was observed in the 3% 
microalgae-supplemented group of 
whole wheat flour bread. The lowest 
increase was 0.054% in the 1% 
microalgae-supplemented group with 
gluten-free flour. 
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3.9 Vitamin B2 (Riboflavin) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 35. Vitamin B2 content 

 

 

 
 
The riboflavin content of bread with and 
without ASYA27 supplementation 
increased steadily with the percentage 
of algae. The highest increase was 
0.123% in the 3% microalgae-
supplemented group of whole wheat 
flour bread. The lowest increase was 
0.050% in the 1% microalgae-
supplemented group with gluten-free 
flour. 
 
 
 
The riboflavin content of bread with and 
without ASYA46 supplementation 
increased steadily with the percentage 
of algae. The highest increase with 
0.131% was observed in the 3% 
microalgae supplemented group of 
whole wheat flour bread. The lowest 
increase was 0.060% in the 1% group 
with gluten-free flour. 
 
 
 
 
The riboflavin content of bread with and 
without ARAS102 supplementation 
increased steadily with the percentage 
of algae. The highest increase of 
0.131% was observed in the 3% 
microalgae-supplemented group of 
whole wheat flour bread. The lowest 
increase was 0.056% in the 1% 
microalgae-supplemented group of 
whole wheat flour bread. 
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3.10 Vitamin B6  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 36. Vitamin B6 content 

 

 
 
The pyridoxine content of bread with and 
without ASYA27 supplementation 
increased steadily with the percentage 
of algae. The highest increase was 
0.089% in the 3% microalgae-
supplemented group of gluten-free flour 
bread. The lowest increase was 0.022% 
in the 1% microalgae-supplemented 
group with whole wheat flour. 
 
 
 
 
 
The pyridoxine content of bread with and 
without ASYA46 supplementation 
increased steadily with the percentage 
of algae. The highest increase was 
0.094% in whole wheat flour bread with 
3% microalgae supplementation. The 
lowest increase was 0.033% in whole 
wheat flour bread with 1% microalgae 
supplementation. 
 
 
 
 
The pyridoxine content of bread with and 
without ARAS102 supplementation 
increased steadily with the percentage 
of algae. The highest increase was 
0.136% in the 3% microalgae-
supplemented group of whole wheat 
flour bread. The lowest increase was 
0.035% in the 1% microalgae-
supplemented group with gluten-free 
flour. 
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3.11 Vitamin Content 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 37. Vitamin content of microalgae 

 

 

 

As a result of thiamine analysis in the 

biomass of C. vulgaris ASYA27, M. 

simplicissimum ASYA46, and 

ARAS102 microalgae, the highest 

value was found in C. vulgaris 

ARAS102 microalga with 1.56 

mg/100 g. 
 
 

 

 

Riboflavin level of C. vulgaris 

ASYA27 and M. simplicissimum 

ASYA46 was around 1.7mg/100 g 

while it was measured as 

1.55mg/100g in C. vulgaris 

ARAS102. 
 

 

 

 

Pyridoxine levels of psychrotolerant 

strains were similar while mesophilic 

C. vulgaris ARAS102 includes higher 

level of pyridoxine with a value of 

0.78 mg/100g biomass.  
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3.12 Total Dietary Fiber 

 
                                                        
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 38. Total dietary fiber content 

 
 
 

Enrichment of bread with C. vulgaris 

ASYA27 increased the fiber content. 

The biggest change was seen in 

whole wheat breads when C. vulgaris 

ASYA27 was added at 3% with an 

increase of 52.3%. 
 

 

 

 

M. simplicissimum ASYA46 also 

increased the fiber content of the 

bread to which it was added. The 

biggest change was seen in gluten-

free breads when ASYA46 was 

added at 3% with a change of 73.8%. 
 

 

 

 

As expected, there was an increase 

in the fiber content of the bread to 

which C. vulgaris ARAS102 was 

added. The biggest change was 

seen in gluten-free breads when 

ARAS102 was added at 3% with a 

change of 39%. 
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3.13 Starch Content 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 39. Starch content 

 

 

 

 

An increase of 3.3-14.3% was 

observed in the starch content of the 

bread to which ASYA27 was added. 

The most striking change occurred in 

the whole wheat bread group with 3% 

microalgae addition with 14.3%. 
 

 

 

 

The starch content of the bread to 

which ASYA46 was added changed 

between 2.4-13.8%. The most 

striking increase occurred in the 

whole wheat bread group with 3% 

microalgae addition with 13.8%. 
 

 

 

There was also a change between 

1.8-6.6% in the bread to which 

ARAS102 was added. The most 

striking increase occurred in the 

whole wheat bread group with 3% 

microalgae addition with 6.6%. 
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3.14 Total Lipid 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 40. Total lipid content 

 
 

 

 

The total lipid content of the bread 

supplemented with ASYA27 varied 

between 18.9-27.4%. The most 

striking increase was seen in the 

whole wheat bread group with 3% 

microalgae supplementation with 

27.4. 

 

 

 

The total lipid content of the ASYA46 

bread also varied between 20.7-

30.5%. The highest change was 

observed in the gluten-free bread 

group with 3% microalgae addition 

with 30.5%. 

 

 

 

The total lipid content of ARAS102-

supplemented breads varied 

between 7.5-14.6%. The highest 

change was observed in the whole 

wheat bread group with 3% 

microalgae addition with 7.5%. 
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3.15 Fatty Acids 

Table 5. Fatty acid profile of breads with/without ASYA27 

Formula % Fatty Acids ASYA27 Control-
WW 

27-
WW/1 

27-
WW/3 

Control- 
GF 

27- 
GF/1 

27- 
GF/3 

C4:0 Butyric acid 0 0,56 0,14 0,13 0,67 0,21 0,18 

C6:0 Caproic acid 0 0,45 0,15 0,15 0,69 0,29 0,22 

C8:0 Caprylic acid 0,23 0,1 0,09 0,1 0,05 0,19 0,12 

C10:0 Capric acid 0,58 0,44 0,22 0,22 0,63 0,37 0,31 

C12:0 Lauric acid 0,03 0,75 0,27 0,27 0,16 0,45 0,4 

C14:0 Myristic acid 0,47 0,92 1,05 1,08 0,94 2,83 1,67 

C15:0 Pentadecanoic acid 0,21 0,34 0,1 0,1 0,07 0,15 0,14 

C16:0 Palmitic acid 25,56 14,83 13,81 13,2 14,15 18,03 15,49 

C17:0 Heptadecanoic acid  6,11 0,28 0,16 0,17 0,16 0,21 0,18 

C18:0 Stearic acid 1,01 4,56 3,75 3,73 3,91 4,74 4,12 

C20:0 Arachidic acid  0 0,37 0,35 0,32 0,39 0,42 0,34 

C21:0 Henicosanoic acid 0 0,02 0,03 0,03 0,03 0,45 0 

C22:0 Docosanoic acid 0 0,31 0,09 0,09 0,1 0,13 0,08 

C23:0 Tricosanoic acid 0 0,03 0,01 0,02 0,21 0,03 0,02 

C24:0 Lignoceric acid 0,8 0,05 0,04 0,04 0,04 0,07 0,05 

SSFA 35 23,45 20,12 19,52 21,53 28,36 23,14 

C14:1 Myristoleic acid 0 0,23 0,07 0,07 0,04 0,1 0,1 

C16:1 Palmitoleic acid 7,64 0,9 0,84 0,87 0,79 0,8 0,82 

C18:1,trans n9 Elaidic acid 0,09 1,16 0,01 0,16 0,1 0,24 0,26 

C18:1, cis (n9) Oleic acid 26,22 62,08 64,08 64,19 65,91 58,45 59,37 

C20:1,Cis-11 n9 Eicosenoic acid 0,95 0,25 0,25 0,26 0,26 0,31 0,32 

C22:1 (n9) Erucic acid 0 0,32 0,14 0 0,33 0,06 0,08 

C24:1 (n9) Nervonic acid 0,06 0 0 0 0 0 0,01 

SMUFA 34,96 64,94 65,39 65,55 67,43 59,96 60,96 

C18:2,cis (n6) Linoleic acid 29,05 10,96 13,12 13,4 10,40 11,02 14,76 

C18:3 (n3) α-Linolenic acid 0,75 0,65 0,87 1 0,64 0,66 1,14 

C20:2,Cis-11,14 Eicosadienoic acid 0,21 0 0 0 0 0 0 

C20:3,Cis-8,11 Eicosatrienoic acid 0,03 0 0,5 0,53 0 0 0 

SPUFA 30,04 11,61 14,49 14,93 11,04 11,68 15,9 

TOTAL 100 100 100 100 100 100 100 

In the whole wheat bread group, addition of the microalga in dough formulations 

increased the unsaturation ratio of the breads. saturated fatty acid content decreased 

from 23.5% in the control group to 19.52% with the addition of 3% C. vulgaris ASYA27 

biomass. On the other hand, PUFA content increased from 11.61% to 14.93%.  

When it comes to gluten-free bread, the PUFA content increased from 11.04% to 15.9% 

while monounsaturated fatty acid levels decreased from 67.43% to60.96% because of 

3% microalgal biomass addition.  
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Table 6. Fatty acid profile of breads with/without ASYA46 

Formula % Fatty Acids ASYA46 Control-
WW 

46-
WW/1 

46-
WW/3 

Control- 
GF 

46- 
GF/1 

46- 
GF/3 

C4:0 Butyric acid 0 0,56 0,54 0,19 0,67 0,16 0,14 

C6:0 Caproic acid 0 0,45 0,2 0,2 0,69 0,69 0,2 

C8:0 Caprylic acid 0,14 0,1 0,14 0,13 0,05 0,11 0,11 

C10:0 Capric acid 0,87 0,44 0,28 0,31 0,63 0,27 0,27 

C12:0 Lauric acid 0,04 0,75 0,37 0,37 0,16 0,34 0,35 

C14:0 Myristic acid 0,43 0,92 1,41 1,46 0,94 1,36 1,44 

C15:0 Pentadecanoic acid 0,13 0,34 0,12 0,14 0,07 0,11 0,13 

C16:0 Palmitic acid 26,79 14,83 15,86 15,3 14,15 15,04 16,01 

C17:0 Heptadecanoic acid  0,06 0,28 0,19 0,18 0,16 0,77 0,18 

C18:0 Stearic acid 0,56 4,56 4,22 4,13 3,91 4,15 4,14 

C20:0 Arachidic acid  0 0,37 0,37 0,33 0,39 0,54 0,3 

C21:0 Henicosanoic acid 0 0,02 0 0 0,03 0,03 0 

C22:0 Docosanoic acid 0 0,31 3,4 0,09 0,1 0,11 0,11 

C23:0 Tricosanoic acid 0 0,03 0,04 0,01 0,21 0,02 0,06 

C24:0 Lignoceric acid 1,45 0,05 0,05 0,04 0,04 0,05 0,06 

SSFA 30,47 23,45 26,65 22,69 21,53 23,59 23,36 

C14:1 Myristoleic acid 0 0,23 0,08 0,1 0,04 0,08 0,09 

C16:1 Palmitoleic acid 6,3 0,9 0,81 0,88 0,79 0,89 0,82 

C18:1,trans n9 Elaidic acid 0,09 1,16 0,21 0,48 0,1 0,21 0,23 

C18:1, cis (n9) Oleic acid 19,76 62,08 57,79 59,49 65,91 58,91 60,75 

C20:1,Cis-11 n9 Eicosenoic acid 0 0,25 0,26 0,28 0,26 0,31 0,28 

C22:1 (n9) Erucic acid 0 0,32 0,81 0 0,33 0,06 0 

C24:1 (n9) Nervonic acid 0 0 0,17 0,57 0 0,89 0 

SMUFA 26,15 64,94 60,13 61,8 67,43 61,35 62,17 

C18:2,cis (n6) Linoleic acid 24,17 10,96 12,35 13,96 10,40 13,83 13,21 

C18:3 (n3) α-Linolenic acid 18,99 0,65 0,87 1,55 0,64 1,23 1,26 

C20:2,Cis-11,14 Eicosadienoic acid 0,22 0 0 0 0 0 0 

C20:3,Cis-8,11 Eicosatrienoic acid 0 0 0 0 0 0 0 

SPUFA 43,38 11,61 13,22 15,51 11,04 15,06 14,47 

TOTAL 100 100 100 100 100 100 100 

 
Addition of M. simplicissimum ASYA46 into the dough formulations caused significant 

changes in the unsaturation level of the breads. The saturated fatty acid levels did not 

show remarkable variations while PUFA levels increased from 11.61% to 15.51% in 

whole wheat breads, from 11.04% to 14.47% in gluten free breads when the microalga 

was added in 3% ratio.  
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Table 7. Fatty acid profile of breads with/without ARAS102 

Formula % Fatty Acids ARAS102 Control-
WW 

102-
WW/1 

102-
WW/3 

Control- 
GF 

102- 
GF/1 

102- 
GF/3 

C4:0 Butyric acid 0 0,56 0,16 0,17 0,67 0,26 0,24 

C6:0 Caproic acid 0 0,45 0,59 0,18 0,69 0,87 0,25 

C8:0 Caprylic acid 2,7 0,1 0,14 0,11 0,05 0,16 0,14 

C10:0 Capric acid 3,1 0,44 0,28 0,26 0,63 0,39 0,36 

C12:0 Lauric acid 0,45 0,75 0,33 0,32 0,16 0,48 0,44 

C14:0 Myristic acid 1,12 0,92 1,69 1,28 0,94 1,8 1,71 

C15:0 Pentadecanoic acid 0,4 0,34 0,12 0,12 0,07 0,16 0,15 

C16:0 Palmitic acid 28,12 14,83 17,9 13,86 14,15 18,65 15,04 

C17:0 Heptadecanoic acid  5,7 0,28 0,17 0,16 0,16 0,18 0,18 

C18:0 Stearic acid 7,6 4,56 4,07 3,67 3,91 4,24 4,14 

C20:0 Arachidic acid  0,7 0,37 0,38 0,29 0,39 0,34 0,32 

C21:0 Henicosanoic acid 0 0,02 0 0 0,03 0,14 0 

C22:0 Docosanoic acid 0 0,31 0,13 0,09 0,1 0,08 0,1 

C23:0 Tricosanoic acid 1,61 0,03 0,04 0,01 0,21 0,41 0 

C24:0 Lignoceric acid 4,5 0,05 0,06 0,02 0,04 0,04 0,02 

SSFA 56 23,45 25,9 20,37 21,53 27,94 22,85 

C14:1 Myristoleic acid 0 0,23 0,08 0,09 0,04 0,12 0,11 

C16:1 Palmitoleic acid 6,7 0,9 0,75 0,81 0,79 0,84 0,86 

C18:1,trans n9 Elaidic acid 0 1,16 0,21 0,21 0,1 0,23 0,28 

C18:1, cis (n9) Oleic acid 14,1 62,08 58,17 60,65 65,91 54,84 58,13 

C20:1,Cis-11 n9 Eicosenoic acid 0 0,25 0,27 0,25 0,26 0,31 0,27 

C22:1 (n9) Erucic acid 0 0,32 0 0 0,33 0 0 

C24:1 (n9) Nervonic acid 0,1 0 0 0 0 0 0 

SMUFA 20,09 64,94 59,48 62,01 67,43 56,34 59,65 

C18:2,cis (n6) Linoleic acid 20,9 10,96 13,72 16,34 10,40 14,62 16,43 

C18:3 (n3) α-Linolenic acid 2,2 0,65 0,9 1,28 0,64 1,1 1,07 

C20:2,Cis-11,14 Eicosadienoic acid 0 0 0 0 0 0 0 

C20:3,Cis-8,11 Eicosatrienoic acid 0 0 0 0 0 0 0 

SPUFA 23,1 11,61 14,62 17,62 11,04 15,72 17,5 

TOTAL 100 100 100 100 100 100 100 

 
The saturation level of the whole wheat bread decreased from 23.45% to 20.37% when 

3% C. vulgaris ARAS102 was added as an ingredient. The addition of C. vulgaris 

improved the PUFA content of the bread from 11.61% to 17.62%. 
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4. DISCUSSION 

4.1 Structural View 

In general, when compared to the control group. As the percentage of microalgae 

increases, the bread turns a darker green color. The attractive green tones also 

varied according to the type of microalgae used. The most pronounced and 

darkest green was observed in bread supplemented with ARAS102. However, 

there is a difference between gluten-free and whole-wheat bread in terms of 

puffiness. The main reason for this is the tendency of gluten to retain water and 

air (Don et al., 2005). Namely, the protein added due to gluten deficiency reduces 

the volume. This is because the added protein disrupts the disulfide bonds 

between the gluten, causing the gluten network to retain a lower amount of air 

(Abedi & Pourmohammadi, 2021). 

 

4.2 Moisture 

Moisture refers to the amount of water present in a food sample. Accurate 

measurement of moisture in food is critical as it affects the product's overall 

quality, stability, and shelf life. Moisture absorption properties in agricultural and 

food products play a vital role in various technological processes (Dadmohammadi 

& Datta, 2020). These processes include drying, transportation, packaging, storage, 

mixing, freeze-drying, and other operations that require prediction of food stability, 

shelf life, glass transition temperature, and drying time and texture. Knowledge of 

moisture absorption isotherms and models helps calculate the thermodynamic 

energies associated with moisture in products, leading to increased efficiency in 

food processing. Furthermore, the equilibrium moisture content of a food system 

is influenced by the interaction between the material and the environment. This is 

particularly important in the storage of food products, as higher moisture content 

can lead to spoilage through physical, chemical, and microbiological processes. 

The moisture content of bread plays a crucial role in the quality and shelf life of 

wheat-based products. Moisture content affects the texture, taste, and overall 

freshness of bread. The ideal moisture content for bread is usually around 30-
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35% (Różyło et al., 2015). Too high a moisture content can result in a wet and 

dense texture and encourage the growth of mold and bacteria (Rokey et al., 

2010). On the other hand, if the moisture content is too low, the bread can become 

dry, crumbly, and stale (Baik & Chinachoti, 2000). Furthermore, the moisture content 

of bread can be influenced by factors such as the type of flour used, the 

fermentation process, and storage conditions. It is important to note that enzymes 

such as lipases and proteases can indirectly affect the moisture content of bread. 

Lipases and proteases can break down lipids and proteins, affecting the structure 

and moisture-holding capacity of bread dough.  

When the results were examined, 20.69% moisture content was determined in 

the control bread prepared with whole wheat flour, while 17.63% moisture content 

was determined in the control bread prepared with gluten-free. The high-water 

holding capacity of gluten may explain this difference. In the groups where 

microalgae were added, moisture content increased with the percentage of 

microalgae in general. Microalgae protein content explains the increase in 

moisture content. When water is structurally evaluated, it contributes to the 

hydrogen bonding of proteins in complex formation. In addition, water-protein 

interaction is effective in protein dynamics (P. Dutta et al., 2014). That is, proteins 

in general tend to hydrate and compete for water in the environment. This leads 

to an increase in the amount of moisture in the environment. When the literature 

is examined, it is seen that the percentage of moisture increases with the 

percentage of microalgae in many studies (Bellissent-Funel et al., 2016). The 

reason why the moisture content is lower than the ratio for bread is that the 

analysis was performed on lyophilized bread samples. Moisture is the most 

important parameter for shelf life and functional breads with microalgae content 

recommended for daily consumption do not require a very long shelf life 

(Escobedo-Avellaneda et al., 2012) 

 

4.1 Ash 

Ash is the residue left after the complete combustion of a food sample at high 

temperatures (Marshall, 2010). It represents the inorganic mineral content of the 
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food, including elements such as calcium, magnesium, potassium, zinc, iron, 

copper, and phosphorus (Liu, 2017). The main elements that make up ash are 

approximately 3% calcium, 13% magnesium, 38% potassium, and 45% 

phosphorus, with other elements making up the rest (Kmiecik et al., 2000). 

These minerals are essential for various physiological processes in the human 

body and play an important role in maintaining overall health. As ash parameters 

provide valuable information about the composition and quality of food, they can 

also indicate the presence of contaminants or additives in food. 

The grain from which the flour is made also affects the amount of ash. The mineral 

content of cereals can vary according to both season and growing conditions. 

Especially minerals are mostly found in the embryo, husk, or bran of wheat (Brier 

et al., 2015). Therefore, the ash content of whole wheat is higher. The ash content 

of whole wheat and oat flour used in the study is higher than other cereals.  

Another indicator for ash is the color of bread (Samilyk et al., 2022). As the bran 

part, which is effective in giving color to the bread, increases, the color of the 

bread becomes darker. In other words, as the whiteness of the bread decreases, 

the ash content increases, and as the whiteness increases, it decreases. When 

the results are analyzed, as expected, the ash content of the bread supplemented 

with microalgae is higher than the control group. Likewise, there is a parallelism 

between the ratio of microalgae content and ash content. When the literature is 

examined, the ash content of bread supplemented with microalgae is higher than 

that of bread not supplemented with microalgae. The rich mineral profile of 

microalgae is the most effective reason for the increase in ash. 

 

4.2 Protein 

Protein is a key indicator of the nutritional value and quality of food (Bohrer, 2017). 

The amount and type of proteins present in a food product provide information 

about the food. Proteins are essential macronutrients that play a critical role in 

building and repairing body tissues, supporting immune function, and serving as 

a source of energy (Kumar et al., 2017). Protein parameters in food help 

determine the amino acid profile, which is crucial for assessing the bioavailability 
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and nutritional adequacy of proteins in the diet.  

Protein levels in bread are very important for its quality and nutritional value. 

Composed mainly of glutenins and gliadins, protein in bread contributes to the 

structure and texture of the final product (Chaudhary et al., 2022). The protein 

content of bread can vary depending on the type of flour used and the processing 

techniques employed. Studies have shown that protein content has a significant 

impact on the rheological properties of bread dough and the volume and texture 

of the final baked bread (Ziobro et al., 2013). High-protein bread, such as bread 

made from flour with a higher protein content, tends to rise better and have a 

more desirable texture compared to low-protein bread. The protein content of 

bread is also important for its nutritional value. Proteins in bread contribute to the 

body's supply of amino acids and are important for the growth, repair, and 

maintenance of tissues. They are also involved in enzyme production, immune 

function, and hormone regulation (Kourkouta, 2017).  

With the spread of celiac disease, the demand for gluten-free products has 

increased. Consumption of wheat, rye, and barley varieties by people with this 

disease causes health problems. The most effective method to prevent and/or 

reduce this condition is to eliminate gluten from the diet (Leonard et al., 2017). In 

addition to celiac patients, the gluten-free diet has attracted interest from other 

consumer groups in recent years due to individual consumption preferences and 

popular diets.  

Gluten is a storage protein composed of gliadin and glutenin fractions (P. Wang 

et al., 2014). While the gliadin fraction provides extensibility and viscosity to the 

dough, the glutenin fraction is responsible for elasticity and stickiness and 

therefore has an impact on the appearance, internal structure, baking, and 

rheological properties of bakery products (Uthayakumaran et al., 2001). 

Considering these problems, it has become necessary to add different protein 

sources to gluten-free product formulations. With the use of many alternative 

protein sources, it is now possible to both increase the protein content and add 

functional properties to the product. Microalgae is an ideal solution for this 

situation. 
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The results are examined, an increase of 10-30% in protein content was observed 

in all groups with microalgae added compared to the control group. The protein 

value, which was 8.34% in gluten-free bread, increased up to 11.10% after the 

addition of microalgae. The protein content increased in parallel with the 

microalgae percentage. When the literature is examined, it is seen that the 

addition of microalgae increases the protein content in bread (Qazi et al., 2021). 

When the literature is examined, the protein content of whole wheat bread varies 

between 8-10%, while the protein content of gluten-free bread is between 7-8%. 

In other words, supplementation of bread with microalgae increased the protein 

content in both flour types. 

 

4.3 Mineral 

Minerals play a vital role in human health as they are involved in numerous 

physiological processes. These processes include bone formation and 

maintenance, nerve conduction, muscle contraction, hormone synthesis, enzyme 

activity, and maintaining proper fluid balance. Minerals are also essential for the 

proper functioning of the immune system and oxidative processes in the body. 

Inadequate intake of minerals can lead to deficiencies that can have detrimental 

health effects. These effects can include weakened bone structure, impaired 

cognitive function, reduced energy levels, impaired immune response, and 

increased risk of chronic diseases (Gharibzahedi & Jafari, 2017). It is therefore very 

important to ensure adequate mineral intake through a balanced diet that includes 

mineral-rich foods such as bread (Sales et al., 2017). 

Wheat-based products, especially bread and biscuits, have long been used as a 

means of enriching flour with micronutrients such as vitamins and minerals to 

increase their nutritional value. The mineral content of bread can vary depending 

on factors such as the type of grain used, processing methods, and fortification 

practices (Wilder, 1956). Some minerals commonly found in bread include 

sodium, potassium, calcium, magnesium, phosphorus, iron, copper, and zinc 

(Iskander & Davis, 1992). These minerals play important roles in supporting various 

body functions such as nerve conduction, muscle contractions, and enzyme 
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activity (Godswill et al., 2020). Bread can also provide minerals such as 

potassium and phosphorus, which are essential for maintaining fluid balance and 

energy metabolism in the body (Jiaying et al., 2022). By including bread in one's 

diet, individuals can increase their mineral intake and support the overall health 

and functioning of their body. Furthermore, bread enriched with additional 

minerals can provide a higher concentration of essential nutrients. 

The mineral analyses performed within the scope of the study are as follows: 

Sodium (Na), magnesium (Mg), potassium (K), calcium (Ca), and phosphorus (P) 

for macro elements; copper (Cu), manganese (Mn), iron (Fe) and zinc (Zn) for 

microelements.  

When the sodium results were analyzed, it was observed that sodium content 

increased with the addition of microalgae compared to the control group. The 

increase in the percentage of microalgae also increased the sodium content. 

Sodium is an important mineral involved in various physiological processes 

including maintaining fluid balance, transmission of nerve impulses, and 

regulation of blood pressure, especially as a major cation in extracellular fluid 

(Humalda et al., 2020). The recommended daily intake is 2300 mg (Bossola et 

al., 2020). The recommended amount of sodium for bread varies between 400-

500 mg/100 g (Grimes et al., 2008). In short, the addition of microalgae increased 

the sodium content to the ideal range for bread. In the literature, similar results 

were found in the sodium content of bread with microalgae addition (Batista et al., 

2019). 

The addition of microalgae increased the magnesium content in bread. 

Magnesium participates in more than 300 biochemical reactions in the body and 

plays a vital role in energy metabolism, muscle function, nerve conduction, and 

maintenance of normal heart rhythm. It is responsible for catalyzing enzymatic 

reactions related to energy transfer, storage, and utilization. It also reduces the 

hypersensitivity of the nervous system (Fiorentini et al., 2021). When we examine 

the importance of magnesium for microalgae, it is an essential element in 

microalgae growth because it is important in the chlorophyll molecule and plays 

a role in the activity of photosynthetic enzymes (da Silva Ferreira & Sant’Anna, 2017). 
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The recommended daily intake for magnesium is 350 mg, and the amount of 

magnesium common for bread varies between 50-80 mg depending on the flour 

(Agostoni et al., 2015). Enriching bread with microalgae makes the necessary 

magnesium intake accessible. In addition, hazelnuts, one of the richest foods in 

magnesium, contain 244 mg/100 g of magnesium, while the magnesium content 

of ARAS102 is 438.5 mg/100 g (Amini-Noori & Ziarati, 2015). This makes it a very 

rich alternative. 

Potassium results in an increase with the addition of microalgae as expected. 

Potassium is another important mineral that helps maintain fluid balance, 

supports proper muscle and nerve function, and regulates heart rhythm (He & 

MacGregor, 2008). While the recommended amount of potassium for bread is 115 

mg, the recommended daily intake varies between 2600-3400 mg depending on 

gender and age. In the literature, it has been observed that the addition of 

microalgae enriches the potassium content of bread (Calderón Bravo et al., 2021; 

Reißner et al., 2019). Bananas, which are one of the richest sources of potassium, 

have a content of 358 mg/100 g, while ARAS102 shows a good competitor 

potential with a magnesium content of 425.7 mg/100 g (Ranjha et al., 2022). 

As expected, the zinc, manganese, and calcium contents also increased because 

of microalgae addition. Zinc is an important mineral that plays a key role in 

enzyme function, immune system support, DNA synthesis, and wound healing 

(Brandão-Neto et al., 1995). Daily intake varies between 8-11 mg depending on 

gender (Gibson et al., 2016). The common amount for bread varies between 1.2-

1.8 mg/100g (Sandstrom et al., 1980). The most ideal sources of zinc are meat, 

seafood, and seeds. The ideal source of zinc in meat is 8mg/100g and ASYA27 

is a good alternative with a zinc content of 7.4 mg/100 g (Ayodele & Ajibola, 2012).  

Manganese is essential for the activity of some enzymes and is involved in 

glycoprotein synthesis and the formation of proteoglycans (Lawrence & Sawyer, 

1978). It also plays a role in the regulation of lipid metabolism and the prevention 

of atherosclerosis (L. Li & Yang, 2018). The recommended daily intake is between 

1.8-2.3 mg depending on gender (Tripathi et al., 2000). Common amounts for 

bread range from 0.06-2.55 mg/100 g (Aghalari et al., 2022). Mussels are the 
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highest source of manganese at 5.8 mg/100 g, but ASYA27 may be an alternative 

source with twice the manganese content at 11.7 mg/100 g (Langlet et al., 2007). 

Calcium is essential for maintaining strong bones and teeth, as well as supporting 

muscle function, nerve communication, and blood clotting (Theobald, 2005). The 

recommended daily intake is 1200 mg (Cormick & Belizán, 2019). The amount of 

calcium in bread is between 200-240 mg/100 g (Prouty & Cathcart, 1939). Although 

the calcium content of bread is increased with the addition of microalgae, it is not 

as high as the calcium content of bread in the literature (Sugiati et al., 2020). 

However, while the content of tofu cheese, which is one of the most important 

sources of calcium, is 683 mg /100 g, the content of ARAS102 at 512.7 mg /100 

g may be a good alternative for calcium (Choi et al., 2020). 

Phosphorus is an essential component of DNA, RNA, and ATP (adenosine 

triphosphate), which are crucial for cellular energy production, bone and tooth 

formation, and maintenance of acid-base balance (Maciá, 2005). It plays a role 

with calcium in the formation of bones and teeth (Ciosek et al., 2021). Daily 

phosphorus intake is recommended at 700 mg (Calvo & Uribarri, 2013). The amount 

of phosphorus common in bread varies between 106-120 mg/100 g eggs, the 

richest source of phosphorus, contain 198 mg/198 g (Miles et al., 1983; Ozturk et 

al., 2005). The phosphorus content of ARAS102 was measured to be 912.4 

mg/100 g, making it one of the ideal sources of phosphorus. 

The amount of iron, copper, and phosphorus increased with the addition of 

microalgae. Iron is necessary to produce hemoglobin, a protein found in red blood 

cells that carries oxygen throughout the body (Abbaspour et al., 2014). The 

recommended daily intake of iron is between 8-18 mg (Schümann et al., 2007). 

The liver, the richest source of iron, contains 17.9 mg/100 g, while ASYA27 is a 

much richer source of iron with a content of 65.6 mg/100 g (Tziomalos & Perifanis, 

2010). The iron content of bread is generally between 1.76 and 2.6 mg/100 g 

(Ranjbar et al., 2019). When the study was examined, a significant increase was 

observed in the iron profile of the breads supplemented with microalgae and it 

has a richer iron content compared to the breads in the market. Again, when the 

literature is examined, the enrichment of bread with microalgae led to increases 
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in iron content (Khemiri et al., 2020). 

Copper is important for hemoglobin synthesis and acts as a cofactor for various 

enzymes involved in redox processes and is also effective in the absorption of 

iron from the intestines and mobilization from tissues to plasma (Stern et al., 

2007). The recommended daily intake is 900 µg (Bost et al., 2016). The copper 

content of bread is also commonly expressed as 0.15-0.2 mg/100 g (Ozbek & 

Akman, 2016). With a high copper content of 15 mg/100 g, ASYA46 with 11.5 

mg/100 g copper content can be a good alternative for the liver (Sternlieb, 1980). 

 

4.4 Vitamins B1, B2 and B6 

Understanding vitamin B parameters in food is important to assess its nutritional 

value and impact on human health. Vitamin B is a group of water-soluble vitamins 

that play important roles in various body functions, including metabolism, energy 

production, and nervous system functioning (Yaman et al., 2021). Each B vitamin 

has specific parameters that can be measured to determine its concentration and 

bioavailability in foods. These parameters include factors such as vitamin B1 

(thiamine), B2 (riboflavin), and B3 (niacin). Within the scope of the study, vitamins 

B1, B2, and B3 of the breads were measured.  

Vitamin B is an essential nutrient found in bread that plays an important role in 

supporting various body functions (Suter, 2020). It is responsible for converting 

food into energy, helping the nervous system to function properly, and supporting 

the production of red blood cells (Shabbir et al., 2020). It is important to note that 

the amount of vitamin B in bread can vary depending on the type of flour used 

and any supplements that may have occurred. Including vitamin B in bread can 

provide individuals with a convenient and readily available source of this essential 

nutrient and contribute to their overall health and well-being. The vitamin results 

show that there was vitamin enrichment in the bread supplemented with 

microalgae.  

Vitamin B1 is necessary to produce different enzymes that break down blood 

sugar. It acts as a coenzyme in fat, carbohydrate, and protein metabolism 

(Fitzpatrick & Chapman, 2020). Its deficiency leads to beriberi (Wilson, 2020). The 
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recommended daily intake is between 1.1-1.2 mg (Y. Wu et al., 2022). Vitamin B1 

in bread varies between 0.148-0.164 mg100 g depending on the flour (Çatak & 

Gizlici, 2017). Considering the literature, it was observed that vitamin B1 levels 

were high in the control group (Ghali Habib et al., 2021). In addition, microalgae 

can be a good alternative to wheat germ, which is the best source of vitamin B1 

with a content of 2 mg/100 g, with a vitamin content ranging between 1.52-1.56 

mg/100 g in general. 

Vitamin B2 is essential for the growth and development of cells. It also helps 

metabolize food. In cases where it is deficient, inflammation of the lips and cracks 

in the mouth occur (Biagi et al., 2020). The recommended daily intake is between 

1.1-1.3 mg (H. Li et al., 2023). The amount in bread varies between 0.060-0150 

mg/100 g (Capozzi et al., 2011). In bread supplemented with microalgae, this 

amount increases to 0.286 mg/100 g. In other words, the addition of microalgae 

made the bread more ideal in terms of vitamin B2 and close to the amount that 

should be taken. In addition, almonds are a prominent plant source of vitamin B2 

with a content of 0.920 mg/100 g, while ASYA27 with 1.731 mg/100 g may be an 

ideal alternative (Yada et al., 2011). 

Vitamin B6 can be found in foods in three different forms: pyridoxine, 

pyridoxamine, and pyridoxal (Çatak & Çaman, 2020). The main difference between 

pyridoxal and pyridoxamine is that pyridoxal is an aldehyde and pyridoxamine is 

an amine (Xiao & Zhao, 2023). They can change into each other because of 

chemical reactions. Plant foods are rich in pyridoxine, while animal foods are rich 

in pyridoxamine and pyridoxal (Makalesi & Yaman, 2019). Pyridoxine is the passive 

form and requires several cofactors, such as magnesium and vitamin B2, to be 

converted into the active form, pyridoxal phosphate (PLF), which has the actual 

ability to function in the body (Gürbüz et al., 2023). Therefore, even if vitamin B6 

is taken in sufficient amounts, some cofactors must also be present for it to be 

used functionally in the human body (Stach et al., 2021). 

Vitamin B6 is vital for the formation of red blood cells, the reaction of many 

enzymes, and the metabolism of macronutrients (V. R. da Silva & Gregory, 2020). 

Deficiency can lead to anemia and neuropathy (Searcy et al., 2021). The 



 101 

recommended daily intake is 1.3 mg (Jungert et al., 2020). In general, its value in 

bread can vary between 0.061-0.1 mg/100 g (Nurit et al., 2021). According to our 

analysis, this value can reach up to 0.289 mg/100 g with the addition of 

microalgae. In other words, enriching bread with microalgae makes it more 

efficient in terms of vitamin B6. In addition, garlic, which is one of the plant sources 

with the richest content in terms of vitamin B6, with a content of 1.10 mg/100 g, 

is not far from ARAS102 with 0.78 mg/100 g of vitamin B6 (Eze-Steven & Nnadi, 

2020).   

 

4.5 Amino acids 

Deciphering the functions and benefits of amino acids is key to understanding 

their importance to our overall health and well-being. Proteins are the result of 

synthesizing 20 amino acids (Lopez & Mohiuddin, 2020). There are about 300 amino 

acids in nature, but 20 amino acids are standard in proteins (Weber & Miller, 1981). 

The rest are called modified amino acids and non-proteins. These 20 common 

amino acids are alpha amino acids (Gorman et al., 1992). They all have a carboxyl 

group amino group and a side chain (R group) attached to the a-carbon. Amino 

acids are classified according to diet as given in Table 8. Non-essentials are 

synthesized by the body and do not have to be taken from the outside, but 

essentials must be taken from the outside (Mirmiran et al., 2017).  
Table 8. Classification of amino acids according to aging 

 

Essentials 
Conditionally Non-

Essential 
Non-Essential 

Histidine Arginine Alanine 

Isoleucine Cystine Asparagine 

Leucine Glutamine Aspartate 

Lysine Glycine Glutamate 

Methionine Proline Serine 

Phenylalanine Tyrosine 

Threonine 
Tryptophan 

Valine 
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Amino acids play vital roles in various physiological processes. They are involved 

in the synthesis of enzymes, hormones, and neurotransmitters, as well as in the 

growth, repair, and maintenance of tissues (G. Wu, 2009). Amino acids also 

contribute to immune function, nutrient absorption, and energy production (P. Li & 

Wu, 2022). Bread contains a variety of amino acids that contribute to its nutritional 

content (Kowalski et al., 2022). Some of the most common amino acids found in 

bread include lysine, tryptophan, and methionine (Meybodi et al., 2019). Lysine 

is an essential amino acid required for the synthesis of proteins in the body. Lysine 

in bread is important for its role in supporting healthy growth and development 

and the immune system (Abimorad et al., 2010).  

Tryptophan is another important amino acid found in bread. It is a precursor to 

the neurotransmitter serotonin, which regulates mood and sleep (L. Wang et al., 

2002). Tryptophan in bread contributes to supporting a sense of well-being and 

relaxation (Kałużna-Czaplińska et al., 2019).  

Methionine is an essential amino acid that plays a vital role in protein synthesis 

and the production of other important molecules in the body (Yin et al., 2016). It 

is worth noting that the presence and number of amino acids in bread can be 

influenced by various factors, including the type of flour used, processing 

methods, and the addition of other ingredients such as enzymes or additives. 

Enzymes such as xylanases, lipases, oxidoreductases, and proteases are often 

used in bread-making to improve texture, shelf life, and nutrient availability. These 

enzymes can also affect the composition and availability of amino acids in bread 

(Dahiya et al., 2020).  

In this study, the contents of aspartic acid, glutamic acid, serine, glycine, histidine, 

arginine, threonine, alanine, proline, tyrosine, valine, methionine, isoleucine, 

leucine, phenylalanine, lysine, and tryptophan were analyzed. 

The amino acid results of the control groups, microalgae, the highest group, and 

the recommended daily amino acid intake values to evaluate the amino acid 

results of the bread. When the results are analyzed in general, the amino acid 

value of the bread enriched with microalgae increased for each group compared 
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to the control group. 

When the amino acid profile for whole wheat and gluten-free bread was 

compared, the amino acid content of gluten-free bread was generally lower. 

Aspartic acid is a building block amino acid responsible for synthesizing proteins 

and regulating hormones. It makes up about 5% of proteins. Available in L and D 

forms, this amino acid promotes antibody production (Y. Wang et al., 2023). It is 

also involved in the synthesis of isoleucine, methionine, threonine, and lysine. 

Since it is not essential, it does not need to be taken as a supplement. When the 

results were analyzed, the highest increase compared to the control group was in 

the 27WW/3 group. The aspartic content of bread, which is generally 409 mg/100 

g in the literature, has become richer because of supplementation with microalgae 

(Y. Wang et al., 2023).  

Glutamic acid is one of the alpha-amino acids (Tavakoli et al., 2020). It is 

important in brain, heart, and metabolism functions. It is necessary for the 

biosynthesis of glutamate, an important neurotransmitter in the nervous system 

(S. Dutta et al., 2013). It also plays a role in maintaining the pH value of the skin. 

One of the issues that needs to be addressed at this point is monosodium 

glutamate (MSG), which has recently been frequently used to flavor foods. 

Unfortunately, the body cannot distinguish between naturally occurring glutamate 

and MSG from processed foods. This results in a severe glutamic acid buildup in 

the body and hyperglutamatergic neurotransmission, which can lead to 

depressive symptoms (Populin et al., 2007). It is therefore important to obtain 

glutamic acid from animal or plant sources. At this point, the enrichment of the 

glutamic acid profile of bread supplemented with microalgae may make 

microalgae an important alternative source. 

Serine is important in improving cognitive abilities. It is involved in activating 

NDMA receptors, which are neurotransmitters. It is also used in Parkinson's and 

schizophrenia. It is also involved in the synthesis of glycine and sulfur amino acids 

(Holeček, 2022). Studies have shown that its deficiency causes serious damage 

to the nervous system (Tabatabaie et al., 2010). Eggs and soy are the strongest 

sources of serine. In the study, the addition of microalgae nearly doubled the 
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serine content in bread (De Campos Zani et al., 2018). 

Glycine is one of the important amino acids that reduce oxidative stress (Ruiz-

Ramírez et al., 2014). It is also involved in glutathione synthesis (Dickinson & 

Forman, 2002). It is also the primary amino acid in collagen supplements. In the 

literature, its value in bread is expressed as 351 mg/100 g (Fink et al., 2006). In 

bread enriched with microalgae, this value was almost doubled. 

Histidine is an important amino acid in metal ion chelation, ROS scavenging, and 

proton buffering (Chikh et al., 2002). Since it is essential, it cannot be synthesized 

and must be taken from the diet. Breads supplemented with microalgae showed 

an increase in histidine content. 

Arginine is useful for chest pain and high blood pressure (Dong et al., 2011). It is 

also involved in the release of nitric oxide and insulin into the blood (G. Wu & 

Meininger, 2009). It is especially common in foods such as fish and meat (Rahimnejad 

& Lee, 2014). The addition of microalgae also more than doubled the arginine 

content. 

Threonine is converted to glycine in the body, preventing unwanted muscle 

contractions (Zeng et al., 2011). It is also used in the treatment of multiple 

sclerosis (MS) and amyotrophic lateral sclerosis (ALS) (Moszczynski et al., 2018). 

For skin health, it is effective in protecting elastin and collagen tissues (K. E. Silva 

et al., 2020). Enrichment with microalgae has also enriched the profile of the 

bread. 

Since alanine is not essential, it does not need to be taken as a supplement. One 

of its most important effects is to regulate blood sugar. It is also effective in the 

treatment of diarrhea and prostate enlargement (Varanoske et al., 2019). Again, 

as expected from the results, the addition of microalgae increased the alanine 

content of the bread. 

Proline is involved in wound healing and protection against oxidative damage. It 

is abundant in milk and collagen (Vettore et al., 2021). In general, it is the most 

needed amino acid for protein synthesis. Again, it was observed that the proline 

content of breads enriched with microalgae increased. 
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4.6 Fiber 

Fiber parameters in foods are important for understanding the nutritional and 

functional properties of dietary fiber. Dietary fiber is a complex carbohydrate that 

cannot be fully digested by the human body. It consists of two types: soluble fiber 

and insoluble fiber. Soluble fiber parameters include viscosity and gel-forming 

ability, which are important for their role in increasing satiety, regulating blood 

glucose levels, and supporting healthy digestion. Insoluble fiber parameters 

include parameters such as water holding capacity and volume, which contribute 

to regulating bowel movements, preventing constipation, and maintaining a 

healthy intestinal environment (Kale et al., 2011). The fiber composition of bread 

refers to the amount and type of dietary fiber present in the final product. Bread 

contains two main types of dietary fiber: soluble fiber and insoluble fiber. Soluble 

fibers such as beta-glucan and pectin form a gel-like substance in the digestive 

tract, helping to lower cholesterol levels and regulate blood sugar levels. Insoluble 

fiber, on the other hand, adds bulk to stool and supports regular bowel 

movements (Mudgil, 2017). The fiber content of bread can vary depending on 

factors such as the type of flour used and additional ingredients such as bran or 

whole grains (Gębski et al., 2019). Fiber is often added to bread to increase its 

nutritional value and health benefits. In addition, the presence of fiber in bread is 

known to contribute to satiety, helping individuals feel fuller for longer and 

potentially aiding in weight management. Adding fiber to bread has also been 

shown to improve the texture and shelf life of bread (Kurek & Wyrwisz, 2015). 

When the fiber results obtained within the scope of the study were examined, an 

increase in fiber content in bread enriched with microalgae was observed.  

Chlorella contains 14-17% dietary fiber according to the literature (Zarzycki et al., 

2023).  In general, microalgae are excellent sources of potential insoluble and 

soluble prebiotic fibers such as agar, carrageenan, sulfated rhamnoxyloglucan, 

xylan, alginate, cellulose, mannan, fucan, laminaran (Gotteland et al., 2020). This 

highlights microalgae as beneficial organisms for the human gut (de Medeiros et 

al., 2021). Based on this information, the fiber content of the microalgae used in 

the study was calculated between 16-24 g/100 g. The fiber content of Antarctic 
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microalgae was found to be higher than mesotherm microalgae. This may be due 

to cold stress. Carbohydrate metabolism is altered during acclimatization.  This is 

because mitochondrial respiration decreases less than photosynthesis at low 

temperatures. This is because respiration is more resistant to freeze-thaw and 

dehydration. As a result of the decrease in temperature and changes in 

metabolism, there is an increase in carbohydrate accumulation in microalgae 

(Fernandes et al., 2012; Sharifani et al., 2012). Since dietary fiber is also a 

carbohydrate component, the dietary fiber content of Antarctic microalgae is likely 

higher (Walter de Gruyter et al., 2005). When the literature is examined, it is seen 

that the dietary fiber content of whole wheat bread varies between 6-10 g/100 g. 

This amount increased up to 15.23 g/100 g in breads enriched with microalgae. 

The fiber content of chia seed, which is shown as one of the most ideal sources 

of fiber with a recommended daily intake of 28-35 g, is 34 g/100 g and microalgae 

can be ideal sources of fiber with their high fiber content. 

 

4.7 Starch 

Starch is a complex carbohydrate that serves as an important source of energy 

in the human diet. It is also crucial for understanding the properties and 

functionality of starch in foods (Stephen, 1994). It is composed of glucose 

molecules and has unique properties such as gelatinization, retrogradation, and 

viscosity (Tako et al., 2014). These properties of starch determine its functionality 

in food products, such as thickening, binding, and providing texture (Mahmood et 

al., 2017). Starch parameters can also be used to determine the degree of 

degradation or cooking of starch, which is important for optimizing cooking times 

and processes in food preparation (Fan et al., 2023).  

Starch is an important component of bread and an important source of energy 

(Behall & Howe, 1996). During the bread-making process, the starch in flour 

undergoes gelatinization (Lelievre, 1974). When heated, the starch granules 

absorb water and swell, leading to the formation of a gel-like structure. This 

gelatinization process is essential for the texture and structure of the bread 

(Garcia et al., 1997). It also contributes to the flavor and browning of the bread 
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during baking. It also plays a role in the shelf life of bread by absorbing excess 

moisture and preventing staling. Various methods are used to modify starch, such 

as etherification, esterification, crosslinking, grafting, decomposition, and physical 

treatment using heat or moisture.  

These modifications cause changes in solution viscosity, gelatinization 

properties, paste properties, retrogradation behavior, coalescence behavior, and 

shelf-life stability in bread and other food products (L. Zhang et al., 2019). The 

use of these modified starches in bread making is also increasing. They contribute 

to the overall quality and consistency of bread, providing consumers with a 

pleasant eating experience. A common type of modified starch is acid-thinned 

starch, which is treated in an acid slurry to modify its properties for specific 

applications in the baking industry (Ahmed & Auras, 2011). 

Within the scope of the study, an increase was observed in the starch content of 

the breads to which microalgae was added. Although the starch content for bread 

varies between 25-45%, the starch content increased up to 47% because of the 

addition of microalgae. The increase in starch content is expected due to the rich 

carbohydrate content of microalgae. In the literature studies, an increase in the 

starch content of foods to which microalgae was added was also observed. 

 

4.8 Lipid 

Lipid parameters in foods play an important role in determining the nutritional 

quality and sensory properties of food products. Lipids, also known as fats, are a 

type of macronutrient that provide energy, support cell function, and aid in the 

absorption and transport of fat-soluble vitamins (Calder, 2015; Ryan & Van Der Horst, 

2003). Lipid parameters in foods, such as fatty acid composition and melting point, 

can provide valuable information about the type and quality of fats present in the 

food (Smuts & Wolmarans, 2013). These parameters can help assess the shelf life of 

food products, as well as their texture, flavor, and overall sensory appeal (Shahidi 

& Hossain, 2022). Lipids such as butter or oil play an important role in bread making. 

They contribute to the flavor, texture, and overall quality of bread. Lipids help to 

add moisture and softness to the breadcrumb. They also help to evenly distribute 
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heat during baking, helping to create a desirable crust (Zhong et al., 2014). In 

addition, lipids act as emollients by inhibiting the development of gluten, resulting 

in a softer and more delicate texture. They also help to extend the shelf life of 

bread by slowing staling and preventing moisture loss. 

The fat content in breads generally varies between 2.5%-8%, and the fat content 

of whole wheat and gluten free breads analyzed in the study was calculated 

around 7%. This amount increased up to 9.78% with the addition of microalgae. 

The rich fat content of microalgae, which can vary between 10-10-32 g/100 g, 

increased the total fat content of the breads. 

 

5.  Conclusion 

There is a trend towards non-traditional resources to ease the burden of 

population growth on traditional resources. The inefficient use of agricultural land 

due to climate crisis and water scarcity is one of the biggest factors. However, 

people's search for alternative foods is also increasing. Microalgae is one of these 

alternatives. For the 21st century, it is promising as a new product with a high 

potential to meet the need for feed and fuel, especially food. For the widespread 

use of microalgae, growth quality, organoleptic properties, and nutritional quality 

need to be improved. Social acceptance by the society is also a separate issue.  

The openness of microalgae to environmental manipulations enables more 

effective conditions to be applied to the desired product/extract.  

The more studies on microalgae, the more their benefits are documented and 

their potential for use is diversifying. Due to their rich bioactive content, these 

organisms have many properties such as antioxidant, anti-cancer, anti-

inflammatory, anti-bacterial, and anti-diabetic. The proteins, phenolic compounds, 

polyunsaturated fatty acids, vitamins, polysaccharides, minerals, and pigments of 

microalgae also increase the functional value of foods. Given the need to increase 

food production by about 70% in the next 40 years, the concept of microalgae 

culture seems highly attractive. They possess a variety of biomolecules with great 

potential as supplements, such as astaxanthin, phycobiliproteins, beta-carotene, 
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vitamins, and PUFAs, all of which have beneficial properties for the prevention 

and treatment of diseases. These compounds can be incorporated into food 

products to enhance their nutritional and health benefits. 

In this study, psychrotolerant C. vulgaris ASYA27 M. simplicissimum ASYA46, 

and mesotherm C. vulgaris ARAS102 were used to improve the nutrient profile of 

whole wheat and oat flour (gluten-free) bread. Moisture, ash, total protein, amino 

acids, total lipids, fatty acid profile, total starch, total dietary fiber, mineral, and 

vitamin contents were analyzed, and the biochemical profile of the bread was 

evaluated in comparison with the control group.  

As a result, an increase in each parameter was found with the addition of 

microalgae. The enrichment of bread formulations with microalgae, especially 

traditional, accessible to everyone and not requiring much shelf life, offers 

positives for the problem of access to healthy food. In addition, people on a 

gluten-free diet due to increasing gluten intolerance will be able to consume a 

product with a richer nutrient profile compared to regular bread. Heavy metals, 

which are considered a problem for microalgae, were also analyzed, and found 

to be below the threshold value. 

The use of species from different climatic conditions led to different results, 

especially in terms of fatty acid profile. Microalgae that increased their fluid lipid 

(unsaturated fatty acid) content to adapt to the cold provided a higher increase in 

the PUFA content of the bread. However, the microalga M. simplicissimum 

ASYA46, which is not yet included in the GRAS and EFSA lists and has not been 

studied on human food consumption, gave similar results to C. vulgaris, the best 

known of the other two GRAS and EFSA lists, both as biomass and when used 

in bread. This makes M. simplicissimum ASYA46 microalgae a potential organism 

for human consumption as food. 
 

 

 

 

 

 



 110 

6. REFERENCES 

Abbaspour, N., Hurrell, R., & Kelishadi, R. (2014). Review on iron and its importance for 
human health. Journal of Research in Medical Sciences : The Official Journal of 
Isfahan University of Medical Sciences, 19(2), 164. /pmc/articles/PMC3999603/ 

Abd El-Hack, M. E., Abdelnour, S., Alagawany, M., Abdo, M., Sakr, M. A., Khafaga, A. 
F., Mahgoub, S. A., Elnesr, S. S., & Gebriel, M. G. (2019). Microalgae in modern 
cancer therapy: Current knowledge. Biomedicine & Pharmacotherapy, 111, 42–50. 
https://doi.org/10.1016/J.BIOPHA.2018.12.069 

Abedi, E., & Pourmohammadi, K. (2021). Physical modifications of wheat gluten protein: 
An extensive review. Journal of Food Process Engineering, 44(3), e13619. 
https://doi.org/10.1111/JFPE.13619 

Abimorad, E. G., Favero, G. C., Squassoni, G. H., & Carneiro, D. (2010). Dietary 
digestible lysine requirement and essential amino acid to lysine ratio for pacu 
Piaractus mesopotamicus. Aquaculture Nutrition, 16(4), 370–377. 
https://doi.org/10.1111/J.1365-2095.2009.00674.X 

Acquah, C., Tibbetts, S. M., Pan, S., & Udenigwe, C. (2020). Nutritional quality and 
bioactive properties of proteins and peptides from microalgae. Handbook of 
Microalgae-Based Processes and Products: Fundamentals and Advances in 
Energy, Food, Feed, Fertilizer, and Bioactive Compounds, 493–531. 
https://doi.org/10.1016/B978-0-12-818536-0.00019-1 

Agarwal, S., Singh, V., & Chauhan, K. (2023). Antidiabetic potential of seaweed and their 
bioactive compounds: a review of developments in last decade. Critical Reviews in 
Food Science and Nutrition, 63(22), 5739–5770. 
https://doi.org/10.1080/10408398.2021.2024130 

Aghalari, Z., Dahms, H. U., & Sillanpää, M. (2022). Evaluation of nutrients in bread: a 
systematic review. Journal of Health, Population and Nutrition, 41(1), 1–12. 
https://doi.org/10.1186/S41043-022-00329-3/TABLES/4 

Agostoni, C., Berni Canani, R., Fairweather-Tait, S., Heinonen, M., Korhonen, H., La 
Vieille, S., Marchelli, R., Martin, A., Naska, A., Neuhäuser-Berthold, M., Nowicka, 
G., Sanz, Y., Siani, A., Sjödin, A., Stern, M., Strain, S., Tetens, I., Tomé, D., Turck, 
D., … Przyrembel, H. (2015). Scientific Opinion on Dietary Reference Values for 
magnesium. EFSA Journal, 13(7), 4186. https://doi.org/10.2903/J.EFSA.2015.4186 

Ahmad, A., & Ashraf, S. S. (2023). Sustainable food and feed sources from microalgae: 
Food security and the circular bioeconomy. Algal Research, 74, 103185. 
https://doi.org/10.1016/J.ALGAL.2023.103185 

Ahmed, J., & Auras, R. (2011). Effect of acid hydrolysis on rheological and thermal 
characteristics of lentil starch slurry. LWT - Food Science and Technology, 44(4), 
976–983. https://doi.org/10.1016/J.LWT.2010.08.007 

Ahmed, S. F., Mofijur, M., Parisa, T. A., Islam, N., Kusumo, F., Inayat, A., Le, V. G., 
Badruddin, I. A., Khan, T. M. Y., & Ong, H. C. (2022). Progress and challenges of 
contaminate removal from wastewater using microalgae biomass. Chemosphere, 
286, 131656. https://doi.org/10.1016/J.CHEMOSPHERE.2021.131656 

Alateyah, N., Ahmad, S. M. S., Gupta, I., Fouzat, A., Thaher, M. I., Das, P., Al Moustafa, 



 111 

A. E., & Ouhtit, A. (2022). Haematococcus pluvialis Microalgae Extract Inhibits 
Proliferation, Invasion, and Induces Apoptosis in Breast Cancer Cells. Frontiers in 
Nutrition, 9, 882956. https://doi.org/10.3389/FNUT.2022.882956/BIBTEX 

Alpas, H., & Kiymaz, T. (2011). Food security and eco-terrorism impacts on 
environmental security through vulnerabilities. NATO Science for Peace and 
Security Series C: Environmental Security, 104, 137–150. 
https://doi.org/10.1007/978-94-007-0228-8_9/COVER 

Amini-Noori, F., & Ziarati, P. (2015). Chemical Composition of Native Hazelnut (Corylus 
avellana L.) Varieties in Iran, Association with Ecological Conditions. 
BIOSCIENCES BIOTECHNOLOGY RESEARCH ASIA, 12(3), 2053–2060. 
https://doi.org/10.13005/bbra/1873 

Amorim, M. L., Soares, J., Coimbra, J. S. dos R., Leite, M. de O., Albino, L. F. T., & 
Martins, M. A. (2021). Microalgae proteins: production, separation, isolation, 
quantification, and application in food and feed. Critical Reviews in Food Science 
and Nutrition, 61(12), 1976–2002. https://doi.org/10.1080/10408398.2020.1768046 

Andreeva, A., Budenkova, E., Babich, O., Sukhikh, S., Ulrikh, E., Ivanova, S., Prosekov, 
A., & Dolganyuk, V. (2021). Production, Purification, and Study of the Amino Acid 
Composition of Microalgae Proteins. Molecules 2021, Vol. 26, Page 2767, 26(9), 
2767. https://doi.org/10.3390/MOLECULES26092767 

Ansari, F. A., Guldhe, A., Gupta, S. K., Rawat, I., & Bux, F. (2021). Improving the 
feasibility of aquaculture feed by using microalgae. Environmental Science and 
Pollution Research 2021 28:32, 28(32), 43234–43257. 
https://doi.org/10.1007/S11356-021-14989-X 

Arunakumara, K. K. I. U., & Zhang, X. (2007). Heavy metal bioaccumulation and toxicity 
with special reference to microalgae. Journal of Ocean University of China, 7(1), 
60–64. https://doi.org/10.1007/S11802-008-0060-Y/METRICS 

Arutselvan, C., Narchonai, G., Pugazhendhi, A., LewisOscar, F., & Thajuddin, N. (2021). 
Evaluation of microalgal strains and microalgal consortium for higher lipid 
productivity and rich fatty acid profile towards sustainable biodiesel production. 
Bioresource Technology, 339, 125524. 
https://doi.org/10.1016/J.BIORTECH.2021.125524 

Ashagidigbi, W. M., Ishola, T. M., & Omotayo, A. O. (2022). Gender and occupation of 
household head as major determinants of malnutrition among children in Nigeria. 
Scientific African, 16, e01159. https://doi.org/10.1016/J.SCIAF.2022.E01159 

Ayodele, M., & Ajibola, M. (2012). The Health Implications of Continued Use of 
Aluminium Cooking Ware on Consumers. International Journal of Health and 
Medical Information, 1(3). 

Ayswaria, R., Vijayan, J., & Nathan, V. K. (2023). Antimicrobial peptides derived from 
microalgae for combating antibiotic resistance: Current status and prospects. Cell 
Biochemistry and Function, 41(2), 142–151. https://doi.org/10.1002/CBF.3779 

Baik, M. Y., & Chinachoti, P. (2000). Moisture Redistribution and Phase Transitions 
During Bread Staling. Cereal Chemistry, 77(4), 484–488. 
https://doi.org/10.1094/CCHEM.2000.77.4.484 

Banskota, A. H., Sperker, S., Stefanova, R., McGinn, P. J., & O’Leary, S. J. B. (2019). 



 112 

Antioxidant properties and lipid composition of selected microalgae. Journal of 
Applied Phycology, 31(1), 309–318. https://doi.org/10.1007/S10811-018-1523-
1/FIGURES/2 

Barbera, E., Teymouri, A., Bertucco, A., Stuart, B. J., & Kumar, S. (2017). Recycling 
Minerals in Microalgae Cultivation through a Combined Flash Hydrolysis-
Precipitation Process. ACS Sustainable Chemistry and Engineering, 5(1), 929–935. 
https://doi.org/10.1021/ACSSUSCHEMENG.6B02260/ASSET/IMAGES/MEDIUM/
SC-2016-02260B_0008.GIF 

Barrett, C. B. (2021). Overcoming Global Food Security Challenges through Science and 
Solidarity. American Journal of Agricultural Economics, 103(2), 422–447. 
https://doi.org/10.1111/AJAE.12160 

Barros de Medeiros, V. P., da Costa, W. K. A., da Silva, R. T., Pimentel, T. C., & Magnani, 
M. (2022). Microalgae as source of functional ingredients in new-generation foods: 
challenges, technological effects, biological activity, and regulatory issues. Critical 
Reviews in Food Science and Nutrition, 62(18), 4929–4950. 
https://doi.org/10.1080/10408398.2021.1879729 

Bar-Yosef, O. (2011). Climatic fluctuations and early farming in west and East Asia. 
Current Anthropology, 52(SUPPL. 4). 
https://doi.org/10.1086/659784/ASSET/IMAGES/LARGE/FG5.JPEG 

Batista, A. P., Niccolai, A., Bursic, I., Sousa, I., Raymundo, A., Rodolfi, L., Biondi, N., & 
Tredici, M. R. (2019). Microalgae as Functional Ingredients in Savory Food 
Products: Application to Wheat Crackers. Foods 2019, Vol. 8, Page 611, 8(12), 611. 
https://doi.org/10.3390/FOODS8120611 

Battah, M. G., Ibrahim, H. A. H., El-Naggar, M. M., Abdel_Gawad, F. K., & Amer, M. S. 
(2014). Antifungal Agent from Spirulina maxima: Extraction and Characterization. 
Global Journal of Pharmacology, 8(2), 228–236. 
https://doi.org/10.5829/idosi.gjp.2014.8.2.8369 

Bedirli, A., Kerem, M., Ofluoglu, E., Salman, B., Katircioglu, H., Bedirli, N., Yilmazer, D., 
Alper, M., & Pasaoglu, H. (2009). Administration of Chlorella sp. microalgae reduces 
endotoxemia, intestinal oxidative stress and bacterial translocation in experimental 
biliary obstruction. Clinical Nutrition, 28(6), 674–678. 
https://doi.org/10.1016/J.CLNU.2009.06.001 

Behall, K. M., & Howe, J. C. (1996). Resistant starch as energy. Journal of the American 
College of Nutrition, 15(3), 248–254. 
https://doi.org/10.1080/07315724.1996.10718595 

Béligon, V., Christophe, G., Fontanille, P., & Larroche, C. (2016). Microbial lipids as 
potential source to food supplements. Current Opinion in Food Science, 7, 35–42. 
https://doi.org/10.1016/J.COFS.2015.10.002 

Bellissent-Funel, M. C., Hassanali, A., Havenith, M., Henchman, R., Pohl, P., Sterpone, 
F., Van Der Spoel, D., Xu, Y., & Garcia, A. E. (2016). Water Determines the 
Structure and Dynamics of Proteins. Chemical Reviews, 116(13), 7673–7697. 
https://doi.org/10.1021/ACS.CHEMREV.5B00664/ASSET/IMAGES/MEDIUM/CR-
2015-00664F_0014.GIF 

Bellou, S., Baeshen, M. N., Elazzazy, A. M., Aggeli, D., Sayegh, F., & Aggelis, G. (2014). 



 113 

Microalgal lipids biochemistry and biotechnological perspectives. Biotechnology 
Advances, 32(8), 1476–1493. https://doi.org/10.1016/J.BIOTECHADV.2014.10.003 

Bernaerts, T. M. M., Gheysen, L., Foubert, I., Hendrickx, M. E., & Van Loey, A. M. (2019). 
The potential of microalgae and their biopolymers as structuring ingredients in food: 
A review. Biotechnology Advances, 37(8), 107419. 
https://doi.org/10.1016/J.BIOTECHADV.2019.107419 

Bhatnagar, P., Gururani, P., Singh, N., Gautam, P., Vlaskin, M. S., & Kumar, V. (2024). 
Review on microalgae protein and its current and future utilisation in the food 
industry. International Journal of Food Science & Technology, 59(1), 473–480. 
https://doi.org/10.1111/IJFS.16586 

Bhattacharya, M., & Goswami, S. (2020). Microalgae – A green multi-product biorefinery 
for future industrial prospects. Biocatalysis and Agricultural Biotechnology, 25, 
101580. https://doi.org/10.1016/J.BCAB.2020.101580 

Biagi, E., Mengucci, C., Barone, M., Picone, G., Lucchi, A., Celi, P., Litta, G., Candela, 
M., Manfreda, G., Brigidi, P., Capozzi, F., & De Cesare, A. (2020). Effects of Vitamin 
B2 Supplementation in Broilers Microbiota and Metabolome. Microorganisms 2020, 
Vol. 8, Page 1134, 8(8), 1134. 
https://doi.org/10.3390/MICROORGANISMS8081134 

Bibi, F., & Rahman, A. (2023). An Overview of Climate Change Impacts on Agriculture 
and Their Mitigation Strategies. Agriculture (Switzerland), 13(8), 1508. 
https://doi.org/10.3390/AGRICULTURE13081508/S1 

Biomolecular, K., Martinez-Frias, J., Julianne Duncan, R., & Petrou, K. (2022). 
Biomolecular Composition of Sea Ice Microalgae and Its Influence on Marine 
Biogeochemical Cycling and Carbon Transfer through Polar Marine Food Webs. 
Geosciences 2022, Vol. 12, Page 38, 12(1), 38. 
https://doi.org/10.3390/GEOSCIENCES12010038 

Bleakley, S., & Hayes, M. (2017). Algal Proteins: Extraction, Application, and Challenges 
Concerning Production. Foods 2017, Vol. 6, Page 33, 6(5), 33. 
https://doi.org/10.3390/FOODS6050033 

Boelen, P., van Dijk, R., Damsté, J. S. S., Rijpstra, W. I. C., & Buma, A. G. J. (2013). On 
the potential application of polar and temperate marine microalgae for EPA and DHA 
production. AMB Express, 3(1), 1–9. https://doi.org/10.1186/2191-0855-3-
26/TABLES/4 

Bohrer, B. M. (2017). Review: Nutrient density and nutritional value of meat products and 
non-meat foods high in protein. Trends in Food Science & Technology, 65, 103–
112. https://doi.org/10.1016/J.TIFS.2017.04.016 

Bonnema, A. L., & Slavin, J. L. (2014). Effects of the combination of protein and fiber in 
whole foods on satiety, blood glucose response and food intake in humans. 
http://conservancy.umn.edu/handle/11299/164746 

Bossola, M., Di Stasio, E., Viola, A., Cenerelli, S., Leo, A., Santarelli, S., & Monteburini, 
T. (2020). Dietary Daily Sodium Intake Lower than 1500 mg Is Associated with 
Inadequately Low Intake of Calorie, Protein, Iron, Zinc and Vitamin B1 in Patients 
on Chronic Hemodialysis. Nutrients 2020, Vol. 12, Page 260, 12(1), 260. 
https://doi.org/10.3390/NU12010260 



 114 

Bost, M., Houdart, S., Oberli, M., Kalonji, E., Huneau, J. F., & Margaritis, I. (2016). Dietary 
copper and human health: Current evidence and unresolved issues. Journal of 
Trace Elements in Medicine and Biology, 35, 107–115. 
https://doi.org/10.1016/J.JTEMB.2016.02.006 

Bozoglu, F. (2012). Food Allergies, Intolerances and Food-Borne Intoxications. 93–108. 
https://doi.org/10.1007/978-94-007-2502-7_9 

Brandão-Neto, J., Stefan, V., Mendonça, B. B., Bloise, W., & Castro, A. V. B. (1995). The 
essential role of zinc in growth. Nutrition Research, 15(3), 335–358. 
https://doi.org/10.1016/0271-5317(95)00003-8 

Bratosin, B. C., Darjan, S., & Vodnar, D. C. (2021). Single Cell Protein: A Potential 
Substitute in Human and Animal Nutrition. Sustainability 2021, Vol. 13, Page 9284, 
13(16), 9284. https://doi.org/10.3390/SU13169284 

Brier, N. De, Gomand, S. V., Donner, E., Paterson, D., Delcour, J. A., Lombi, E., & 
Smolders, E. (2015). Distribution of minerals in wheat grains (Triticum aestivum L.) 
and in roller milling fractions affected by pearling. Journal of Agricultural and Food 
Chemistry, 63(4), 1276–1285. 
https://doi.org/10.1021/JF5055485/SUPPL_FILE/JF5055485_SI_001.PDF 

Burdock, G. A., & Carabin, I. G. (2004). Generally recognized as safe (GRAS): history 
and description. Toxicology Letters, 150(1), 3–18. 
https://doi.org/10.1016/J.TOXLET.2003.07.004 

Calder, P. C. (2015). Functional Roles of Fatty Acids and Their Effects on Human Health. 
Journal of Parenteral and Enteral Nutrition, 39, 18S-32S. 
https://doi.org/10.1177/0148607115595980 

Calderón Bravo, H., Vera Céspedes, N., Zura-Bravo, L., & Muñoz, L. A. (2021). Basil 
Seeds as a Novel Food, Source of Nutrients and Functional Ingredients with 
Beneficial Properties: A Review. Foods 2021, Vol. 10, Page 1467, 10(7), 1467. 
https://doi.org/10.3390/FOODS10071467 

Calvo, M. S., & Uribarri, J. (2013). Contributions to Total Phosphorus Intake: All Sources 
Considered. Seminars in Dialysis, 26(1), 54–61. https://doi.org/10.1111/SDI.12042 

Camacho, F., Macedo, A., & Malcata, F. (2019). Potential Industrial Applications and 
Commercialization of Microalgae in the Functional Food and Feed Industries: A 
Short Review. Marine Drugs 2019, Vol. 17, Page 312, 17(6), 312. 
https://doi.org/10.3390/MD17060312 

Caporgno, M. P., & Mathys, A. (2018). Trends in Microalgae Incorporation Into Innovative 
Food Products With Potential Health Benefits. Frontiers in Nutrition, 5, 386576. 
https://doi.org/10.3389/FNUT.2018.00058/BIBTEX 

Capozzi, V., Menga, V., Digesù, A. M., De Vita, P., Van Sinderen, D., Cattivelli, L., Fares, 
C., & Spano, G. (2011). Biotechnological Production of Vitamin B2-Enriched Bread 
and Pasta. Journal of Agricultural and Food Chemistry, 59(14), 8013–8020. 
https://doi.org/10.1021/JF201519H 

Carbone, D. A., Pellone, P., Lubritto, C., & Ciniglia, C. (2021). Evaluation of Microalgae 
Antiviral Activity and Their Bioactive Compounds. Antibiotics 2021, Vol. 10, Page 
746, 10(6), 746. https://doi.org/10.3390/ANTIBIOTICS10060746 

Carvalho, N. S., Pessôa, L. C., Deamici, K. M., da Silva, J. B. A., de Souza Parga, F. A., 



 115 

de Souza, C. O., Tavares, P. P. L. G., & de Jesus Assis, D. (2022). Analysis and 
Modeling of Innovations in the Global Microalgae Lipids Market. BioTech 2022, Vol. 
11, Page 37, 11(3), 37. https://doi.org/10.3390/BIOTECH11030037 

Çatak, J., & Çaman, R. (2020). Pyridoxal, pyridoxamine, and pyridoxine cooking loss: 
Characterizing vitamin B6 profiles of chicken meats before and after cooking. 
Journal of Food Processing and Preservation, 44(10), e14798. 
https://doi.org/10.1111/JFPP.14798 

Çatak, J., & Gizlici, M. N. (2017). The effect of in vitro simulated gastrointestinal digestive 
system on the biodegradation of B group vitamins in bread. Heliyon, e11061. 
https://doi.org/10.1016/j.heliyon.2022.e11061 

Cea-Barcia, G., Buitrón, G., Moreno, G., & Kumar, G. (2014). A cost-effective strategy 
for the bio-prospecting of mixed microalgae with high carbohydrate content: 
Diversity fluctuations in different growth media. Bioresource Technology, 163, 370–
373. https://doi.org/10.1016/J.BIORTECH.2014.04.079 

Cepas, V., Gutiérrez-Del-río, I., López, Y., Redondo-Blanco, S., Gabasa, Y., Iglesias, M. 
J., Soengas, R., Fernández-Lorenzo, A., López-Ibáñez, S., Villar, C. J., Martins, C. 
B., Ferreira, J. D., Assunção, M. F. G., Santos, L. M. A., Morais, J., Castelo-Branco, 
R., Reis, M. A., Vasconcelos, V., López-Ortiz, F., … Soto, S. M. (2021). Microalgae 
and Cyanobacteria Strains as Producers of Lipids with Antibacterial and Antibiofilm 
Activity. Marine Drugs 2021, Vol. 19, Page 675, 19(12), 675. 
https://doi.org/10.3390/MD19120675 

Chacón-Lee, T. L., & González-Mariño, G. E. (2010). Microalgae for “Healthy” Foods—
Possibilities and Challenges. Comprehensive Reviews in Food Science and Food 
Safety, 9(6), 655–675. https://doi.org/10.1111/J.1541-4337.2010.00132.X 

Chaisuwan, W., Phimolsiripol, Y., Chaiyaso, T., Techapun, C., Leksawasdi, N., 
Jantanasakulwong, K., Rachtanapun, P., Wangtueai, S., Sommano, S. R., You, S. 
G., Regenstein, J. M., Barba, F. J., & Seesuriyachan, P. (2021). The Antiviral Activity 
of Bacterial, Fungal, and Algal Polysaccharides as Bioactive Ingredients: Potential 
Uses for Enhancing Immune Systems and Preventing Viruses. Frontiers in Nutrition, 
8, 772033. https://doi.org/10.3389/FNUT.2021.772033/BIBTEX 

Chaudhary, N., Virdi, A. S., Dangi, P., Khatkar, B. S., Mohanty, A. K., & Singh, N. (2022). 
Protein, thermal and functional properties of α-, γ- and ω-gliadins of wheat and their 
effect on bread making characteristics. Food Hydrocolloids, 124, 107212. 
https://doi.org/10.1016/J.FOODHYD.2021.107212 

Chen, P. J., & Antonelli, M. (2020). Conceptual Models of Food Choice: Influential 
Factors Related to Foods, Individual Differences, and Society. Foods 2020, Vol. 9, 
Page 1898, 9(12), 1898. https://doi.org/10.3390/FOODS9121898 

Cheng, L., Zhang, L., Chen, H., & Gao, C. (2006). Carbon dioxide removal from air by 
microalgae cultured in a membrane-photobioreactor. Separation and Purification 
Technology, 50(3), 324–329. https://doi.org/10.1016/J.SEPPUR.2005.12.006 

Chikh, G. G., Wai, M. L., Schutze-Redelmeier, M. P., Meunier, J. C., & Bally, M. B. (2002). 
Attaching histidine-tagged peptides and proteins to lipid-based carriers through use 
of metal-ion-chelating lipids. Biochimica et Biophysica Acta (BBA) - Biomembranes, 
1567(SUPPL.), 204–212. https://doi.org/10.1016/S0005-2736(02)00618-1 



 116 

Choi, H.-Y., Park, E.-H., Um, T.-J., Jun-Kwon, & Jeong, S.-G. (2020). Quality 
Characteristics of Grilled Cheese Tofu Containing Natural Cheese and High 
Calcium. Journal of Dairy Science and Biotechnology, 38(4), 222–229. 
https://doi.org/10.22424/JDSB.2020.38.4.222 

Chu, W. L., & Phang, S. M. (2019). Bioactive Compounds from Microalgae and Their 
Potential Applications as Pharmaceuticals and Nutraceuticals. Grand Challenges in 
Biology and Biotechnology, 429–469. https://doi.org/10.1007/978-3-030-25233-
5_12/COVER 

Ciosek, Ż., Kot, K., Kosik-Bogacka, D., Łanocha-Arendarczyk, N., & Rotter, I. (2021). The 
Effects of Calcium, Magnesium, Phosphorus, Fluoride, and Lead on Bone Tissue. 
Biomolecules 2021, Vol. 11, Page 506, 11(4), 506. 
https://doi.org/10.3390/BIOM11040506 

Collar, C. (2008). Novel high-fibre and whole grain breads. Technology of Functional 
Cereal Products, 184–214. https://doi.org/10.1533/9781845693886.2.184 

Cormick, G., & Belizán, J. M. (2019). Calcium Intake and Health. Nutrients 2019, Vol. 11, 
Page 1606, 11(7), 1606. https://doi.org/10.3390/NU11071606 

Cruz, J. D., & Vasconcelos, V. (2023). Legal Aspects of Microalgae in the European Food 
Sector. Foods 2024, Vol. 13, Page 124, 13(1), 124. 
https://doi.org/10.3390/FOODS13010124 

da Silva Ferreira, V., & Sant’Anna, C. (2017a). Impact of culture conditions on the 
chlorophyll content of microalgae for biotechnological applications. World Journal of 
Microbiology and Biotechnology, 33(1), 1–8. https://doi.org/10.1007/S11274-016-
2181-6/TABLES/2 

da Silva Ferreira, V., & Sant’Anna, C. (2017b). Impact of culture conditions on the 
chlorophyll content of microalgae for biotechnological applications. World Journal of 
Microbiology and Biotechnology, 33(1), 1–8. https://doi.org/10.1007/S11274-016-
2181-6/TABLES/2 

da Silva, J. C., & Lombardi, A. T. (2020). Chlorophylls in microalgae: Occurrence, 
distribution, and biosynthesis. Pigments from Microalgae Handbook, 1–18. 
https://doi.org/10.1007/978-3-030-50971-2_1/COVER 

da Silva, V. R., & Gregory, J. F. (2020). Vitamin B6. Present Knowledge in Nutrition, 225–
237. https://doi.org/10.1016/B978-0-323-66162-1.00013-5 

Dadmohammadi, Y., & Datta, A. K. (2020). Prediction of effective moisture diffusivity in 
plant tissue food materials over extended moisture range. Drying Technology, 
38(16), 2202–2216. https://doi.org/10.1080/07373937.2019.1690500 

Dahiya, S., Bajaj, B. K., Kumar, A., Tiwari, S. K., & Singh, B. (2020). A review on 
biotechnological potential of multifarious enzymes in bread making. Process 
Biochemistry, 99, 290–306. https://doi.org/10.1016/J.PROCBIO.2020.09.002 

De Campos Zani, S. C., Wu, J., & Chan, C. B. (2018). Egg and Soy-Derived Peptides 
and Hydrolysates: A Review of Their Physiological Actions against Diabetes and 
Obesity. Nutrients 2018, Vol. 10, Page 549, 10(5), 549. 
https://doi.org/10.3390/NU10050549 

de Carvalho Carneiro, D., Mascarenhas Oliveira, M., & da Cunha Lima, S. T. (2019). 
Estimating protein quantities from microalgae: protein per biomass percentage, 



 117 

spectroscopic concentration, and lectin content. Chemical Papers, 73(10), 2535–
2540. https://doi.org/10.1007/S11696-019-00807-9/TABLES/4 

de Carvalho Silvello, M. A., Severo Gonçalves, I., Patrícia Held Azambuja, S., Silva 
Costa, S., Garcia Pereira Silva, P., Oliveira Santos, L., & Goldbeck, R. (2022). 
Microalgae-based carbohydrates: A green innovative source of bioenergy. 
Bioresource Technology, 344, 126304. 
https://doi.org/10.1016/J.BIORTECH.2021.126304 

De Jesus Raposo, M. F., De Morais, A. M. M. B., & De Morais, R. M. S. C. (2016). 
Emergent Sources of Prebiotics: Seaweeds and Microalgae. Marine Drugs 2016, 
Vol. 14, Page 27, 14(2), 27. https://doi.org/10.3390/MD14020027 

de Medeiros, V. P. B., de Souza, E. L., de Albuquerque, T. M. R., da Costa Sassi, C. F., 
dos Santos Lima, M., Sivieri, K., Pimentel, T. C., & Magnani, M. (2021). Freshwater 
microalgae biomasses exert a prebiotic effect on human colonic microbiota. Algal 
Research, 60, 102547. https://doi.org/10.1016/J.ALGAL.2021.102547 

De Morais, M. G., Vaz, B. D. S., De Morais, E. G., & Costa, J. A. V. (2015). Biologically 
Active Metabolites Synthesized by Microalgae. BioMed Research International, 
2015. https://doi.org/10.1155/2015/835761 

De Obeso Fernandez Del Valle, A., & Scheckhuber, C. Q. (2021). From Past to Present: 
Biotechnology in Mexico Using Algae and Fungi. Plants 2021, Vol. 10, Page 2530, 
10(11), 2530. https://doi.org/10.3390/PLANTS10112530 

De Roeck-Holtzhauer, Y., Quere, I., & Claire, C. (1991). Vitamin analysis of five 
planktonic microalgae and one macroalga. Journal of Applied Phycology, 3(3), 259–
264. https://doi.org/10.1007/BF00003584/METRICS 

de Vera, C. R., Crespín, G. D., Daranas, A. H., Looga, S. M., Lillsunde, K. E., Tammela, 
P., Perälä, M., Hongisto, V., Virtanen, J., Rischer, H., Muller, C. D., Norte, M., 
Fernández, J. J., & Souto, M. L. (2018). Marine Microalgae: Promising Source for 
New Bioactive Compounds. Marine Drugs 2018, Vol. 16, Page 317, 16(9), 317. 
https://doi.org/10.3390/MD16090317 

Debnath, C., Bandyopadhyay, T. K., Bhunia, B., Mishra, U., Narayanasamy, S., & 
Muthuraj, M. (2021). Microalgae: Sustainable resource of carbohydrates in third-
generation biofuel production. Renewable and Sustainable Energy Reviews, 150, 
111464. https://doi.org/10.1016/J.RSER.2021.111464 

Del Mondo, A., Smerilli, A., Sané, E., Sansone, C., & Brunet, C. (2020). Challenging 
microalgal vitamins for human health. Microbial Cell Factories 2020 19:1, 19(1), 1–
23. https://doi.org/10.1186/S12934-020-01459-1 

Demets, R., Bonneux, L., Dejonghe, C., Gheysen, L., Van Loey, A., & Foubert, I. (2021). 
Photo-Oxidative Stability of Aqueous Model Systems Enriched with Omega-3 Long-
Chain Polyunsaturated Fatty Acid-Rich Microalgae as Compared to Autoxidative 
Stability. Journal of Agricultural and Food Chemistry. 
https://doi.org/10.1021/ACS.JAFC.1C07915/SUPPL_FILE/JF1C07915_SI_001.PD
F 

Demirkesen, I., & Ozkaya, B. (2022). Recent strategies for tackling the problems in 
gluten-free diet and products. Critical Reviews in Food Science and Nutrition, 62(3), 
571–597. https://doi.org/10.1080/10408398.2020.1823814 



 118 

Deshmukh, S., Kumar, R., & Bala, K. (2019). Microalgae biodiesel: A review on oil 
extraction, fatty acid composition, properties and effect on engine performance and 
emissions. Fuel Processing Technology, 191, 232–247. 
https://doi.org/10.1016/J.FUPROC.2019.03.013 

Di Lena, G., Casini, I., Lucarini, M., Sanchez del Pulgar, J., Aguzzi, A., Caproni, R., 
Gabrielli, P., & Lombardi-Boccia, G. (2020). Chemical characterization and 
nutritional evaluation of microalgal biomass from large-scale production: a 
comparative study of five species. European Food Research and Technology, 
246(2), 323–332. https://doi.org/10.1007/S00217-019-03346-5/TABLES/4 

Dickinson, D. A., & Forman, H. J. (2002). Glutathione in Defense and Signaling: Lessons 
from a Small Thiol. Annals of the New York Academy of Sciences, 973(1), 488–504. 
https://doi.org/10.1111/j.1749-6632.2002.tb04690.x 

Dixon, C., & Wilken, L. R. (2018). Green microalgae biomolecule separations and 
recovery. Bioresources and Bioprocessing 2018 5:1, 5(1), 1–24. 
https://doi.org/10.1186/S40643-018-0199-3 

Dolganyuk, V., Belova, D., Babich, O., Prosekov, A., Ivanova, S., Katserov, D., Patyukov, 
N., & Sukhikh, S. (2020). Microalgae: A Promising Source of Valuable Bioproducts. 
Biomolecules 2020, Vol. 10, Page 1153, 10(8), 1153. 
https://doi.org/10.3390/BIOM10081153 

Don, C., Lichtendonk, W. J., Plijter, J. J., Van Vliet, T., & Hamer, R. J. (2005). The effect 
of mixing on glutenin particle properties: aggregation factors that affect gluten 
function in dough. Journal of Cereal Science, 41(1), 69–83. 
https://doi.org/10.1016/J.JCS.2004.09.009 

Dong, J. Y., Qin, L. Q., Zhang, Z., Zhao, Y., Wang, J., Arigoni, F., & Zhang, W. (2011). 
Effect of oral l-arginine supplementation on blood pressure: A meta-analysis of 
randomized, double-blind, placebo-controlled trials. American Heart Journal, 
162(6), 959–965. https://doi.org/10.1016/J.AHJ.2011.09.012 

Dutta, P., Botlani, M., & Varma, S. (2014). Water dynamics at protein-protein interfaces: 
Molecular dynamics study of virus-host receptor complexes. Journal of Physical 
Chemistry B, 118(51), 14795–14807. 
https://doi.org/10.1021/JP5089096/ASSET/IMAGES/MEDIUM/JP-2014-
089096_0011.GIF 

Dutta, S., Ray, S., & Nagarajan, K. (2013). Glutamic acid as anticancer agent: An 
overview. Saudi Pharmaceutical Journal, 21(4), 337–343. 
https://doi.org/10.1016/J.JSPS.2012.12.007 

Dwivedi, S. L., Garcia-Oliveira, A. L., Govindaraj, M., & Ortiz, R. (2023). Biofortification 
to avoid malnutrition in humans in a changing climate: Enhancing micronutrient 
bioavailability in seed, tuber, and storage roots. Frontiers in Plant Science, 14, 
1119148. https://doi.org/10.3389/FPLS.2023.1119148/BIBTEX 

Elli, L., Branchi, F., Tomba, C., Villalta, D., Norsa, L., Ferretti, F., Roncoroni, L., & 
Bardella, M. T. (2015). Diagnosis of gluten related disorders: Celiac disease, wheat 
allergy and non-celiac gluten sensitivity. World Journal of Gastroenterology : WJG, 
21(23), 7110. https://doi.org/10.3748/WJG.V21.I23.7110 

Escobedo-Avellaneda, Z., Velazquez, G., Torres, J. A., & Welti-Chanes, J. (2012). 



 119 

Inclusion of the variability of model parameters on shelf-life estimations for low and 
intermediate moisture vegetables. LWT, 47(2), 364–370. 
https://doi.org/10.1016/J.LWT.2012.01.032 

Eze-Steven, & Nnadi, P. E. *. (2020). Some Vitamins Present in Garlic (Allium sativum 
L) Grown in Southeastern Nigeria. IAA Journal of Applied Sciences, 6(1), 84–86. 
www.iaajournals.org 

Fairweather-Tait, S. J. (2003). Human nutrition and food research: opportunities and 
challenges in the post-genomic era. Philosophical Transactions of the Royal Society 
of London. Series B: Biological Sciences, 358(1438), 1709–1727. 
https://doi.org/10.1098/RSTB.2003.1377 

Falaise, C., François, C., Travers, M. A., Morga, B., Haure, J., Tremblay, R., Turcotte, F., 
Pasetto, P., Gastineau, R., Hardivillier, Y., Leignel, V., & Mouget, J. L. (2016). 
Antimicrobial Compounds from Eukaryotic Microalgae against Human Pathogens 
and Diseases in Aquaculture. Marine Drugs 2016, Vol. 14, Page 159, 14(9), 159. 
https://doi.org/10.3390/MD14090159 

Fan, L., Ye, Q., Lu, W., Chen, D., Zhang, C., Xiao, L., Meng, X., Lee, Y. C., Wang, H. M. 
D., & Xiao, C. (2023). The properties and preparation of functional starch: a review. 
Food Reviews International, 39(7), 3984–4008. 
https://doi.org/10.1080/87559129.2021.2015375 

Fatima, N., Emambux, M. N., Olaimat, A. N., Stratakos, A. C., Nawaz, A., Wahyono, A., 
Gul, K., Park, J., & Shahbaz, H. M. (2023). Recent advances in microalgae, insects, 
and cultured meat as sustainable alternative protein sources. Food and Humanity, 
1, 731–741. https://doi.org/10.1016/J.FOOHUM.2023.07.009 

Fernandes, B., Dragone, G., Abreu, A. P., Geada, P., Teixeira, J., & Vicente, A. (2012). 
Starch determination in Chlorella vulgaris-a comparison between acid and 
enzymatic methods. Journal of Applied Phycology, 24(5), 1203–1208. 
https://doi.org/10.1007/s10811-011-9761-5 

Ferreira, G. F., Ríos Pinto, L. F., Maciel Filho, R., & Fregolente, L. V. (2021). Effects of 
cultivation conditions on Chlorella vulgaris and Desmodesmus sp. grown in 
sugarcane agro-industry residues. Bioresource Technology, 342, 125949. 
https://doi.org/10.1016/J.BIORTECH.2021.125949 

Fink, M., Andersson, R., Rosén, J., & Åman, P. (2006). Effect of Added Asparagine and 
Glycine on Acrylamide Content in Yeast-Leavened Bread. Cereal Chemistry, 83(2), 
218–222. https://doi.org/10.1094/CC-83-0218 

Fiorentini, D., Cappadone, C., Farruggia, G., & Prata, C. (2021). Magnesium: 
Biochemistry, Nutrition, Detection, and Social Impact of Diseases Linked to Its 
Deficiency. Nutrients 2021, Vol. 13, Page 1136, 13(4), 1136. 
https://doi.org/10.3390/NU13041136 

Fithriani, D., & Melanie, S. (2022). Vitamin and mineral content of microalgae 
Phorpyridium and Chlorella and development prospects for food raw materials in 
Indonesia. IOP Conference Series: Earth and Environmental Science, 1034(1), 
012043. https://doi.org/10.1088/1755-1315/1034/1/012043 

Fitzpatrick, T. B., & Chapman, L. M. (2020). The importance of thiamine (vitamin B1) in 
plant health: From crop yield to biofortification. Journal of Biological Chemistry, 



 120 

295(34), 12002–12013. https://doi.org/10.1074/JBC.REV120.010918 
Fox, J. M., & Zimba, P. V. (2018). Minerals and Trace Elements in Microalgae. 

Microalgae in Health and Disease Prevention, 177–193. 
https://doi.org/10.1016/B978-0-12-811405-6.00008-6 

Galasso, C., Gentile, A., Orefice, I., Ianora, A., Bruno, A., Noonan, D. M., Sansone, C., 
Albini, A., & Brunet, C. (2019). Microalgal Derivatives as Potential Nutraceutical and 
Food Supplements for Human Health: A Focus on Cancer Prevention and 
Interception. Nutrients 2019, Vol. 11, Page 1226, 11(6), 1226. 
https://doi.org/10.3390/NU11061226 

Ganesan, R., Manigandan, S., Samuel, M. S., Shanmuganathan, R., Brindhadevi, K., 
Lan Chi, N. T., Duc, P. A., & Pugazhendhi, A. (2020). A review on prospective 
production of biofuel from microalgae. Biotechnology Reports, 27, e00509. 
https://doi.org/10.1016/J.BTRE.2020.E00509 

Garcia, V., Colonna, P., Bouchet, B., & Gallant, D. J. (1997). Structural Changes of 
Cassava Starch Granules after Heating at Intermediate Water Contents. Starch - 
Stärke, 49(5), 171–179. https://doi.org/10.1002/STAR.19970490502 

Gębski, J., Jezewska-Zychowicz, M., Szlachciuk, J., & Kosicka-Gębska, M. (2019). 
Impact of nutritional claims on consumer preferences for bread with varied fiber and 
salt content. Food Quality and Preference, 76, 91–99. 
https://doi.org/10.1016/J.FOODQUAL.2019.03.012 

Ghali Habib, H., Fadhil Al-Zamili, I., Kassim Al-Gharawi -, J., Yano, H., Koda, T., Miyata, 
K., Pyanikova, E. A., Kovaleva, A. E., & Zaikina, M. A. (2021). The influence of food 
additives on the production technology and quality indicators of bread. IOP 
Conference Series: Earth and Environmental Science, 839(2), 022044. 
https://doi.org/10.1088/1755-1315/839/2/022044 

Gharibzahedi, S. M. T., & Jafari, S. M. (2017a). The importance of minerals in human 
nutrition: Bioavailability, food fortification, processing effects and 
nanoencapsulation. Trends in Food Science & Technology, 62, 119–132. 
https://doi.org/10.1016/J.TIFS.2017.02.017 

Gharibzahedi, S. M. T., & Jafari, S. M. (2017b). The importance of minerals in human 
nutrition: Bioavailability, food fortification, processing effects and 
nanoencapsulation. Trends in Food Science & Technology, 62, 119–132. 
https://doi.org/10.1016/J.TIFS.2017.02.017 

Ghayal, M. S., & Pandya, M. T. (2013). Microalgae Biomass: A Renewable Source of 
Energy. Energy Procedia, 32, 242–250. 
https://doi.org/10.1016/J.EGYPRO.2013.05.031 

Gibson, R. S., King, J. C., & Lowe, N. (2016). A Review of Dietary Zinc 
Recommendations. Food and Nutrition Bulletin, 37(4), 443–460. 
https://doi.org/10.1177/0379572116652252/ASSET/IMAGES/LARGE/10.1177_03
79572116652252-FIG4.JPEG 

Godswill, A. G., Somtochukwu, I. V., Ikechukwu, A. O., & Kate, E. C. (2020). Health 
Benefits of Micronutrients (Vitamins and Minerals) and their Associated Deficiency 
Diseases: A Systematic Review. International Journal of Food Sciences, 3(1), 1–
32. https://doi.org/10.47604/IJF.1024 



 121 

Gohara-Beirigo, A. K., Matsudo, M. C., Cezare-Gomes, E. A., Carvalho, J. C. M. de, & 
Danesi, E. D. G. (2022). Microalgae trends toward functional staple food 
incorporation: Sustainable alternative for human health improvement. Trends in 
Food Science & Technology, 125, 185–199. 
https://doi.org/10.1016/J.TIFS.2022.04.030 

González-Hourcade, M., Fernando, D., & Gentili, F. G. (2023). Morphological and cellular 
organization of green microalgae to cope with cold stress in subarctic environment. 
Algal Research, 75, 103254. https://doi.org/10.1016/J.ALGAL.2023.103254 

Gorman, G. S., Speir, J. P., Turner, C. A., & Amster, I. J. (1992). Proton Affinities of the 
20 Common α-Amino Acids. Journal of the American Chemical Society, 114(10), 
3986–3988. 
https://doi.org/10.1021/JA00036A062/ASSET/JA00036A062.FP.PNG_V03 

Gotteland, M., Riveros, K., Gasaly, N., Carcamo, C., Magne, F., Liabeuf, G., Beattie, A., 
& Rosenfeld, S. (2020). The Pros and Cons of Using Algal Polysaccharides as 
Prebiotics. Frontiers in Nutrition, 7, 571548. 
https://doi.org/10.3389/FNUT.2020.00163/BIBTEX 

Gouveia, L., Marques, A. E., Sousa, J. M., Moura, P., & Bandarra, N. M. (2010). 
Microalgae-source of natural bioactive molecules as functional ingredients. 
https://doi.org/10.1616/1476-2137.15884 

Grácio, M., Oliveira, S., Lima, A., & Boavida Ferreira, R. (2023). RuBisCO as a protein 
source for potential food applications: A review. Food Chemistry, 419, 135993. 
https://doi.org/10.1016/J.FOODCHEM.2023.135993 

Grimes, C. A., Nowson, C. A., & Lawrence, M. (2008). An evaluation of the reported 
sodium content of Australian food products. International Journal of Food Science 
& Technology, 43(12), 2219–2229. https://doi.org/10.1111/J.1365-
2621.2008.01856.X 

Gürbüz, M., Çatak, J., Uğur, H., Demir, B., Beceren, Y., & Yaman, M. (2023). Assessment 
of in vitro bioaccessibility of pyridoxal, pyridoxine and pyridoxamine forms of vitamin 
B6 in various vegetables. 
http://openaccess.izu.edu.tr/xmlui/handle/20.500.12436/5369 

Haaland, R. (2007). Porridge and Pot, Bread and Oven: Food Ways and Symbolism in 
Africa and the Near East from the Neolithic to the Present. Cambridge 
Archaeological Journal, 17(2), 165–182. 
https://doi.org/10.1017/S0959774307000236 

Hagan, M., & Anyangwe, N. (2023). Vitamin content in seaweeds: A systematic review 
on water-soluble and fat-soluble vitamins for adult daily intake. Functional Food 
Science, 3(12), 305–316. https://doi.org/10.31989/FFS.V3I12.1273 

Hajimahmoodi, M., Faramarzi, M. A., Mohammadi, N., Soltani, N., Oveisi, M. R., & 
Nafissi-Varcheh, N. (2010). Evaluation of antioxidant properties and total phenolic 
contents of some strains of microalgae. Journal of Applied Phycology, 22(1), 43–
50. https://doi.org/10.1007/S10811-009-9424-Y/TABLES/4 

Hamouda, R. A., Latif, A. A. El, Elkaw, E. M., Alotaibi, A. S., Alenzi, A. M., & Hamza, H. 
A. (2022). Assessment of Antioxidant and Anticancer Activities of Microgreen Alga 
Chlorella vulgaris and Its Blend with Different Vitamins. Molecules 2022, Vol. 27, 



 122 

Page 1602, 27(5), 1602. https://doi.org/10.3390/MOLECULES27051602 
Han, D., Deng, Z., Lu, F., & Hu, Z. (2013). Biology and Biotechnology of Edible Nostoc. 

Handbook of Microalgal Culture: Applied Phycology and Biotechnology: Second 
Edition, 433–444. https://doi.org/10.1002/9781118567166.CH23 

Handmer, J. W., Dovers, S., & Downing, T. E. (1999). Societal vulnerability to climate 
change and variability. Mitigation and Adaptation Strategies for Global Change, 4(3–
4), 267–281. https://doi.org/10.1023/A:1009611621048/METRICS 

Hassan, S., Meenatchi, R., Pachillu, K., Bansal, S., Brindangnanam, P., Arockiaraj, J., 
Kiran, G. S., & Selvin, J. (2022). Identification and characterization of the novel 
bioactive compounds from microalgae and cyanobacteria for pharmaceutical and 
nutraceutical applications. Journal of Basic Microbiology, 62(9), 999–1029. 
https://doi.org/10.1002/JOBM.202100477 

Hay, M. E., & Kubanek, J. (2002). Community and ecosystem level consequences of 
chemical cues in the plankton. Journal of Chemical Ecology, 28(10), 2001–2016. 
https://doi.org/10.1023/A:1020797827806/METRICS 

He, F. J., & MacGregor, G. A. (2008). Beneficial effects of potassium on human health. 
Physiologia Plantarum, 133(4), 725–735. https://doi.org/10.1111/J.1399-
3054.2007.01033.X 

Henríquez, V., Escobar, C., Galarza, J., & Gimpel, J. (2016). Carotenoids in microalgae. 
Sub-Cellular Biochemistry, 79, 219–237. https://doi.org/10.1007/978-3-319-39126-
7_8/COVER 

Himmelgreen, D. A., Romero-Daza, N., Turkon, D., Watson, S., Okello-Uma, I., & Sellen, 
D. (2009). Addressing the HIV/AIDS—food insecurity syndemic in sub-Saharan 
Africa. African Journal of AIDS Research, 8(4), 401–412. 
https://doi.org/10.2989/AJAR.2009.8.4.4.1041 

Hlima, B., Hentati, H. ;, Hentati, F. ;, Derbel, O. ;, Michaud, H. ;, Abdelkafi, P. ;, 
Microalgae, S., Cuellar-Bermudez, P., Parra-Saldivar, R., Tounsi, L., Hlima, H. Ben, 
Hentati, F., Hentati, O., Derbel, H., Michaud, P., & Abdelkafi, S. (2023). Microalgae: 
A Promising Source of Bioactive Phycobiliproteins. Marine Drugs 2023, Vol. 21, 
Page 440, 21(8), 440. https://doi.org/10.3390/MD21080440 

Holeček, M. (2022). Serine Metabolism in Health and Disease and as a Conditionally 
Essential Amino Acid. Nutrients 2022, Vol. 14, Page 1987, 14(9), 1987. 
https://doi.org/10.3390/NU14091987 

Humalda, J. K., Yeung, S. M. H., Geleijnse, J. M., Gijsbers, L., Riphagen, I. J., Hoorn, E. 
J., Rotmans, J. I., Vogt, L., Navis, G., Bakker, S. J. L., & de Borst, M. H. (2020). 
Effects of Potassium or Sodium Supplementation on Mineral Homeostasis: A 
Controlled Dietary Intervention Study. The Journal of Clinical Endocrinology & 
Metabolism, 105(9), e3246–e3256. https://doi.org/10.1210/CLINEM/DGAA359 

Hussein, A. S., Zidan, M. M., & Hwihy, H. M. (2023). The Potential Therapeutic Effects 
of Marine Algae (Ulva lactuca & Corallina elongata) Crude Extracts on Alloxan-
induced Diabetic Albino Rats. Egyptian Journal of Aquatic Biology and Fisheries, 
27(5), 111–128. https://doi.org/10.21608/EJABF.2023.317396 

Huth, P. J., Fulgoni, V. L., Keast, D. R., Park, K., & Auestad, N. (2013). Major food 
sources of calories, added sugars, and saturated fat and their contribution to 



 123 

essential nutrient intakes in the U.S. diet: Data from the national health and nutrition 
examination survey (2003-2006). Nutrition Journal, 12(1), 1–10. 
https://doi.org/10.1186/1475-2891-12-116/TABLES/3 

Ibrahim, T. N. B. T., Feisal, N. A. S., Kamaludin, N. H., Cheah, W. Y., How, V., Bhatnagar, 
A., Ma, Z., & Show, P. L. (2023). Biological active metabolites from microalgae for 
healthcare and pharmaceutical industries: A comprehensive review. Bioresource 
Technology, 372, 128661. https://doi.org/10.1016/J.BIORTECH.2023.128661 

İnan, B., Akın, B., Ünlü, İ. D., Koçer, A. T., Çelik, A., Vehapi, M., Kaya, Y., & Özçimen, 
D. (2023). Interactive effects of cold and temperate conditions on growth and 
biochemical content of Antarctic microalga Chlorella variabilis 
YTU.ANTARCTIC.001. Journal of Applied Phycology, 35(2), 625–637. 
https://doi.org/10.1007/S10811-023-02903-6/FIGURES/6 

Iskander, F. Y., & Davis, K. R. (1992). Mineral and trace element contents in bread. Food 
Chemistry, 45(4), 269–277. https://doi.org/10.1016/0308-8146(92)90159-Y 

Jabeen, A., Reeder, B., Hisaindee, S., Ashraf, S., Darmaki, N. Al, Battah, S., & Al-Zuhair, 
S. (2017). Effect of Enzymatic pre-treatment of microalgae extracts on their anti-
tumor activity. Biomedical Journal, 40(6), 339–346. 
https://doi.org/10.1016/J.BJ.2017.10.003 

Jiang, Q., Chen, Q., Zhang, T., Liu, M., Duan, S., & Sun, X. (2021). The Antihypertensive 
Effects and Potential Molecular Mechanism of Microalgal Angiotensin I-Converting 
Enzyme Inhibitor-Like Peptides: A Mini Review. International Journal of Molecular 
Sciences 2021, Vol. 22, Page 4068, 22(8), 4068. 
https://doi.org/10.3390/IJMS22084068 

Jiaying, M., Tingting, C., Jie, L., Weimeng, F., Baohua, F., Guangyan, L., Hubo, L., 
Juncai, L., Zhihai, W., Longxing, T., & Guanfu, F. (2022). Functions of Nitrogen, 
Phosphorus and Potassium in Energy Status and Their Influences on Rice Growth 
and Development. Rice Science, 29(2), 166–178. 
https://doi.org/10.1016/J.RSCI.2022.01.005 

Jungert, A., Linseisen, J., Wagner, K. H., & Richter, M. (2020). Revised D-A-CH 
Reference Values for the Intake of Vitamin B6. Annals of Nutrition and Metabolism, 
76(4), 213–222. https://doi.org/10.1159/000508618 

Kale, M., Pai, D., Hamaker, B., & Campanella, O. (2011). Incorporation of Fibers in 
Foods: A Food Engineering Challenge. Food Engineering Series, 69–98. 
https://doi.org/10.1007/978-1-4419-7475-4_4/COVER 

Kałużna-Czaplińska, J., Gątarek, P., Chirumbolo, S., Chartrand, M. S., & Bjørklund, G. 
(2019). How important is tryptophan in human health? Critical Reviews in Food 
Science and Nutrition, 59(1), 72–88. 
https://doi.org/10.1080/10408398.2017.1357534 

Kargın, H., & Bilgüven, M. (2022). MICROALGAE-MACROALGAE BASED 
NUTRACEUTICALS AND THEIR BENEFITS. 11, 232–246. 
https://doi.org/10.47068/ctns.2022.v11i21.026 

Kateryna Maltseva, Y. M., Maltsev, Y., Maltseva, K., & Khmelnytskyi, B. (2021). Fatty 
acids of microalgae: diversity and applications. Reviews in Environmental Science 
and Bio/Technology 2021 20:2, 20(2), 515–547. https://doi.org/10.1007/S11157-



 124 

021-09571-3 
Kawee-Ai, A., Kim, A. T., & Kim, S. M. (2019). Inhibitory activities of microalgal 

fucoxanthin against α-amylase, α-glucosidase, and glucose oxidase in 3T3-L1 cells 
linked to type 2 diabetes. Journal of Oceanology and Limnology, 37(3), 928–937. 
https://doi.org/10.1007/S00343-019-8098-9/METRICS 

Kazancoglu, Y., Ozbiltekin-Pala, M., Sezer, M. D., Luthra, S., & Kumar, A. (2023). 
Resilient reverse logistics with blockchain technology in sustainable food supply 
chain management during COVID-19. Business Strategy and the Environment, 
32(4), 2327–2340. https://doi.org/10.1002/BSE.3251 

Khader, V. (2021). Health Benefits of Micronutrients and Strategies to Prevent 
Micronutrient Deficiencies. International Journal of Agro Nutrifood Practices, 1(1). 

Khan, M. I., Shin, J. H., & Kim, J. D. (2018). The promising future of microalgae: current 
status, challenges, and optimization of a sustainable and renewable industry for 
biofuels, feed, and other products. Microbial Cell Factories 2018 17:1, 17(1), 1–21. 
https://doi.org/10.1186/S12934-018-0879-X 

Khatoon, N., & Pal, R. (2015). Microalgae in biotechnological application: A commercial 
approach. Plant Biology and Biotechnology: Volume II: Plant Genomics and 
Biotechnology, 27–47. https://doi.org/10.1007/978-81-322-2283-5_2/COVER 

Khavari, F., Saidijam, M., Taheri, M., & Nouri, F. (2021). Microalgae: therapeutic 
potentials and applications. Molecular Biology Reports, 48(5), 4757–4765. 
https://doi.org/10.1007/S11033-021-06422-W/TABLES/1 

Khemiri, S., Khelifi, N., Nunes, M. C., Ferreira, A., Gouveia, L., Smaali, I., & Raymundo, 
A. (2020). Microalgae biomass as an additional ingredient of gluten-free bread: 
Dough rheology, texture quality and nutritional properties. Algal Research, 50, 
101998. https://doi.org/10.1016/J.ALGAL.2020.101998 

Khemiri, S., Nunes, M. C., Raymundo, A., & Smaali, I. (2022). In vitro starch digestibility 
and estimation of glycemic index in algae-based couscous. International Journal of 
Food Science & Technology, 57(11), 7245–7253. 
https://doi.org/10.1111/IJFS.16073 

Kholssi, R., Lougraimzi, H., & Moreno-Garrido, I. (2023). Effects of global environmental 
change on microalgal photosynthesis, growth and their distribution. Marine 
Environmental Research, 184, 105877. 
https://doi.org/10.1016/J.MARENVRES.2023.105877 

Kim, S. W., Less, J. F., Wang, L., Yan, T., Kiron, V., Kaushik, S. J., & Lei, X. G. (2019). 
Meeting Global Feed Protein Demand: Challenge, Opportunity, and Strategy. 
Https://Doi.Org/10.1146/Annurev-Animal-030117-014838, 7, 221–243. 
https://doi.org/10.1146/ANNUREV-ANIMAL-030117-014838 

Klüver, J. (2008). The socio-cultural evolution of our species. The history and possible 
future of human societies and civilizations. EMBO Reports, 9(SUPPL. 1). 
https://doi.org/10.1038/EMBOR.2008.35/ASSET/F2C3BB95-9A2D-4A78-8154-
1BEE7A6CCE23/ASSETS/GRAPHIC/EMBR200835-GRA-0001-M.JPG 

Kmiecik, W., Lisiewska, Z., & Jaworska, G. (2000). Content of Ash components in the 
Fresh and Preserved Broad Bean (Vicia faba v major). Journal of Food Composition 
and Analysis, 13(6), 905–914. https://doi.org/10.1006/JFCA.2000.0918 



 125 

Koksel, H., Cetiner, B., Shamanin, V. P., Tekin-Cakmak, Z. H., Pototskaya, I. V., 
Kahraman, K., Sagdic, O., & Morgounov, A. I. (2023). Quality, Nutritional Properties, 
and Glycemic Index of Colored Whole Wheat Breads. Foods 2023, Vol. 12, Page 
3376, 12(18), 3376. https://doi.org/10.3390/FOODS12183376 

Kourkouta, L. (2017). Bread and Health. Journal of Pharmacy and Pharmacology, 5, 
821–826. https://doi.org/10.17265/2328-2150/2017.11.005 

Kowalski, S., Mikulec, A., Mickowska, B., & Buksa, K. (2022). Nutritional properties and 
amino acid profile of buckwheat bread. Journal of Food Science and Technology, 
59(8), 3020–3030. https://doi.org/10.1007/S13197-022-05518-W/TABLES/5 

Kumar, R., Hegde, A. S., Sharma, K., Parmar, P., & Srivatsan, V. (2022). Microalgae as 
a sustainable source of edible proteins and bioactive peptides – Current trends and 
future prospects. Food Research International, 157, 111338. 
https://doi.org/10.1016/J.FOODRES.2022.111338 

Kumar, V., Kumar Shukla, A., Sharma, P., Choudhury, B., Singh, P., & Kumar, S. (2017). 
ROLE OF MACRONUTRIENT IN HEALTH. Shukla et al. World Journal of 
Pharmaceutical Research, 6, 373. https://doi.org/10.20959/wjpr20173-7955 

Kurek, M., & Wyrwisz, J. (2015). Citation: Kurek M, Wyrwisz J (2015) The Application of 
Dietary Fiber in Bread Products. J Food Process Technol, 6(5), 447. 
https://doi.org/10.4172/2157-7110.1000447 

Kusmayadi, A., Leong, Y. K., Yen, H. W., Huang, C. Y., & Chang, J. S. (2021). Microalgae 
as sustainable food and feed sources for animals and humans – Biotechnological 
and environmental aspects. Chemosphere, 271, 129800. 
https://doi.org/10.1016/J.CHEMOSPHERE.2021.129800 

La Sala, L., & Pontiroli, A. E. (2020). Prevention of Diabetes and Cardiovascular Disease 
in Obesity. International Journal of Molecular Sciences 2020, Vol. 21, Page 8178, 
21(21), 8178. https://doi.org/10.3390/IJMS21218178 

Laamanen, C. A., Desjardins, S. M., Senhorinho, G. N. A., & Scott, J. A. (2021). 
Harvesting microalgae for health beneficial dietary supplements. Algal Research, 
54, 102189. https://doi.org/10.1016/J.ALGAL.2021.102189 

Langlet, D., Alleman, L. Y., Plisnier, P. D., Hughes, H., & André, L. (2007). Manganese 
content records seasonal upwelling in Lake Tanganyika mussels. Biogeosciences, 
4(2), 195–203. https://doi.org/10.5194/BG-4-195-2007 

Lauritano, C., & Coppola, D. (2023). Biotechnological Applications of Products Released 
by Marine Microorganisms for Cold Adaptation Strategies: Polyunsaturated Fatty 
Acids, Antioxidants, and Antifreeze Proteins. Journal of Marine Science and 
Engineering 2023, Vol. 11, Page 1399, 11(7), 1399. 
https://doi.org/10.3390/JMSE11071399 

Lawrence, G. D., & Sawyer, D. T. (1978). The chemistry of biological manganese. 
Coordination Chemistry Reviews, 27(2), 173–193. https://doi.org/10.1016/S0010-
8545(00)80358-6 

Lelievre, J. (1974). Starch gelatinization. Journal of Applied Polymer Science, 18(1), 
293–296. https://doi.org/10.1002/APP.1974.070180124 

Leonard, M. M., Cureton, P., & Fasano, A. (2017). Indications and Use of the Gluten 
Contamination Elimination Diet for Patients with Non-Responsive Celiac Disease. 



 126 

Nutrients 2017, Vol. 9, Page 1129, 9(10), 1129. https://doi.org/10.3390/NU9101129 
León-Vaz, A., Giráldez, I., Moreno-Garrido, I., Varela, J., Vigara, J., León, R., & 

Cañavate, J. P. (2023). Amino acids profile of 56 species of microalgae reveals that 
free amino acids allow to distinguish between phylogenetic groups. Algal Research, 
74, 103181. https://doi.org/10.1016/J.ALGAL.2023.103181 

Li, H., Krall, J. R., Frankenfeld, C., & Slavin, M. (2023). Nutritional intake of riboflavin 
(vitamin B2) and migraine: a cross-sectional analysis of the National Health and 
Nutrition Examination Survey (NHANES) 2001–2004. Nutritional Neuroscience, 
26(11), 1068–1077. https://doi.org/10.1080/1028415X.2022.2126760 

Li, L., & Yang, X. (2018). The essential element manganese, oxidative stress, and 
metabolic diseases: Links and interactions. Oxidative Medicine and Cellular 
Longevity, 2018. https://doi.org/10.1155/2018/7580707 

Li, P., & Wu, G. (2022). Important roles of amino acids in immune responses. British 
Journal of Nutrition, 127(3), 398–402. https://doi.org/10.1017/S0007114521004566 

Li, S., Shao, Y., Hong, M., Zhu, C., Dong, B., Li, Y., Lin, Y., Wang, K., Gan, M., Zhu, J., 
Zhang, L., Lin, N., & Zhang, J. (2023). Impact mechanisms of urbanization 
processes on supply-demand matches of cultivated land multifunction in rapid 
urbanization areas. Habitat International, 131, 102726. 
https://doi.org/10.1016/J.HABITATINT.2022.102726 

Li, X., Liu, J., Chen, G., Zhang, J., Wang, C., & Liu, B. (2019). Extraction and purification 
of eicosapentaenoic acid and docosahexaenoic acid from microalgae: A critical 
review. Algal Research, 43, 101619. https://doi.org/10.1016/J.ALGAL.2019.101619 

Liu, K. (2017). Characterization of ash in algae and other materials by determination of 
wet acid indigestible ash and microscopic examination. Algal Research, 25, 307–
321. https://doi.org/10.1016/J.ALGAL.2017.04.014 

Lopez, M. J., & Mohiuddin, S. S. (2020). Biochemistry, Essential Amino Acids. 
StatPearls. http://europepmc.org/books/NBK557845 

Loy, C. W., & Chu, W.-L. (n.d.). Biotechnological applications of microalgae. 
Lyon, B. R., & Mock, T. (2014). Polar Microalgae: New Approaches towards 

Understanding Adaptations to an Extreme and Changing Environment. Biology 
2014, Vol. 3, Pages 56-80, 3(1), 56–80. https://doi.org/10.3390/BIOLOGY3010056 

Machado, L., Carvalho, G., & Pereira, R. N. (2022). Effects of Innovative Processing 
Methods on Microalgae Cell Wall: Prospects towards Digestibility of Protein-Rich 
Biomass. Biomass 2022, Vol. 2, Pages 80-102, 2(2), 80–102. 
https://doi.org/10.3390/BIOMASS2020006 

Maciá, E. (2005). The role of phosphorus in chemical evolution. Chemical Society 
Reviews, 34(8), 691–701. https://doi.org/10.1039/B416855K 

Madeira, M. S., Cardoso, C., Lopes, P. A., Coelho, D., Afonso, C., Bandarra, N. M., & 
Prates, J. A. M. (2017). Microalgae as feed ingredients for livestock production and 
meat quality: A review. Livestock Science, 205, 111–121. 
https://doi.org/10.1016/J.LIVSCI.2017.09.020 

Mahmood, K., Kamilah, H., Shang, P. L., Sulaiman, S., Ariffin, F., & Alias, A. K. (2017). 
A review: Interaction of starch/non-starch hydrocolloid blending and the recent food 
applications. Food Bioscience, 19, 110–120. 



 127 

https://doi.org/10.1016/J.FBIO.2017.05.006 
Makalesi, A., & Yaman, M. (2019). Determination and evaluation in terms of healthy 

nutrition of the pyridoxal, pyridoxine and pyridoxamine forms of vitamin B6 in animal-
derived foods. Avrupa Bilim ve Teknoloji Dergisi, 15, 611–617. 
https://doi.org/10.31590/EJOSAT.540894 

Malézieux, E., Verger, E. O., Avallone, S., Alpha, A., Ngigi, P. B., Lourme-Ruiz, A., 
Bazile, D., Bricas, N., Ehret, I., Martin-Prevel, Y., & Amiot, M. J. (2023). 
Biofortification versus diversification to fight micronutrient deficiencies: an 
interdisciplinary review. Food Security 2023, 1–15. https://doi.org/10.1007/S12571-
023-01422-Z 

Maltsev, Y., Maltseva, K., Kulikovskiy, M., & Maltseva, S. (2021). Influence of Light 
Conditions on Microalgae Growth and Content of Lipids, Carotenoids, and Fatty 
Acid Composition. Biology 2021, Vol. 10, Page 1060, 10(10), 1060. 
https://doi.org/10.3390/BIOLOGY10101060 

Manirafasha, E., Ndikubwimana, T., Zeng, X., Lu, Y., & Jing, K. (2016). Phycobiliprotein: 
Potential microalgae derived pharmaceutical and biological reagent. Biochemical 
Engineering Journal, 109, 282–296. https://doi.org/10.1016/J.BEJ.2016.01.025 

Margesin, R., Schinner, F., Marx, J. C., & Gerday, C. (2008). Psychrophiles: From 
biodiversity to biotechnology. Psychrophiles: From Biodiversity to Biotechnology, 1–
462. https://doi.org/10.1007/978-3-540-74335-4/COVER 

Markou, G., Angelidaki, I., & Georgakakis, D. (2012). Microalgal carbohydrates: an 
overview of the factors influencing carbohydrates production, and of main 
bioconversion technologies for production of biofuels. Applied Microbiology and 
Biotechnology 2012 96:3, 96(3), 631–645. https://doi.org/10.1007/S00253-012-
4398-0 

Marshall, M. R. (2010). Ash Analysis. 105–115. https://doi.org/10.1007/978-1-4419-
1478-1_7 

Martínez Andrade, K. A., Lauritano, C., Romano, G., & Ianora, A. (2018). Marine 
Microalgae with Anti-Cancer Properties. Marine Drugs 2018, Vol. 16, Page 165, 
16(5), 165. https://doi.org/10.3390/MD16050165 

Mastromatteo, M., Danza, A., Lecce, L., Spinelli, S., Lampignano, V., Laverse, J., Contò, 
F., & Del Nobile, M. A. (2014). Effect of durum wheat varieties on bread quality. 
International Journal of Food Science & Technology, 49(1), 72–81. 
https://doi.org/10.1111/IJFS.12276 

Matos, Â. P. (2017). The Impact of Microalgae in Food Science and Technology. JAOCS, 
Journal of the American Oil Chemists’ Society, 94(11), 1333–1350. 
https://doi.org/10.1007/S11746-017-3050-7/TABLES/6 

Mazo, V. K., Gmoshinski, I. V., & Zorin, S. N. (2007). New food sources of essential trace 
elements produced by biotechnology facilities. Biotechnology Journal, 2(10), 1297–
1305. https://doi.org/10.1002/BIOT.200700015 

Mehariya, S., Goswami, R. K., Karthikeysan, O. P., & Verma, P. (2021). Microalgae for 
high-value products: A way towards green nutraceutical and pharmaceutical 
compounds. Chemosphere, 280, 130553. 
https://doi.org/10.1016/J.CHEMOSPHERE.2021.130553 



 128 

Meybodi, N. M., Mirmoghtadaie, L., Sheidaei, Z., & Mortazavian, A. M. (2019). Wheat 
Bread: Potential Approach to Fortify its Lysine Content. Current Nutrition & Food 
Science, 15(7), 630–637. https://doi.org/10.2174/1573401315666190228125241 

Miles, R. D., Costa, P. T., & Harms, R. H. (1983). The Influence of Dietary Phosphorus 
Level on Laying Hen Performance, Egg Shell Quality, and Various Blood 
Parameters. Poultry Science, 62(6), 1033–1037. 
https://doi.org/10.3382/PS.0621033 

Mimouni, V., Ulmann, L., Pasquet, V., Mathieu, M., Picot, L., Bougaran, G., Cadoret, J.-
P., Morant-Manceau, A., & Schoefs, B. (2012). The Potential of Microalgae for the 
Production of Bioactive Molecules of Pharmaceutical Interest. Current 
Pharmaceutical Biotechnology, 13(15), 2733–2750. 
https://doi.org/10.2174/138920112804724828 

Mirmiran, P., Bahadoran, Z., Ghasemi, A., & Azizi, F. (2017). Contribution of dietary 
amino acids composition to incidence of cardiovascular outcomes: A prospective 
population-based study. Nutrition, Metabolism and Cardiovascular Diseases, 27(7), 
633–641. https://doi.org/10.1016/J.NUMECD.2017.05.003 

Mišurcová, L., Škrovánková, S., Samek, D., Ambrožová, J., & Machů, L. (2012). Health 
Benefits of Algal Polysaccharides in Human Nutrition. Advances in Food and 
Nutrition Research, 66, 75–145. https://doi.org/10.1016/B978-0-12-394597-
6.00003-3 

Mobin, S. M. A., Chowdhury, H., & Alam, F. (2019). Commercially important bioproducts 
from microalgae and their current applications – A review. Energy Procedia, 160, 
752–760. https://doi.org/10.1016/J.EGYPRO.2019.02.183 

Mohapatra, B. K. (2020). Poverty and Food Insecurity Disparities and Their Causes in 
the Eastern Indian State of Odisha. International Journal of Community and Social 
Development, 2(4), 426–448. 
https://doi.org/10.1177/2516602620980595/ASSET/IMAGES/LARGE/10.1177_25
16602620980595-FIG2.JPEG 

Montero-Lobato, Z., Vázquez, M., Navarro, F., Fuentes, J. L., Bermejo, E., Garbayo, I., 
Vílchez, C., & Cuaresma, M. (2018). Chemically-Induced Production of Anti-
Inflammatory Molecules in Microalgae. Marine Drugs 2018, Vol. 16, Page 478, 
16(12), 478. https://doi.org/10.3390/MD16120478 

Montuori, E., Saggiomo, M., & Lauritano, C. (2023). Microalgae from Cold Environments 
and Their Possible Biotechnological Applications. Marine Drugs 2023, Vol. 21, Page 
292, 21(5), 292. https://doi.org/10.3390/MD21050292 

Morales-Sánchez, D., Martinez-Rodriguez, O. A., & Martinez, A. (2017). Heterotrophic 
cultivation of microalgae: production of metabolites of commercial interest. Journal 
of Chemical Technology & Biotechnology, 92(5), 925–936. 
https://doi.org/10.1002/JCTB.5115 

Morales-Sánchez, D., Schulze, P. S. C., Kiron, V., & Wijffels, R. H. (2020). Production of 
carbohydrates, lipids and polyunsaturated fatty acids (PUFA) by the polar marine 
microalga Chlamydomonas malina RCC2488. Algal Research, 50, 102016. 
https://doi.org/10.1016/J.ALGAL.2020.102016 

Moreno-Garcia, L., Gariépy, Y., Barnabé, S., & Raghavan, G. S. V. (2019). Effect of 



 129 

environmental factors on the biomass and lipid production of microalgae grown in 
wastewaters. Algal Research, 41, 101521. 
https://doi.org/10.1016/J.ALGAL.2019.101521 

Moszczynski, A. J., Hintermayer, M. A., & Strong, M. J. (2018). Phosphorylation of 
threonine 175 tau in the induction of tau pathology in amyotrophic lateral sclerosis-
frontotemporal spectrum disorder (ALS-FTSD). A review. Frontiers in Neuroscience, 
12(APR), 351140. https://doi.org/10.3389/FNINS.2018.00259/BIBTEX 

Mudgil, D. (2017). The Interaction Between Insoluble and Soluble Fiber. Dietary Fiber for 
the Prevention of Cardiovascular Disease: Fiber’s Interaction between Gut 
Micoflora, Sugar Metabolism, Weight Control and Cardiovascular Health, 35–59. 
https://doi.org/10.1016/B978-0-12-805130-6.00003-3 

Mulders, K. J. M., Lamers, P. P., Martens, D. E., & Wijffels, R. H. (2014). Phototrophic 
pigment production with microalgae: biological constraints and opportunities. 
Journal of Phycology, 50(2), 229–242. https://doi.org/10.1111/JPY.12173 

Murrell, A., & Jones, R. (2020). Measuring Food Insecurity Using the Food Abundance 
Index: Implications for Economic, Health and Social Well-Being. International 
Journal of Environmental Research and Public Health 2020, Vol. 17, Page 2434, 
17(7), 2434. https://doi.org/10.3390/IJERPH17072434 

Nagarajan, D., Varjani, S., Lee, D. J., & Chang, J. S. (2021). Sustainable aquaculture 
and animal feed from microalgae – Nutritive value and techno-functional 
components. Renewable and Sustainable Energy Reviews, 150, 111549. 
https://doi.org/10.1016/J.RSER.2021.111549 

Nasser, A., Singab, B., Ibrahim, N. A., El-Khair, A., El-Sayed, B., El-Senousy, W. M., Aly, 
H., Abd Elsamiae, A. S., & Matloub, A. A. (2018). Antiviral, cytotoxic, antioxidant 
and anti-cholinesterase activities of polysaccharides isolated from microalgae 
Spirulina platensis, Scenedesmus obliquus and Dunaliella salina. Archives of 
Pharmaceutical Sciences Ain Shams University, 2(2), 121–137. 
https://doi.org/10.21608/APS.2018.18740 

Negi, S., & Trivedi, S. (2021). Factors impacting the quality of fresh produce in 
transportation and their mitigation strategies: empirical evidence from a developing 
economy. Journal of Agribusiness in Developing and Emerging Economies, 11(2), 
121–139. https://doi.org/10.1108/JADEE-07-2020-0154/FULL/PDF 

Novoveská, L., Ross, M. E., Stanley, M. S., Pradelles, R., Wasiolek, V., & Sassi, J. F. 
(2019). Microalgal Carotenoids: A Review of Production, Current Markets, 
Regulations, and Future Direction. Marine Drugs 2019, Vol. 17, Page 640, 17(11), 
640. https://doi.org/10.3390/MD17110640 

Nurit, E., Bordes, J., Balfourier, F., Paux, E., Piquet, A., Fossati, D., & Branlard, G. 
(2021). Association between SNP Markers and 11 Vitamin Contents in Grains of a 
Worldwide Bread Wheat Core Collection. Journal of Agricultural and Food 
Chemistry, 69(14), 4307–4318. 
https://doi.org/10.1021/ACS.JAFC.0C07763/SUPPL_FILE/JF0C07763_SI_003.PD
F 

Nyyssölä, A., Suhonen, A., Ritala, A., & Oksman-Caldentey, K. M. (2022). The role of 
single cell protein in cellular agriculture. Current Opinion in Biotechnology, 75, 



 130 

102686. https://doi.org/10.1016/J.COPBIO.2022.102686 
Odjadjare, E. C., Mutanda, T., & Olaniran, A. O. (2017). Potential biotechnological 

application of microalgae: a critical review. Critical Reviews in Biotechnology, 37(1), 
37–52. https://doi.org/10.3109/07388551.2015.1108956 

Oh, S., & Lu, C. (2023). Vertical farming - smart urban agriculture for enhancing resilience 
and sustainability in food security. The Journal of Horticultural Science and 
Biotechnology, 98(2), 133–140. https://doi.org/10.1080/14620316.2022.2141666 

Olguín, E. J., Sánchez-Galván, G., Arias-Olguín, I. I., Melo, F. J., González-Portela, R. 
E., Cruz, L., De Philippis, R., & Adessi, A. (2022). Microalgae-Based Biorefineries: 
Challenges and Future Trends to Produce Carbohydrate Enriched Biomass, High-
Added Value Products and Bioactive Compounds. Biology 2022, Vol. 11, Page 
1146, 11(8), 1146. https://doi.org/10.3390/BIOLOGY11081146 

Orejuela-Escobar, L., Gualle, A., Ochoa-Herrera, V., & Philippidis, G. P. (2021). 
Prospects of Microalgae for Biomaterial Production and Environmental Applications 
at Biorefineries. Sustainability 2021, Vol. 13, Page 3063, 13(6), 3063. 
https://doi.org/10.3390/SU13063063 

Ozbek, N., & Akman, S. (2016). Method development for the determination of calcium, 
copper, magnesium, manganese, iron, potassium, phosphorus and zinc in different 
types of breads by microwave induced plasma-atomic emission spectrometry. Food 
Chemistry, 200, 245–248. https://doi.org/10.1016/J.FOODCHEM.2016.01.043 

Ozturk, L., Eker, S., Torun, B., & Cakmak, I. (2005). Variation in phosphorus efficiency 
among 73 bread and durum wheat genotypes grown in a phosphorus-deficient 
calcareous soil. Plant and Soil, 269(1–2), 69–80. https://doi.org/10.1007/S11104-
004-0469-Z/METRICS 

Pagels, F., Amaro, H. M., Tavares, T. G., Amil, B. F., & Guedes, A. C. (2022). Potential 
of Microalgae Extracts for Food and Feed Supplementation—A Promising Source 
of Antioxidant and Anti-Inflammatory Compounds. Life 2022, Vol. 12, Page 1901, 
12(11), 1901. https://doi.org/10.3390/LIFE12111901 

Pantami, H. A., Bustamam, M. S. A., Lee, S. Y., Ismail, I. S., Faudzi, S. M. M., Nakakuni, 
M., & Shaari, K. (2020). Comprehensive GCMS and LC-MS/MS Metabolite Profiling 
of Chlorella vulgaris. Marine Drugs 2020, Vol. 18, Page 367, 18(7), 367. 
https://doi.org/10.3390/MD18070367 

Parameswari., R. P., & Lakshmi, T. (2022). Microalgae as a potential therapeutic drug 
candidate for neurodegenerative diseases. Journal of Biotechnology, 358, 128–139. 
https://doi.org/10.1016/J.JBIOTEC.2022.09.009 

Park, S., Nguyen, T. H. T., & Jin, E. S. (2019). Improving lipid production by strain 
development in microalgae: Strategies, challenges and perspectives. Bioresource 
Technology, 292, 121953. https://doi.org/10.1016/J.BIORTECH.2019.121953 

Pasqualone, A. (2018). Traditional flat breads spread from the Fertile Crescent: 
Production process and history of baking systems. Journal of Ethnic Foods, 5(1), 
10–19. https://doi.org/10.1016/J.JEF.2018.02.002 

Pekkoh, J., Phinyo, K., Thurakit, T., Lomakool, S., Duangjan, K., Ruangrit, K., Pumas, 
C., Jiranusornkul, S., Yooin, W., Cheirsilp, B., Pathom-Aree, W., & Srinuanpan, S. 
(2022). Lipid Profile, Antioxidant and Antihypertensive Activity, and Computational 



 131 

Molecular Docking of Diatom Fatty Acids as ACE Inhibitors. Antioxidants 2022, Vol. 
11, Page 186, 11(2), 186. https://doi.org/10.3390/ANTIOX11020186 

Pihlanto, A., Mattila, P., Mäkinen, S., & Pajari, A. M. (2017). Bioactivities of alternative 
protein sources and their potential health benefits. Food & Function, 8(10), 3443–
3458. https://doi.org/10.1039/C7FO00302A 

Piotrowska-Niczyporuk, A., Bajguz, A., & Zambrzycka-Szelewa, E. (2017). Response 
and the detoxification strategies of green alga Acutodesmus obliquus 
(Chlorophyceae) under lead stress. Environmental and Experimental Botany, 144, 
25–36. https://doi.org/10.1016/J.ENVEXPBOT.2017.08.013 

Pliego-Cortés, H., Bedoux, G., Boulho, R., Taupin, L., Freile-Pelegrín, Y., Bourgougnon, 
N., & Robledo, D. (2019). Stress tolerance and photoadaptation to solar radiation in 
Rhodymenia pseudopalmata (Rhodophyta) through mycosporine-like amino acids, 
phenolic compounds, and pigments in an Integrated Multi-Trophic Aquaculture 
system. Algal Research, 41, 101542. 
https://doi.org/10.1016/J.ALGAL.2019.101542 

Popkin, B. M., & Ng, S. W. (2022). The nutrition transition to a stage of high obesity and 
noncommunicable disease prevalence dominated by ultra-processed foods is not 
inevitable. Obesity Reviews, 23(1), e13366. https://doi.org/10.1111/OBR.13366 

Populin, T., Moret, S., Truant, S., & Conte, L. S. (2007). A survey on the presence of free 
glutamic acid in foodstuffs, with and without added monosodium glutamate. Food 
Chemistry, 104(4), 1712–1717. https://doi.org/10.1016/J.FOODCHEM.2007.03.034 

Pradhan, J., Das, S., & Das, B. K. (2014). African Journal of Pharmacy and 
Pharmacology Antibacterial activity of freshwater microalgae: A review. 8(32), 809–
818. https://doi.org/10.5897/AJPP2013.0002 

Prouty, W. W., & Cathcart, W. H. (1939). The Calcium Content of White Bread. The 
Journal of Nutrition, 18(3), 217–226. https://doi.org/10.1093/JN/18.3.217 

Qazi, W. M., Ballance, S., Kousoulaki, K., Uhlen, A. K., Kleinegris, D. M. M., Skjånes, K., 
& Rieder, A. (2021). Protein Enrichment of Wheat Bread with Microalgae: 
Microchloropsis gaditana, Tetraselmis chui and Chlorella vulgaris. Foods 2021, Vol. 
10, Page 3078, 10(12), 3078. https://doi.org/10.3390/FOODS10123078 

Qazi, W. M., Ballance, S., Uhlen, A. K., Kousoulaki, K., Haugen, J. E., & Rieder, A. 
(2021). Protein enrichment of wheat bread with the marine green microalgae 
Tetraselmis chuii – Impact on dough rheology and bread quality. LWT, 143, 111115. 
https://doi.org/10.1016/J.LWT.2021.111115 

Queiroz, M. I., Vieira, J. G., & Maroneze, M. M. (2020). Morphophysiological, structural, 
and metabolic aspects of microalgae. Handbook of Microalgae-Based Processes 
and Products: Fundamentals and Advances in Energy, Food, Feed, Fertilizer, and 
Bioactive Compounds, 25–48. https://doi.org/10.1016/B978-0-12-818536-0.00002-
6 

Rahimnejad, S., & Lee, K. J. (2014). Dietary arginine requirement of juvenile red sea 
bream Pagrus major. Aquaculture, 434, 418–424. 
https://doi.org/10.1016/J.AQUACULTURE.2014.09.003 

Raj, S., Kuniyil, A. M., Sreenikethanam, A., Gugulothu, P., Jeyakumar, R. B., & Bajhaiya, 
A. K. (2021). Microalgae as a Source of Mycosporine-like Amino Acids (MAAs); 



 132 

Advances and Future Prospects. International Journal of Environmental Research 
and Public Health 2021, Vol. 18, Page 12402, 18(23), 12402. 
https://doi.org/10.3390/IJERPH182312402 

Ramesh Kumar, B., Deviram, G., Mathimani, T., Duc, P. A., & Pugazhendhi, A. (2019). 
Microalgae as rich source of polyunsaturated fatty acids. Biocatalysis and 
Agricultural Biotechnology, 17, 583–588. 
https://doi.org/10.1016/J.BCAB.2019.01.017 

Ramos-Romero, S., Torrella, J. R., Pagès, T., Viscor, G., & Torres, J. L. (2021). Edible 
Microalgae and Their Bioactive Compounds in the Prevention and Treatment of 
Metabolic Alterations. Nutrients 2021, Vol. 13, Page 563, 13(2), 563. 
https://doi.org/10.3390/NU13020563 

Ran, W., Wang, H., Liu, Y., Qi, M., Xiang, Q., Yao, C., Zhang, Y., & Lan, X. (2019). 
Storage of starch and lipids in microalgae: Biosynthesis and manipulation by 
nutrients. Bioresource Technology, 291, 121894. 
https://doi.org/10.1016/J.BIORTECH.2019.121894 

Ranjbar, A., Heshmati, A., Momtaz, J. K., & Vahidinia, A. (2019). Effect of iron-enrichment 
on the antioxidant properties of wheat flour and bread. Journal of Cereal Science, 
87, 98–102. https://doi.org/10.1016/J.JCS.2019.03.010 

Ranjha, M. M. A. N., Irfan, S., Nadeem, M., & Mahmood, S. (2022). A Comprehensive 
Review on Nutritional Value, Medicinal Uses, and Processing of Banana. Food 
Reviews International, 38(2), 199–225. 
https://doi.org/10.1080/87559129.2020.1725890 

Rathi, A. (2022). Is Agrarian Resilience limited to Agriculture? Investigating the “farm” 
and “non-farm” processes of Agriculture Resilience in the rural. Journal of Rural 
Studies, 93, 155–164. https://doi.org/10.1016/J.JRURSTUD.2019.12.015 

Ravindran, R., & Rajauria, G. (2021). Carbohydrates derived from microalgae in the food 
industry. Cultured Microalgae for the Food Industry: Current and Potential 
Applications, 127–146. https://doi.org/10.1016/B978-0-12-821080-2.00007-1 

Rehman, M., Kesharvani, S., Dwivedi, G., & Gidwani Suneja, K. (2022). Impact of 
cultivation conditions on microalgae biomass productivity and lipid content. 
Materials Today: Proceedings, 56, 282–290. 
https://doi.org/10.1016/J.MATPR.2022.01.152 

Reißner, A. M., Wendt, J., Zahn, S., & Rohm, H. (2019). Sodium-chloride reduction by 
substitution with potassium, calcium and magnesium salts in wheat bread. LWT, 
108, 153–159. https://doi.org/10.1016/J.LWT.2019.03.069 

Remize, M., Brunel, Y., Silva, J. L., Berthon, J. Y., & Filaire, E. (2021). Microalgae n-3 
PUFAs Production and Use in Food and Feed Industries. Marine Drugs 2021, Vol. 
19, Page 113, 19(2), 113. https://doi.org/10.3390/MD19020113 

Renuka, N., Guldhe, A., Prasanna, R., Singh, P., & Bux, F. (2018). Microalgae as multi-
functional options in modern agriculture: current trends, prospects and challenges. 
Biotechnology Advances, 36(4), 1255–1273. 
https://doi.org/10.1016/J.BIOTECHADV.2018.04.004 

Rezayian, M., Niknam, V., & Ebrahimzadeh, H. (2019). Oxidative damage and 
antioxidative system in algae. Toxicology Reports, 6, 1309–1313. 



 133 

https://doi.org/10.1016/J.TOXREP.2019.10.001 
Rokey, G. J., Plattner, B., & De Souza, E. M. (2010). Feed extrusion process description. 

Revista Brasileira de Zootecnia, 39(SUPPL. 1), 510–518. 
https://doi.org/10.1590/S1516-35982010001300055 

Roszkowska, A., Pawlicka, M., Mroczek, A., Bałabuszek, K., & Nieradko-Iwanicka, B. 
(2019). Non-Celiac Gluten Sensitivity: A Review. Medicina 2019, Vol. 55, Page 222, 
55(6), 222. https://doi.org/10.3390/MEDICINA55060222 

Różyło, R., Dziki, D., Gawlik-Dziki, U., Cacak-Pietrzak, G., Miś, A., & Rudy, S. (2015). 
Physical properties of gluten-free bread caused by water addition. Int. Agrophys, 29, 
353–364. https://doi.org/10.1515/intag-2015-0042 

Ruiz-Ramírez, A., Ortiz-Balderas, E., Cardozo-Saldaña, G., Diaz-Diaz, E., & El-Hafidi, 
M. (2014). Glycine restores glutathione and protects against oxidative stress in 
vascular tissue from sucrose-fed rats. Clinical Science, 126(1), 19–29. 
https://doi.org/10.1042/CS20130164 

Ryan, R. O., & Van Der Horst, D. J. (2003). Lipid Transport Biochemistry and Its Role in 
Energy Production. Https://Doi.Org/10.1146/Annurev.Ento.45.1.233, 45, 233–260. 
https://doi.org/10.1146/ANNUREV.ENTO.45.1.233 

Rzymski, P., Budzulak, J., Niedzielski, P., Klimaszyk, P., Proch, J., Kozak, L., & 
Poniedziałek, B. (2019). Essential and toxic elements in commercial microalgal food 
supplements. Journal of Applied Phycology, 31(6), 3567–3579. 
https://doi.org/10.1007/S10811-018-1681-1/FIGURES/3 

Sales, C. H., Fontanelli, M. D. M., Vieira, Di. A. S., Marchioni, Di. M., & Fisberg, R. M. 
(2017). Inadequate dietary intake of minerals: prevalence and association with 
socio-demographic and lifestyle factors. British Journal of Nutrition, 117(2), 267–
277. https://doi.org/10.1017/S0007114516004633 

Samilyk, M., Demidova, E., Bolgova, N., Savenko, O., & Cherniavska, T. (2022). 
Development of Bread Technology With High Biological Value and Increased Shelf 
Life. Eastern-European Journal of Enterprise Technologies, 2(11–116), 32–57. 
https://doi.org/10.15587/1729-4061.2022.255605 

Sandstrom, B., Arvidsson, B., Cederblad, A., & Bjorn-Rasmussen, E. (1980). Zinc 
absorption from composite meals I. The significance of wheat extraction rate, zinc, 
calcium, and protein content in meals based on bread. The American Journal of 
Clinical Nutrition, 33(4), 739–745. https://doi.org/10.1093/AJCN/33.4.739 

Santhakumaran, P., Ayyappan, S. M., & Ray, J. G. (2020). Nutraceutical applications of 
twenty-five species of rapid-growing green-microalgae as indicated by their 
antibacterial, antioxidant and mineral content. Algal Research, 47, 101878. 
https://doi.org/10.1016/J.ALGAL.2020.101878 

Santigosa, E., Brambilla, F., & Milanese, L. (2021). Microalgae Oil as an Effective 
Alternative Source of EPA and DHA for Gilthead Seabream (Sparus aurata) 
Aquaculture. Animals 2021, Vol. 11, Page 971, 11(4), 971. 
https://doi.org/10.3390/ANI11040971 

Saquee, F. S., Diakite, S., Kavhiza, N. J., Pakina, E., & Zargar, M. (2023). The Efficacy 
of Micronutrient Fertilizers on the Yield Formulation and Quality of Wheat Grains. 
Agronomy 2023, Vol. 13, Page 566, 13(2), 566. 



 134 

https://doi.org/10.3390/AGRONOMY13020566 
Sathasivam, R., Radhakrishnan, R., Hashem, A., & Abd_Allah, E. F. (2019). Microalgae 

metabolites: A rich source for food and medicine. Saudi Journal of Biological 
Sciences, 26(4), 709–722. https://doi.org/10.1016/J.SJBS.2017.11.003 

Sati, H., Mitra, M., Mishra, S., & Baredar, P. (2019). Microalgal lipid extraction strategies 
for biodiesel production: A review. Algal Research, 38, 101413. 
https://doi.org/10.1016/J.ALGAL.2019.101413 

Scaglioni, P. T., Pagnussatt, F. A., Lemos, A. C., Nicolli, C. P., Del Ponte, E. M., & 
Badiale-Furlong, E. (2019). Nannochloropsis sp. and Spirulina sp. as a Source of 
Antifungal Compounds to Mitigate Contamination by Fusarium graminearum 
Species Complex. Current Microbiology, 76(8), 930–938. 
https://doi.org/10.1007/S00284-019-01663-2/FIGURES/4 

Schmid, B., Coelho, L., Schulze, P. S. C., Pereira, H., Santos, T., Maia, I. B., Reis, M., & 
Varela, J. (2022). Antifungal properties of aqueous microalgal extracts. Bioresource 
Technology Reports, 18, 101096. https://doi.org/10.1016/J.BITEB.2022.101096 

Schümann, K., Ettle, T., Szegner, B., Elsenhans, B., & Solomons, N. W. (2007). On risks 
and benefits of iron supplementation recommendations for iron intake revisited. 
Journal of Trace Elements in Medicine and Biology, 21(3), 147–168. 
https://doi.org/10.1016/J.JTEMB.2007.06.002 

Searcy, K., Rainwater, S., Jeroudi, M., & Baliga, R. (2021). Erythropoietin-stimulating 
agent-resistant vitamin B6 deficiency anemia in a pediatric patient on hemodialysis. 
Pediatric Nephrology, 36(2), 473–476. https://doi.org/10.1007/S00467-020-04810-
1/FIGURES/1 

Sen, S., & Mallick, N. (2021). Mycosporine-like amino acids: Algal metabolites shaping 
the safety and sustainability profiles of commercial sunscreens. Algal Research, 58, 
102425. https://doi.org/10.1016/J.ALGAL.2021.102425 

Shabbir, H., Shabbir, I., Aslam, M., Farhan Sarwar, M., Haroon Sarwar, M., & Sarwar, M. 
(2020). Fundamental Aspects of Vitamin B complex in Human Nourishment and 
Fitness. American Journal of Food Science and Health, 6(4), 109–118. 
http://www.aiscience.org/journal/ajfshhttp://creativecommons.org/licenses/by/4.0/ 

Shahid, A., Khan, F., Ahmad, N., Farooq, M., & Mehmood, M. A. (2020). Microalgal 
carbohydrates and proteins: Synthesis, extraction, applications, and challenges. 
Microalgae Biotechnology for Food, Health and High Value Products, 433–468. 
https://doi.org/10.1007/978-981-15-0169-2_14/COVER 

Shahidi, F., & Hossain, A. (2022). Role of Lipids in Food Flavor Generation. Molecules 
2022, Vol. 27, Page 5014, 27(15), 5014. 
https://doi.org/10.3390/MOLECULES27155014 

Shariatmadary, H., O’Hara, S., Graham, R., & Stuiver, M. (2023). Are Food Hubs 
Sustainable? An Analysis of Social and Environmental Objectives of U.S. Food 
Hubs. Sustainability 2023, Vol. 15, Page 2308, 15(3), 2308. 
https://doi.org/10.3390/SU15032308 

Sharifani, M., Sadeghipour, H. R., Fataei, E., Maddah, A., Hemmati, K., & Sadeghipour, 
H. (2012). Effect of Cold Temperature and Duration on Carbohydrate Spectrum 
Changes in Three Genotypes of Lilium ledebourii’s Bulb. Caspian Journal of Applied 



 135 

Sciences Research, 8, 1–5. http://www.cjasr.com 
Sheih, I. C., Fang, T. J., Wu, T. K., & Lin, P. H. (2009). Anticancer and Antioxidant 

Activities of the Peptide Fraction from Algae Protein Waste. Journal of Agricultural 
and Food Chemistry, 58(2), 1202–1207. https://doi.org/10.1021/JF903089M 

Shick, J. M., & Dunlap, W. C. (2003). Mycosporine-Like Amino Acids and Related 
Gadusols: Biosynthesis, Accumulation, and UV-Protective Functions in Aquatic 
Organisms. Https://Doi.Org/10.1146/Annurev.Physiol.64.081501.155802, 64, 223–
262. https://doi.org/10.1146/ANNUREV.PHYSIOL.64.081501.155802 

Siahbalaei, R., Kavoosi, G., & Noroozi, M. (2021). Protein nutritional quality, amino acid 
profile, anti-amylase and anti-glucosidase properties of microalgae: Inhibition and 
mechanisms of action through in vitro and in silico studies. LWT, 150, 112023. 
https://doi.org/10.1016/J.LWT.2021.112023 

Sibi, G., & Rabina, S. (2016). Inhibition of Pro-inflammatory Mediators and Cytokines by 
Chlorella Vulgaris Extracts. Pharmacognosy Research, 8(2), 118. 
https://doi.org/10.4103/0974-8490.172660 

Silva, K. E., Huber, L. A., Mansilla, W. D., Shoveller, A. K., Htoo, J. K., Cant, J. P., & de 
Lange, C. F. M. (2020). The effect of reduced dietary glycine and serine and 
supplemental threonine on growth performance, protein deposition in carcass and 
viscera, and skin collagen abundance of nursery pigs fed low crude protein diets. 
Journal of Animal Science, 98(5), 1–10. https://doi.org/10.1093/JAS/SKAA157 

Silva, M., Kamberovic, F., Uota, S. T., Kovan, I. M., Viegas, C. S. B., Simes, D. C., 
Gangadhar, K. N., Varela, J., & Barreira, L. (2022). Microalgae as Potential Sources 
of Bioactive Compounds for Functional Foods and Pharmaceuticals. Applied 
Sciences 2022, Vol. 12, Page 5877, 12(12), 5877. 
https://doi.org/10.3390/APP12125877 

Singh, P., Kumari, S., Guldhe, A., Misra, R., Rawat, I., & Bux, F. (2016). Trends and 
novel strategies for enhancing lipid accumulation and quality in microalgae. 
Renewable and Sustainable Energy Reviews, 55, 1–16. 
https://doi.org/10.1016/J.RSER.2015.11.001 

Slavin, J. L. (2000). Whole grains, refined grains and fortified refined grains: What’s the 
difference? Asia Pacific Journal of Clinical Nutrition, 9(S1), S23–S27. 
https://doi.org/10.1046/J.1440-6047.2000.00171.X 

Slegers, P. M., Olivieri, G., Breitmayer, E., Sijtsma, L., Eppink, M. H. M., Wijffels, R. H., 
& Reith, J. H. (2020). Design of Value Chains for Microalgal Biorefinery at Industrial 
Scale: Process Integration and Techno-Economic Analysis. Frontiers in 
Bioengineering and Biotechnology, 8, 550758. 
https://doi.org/10.3389/FBIOE.2020.550758/BIBTEX 

Smets, V., Cant, J., & Vandevijvere, S. (2022). The Changing Landscape of Food 
Deserts and Swamps over More than a Decade in Flanders, Belgium. International 
Journal of Environmental Research and Public Health, 19(21), 13854. 
https://doi.org/10.3390/IJERPH192113854/S1 

Smuts, C., & Wolmarans, P. (2013). The importance of the quality or type of fat in the 
diet: A food-based dietary guideline for South Africa. South African Journal of 
Clinical Nutrition, 26, S87–S99. 



 136 

https://www.ajol.info/index.php/sajcn/article/view/97820 
Sniatala, B., Kurniawan, T. A., Sobotka, D., Makinia, J., & Othman, M. H. D. (2023). 

Macro-nutrients recovery from liquid waste as a sustainable resource for production 
of recovered mineral fertilizer: Uncovering alternative options to sustain global food 
security cost-effectively. Science of The Total Environment, 856, 159283. 
https://doi.org/10.1016/J.SCITOTENV.2022.159283 

Songserm, R., Kaeoboon, S., Suksungworn, R., Duangsrisai, S., & Sanevas, N. (2022). 
GC-MS profiling, anti-oxidant and anti-diabetic assessments of extracts from 
microalgae Scenedesmus falcatus (KU.B1) and Chlorella sorokiniana (KU.B2). 
Plant Science Today, 9(3), 632–641. https://doi.org/10.14719/PST.1560 

Soto-Sierra, L., Stoykova, P., & Nikolov, Z. L. (2018). Extraction and fractionation of 
microalgae-based protein products. Algal Research, 36, 175–192. 
https://doi.org/10.1016/J.ALGAL.2018.10.023 

Sproles, A. E., Fields, F. J., Smalley, T. N., Le, C. H., Badary, A., & Mayfield, S. P. (2021). 
Recent advancements in the genetic engineering of microalgae. Algal Research, 
53, 102158. https://doi.org/10.1016/J.ALGAL.2020.102158 

Stach, K., Stach, W., & Augoff, K. (2021). Vitamin B6 in Health and Disease. Nutrients 
2021, Vol. 13, Page 3229, 13(9), 3229. https://doi.org/10.3390/NU13093229 

Stephen, A. M. (1994). Increasing complex carbohydrate in the diet: Are the benefits due 
to starch, fibre or decreased fat intake? Food Research International, 27(1), 69–75. 
https://doi.org/10.1016/0963-9969(94)90180-5 

Stern, B. R., Solioz, M., Krewski, D., Aggett, P., Aw, T. C., Baker, S., Crump, K., Dourson, 
M., Haber, L., Hertzberg, R., Keen, C., Meek, B., Rudenko, L., Schoeny, R., Slob, 
W., & Starr, T. (2007). Copper and Human Health: Biochemistry, Genetics, and 
Strategies for Modeling Dose-response Relationships. Journal of Toxicology and 
Environmental Health, Part B, 10(3), 157–222. 
https://doi.org/10.1080/10937400600755911 

Sternlieb, I. (1980). Copper and the Liver. Gastroenterology, 78(6), 1615–1628. 
https://doi.org/10.1016/S0016-5085(19)30524-4 

Sugiati, N., Masithah, E. D., Tjahjaningsih, W., Yuwanita, R., Yuniarti, A., Rahardjo, S., -
, al, Mayasari, E., Raya, I., Natsir, H., Tertychnaya, T. N., Manzhesov, V. I., 
Andrianov, E. A., & Yakovleva, S. F. (2020). New aspects of application of 
microalgae Dunaliella Salina in the formula of enriched bread. IOP Conference 
Series: Earth and Environmental Science, 422(1), 012021. 
https://doi.org/10.1088/1755-1315/422/1/012021 

Sun, X. M., Ren, L. J., Zhao, Q. Y., Ji, X. J., & Huang, H. (2018). Microalgae for the 
production of lipid and carotenoids: a review with focus on stress regulation and 
adaptation. Biotechnology for Biofuels 2018 11:1, 11(1), 1–16. 
https://doi.org/10.1186/S13068-018-1275-9 

Sun, Y., Wang, H., Guo, G., Pu, Y., & Yan, B. (2014). The isolation and antioxidant 
activity of polysaccharides from the marine microalgae Isochrysis galbana. 
Carbohydrate Polymers, 113, 22–31. 
https://doi.org/10.1016/J.CARBPOL.2014.06.058 

Sun, Y., Zhang, N., Zhou, J., Dong, S., Zhang, X., Guo, L., & Guo, G. (2020). Distribution, 



 137 

Contents, and Types of Mycosporine-Like Amino Acids (MAAs) in Marine 
Macroalgae and a Database for MAAs Based on These Characteristics. Marine 
Drugs 2020, Vol. 18, Page 43, 18(1), 43. https://doi.org/10.3390/MD18010043 

Suter, P. M. (2020). The B-vitamins. Essential and Toxic Trace Elements and Vitamins 
in Human Health, 217–239. https://doi.org/10.1016/B978-0-12-805378-2.00017-6 

Tabarzad, M., Atabaki, V., & Hosseinabadi, T. (2020). Anti-inflammatory Activity of 
Bioactive Compounds from Microalgae and Cyanobacteria by Focusing on the 
Mechanisms of Action. Molecular Biology Reports, 47(8), 6193–6205. 
https://doi.org/10.1007/S11033-020-05562-9/FIGURES/5 

Tabatabaie, L., Klomp, L. W., Berger, R., & de Koning, T. J. (2010). l-Serine synthesis in 
the central nervous system: A review on serine deficiency disorders. Molecular 
Genetics and Metabolism, 99(3), 256–262. 
https://doi.org/10.1016/J.YMGME.2009.10.012 

Taelman, S. E., De Meester, S., Van Dijk, W., Da Silva, V., & Dewulf, J. (2015). 
Environmental sustainability analysis of a protein-rich livestock feed ingredient in 
The Netherlands: Microalgae production versus soybean import. Resources, 
Conservation and Recycling, 101, 61–72. 
https://doi.org/10.1016/J.RESCONREC.2015.05.013 

Tako, M., Tamaki, Y., Teruya, T., & Takeda, Y. (2014). The Principles of Starch 
Gelatinization and Retrogradation. Food and Nutrition Sciences, 2014(03), 280–
291. https://doi.org/10.4236/FNS.2014.53035 

Tal, A. (2018). Making Conventional Agriculture Environmentally Friendly: Moving 
beyond the Glorification of Organic Agriculture and the Demonization of 
Conventional Agriculture. Sustainability 2018, Vol. 10, Page 1078, 10(4), 1078. 
https://doi.org/10.3390/SU10041078 

Tandon, P., Jin, Q., & Huang, L. (2017). A promising approach to enhance microalgae 
productivity by exogenous supply of vitamins. Microbial Cell Factories, 16(1), 1–13. 
https://doi.org/10.1186/S12934-017-0834-2/TABLES/2 

Tavakoli, S., Mokhtari, H., Kharaziha, M., Kermanpur, A., Talebi, A., & Moshtaghian, J. 
(2020). A multifunctional nanocomposite spray dressing of Kappa-carrageenan-
polydopamine modified ZnO/L-glutamic acid for diabetic wounds. Materials Science 
and Engineering: C, 111, 110837. https://doi.org/10.1016/J.MSEC.2020.110837 

Tebben, L., Shen, Y., & Li, Y. (2018). Improvers and functional ingredients in whole wheat 
bread: A review of their effects on dough properties and bread quality. Trends in 
Food Science & Technology, 81, 10–24. 
https://doi.org/10.1016/J.TIFS.2018.08.015 

Tejano, L. A., Peralta, J. P., Yap, E. E. S., Panjaitan, F. C. A., & Chang, Y. W. (2019). 
Prediction of Bioactive Peptides from Chlorella sorokiniana Proteins Using 
Proteomic Techniques in Combination with Bioinformatics Analyses. International 
Journal of Molecular Sciences 2019, Vol. 20, Page 1786, 20(7), 1786. 
https://doi.org/10.3390/IJMS20071786 

Teoh, M. L., Phang, S. M., & Chu, W. L. (2013). Response of Antarctic, temperate, and 
tropical microalgae to temperature stress. Journal of Applied Phycology, 25(1), 285–
297. https://doi.org/10.1007/S10811-012-9863-8/TABLES/5 



 138 

Theobald, H. (2005). Dietary calcium and health. Nutrition Bulletin, 30(3), 237–277. 
https://doi.org/10.1111/J.1467-3010.2005.00514.X 

Torky, A., Saad, S., & Eltanahy, E. (2023). Microalgae as dietary supplements in tablets, 
capsules, and powder. Handbook of Food and Feed from Microalgae: Production, 
Application, Regulation, and Sustainability, 357–369. https://doi.org/10.1016/B978-
0-323-99196-4.00002-4 

Torres-Tiji, Y., Fields, F. J., & Mayfield, S. P. (2020). Microalgae as a future food source. 
Biotechnology Advances, 41, 107536. 
https://doi.org/10.1016/J.BIOTECHADV.2020.107536 

Tripathi, R. M., Mahapatra, S., Raghunath, R., Sastry, V. N., & Krishnamoorthy, T. M. 
(2000). Daily intake of manganese by the adult population of Mumbai. Science of 
The Total Environment, 250(1–3), 43–50. https://doi.org/10.1016/S0048-
9697(00)00360-0 

Tziomalos, K., & Perifanis, V. (2010). Liver iron content determination by magnetic 
resonance imaging. World Journal of Gastroenterology : WJG, 16(13), 1587. 
https://doi.org/10.3748/WJG.V16.I13.1587 

Udayan, A., Pandey, A. K., Sirohi, R., Sreekumar, N., Sang, B. I., Sim, S. J., Kim, S. H., 
& Pandey, A. (2022). Production of microalgae with high lipid content and their 
potential as sources of nutraceuticals. Phytochemistry Reviews 2021 22:4, 22(4), 
833–860. https://doi.org/10.1007/S11101-021-09784-Y 

Ugya, A. Y., Imam, T. S., Li, A., Ma, J., & Hua, X. (2020). Antioxidant response 
mechanism of freshwater microalgae species to reactive oxygen species 
production: a mini review. Chemistry and Ecology, 36(2), 174–193. 
https://doi.org/10.1080/02757540.2019.1688308 

Uribe-Wandurraga, Z. N., Igual, M., García-Segovia, P., & Martínez-Monzó, J. (2020). In 
vitro bioaccessibility of minerals from microalgae-enriched cookies. Food & 
Function, 11(3), 2186–2194. https://doi.org/10.1039/C9FO02603G 

Uribe-Wandurraga, Z. N., Zhang, L., Noort, M. W. J., Schutyser, M. A. I., García-Segovia, 
P., & Martínez-Monzó, J. (2020). Printability and Physicochemical Properties of 
Microalgae-Enriched 3D-Printed Snacks. Food and Bioprocess Technology, 13(11), 
2029–2042. https://doi.org/10.1007/S11947-020-02544-4/FIGURES/7 

Uthayakumaran, S., Tömösközi, S., Tatham, A. S., Savage, A. W. J., Gianibelli, M. C., 
Stoddard, F. L., & Bekes, F. (2001). Effects of Gliadin Fractions on Functional 
Properties of Wheat Dough Depending on Molecular Size and Hydrophobicity. 
Cereal Chemistry, 78(2), 138–141. https://doi.org/10.1094/CCHEM.2001.78.2.138 

Varanoske, A. N., Stout, J. R., & Hoffman, J. R. (2019). Effects of β-Alanine 
Supplementation and Intramuscular Carnosine Content on Exercise Performance 
and Health. Nutrition and Enhanced Sports Performance: Muscle Building, 
Endurance, and Strength, 327–344. https://doi.org/10.1016/B978-0-12-813922-
6.00028-X 

Verde, L., Pagano, A. M., de Leo, M., Vetrani, C., Ambretti, A., Lucania, L., Babudieri, S., 
De Chiara, A., Colao, A., Corsi, M., Muscogiuri, G., & Barrea, L. (2023). Diet-Related 
Risk Factors for Chronic Noncommunicable Diseases in Italian Prisoners: B.A.C.I. 
(Benessere All’interno delle Carceri Italiane, Well-Being Inside the Italian Prisons) 



 139 

Project by the Italian Society of Penitentiary Medicine and Public Health (S.I.M.S.Pe. 
Società Italiana di Medicina e Sanità Penitenziaria). Current Nutrition Reports, 
12(4), 709–720. https://doi.org/10.1007/S13668-023-00502-Y/FIGURES/1 

Vettore, L. A., Westbrook, R. L., & Tennant, D. A. (2021). Proline metabolism and redox; 
maintaining a balance in health and disease. Amino Acids, 53(12), 1779–1788. 
https://doi.org/10.1007/S00726-021-03051-2/FIGURES/3 

Viegas, C., Gouveia, L., & Gonçalves, M. (2021). Aquaculture wastewater treatment 
through microalgal. Biomass potential applications on animal feed, agriculture, and 
energy. Journal of Environmental Management, 286, 112187. 
https://doi.org/10.1016/J.JENVMAN.2021.112187 

Vieira, M. V., Turkiewicz, I. P., Tkacz, K., Fuentes-Grünewald, C., Pastrana, L. M., 
Fuciños, P., Wojdyło, A., & Nowicka, P. (2021). Microalgae as a Potential Functional 
Ingredient: Evaluation of the Phytochemical Profile, Antioxidant Activity and In-Vitro 
Enzymatic Inhibitory Effect of Different Species. Molecules 2021, Vol. 26, Page 
7593, 26(24), 7593. https://doi.org/10.3390/MOLECULES26247593 

Villaró, S., Acién, G., Fernández-Sevilla, J. M., & Lafarga, T. (2023). Microalgal protein 
production: current needs and challenges. Future Proteins: Sources, Processing, 
Applications and the Bioeconomy, 153–171. https://doi.org/10.1016/B978-0-323-
91739-1.00008-8 

Villarruel-López, A., Ascencio, F., & Nunõ, K. (2017). Microalgae, a potential natural 
functional food source – a review. Polish Journal of Food and Nutrition Sciences, 
67(4), 251–263. https://doi.org/10.1515/PJFNS-2017-0017 

Walter de Gruyter, by, York, N., McDermid, K. J., Stuercke, B., & Haleakala, O. J. (2005). 
Botanica Marina 48 (2005): xxx-xxx 2005 Total dietary fiber content in Hawaiian 
marine algae. https://doi.org/10.1515/BOT.2005.0XX 

Wang, L., Erlandsen, H., Haavik, J., Knappskog, P. M., & Stevens, R. C. (2002). Three-
dimensional structure of human tryptophan hydroxylase and its implications for the 
biosynthesis of the neurotransmitters serotonin and melatonin. Biochemistry, 
41(42), 12569–12574. 
https://doi.org/10.1021/BI026561F/SUPPL_FILE/BI026561F-2_S1.PDF 

Wang, P., Xu, L., Nikoo, M., Ocen, D., Wu, F., Yang, N., Jin, Z., & Xu, X. (2014). Effect 
of frozen storage on the conformational, thermal and microscopic properties of 
gluten: Comparative studies on gluten-, glutenin- and gliadin-rich fractions. Food 
Hydrocolloids, 35, 238–246. https://doi.org/10.1016/J.FOODHYD.2013.05.015 

Wang, S., Abbas, J., Sial, M. S., Álvarez-Otero, S., & Cioca, L. I. (2022). Achieving green 
innovation and sustainable development goals through green knowledge 
management: Moderating role of organizational green culture. Journal of Innovation 
& Knowledge, 7(4), 100272. https://doi.org/10.1016/J.JIK.2022.100272 

Wang, X., Dou, Z., Feng, S., Zhang, Y., Ma, L., Zou, C., Bai, Z., Lakshmanan, P., Shi, 
X., Liu, D., Zhang, W., Deng, Y., Zhang, W., Chen, X., Zhang, F., & Chen, X. (2023). 
Global food nutrients analysis reveals alarming gaps and daunting challenges. 
Nature Food 2023 4:11, 4(11), 1007–1017. https://doi.org/10.1038/s43016-023-
00851-5 

Wang, X., Wang, D., Wu, S., Yan, Z., & Han, J. (2023). Cultivated land multifunctionality 



 140 

in undeveloped peri-urban agriculture areas in China: Implications for sustainable 
land management. Journal of Environmental Management, 325, 116500. 
https://doi.org/10.1016/J.JENVMAN.2022.116500 

Wang, Y., Bai, Y., Zeng, Q., Jiang, Z., Liu, Y., Wang, X., Liu, X., Liu, C., & Min, W. (2023). 
Recent advances in the metabolic engineering and physiological opportunities for 
microbial synthesis of L-aspartic acid family amino acids: A review. International 
Journal of Biological Macromolecules, 253, 126916. 
https://doi.org/10.1016/J.IJBIOMAC.2023.126916 

Weber, A. L., & Miller, S. L. (1981). Reasons for the occurrence of the twenty coded 
protein amino acids. Journal of Molecular Evolution, 17(5), 273–284. 
https://doi.org/10.1007/BF01795749/METRICS 

Wilder, R. M. (1956). A BRIEF HISTORY OF THE ENRICHMENT OF FLOUR AND 
BREAD. Journal of the American Medical Association, 162(17), 1539–1541. 
https://doi.org/10.1001/JAMA.1956.72970340006010 

Wilson, R. B. (2020). Pathophysiology, prevention, and treatment of beriberi after gastric 
surgery. Nutrition Reviews, 78(12), 1015–1029. 
https://doi.org/10.1093/NUTRIT/NUAA004 

Wu, G. (2009a). Amino acids: metabolism, functions, and nutrition. Amino Acids 2009 
37:1, 37(1), 1–17. https://doi.org/10.1007/S00726-009-0269-0 

Wu, G. (2009b). Amino acids: metabolism, functions, and nutrition. Amino Acids 2009 
37:1, 37(1), 1–17. https://doi.org/10.1007/S00726-009-0269-0 

Wu, G., & Meininger, C. J. (2009). Nitric oxide and vascular insulin resistance. 
BioFactors, 35(1), 21–27. https://doi.org/10.1002/BIOF.3 

Wu, Y., Zhang, L., Li, S., & Zhang, D. (2022). Associations of dietary vitamin B1, vitamin 
B2, vitamin B6, and vitamin B12 with the risk of depression: a systematic review and 
meta-analysis. Nutrition Reviews, 80(3), 351–366. 
https://doi.org/10.1093/NUTRIT/NUAB014 

Xiao, X., & Zhao, B. (2023). Vitamin B6-Based Biomimetic Asymmetric Catalysis. 
Accounts of Chemical Research, 56(9), 1097–1117. 
https://doi.org/10.1021/ACS.ACCOUNTS.3C00053/ASSET/IMAGES/MEDIUM/AR
3C00053_0023.GIF 

Xiong, F., Kopecky, J., & Nedbal, L. (1999). The occurrence of UV-B absorbing 
mycosporine-like amino acids in freshwater and terrestrial microalgae 
(Chlorophyta). Aquatic Botany, 63(1), 37–49. https://doi.org/10.1016/S0304-
3770(98)00106-5 

Yada, S., Lapsley, K., & Huang, G. (2011). A review of composition studies of cultivated 
almonds: Macronutrients and micronutrients. Journal of Food Composition and 
Analysis, 24(4–5), 469–480. https://doi.org/10.1016/J.JFCA.2011.01.007 

Yaman, M., Çatak, J., Uğur, H., Gürbüz, M., Belli, İ., Tanyıldız, S. N., Yıldırım, H., Cengiz, 
S., Yavuz, B. B., Kişmiroğlu, C., Özgür, B., & Yaldız, M. C. (2021). The 
bioaccessibility of water-soluble vitamins: A review. Trends in Food Science & 
Technology, 109, 552–563. https://doi.org/10.1016/J.TIFS.2021.01.056 

Yin, J., Li, T., & Yin, Y. (2016). Methionine and Antioxidant Potential. Journal of 
Antioxidant Activity, 1(2), 17–22. https://doi.org/10.14302/ISSN.2471-2140.JAA-16-



 141 

1378 
Yu, Z., Hong, Y., Xie, K., & Fan, Q. (2022). Research Progresses on the Physiological 

and Pharmacological Benefits of Microalgae-Derived Biomolecules. Foods 2022, 
Vol. 11, Page 2806, 11(18), 2806. https://doi.org/10.3390/FOODS11182806 

Zarzycki, P., Wirkijowska, A., Blicharz-Kania, A., Marzec, A., Kramarczuk, P., Kowalska, 
H., & Kowalska, J. (2023). Effect of Type of Flour and Microalgae (Chlorella vulgaris) 
on the Rheological, Microstructural, Textural, and Sensory Properties of Vegan 
Muffins. Applied Sciences 2023, Vol. 13, Page 7632, 13(13), 7632. 
https://doi.org/10.3390/APP13137632 

Zeder, M. A. (2012). The Domestication of Animals. 
Https://Doi.Org/10.3998/Jar.0521004.0068.201, 68(2), 161–190. 
https://doi.org/10.3998/JAR.0521004.0068.201 

Zeng, X., Wu, G., & Li, D. (2011). Specific roles of threonine in intestinal mucosal integrity 
and barrier function. https://www.researchgate.net/publication/51174299 

Zhang, K., Sun, B., She, X., Zhao, F., Cao, Y., Ren, D., & Lu, J. (2014). Lipid production 
and composition of fatty acids in Chlorella vulgaris cultured using different methods: 
Photoautotrophic, heterotrophic, and pure and mixed conditions. Annals of 
Microbiology, 64(3), 1239–1246. https://doi.org/10.1007/S13213-013-0766-
Y/TABLES/2 

Zhang, L., Li, Z., Qiao, Y., Zhang, Y., Zheng, W., Zhao, Y., Huang, Y., & Cui, Z. (2019). 
Improvement of the quality and shelf life of wheat bread by a maltohexaose 
producing α-amylase. Journal of Cereal Science, 87, 165–171. 
https://doi.org/10.1016/J.JCS.2019.03.018 

Zhang, W., Shen, H., Zhang, J., Yu, J., Xie, P., & Chen, J. (2020). Physiological 
differences between free-floating and periphytic filamentous algae, and specific 
submerged macrophytes induce proliferation of filamentous algae: A novel 
implication for lake restoration. Chemosphere, 239, 124702. 
https://doi.org/10.1016/J.CHEMOSPHERE.2019.124702 

Zhang, X., Zhang, L., Pu, Y., Sun, M., Zhao, Y., Zhang, D., Wang, X., Li, Y., Guo, D., & 
He, S. (2022). Global, Regional, and National Burden of Protein–Energy 
Malnutrition: A Systematic Analysis for the Global Burden of Disease Study. 
Nutrients, 14(13), 2592. https://doi.org/10.3390/NU14132592/S1 

Zhang, X., Zhang, T., Zhao, Y., Jiang, L., & Sui, X. (2024). Structural, extraction and 
safety aspects of novel alternative proteins from different sources. Food Chemistry, 
436, 137712. https://doi.org/10.1016/J.FOODCHEM.2023.137712 

Zhong, D., Zhang, D., Xie, T., Zhou, M., Zhong, D., Zhou, M., Zhang, D., & Xie, T. (2020). 
Biodegradable Microalgae-Based Carriers for Targeted Delivery and Imaging-
Guided Therapy toward Lung Metastasis of Breast Cancer. Small, 16(20), 2000819. 
https://doi.org/10.1002/SMLL.202000819 

Zhong, H., Allen, K., & Martini, S. (2014). Effect of lipid physical characteristics on the 
quality of baked products. Food Research International, 55, 239–246. 
https://doi.org/10.1016/J.FOODRES.2013.11.010 

Zhou, J., Wang, M., Grimi, N., Dar, B. N., Calvo-Lerma, J., & Barba, F. J. (2023). 
Research progress in microalgae nutrients: emerging extraction and purification 



 142 

technologies, digestive behavior, and potential effects on human gut. Critical 
Reviews in Food Science and Nutrition. 
https://doi.org/10.1080/10408398.2023.2237586 

Ziobro, R., Witczak, T., Juszczak, L., & Korus, J. (2013). Supplementation of gluten-free 
bread with non-gluten proteins. Effect on dough rheological properties and bread 
characteristic. Food Hydrocolloids, 32(2), 213–220. 
https://doi.org/10.1016/J.FOODHYD.2013.01.006 

 



 143 

 


