
901 

 

Turkish Journal of Agriculture - Food Science and Technology, 14(3): 901-909, 2026 
DOI: https://doi.org/10.24925/turjaf.v14i3.901-909.8330 

 

 

Turkish Journal of Agriculture - Food Science and Technology 

Available online, ISSN: 2148-127X  │www.agrifoodscience.com │ Turkish Science and Technology Publishing (TURSTEP) 
 

 

Alternative Protein Sources and Food Innovations for Sustainable Nutrition 
 

Betül Savcı1,a,*, Murat Han Karabacak1,b, Nurbanu Edi1,c, Ebru Erdemir2,d 

 
1Department of Food Engineering, Graduate Education Institute, Agri Ibrahim Cecen University, Ağrı, Türkiye 
2Department of Nutrition and Dietetics, Faculty of Health Sciences, Ibrahim Cecen University, Ağrı, Türkiye 
*Corresponding author 

A R T I C L E  I N F O  A B S T R A C T  

 

Review Article  

 

Received : 07.09.2025 

Accepted : 19.01.2026 

 

Current food production systems are becoming increasingly unsustainable due to rapid population 

growth. In addition, the depletion of natural resources and the accelerating impacts of climate 

change further threaten traditional agriculture and food production systems. Consequently, the 

concept of the “food of the future” has emerged at the forefront of both scientific and global 

agendas. In this context, a key objective in food production is to enhance efficiency across emerging 

approaches such as in-vitro meat, insect-based proteins, and plant-based alternatives while ensuring 

environmentally friendly and sustainable production. Additionally, factors such as food safety, 

health effects, cultural perspectives, and religious beliefs influence the development and acceptance 

of these novel foods. Through a literature-based evaluation, this study systematically examines in-

vitro meat, insect-based proteins, and plant-based alternatives within a unified framework. This 

review provides a comprehensive and integrated perspective on sustainable nutrition and the role 

of alternative protein sources in future food systems. 
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Introduction 

The food sector is particularly vulnerable to climate 

change. Population growth is making food security a global 

issue. According to the United Nations World Population 

Prospects 2024, the global population is projected to reach 

around 9.7 billion by 2050, peak at approximately 10.3 

billion in the mid-2080s, and decline slightly to about 10.2 

billion by 2100 (United Nations, 2024). Beyond 

demographic growth, these projections also underline 

significant social and economic challenges, particularly in 

relation to poverty and food access. Globally, 

approximately 80% of the extremely poor are reported to 

live in rural areas. Evidence from systematic reviews 

indicates that, although rural poverty has declined in many 

countries, urban poverty has increasingly emerged in more 

hidden and complex forms. This trend underlines the 

necessity for specially adapted policy approaches in both 

rural and urban contexts. In parallel, these shifting patterns 

of poverty and food access place additional strain on food 

systems at both local and global levels. Furthermore, FAO 

(Food and Agriculture Organization of the United Nations) 

and related studies indicate that global food demand is 

expected to increase by approximately 60–70% by 2050, 

necessitating a comparable expansion in agricultural 

production (Ding, 2022; Islam & Karim, 2019; Nehring & 

Campos, 2019) These demographic and socioeconomic 

dynamics are expected to put increasing pressure on 

agricultural production systems worldwide and potentially 

shift the balance between plant and animal production. In 

this context, the demand for animal-based foods will 

increase (Komarek et al., 2021; Simeanu et al., 2024).  

In response to these challenges, it has become 

increasingly clear that current methods of agriculture and 

food production are insufficient to meet the needs of a 

growing population, highlighting the need for alternative 

and sustainable solutions in the food sector (Uğurlu & 

Altundağ, 2023). 

In this context, the aim of this review is to examine 

innovative and sustainable approaches that may help meet 

the nutritional needs of a growing global population under 

increasing environmental and resource constraints. In 

recent years, alternative food sources such as insect-based 

proteins, in-vitro meat, algae, and plant-derived protein 

products have attracted growing interest as potential 

solutions to the limitations of conventional food production 

systems. Unlike many previous studies that have focused 

on these alternatives separately, this review brings these 

approaches together and discusses them within a single 

framework, with particular attention to their nutritional 

value and consumer-related aspects. In doing so, the study 

aims to offer an integrated perspective on the role of 

alternative food sources in shaping more sustainable and 

resilient food systems. 

http://creativecommons.org/licenses/by-nc/4.0/
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Insects 

 

Growing concerns about the environmental, ethical, 

and human health impacts of the global livestock industry, 

together with projections of growing global demand for 

protein, have intensified the search for more sustainable 

and animal welfare–oriented protein production methods. 

While consumer demand for meat and animal-derived 

foods remains strong, this has encouraged the exploration 

of alternative protein sources that require fewer animal 

resources (Stephens et al., 2018).  

In this context, insect farming despite its roots in 

ancient dietary practices has gained increasing attention in 

recent years. Edible insects are now being considered not 

only for human nutrition but also for their potential 

contributions to gastronomy and environmental 

sustainability, warranting systematic investigation into 

their production, use, and consumption (Gencal & Selçuk, 

2024).  At the same time, growing interest in insect 

consumption has emerged alongside concerning 

predictions regarding the future of global food security. 

The increasing global population highlights the need to 

meet basic needs such as food, shelter, and fuel with a 

minimum ecological footprint. It is estimated that the rapidly 

growing population will increase food demand by 60% (Food 

and Agriculture Organization of the United Nations, 2009).  

However, current agricultural and food production systems 

are under increasing pressure, since agriculture accounts for 

around 70% of global freshwater withdrawals and higher food 

demand is likely to increase water scarcity and greenhouse gas 

emissions (Fitton et al., 2019). The Food and Agriculture 

Organization of the United Nations (FAO) regards edible 

insects as a viable alternative food source within the context 

of sustainable food systems. It is estimated that insects form 

part of the traditional diets of approximately 2 billion people 

worldwide, and they are consumed in many countries as a 

regular component of the diet rather than only during periods 

of food scarcity. The most commonly consumed edible insects 

include beetles, caterpillars, grasshoppers, locusts, crickets, 

termites, and various species belonging to the Hymenoptera 

group, such as ants and wasps (Food and Agriculture 

Organization of the United Nations, 2013). The major groups 

of commonly consumed edible insects worldwide are 

illustrated in Figure 1. In addition, the energy values of 

selected edible insect species are presented in Table 1. 

In the FAO report, 'Edible Insects: Perspectives for Future 

Food and Feed Security', three main reasons for consuming 

insects were identified: health, the environment, and 

livelihoods. These reasons are supported by the ecological and 

nutritional roles that insects play in nature and in maintaining 

human health. For example, they help to maintain ecological 

balance and play a vital role in the biodegradation of waste. 

Insect larvae, flies and ants clean damaged plant surfaces and 

assist in the decomposition of organic matter until it is 

consumed by fungi and bacteria. Many insect species are 

known to be both beneficial and harmful to ecosystems. 

However, there are more beneficial insect species than harmful 

ones (Huis et al., 2013). These factors position insects as a 

potential component of future sustainable nutrition strategies. 

Nevertheless, negative consumer perceptions toward insects 

persist due to factors such as disgust, fear of unfamiliar foods, 

lack of information, limited prior experience, ow interest, and 

religious considerations, which are commonly discussed in the 

literature within the framework of food neophobia (Van Huis & 

Rumpold, 2023; White et al., 2023).  

 

In-vitro meat 

 

In-vitro meat is a product obtained as a result of the 

development of stem cells taken from animals bred for 

food purposes by various methods in a laboratory 

environment with the necessary conditions, first into large 

muscle cells and then into larger muscle tissues. In other 

words, in-vitro meat is the process of producing meat using 

tissue engineering technologies without the need for 

animal breeding and without harming animals (Yetim & 

Tekiner, 2020). 

 

 
Figure 1. Major groups of commonly consumed edible 

insects worldwide, including beetles, caterpillars, 

grasshoppers, crickets, termites, and Hymenoptera 

species. The figure is an original schematic prepared by 

the authors based on published literature. 

 

 

 
Figure 2. Schematic representation of the in-vitro meat 

production process, from tissue harvesting to final 

product formation, created by the authors based on 

previously published studies (Lee et al., 2025) 

 

 

Table 1. Energy value of some edible insect species (Van 

Huis, 2015) 

Insect species Phase EV 

Australian invasive grasshopper Adult 479 

Weaver ant Adult 1272 

Yellow mealworm Larva 206 

Mexican leaf cutter ant Adult 404 

Two speckled cricket Adult 120 

Japanese grasshopper Adult 149 

Brown spotted grasshopper Adult 89 

Silkworm Pupa  94 

African migratory grasshopper Adult 179 
EV: Energy value (kcal/100g) 
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The main methods used to produce in-vitro meat include 

cell culture, 3D printing and bioreactors. Cell culture allows 

muscle cells, the main components of meat, to multiply in a 

nutrient medium and form tissue. 3D bioprinters create more 

complex meat structures by arranging cells in a specific order. 

Bioreactors allow cells to be grown in large volumes, allowing 

meat production to be scaled up (Wang et al., 2023). The main 

stages of cultured meat production are summarized in Figure 

2. Although these methods are based on modern technology, 

the concept of in in-vitro mea dates back to 1912. The idea of 

in-vitro meat was first put forward by Frederick Edwin Smith, 

a writer and politician, who stated that there was no need to 

raise animals to eat a piece of steak (Ford, 2010). In the same 

year, laboratory work began when Alexis Carrel kept a piece 

of live chick heart muscle alive by feeding it in a petri dish, 

and this line of research continued to develop until 2013, when 

the world’s first hamburger was produced in a laboratory 

environment (Sürek & Uzun, 2020). Despite these 

technological advances, food safety and nutritional aspects of 

in-vitro meat continue to be discussed. 

In conventional meat production, bacterial pathogens such 

as Salmonella and Listeria may contaminate the food chain at 

various stages of slaughter and processing. Because in-vitro 

meat production does not involve contact with the animal's 

digestive system, its proponents present it as a potentially safer 

alternative to traditional meat. However, based on current 

evidence, scientists have noted that in-vitro meat may differ 

from traditional meat in terms of nutritional composition. 

Specifically, concerns have been raised regarding potentially 

lower iron levels, the absence of myoglobin in in vitro–

derived muscle tissue, and the need to assess vitamin B12 

content to ensure adequate nutritional value. Furthermore, the 

number of published studies addressing the long-term safety 

of in-vitro meat remains limited, highlighting the need for 

more research in this area (Hocquette et al., 2025). Beyond 

these scientific concerns, recent studies also highlight the 

current state of development and commercialization of in-

vitro meat. 

Recent studies show that in-vitro meat development has 

gained momentum worldwide, with a growing number of 

in-vitro meat related companies operating across multiple 

countries. Research and commercialization efforts are 

particularly concentrated in regions such as the United 

States, the United Kingdom, Israel, Singapore, and the 

Netherlands, where scientific research, industrial 

initiatives, and regulatory frameworks are being actively 

advanced.  Despite this progress, in-vitro meat production 

remains largely at the experimental or pilot scale, and full-

scale industrialization has yet to be achieved. In many 

countries, including Türkiye, research and development 

activities in this field are still limited and are generally at 

an early stage (Yun et al., 2024).  

Several challenges need to be overcome for in-vitro 

meat to become commercially widespread (Bryant & 

Barnett, 2018). While its potential to improve 

environmental sustainability and animal welfare is seen as 

positive, concerns revolve around its perceived 

unnaturalness and food safety. In addition, high production 

costs and concerns about taste and texture continue to limit 

consumer acceptance. Clear labeling and cultural factors 

also influence acceptance. Consumer acceptance remains a 

critical factor; studies show that willingness to adopt in-

vitro meat products varies depending on perceptions of 

familiarity, price, and safety, and that regulations exist in 

some key regions. Israel has authorized the marketing of 

in-vitro beef, and Singapore and the US have previously 

approved in-vitro chicken meat under new food 

frameworks. In the European Union, the Novel Foods 

Directive provides the legal basis for future authorization, 

but political debates and national regulatory actions 

continue to shape the discussion. Ethical, socio-economic, 

and environmental considerations, coupled with limited 

empirical data, underscore the importance of ongoing 

research to support policy development. It is expected that 

ongoing research efforts and regulatory developments will 

play a central role in shaping both consumer acceptance 

and the future of the in-vitro meat industry (Bryant & 

Sanctorum, 2021; Food for Future Project, 2024; 

Pakseresht et al., 2022; Zhang et al., 2021).   

 

Algae 

 

In today's world, with a growing population and limited 

natural resources, algae occupy an important place among 

the food solutions of the future in the search for sustainable 

and nutritious alternative food sources. Algae, which have 

the ability to grow easily in a wide variety of water sources, 

are photosynthetic organisms. These organisms meet their 

own metabolic needs and make important contributions to 

their environment by converting carbon dioxide (CO₂) and 

water (H₂O) into complex carbohydrates, thanks to the 

photosynthetic pigments in their structures. Algae are 

organisms that show great diversity in their appearance. 

They can have different morphological characteristics, 

ranging from microscopic unicellular and filamentous 

forms to macroscopic plant-like organisms that can grow 

to several metres in length (Sasa et al., 2020). 

Algae have been consumed for centuries, particularly 

in countries such as Japan, China, and South Korea, where 

they form a regular part of the diet. In recent years, they 

have gained wider attention because of their high 

nutritional value. Besides containing carbohydrates, lipids, 

and proteins, algae are also rich in vitamins and minerals 

that support overall health. They also provide essential 

amino acids such as isoleucine, methionine, threonine, 

valine, tryptophan, lysine, leucine, and histidine, which 

makes them a valuable component of a balanced and 

sustainable diet (Nale, 2021). Some algae species can 

contain up to 70% protein on a dry weight (Muslu & 

Gökçay, 2020).  In addition to their protein content, algae 

contain many nutrients such as polyunsaturated fatty acids 

(PUFAs) such as EPA and DHA, polysaccharides, 

carotenoids, B vitamins, vitamin C, and vitamin E. In 

addition, it has been stated that seaweed is a more valuable 

source when compared to other known vegetables in terms 

of fiber content (Alçay et al., 2017). 

Algae, as a rich source of sterols, play an important role 

in the regulation of cell membranes. When evaluated in the 

context of therapeutic applications, sterols have been 

reported to exhibit various biological activities such as 

anti-inflammatory, antioxidant and anticarcinogenic. 

Phytosterols are also known to be precursors of various 

bioactive molecules, such as vitamins, and have an 

important place in the nutraceutical and pharmaceutical 

industries (Şirinyıldız & Yorulmaz, 2022). 
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One prominent type of algae is microalgae, which have 

received increasing attention due to their nutritional 

potential and ecological abundance. Microalgae are one of 

the oldest forms of life on Earth, and 50,000 different 

species of microalgae are reported to be found in oceans 

and freshwater (lakes and rivers) (Uzuner & Haznedar, 

2020). Macroalgae are also a type of algae and include 

multicellular plants that can grow in fresh or salt water. 

Macroalgae, also known as seaweeds, vary in color 

according to their pigmentation (Şirinyıldız & Yorulmaz, 

2022). 

 

  
A B 

Figure 3. (A) An alga, (B) Schematic representation of the 

algae-based food production cycle, created by the authors 

based on the literature. 

 

Due to their high nutritional content and functional 

adaptability, algae, especially microalgae and macroalgae, 

have become a valuable resource for developing innovative 

food products. They are used in a variety of applications, 

including bakery products, pasta, snacks, beverages, meat 

alternatives, and dietary supplements. Algal biomass and 

extracts such as pigments, polysaccharides, and proteins 

are added to foods to improve texture, color, shelf life, and 

nutrient content. In the food industry, algae can be used 

directly as food ingredients or as stabilizers, emulsifiers, 

and gelling agents. Their applications extend to milk 

alternatives, functional beverages, and even edible 

packaging materials. Moreover, the use of algae in animal 

feed, aquaculture, and biodegradable food packaging 

supports sustainability goals. As global demand for plant-

based, environmentally friendly solutions increases, algae 

will become increasingly important as multifunctional 

food system components (Sasa et al., 2020). The diverse 

food applications and production cycle of algae are 

illustrated in Figure 3. 

 

Plant-Based Protein Sources 

 

Animal proteins have long been considered the main 

source of dietary protein. However, concerns related to 

disease risks, high production costs, intensive use of 

natural resources, and environmental impacts have 

gradually increased interest in plant-based proteins as 

alternative protein sources, particularly in the context of 

sustainability. Plant-based proteins are obtained from a 

wide range of botanical sources, including cereals, 

pseudocereals, legumes, seeds, and whole grains. These 

sources provide essential amino acids and are associated 

with various health benefits. In addition, plant-based foods 

are rich in dietary fiber, polyunsaturated fatty acids, 

oligosaccharides, and complex carbohydrates. For this 

reason, their consumption has been linked to reduced risks 

of cardiovascular disease, lower low-density lipoprotein 

(LDL) cholesterol levels, obesity, and type 2 diabetes 

mellitus (Langyan et al., 2022; Sharma et al., 2025). 

Accordingly, this section focuses on legume-based protein 

sources such as soybeans, mung beans, and lupins, as well 

as pseudocereals including quinoa, amaranth, and 

buckwheat.  

 

Legume-Based Sources 

With a global production volume approximately four 

times that of all other legumes combined, soybeans contain 

a high percentage of protein, about 40%. Soybeans contain 

essential amino acids, in particular leucine, isoleucine, 

threonine, tryptophan, and histidine. Soybeans contain 18-

20% fatty acids, phytosterols, isoflavones, vitamins, and 

various phenolic compounds (Çetiner & Bilek, 2018; 

Messina, 2022). Soybeans, whose oil content consists 

mostly of palmitic acid, oleic acid and linoleic acid, contain 

high levels of Ca, K, Mg, zinc (Zn), and Fe minerals as well 

as thiamine, niacin, vitamin C, vitamin K, and B group 

vitamins (Seyhan et al., 2024). Soybeans, which have 

oligosaccharides and complex polysaccharides as their 

basic carbohydrate structure, contain both soluble and 

insoluble dietary fiber, similar to other cereal products 

(Nilüfer & Boyacıoğlu, 2008). In malnourished regions, 

where protein-energy deficiencies are common among 

women and children, soybeans offer a sustainable and cost-

effective nutritional intervention (Fatima et al., 2025). 

In food formulations, soybeans are divided into three 

main products. These are oil products, soybean protein 

products and whole soybean products. Soybean protein 

products, in particular, are considered to be equivalent to 

animal protein and, when consumed, provide a low intake 

of saturated fatty acids and cholesterol. They therefore 

have a preventive effect on coronary heart disease (Nilüfer 

& Boyacıoğlu, 2008). Thanks to its high-quality protein 

content and bioactive components such as isoflavones, 

saponins, and essential fatty acids, soy has gained a 

significant place in the development of functional and 

fortified foods. Soy protein concentrates and isolates are 

widely used in various foods, particularly as meat and dairy 

alternatives, to provide both nutritional value and desired 

textural properties (Fatima et al., 2025).  Products such as 

soybean milk, soybean flour, soybean yogurt, tofu, which 

are produced from soybeans themselves increase the 

functionality and protein content of foods while having a 

smaller carbon footprint than animal-based protein 

products (Gürsoy et al., 2011). Due to their functional 

properties such as emulsification and gel formation, they 

are also widely included in functional foods such as meat 

and dairy alternatives, infant formulas, sports drinks, and 

fortified cereal products (Kim, Kim, et al., 2021; Kim, 

Yang, et al., 2021; Zhu et al., 2023).  

Mung beans, usually yellow or green in colour, are 

gluten-free and have high nutritional value. With a protein 

content of 20-28%, mung beans contain more protein than 

pulses such as lentils and chickpeas. It is reported to be 

easily digestible and to contains essential amino acids such 

as lysine, leucine, isoleucine, valine, phenylalanine, and 
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histidine (Seyhan et al., 2024). Mung beans contain high 

levels of minerals such as Ca, Fe, Mg, K, and vitamin E, 

vitamin A, B group vitamins and low levels of vitamin C. 

They also contain phytochemicals with natural antioxidant 

properties such as coumaric acid, catechin, caffeic acid, 

and ferulic acid. It supports bone health with its high 

calcium content, while its low fat content helps to reduce 

the risk of diseases such as coronary heart disease, high 

blood pressure and cholesterol (Taşkın, 2019b). 

Furthermore, it is reported that the bioactive compounds 

found in mung beans may exhibit anticancer and antitumor 

properties in the medical field. In terms of biological 

effects, mung bean consumption is associated with 

antioxidant, antibacterial, hypoglycemic, hypolipidemic, 

and anti-inflammatory effects, making it a valuable 

component in functional nutrition (Guo et al., 2025).  

Recent studies have shown that mung bean protein 

isolates exhibit favorable solubility and emulsifying 

properties comparable to soy protein isolate, supporting 

their potential use in plant-based food formulations (Kim 

& Kim, 2024). The use of mung bean in food formulations 

is done after sprouting in order to reduce the level of phytic 

acid. Mung bean, which has a higher fibre content than 

other cereals, is particularly used in the production of 

gluten-free products (Keskin & Evlice, 2015). Accepted as 

one of the plant products that can be found in the structure 

of gluten-free or vegan foods on the market, mung bean is 

also added to foods commonly used in diets such as pasta, 

bread and noodles to add functionality (Taşkın, 2019a). In 

biscuits produced with sprouted mung bean flour, protein, 

essential amino acids, phenolics, and antioxidant activity 

increased while the glycemic response decreased also 

sensory substitution up to 30% was found to be acceptable 

(Barakat et al., 2025).  
 

 
Figure 4. Schematic illustration of the main health-

related effects associated with mung bean consumption. 

Adapted from (Ganesan & Xu, 2018). 
 

Lupin is a non-starchy legume with high protein, fiber, and 

low fat content. The industrial shift in the use of lupin seeds 

from animal feed to human food has recently increased 

scientific interest in investigating its phytochemical 

composition and biological activities. Lupin seeds contain 

significant amounts of polyphenols, carotenoids, phytosterols, 

tocopherols, alkaloids, and peptides with antioxidant, 

antimicrobial, anticarcinogenic, and anti-inflammatory 

activities (Khan et al., 2015). White lupin seeds are high in 

protein and fibre compared to other legumes (Pereira et al., 

2022). Due to its high protein and low carbohydrate content, 

lupin has the potential to be used especially in diets used by 

athletes. However, the thick outer hull of lupin seeds may 

reduce their suitability for direct consumption, leading to 

substantial waste during processing. These hulls are rich in 

fiber, protein, and other beneficial components and can be 

used through innovative processes such as milling. Such 

processes can make the minerals and phytochemicals in the 

hulls more bioavailable (Pereira et al., 2022). These functional 

properties have led to the incorporation of lupin extracts in 

products such as biscuits, where they not only contribute to 

appealing color and texture but also extend shelf life due to 

low moisture content (Mota et al., 2020). Recent studies 

highlighting the functional applications of lupin and other 

plant-based protein sources in various food products are 

summarized in Table 2. 

 

Pseudo-cereals 

Quinoa is an annual plant that reproduces by seed and 

can survive the winter months as a seed. It adapts to 

climatic and soil conditions that are not suitable for plant 

growth and can tolerate conditions such as drought, frost 

and saline soils (Demir & Kılınç, 2016). Quinoa, known 

for its protein content, also contains several bioactive 

compounds such as essential and non-essential amino 

acids, polyphenols, tocopherols and carotenoids (Seyhan et 

al., 2024). It has also been reported that quinoa is rich in 

minerals such as copper (Cu), Mg, K, Ca, iron (Fe) and P 

and low in Na. Compared to other cereal flours, quinoa 

flour is beginning to be seen as a functional food due to its 

high protein content (Keskin & Evlice, 2015). The lipid 

content of quinoa, which is similar to soybean oil in terms 

of fatty acid content, consists mainly of linoleic and 

linolenic acids, which are essential fatty acids (Demir & 

Kılınç, 2016). Based on these nutritional properties, 

fermented quinoa has significant potential in the 

development of functional food products. It can be used 

particularly in synbiotic foods, gluten-free fermented 

products, and quinoa-based plant-based yogurt 

alternatives. The fermentation process supports the 

production of bioactive peptides, contributing to increased 

nutritional value in fermented dairy products and plant-

based fermented foods (Abdelshafy et al., 2024).  

Amaranth is a plant that can be grown in arid and 

nutrient-poor soils and has a high tolerance to changing 

conditions (Gutiérrez-Cortez et al., 2021). Since its seeds 

and leaves can be consumed, it is considered both a grain 

and a vegetable. Similar to quinoa, it is rich in protein and 

contains dietary fiber, unsaturated fatty acids, vitamins, 

minerals, phytosterols, and polyphenols. Thanks to the 

antioxidants in its structure, it has been reported to reduce 

the risks of hypercholesterolaemia (high cholesterol), and 

arteriosclerosis diseases and is a good option to prevent 

coronary heart disease (Bilgiçli, 2020).  

The protein digestibility of amaranth seed, whose 

protein content ranges between 13-21%, is around 90% and 

is very rich in lysine. Amaranth contains higher amounts of 

the essential amino acids methionine, lysine, arginine, and 

tryptophan than other cereals. In addition, the fatty acid 

composition of amaranth consists of 47% linoleic acid, 

26% oleic acid and 19% palmitic acid by weight. It has a 

high content of unsaturated fatty acids (about 75% (w/w)) 

(Procopet & Oroian, 2022). Ca and Mg contents of 

different amaranth species have been found to be in the 

range of 134-370 mg/100g and 230-387 mg/100g, 

respectively. In addition, amaranth is rich in K, Na, and P 

minerals (Skwarylo-Bednarz et al., 2020). 
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Table 2. Recent studies on plant-based protein sources and their applications in food products 

Reference 

Plant-Based Protein 

Source & Food 

Application 

Main Findings 

(Wang et al., 

2022) 

Mung bean protein 

emulsion used as liquid 

egg substitute 

pH-shifting (pH 12) combined with Ca²⁺ (10–20 mM) significantly 

improved emulsion stability, gel strength, and water-holding 

capacity, producing egg-like texture and functionality suitable for 

plant-based egg alternatives. 

(Wang et al., 

2024) 

Mung bean protein – plant-

based liquid egg substitute 

/ egg tart 

pH-shifting improved emulsifying activity, freeze–thaw stability, 

and gel strength of mung bean protein emulsions. Modified protein 

enabled partial and complete replacement of egg liquid in egg tarts 

with comparable texture, water-holding capacity, and sensory 

acceptance. 

(Brishti et al., 

2021) 

Mung bean protein isolate 

– texturized vegetable 

protein (meat extender) 

Mung bean protein isolate retained a high-quality amino acid 

profile after high-temperature extrusion, and microstructural and 

textural analyses demonstrated sufficient physical integrity and 

water absorption capacity for use as an effective meat extender. 

(Plustea et al., 

2022). 

Lupin (sweet lupin) Bread 

(gluten-free) 

The study demonstrates that adding lupin significantly enhances 

the protein, lipid, and mineral content of the bakery products while 

also increasing antioxidant activity and total phenolic levels. 

(Dhakal et al., 

2025) 

Lupin Plant-based yogurt 

analogue 

Lupin proteins improved texture and stability, with vicilin-rich L. 

albus forming denser gels and legumin-rich L. angustifolius 

enhancing emulsion stability and mineral bioavailability. Probiotic 

fermentation reduced FODMAPs (Fermentable Oligosaccharides, 

Disaccharides, Monosaccharides, and Polyols) and allergenic 

proteins, making the yoghurt analogs more digestible and 

functional. 

(Akturfan & 

Yalçın, 2025) 

Quinoa wheat-based 

lavash bread 

The addition of quinoa flour enhanced the protein, lipid, fiber, and 

mineral content of lavash bread while reducing starch, and also 

improved chewiness, elasticity, and overall sensory acceptability. 

Increasing quinoa levels altered dough rheology by raising water 

absorption and elasticity but lowering extensibility and stability, 

with 20% substitution providing the best balance of enhanced 

nutrition and consumer acceptance, making quinoa-fortified lavash 

a healthier alternative to traditional wheat lavash. 

(Lux et al., 2023) 
Amaranth flour Gluten-

free pasta 

The study demonstrated that amaranth flour can successfully be 

applied in gluten-free pasta production, improving nutritional 

value while maintaining acceptable texture and cooking quality. 

Pasta made with amaranth retained its shape during cooking and 

showed stable physical properties, confirming amaranth’s potential 

as a promising ingredient for developing gluten-free, plant-based 

pasta. 

(Ayeni et al., 

2024) 

Amaranth Gluten-free 

biscuits  

Amaranth seed–tiger nut composite flour enhanced the nutritional 

quality (protein, fiber, and mineral contents) of gluten-free biscuits 

without compromising functional and sensory properties, 

supporting its potential use as a wheat alternative in biscuit 

production. 

(Poshadri et al., 

2023) 

Amaranth, buckwheat, and 

quinoa proteins 

(pseudocereals) Gluten-

free composite flour (for 

gluten-free food products) 

Composite gluten-free pseudocereal flours formulated from 

amaranth, buckwheat, and quinoa exhibited significantly different 

functional properties compared to wheat flour, and the 

standardized blends enhanced nutritional, textural, and sensory 

attributes, demonstrating their suitability as alternative flours for 

the development of gluten-free food products. 

(Yessengaziyeva 

et al., 2023) 

Buckwheat flour protein 

Semi-smoked sausage 

(meat product) 

The incorporation of hydrated buckwheat flour (up to 6–8%) in 

semi-smoked sausage formulations improved moisture-binding 

capacity and structural-mechanical properties while maintaining 

sensory quality, supporting its use as a plant-based functional 

ingredient in meat products. 

(Chae et al., 

2025) 

Buckwheat, rice, black 

rice, brown rice, and oat 

flours Gluten-free scone 

Among the gluten-free flours evaluated, buckwheat flour showed 

the highest consumer acceptability in scone formulations, with 

positive sensory attributes driving overall liking and supporting its 

potential use in gluten-free bakery products. 
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In addition, most of the carbohydrate content is derived 

from amylopectin, which is used in the food industry to 

resist mechanical stress (Ergun et al., 2014).  

Amaranth grains contain high amounts of phenolic 

compounds with antioxidant activity and vitamin E in the 

hull and pith. These phenolic compounds are 

hydroxybenzoic acid, ferulic acid and caseic acid. The 

antioxidant properties of amaranth seeds resulting from 

phenolic compounds suggest that they are an important 

source for preventing coronary heart disease and reducing 

the risk of diseases such as hypercholesterolaemia and 

arteriosclerosis (Seyhan et al., 2024). 

It is very suitable for the coeliac diet because it does not 

contain gluten or prolamine, which cause toxic effects 

(Ayala-Niño et al., 2020). Amaranth is also rich in dietary 

fiber and contains both soluble and insoluble dietary fiber. 

The effect of insoluble dietary fiber on viscosity and water 

retention capacity improves bowel movements. The 

addition of grains such as amaranth and quinoa to various 

products such as bread, cakes, cookies, phyllo pastry, 

pasta, flatbread, increases the nutritional value of these 

foods. Amaranth is also being explored in innovative uses 

of the plant, such as the development of biodegradable 

edible films for sustainable packaging (Bilgiçli, 2020; 

Solarov et al., 2022). 

Buckwheat, an annual of the genus Fagopyrum of the 

Polygonaceae family, is grown in humid and cool locations. 

Buckwheat contains 18-24% (w/w) protein, leucine, lysine, 

phenylalanine and valine. Buckwheat is also reported to 

contain about four times more selenium than conventional 

wheat and represents an important source of niacin, 

pantothenic acid, and tocopherols (Dhua et al., 2021). In 

addition to its nutritional profile, buckwheat contains several 

bioactive compounds. Five main flavonoids have been 

identified in its structure, including kaempferol, quercetin, 

luteolin, rutin, and quercitrin. These flavonoids have been 

reported to exhibit antiherpetic activity and may contribute 

to the protection of immune cell functions (Kreft, 2016). 

Owing to its gluten-free nature, buckwheat is particularly 

important in diets designed for individuals with coeliac 

disease (Culetu et al., 2021).  

Beyond its nutritional and functional properties, the use 

of buckwheat starch as a raw material for biodegradable 

starch films and food packaging has become a current 

research focus. Recent studies aim to improve the 

mechanical and barrier properties of buckwheat-based 

packaging materials, highlighting its potential in 

sustainable food packaging applications (Lițoiu et al., 

2025). 

 

Conclusion 

 

In conclusion, The increasing global population, the 

depletion of natural resources, and the effects of climate 

change raise serious concerns about the long-term 

sustainability of current food production systems. These 

challenges have intensified the search for alternative food 

sources that combine high nutritional value with viable 

production processes. In this context, protein-rich 

alternatives have gained attention due to the limitations 

faced by traditional animal protein sources in meeting 

increasing demand and the significant economic and 

environmental costs involved. Plant-based sources such as 

quinoa, mung beans, and various seeds, algae, and edible 

insects offer promising options not only for increasing 

protein intake but also for enriching the human diet with 

valuable fatty acids, dietary fibre, vitamins, and minerals. 

Accordingly, research has focused on incorporating these 

alternative protein sources into food products, either as 

alternatives to conventional proteins or as functional 

components that enhance overall nutritional quality. In this 

context, the present study contributes to the literature by 

synthesizing current knowledge on alternative protein 

sources, including plant-based proteins, algae, and edible 

insects, within the framework of sustainable food systems. 

The findings highlight key nutritional, technological, and 

consumer-related considerations that may guide future 

research and policy development. 

In this process, the effective use of alternative protein 

sources has the potential to contribute to a more sustainable 

food system. However, several critical issues need to be 

addressed to ensure their successful adoption. Future 

research should be conducted on a broader scale to better 

elucidate the potential health impacts of innovative food 

products and minimize associated risks. Parallel to this, it 

is essential to raise consumer awareness, particularly 

regarding the nutritional properties and safety of 

alternative proteins. Clear food safety standards, supported 

by appropriate legislation, should be established and 

regularly monitored for next-generation protein sources, 

including in-vitro meat and insect-based products. 

Furthermore, national and international regulatory 

frameworks governing production, labeling, and 

commercialization should be further strengthened. 

Additional research aimed at improving sensory 

characteristics such as taste, texture, and aroma is needed 

to increase market acceptance. Finally, considering 

cultural and religious factors, the integration of alternative 

protein sources into traditional foods and local cuisines 

should be encouraged. 

 

Declarations 

 

Declaration of Competing Interest 

The authors declare that they have no known competing 

financial interests or personal relationships that could have 

appeared to influence the work reported in this article. 

 

Consent Form 

The paper has not been published and is not under 

consideration for publication or press elsewhere. 

 

Data Availability  

No data was used for the research described in the 

article. 

 

Acknowledgments 

No financial resources were used for the article. 

 

References 
 

Abdelshafy, A. M., Rashwan, A. K., & Osman, A. I. (2024). 

Potential food applications and biological activities of 

fermented quinoa: A review. Trends İn Food Science & 

Technology, 144, 104339.  

 



Savcı et al. / Turkish Journal of Agriculture - Food Science and Technology, 14(3): 901-909, 2026 

908 

 

Akturfan, M., & Yalçın, S. (2025). Utilizing quinoa flour for 

functional lavash bread production. Food Science & 

Nutrition, 13(7), e70533.  

Alçay, A. Ü., Bostan, K., Dinçel, E., & Varlık, C. (2017). Alglerin 

insan gıdası olarak kullanımı. Aydın Gastronomy, 1(1), 47–59.  

Ayala-Niño, A., Contreras-López, E., Castañeda-Ovando, A., 

Sánchez-Franco, J., & González-Olivares, L. (2020). 

Amaranth proteins as a source of bioactive peptides: A 

review. International Food Research Journal, 27(1).  

Ayeni, F. A., Malomo, A. A., & Ikujenlola, A. V. (2024). 

Physicochemical characteristics of biscuits produced from 

gluten-free amaranth seed and tiger nut composite flour. Acta 

Universitatis Cinbinesis, Series E: Food Technology, 28(1). 

DOI: 10.2478/aucft-2024-0008 

Barakat, H., Alhomaid, R. M., & Algonaiman, R. (2025). 

Production and evaluation of kleija-like biscuits formulated 

with sprouted mung beans. Foods, 14(9), 1571.  

Bilgiçli, N. (2020). Tahıl benzeri ürünler: bileşimi, beslenme-

sağlık üzerine etkileri ve tahıl ürünlerinde kullanımı. Food 

and Health, 6(1), 41–56.  

Brishti, F. H., Chay, S. Y., Muhammad, K., Ismail-Fitry, M. R., 

Zarei, M., & Saari, N. (2021). Texturized mung bean protein 

as a sustainable food source: effects of extrusion on its 

physical, textural and protein quality. Innovative Food 

Science & Emerging Technologies, 67, 102591.  

Bryant, C., & Barnett, J. (2018). Consumer acceptance of cultured 

meat: A systematic review. Meat science, 143, 8–17.  

Bryant, C., & Sanctorum, H. (2021). Alternative proteins, 

evolving attitudes: Comparing consumer attitudes to plant-

based and cultured meat in Belgium in two consecutive years. 

Appetite, 161, 105161.  

Çetiner, M., & Bilek, S. E. (2018). Bitkisel protein kaynakları. 

Çukurova Tarım ve Gıda Bilimleri Dergisi, 33(2), 111–126.  

Chae, J., Kim, S., Yeon, J., Shin, S., & Ju, S. (2025). Consumer 

acceptability of various gluten-free scones with rice, buckwheat, 

black rice, brown rice, and oat flours. Foods, 14(14), 2464.  

Culetu, A., Susman, I. E., Duta, D. E., & Belc, N. (2021). 

Nutritional and functional properties of gluten-free flours. 

Applied Sciences, 11(14), 6283.  

Demir, M. K., & Kılınç, M. (2016). Kinoa: Besinsel ve antibesinsel 

özellikleri. Journal of food and health science, 2(3), 104–111.  

Dhakal, D., Muir, J., Ni, D., & Dhital, S. (2025). Lupin protein 

isolates influence the nutrition, rheology, and protein profile 

of lupin-oat yoghurt analogues through probiotic activity. 

Food Hydrocolloids, 111618.  

Dhua, S., Kumar, K., Kumar, Y., Singh, L., & Sharanagat, V. S. 

(2021). Composition, characteristics and health promising 

prospects of black wheat: A review. Trends in food science & 

technology, 112, 780–794.  

Ding, S. (2022). A comparative analysis of vulnerability to 

poverty between urban and rural households in China. 

Economies, 10(10), 243.  

Ergun, M., Ozbay, N., Osmanoğlu, A., & Çalkır, A. (2014). Sebze 

ve tahıl olarak amarant (Amarant spp) bitkisi. Journal of the 

Institute of Science and Technology, 4(3), 21–28.  

Fatima, Z., Itrat, N., Israr, B., & Ahmad, A. M. R. (2025). 

Therapeutic efficacy of soy-derived bioactives: a systematic 

review of nutritional potency, bioactive therapeutics, and 

clinical biomarker modulation. Foods, 14(19), 3447.  

Fitton, N., Alexander, P., Arnell, N., Bajzelj, B., Calvin, K., 

Doelman, J., Gerber, J. S., Havlik, P., Hasegawa, T., & 

Herrero, M. (2019). The vulnerabilities of agricultural land 

and food production to future water scarcity. Global 

Environmental Change, 58, 101944.  
Food and Agriculture Organization of the United Nations. (2009). 

How to feed the world in 2050. https://www.fao.org/ 
3/i0540e/i0540e.pdf 

Food and Agriculture Organization of the United Nations. (2013). 
Edible insects: Future prospects for food and feed security. 
https://www.fao.org/3/i3253e/i3253e.pdf 

Food for Future Project. (2024). The long journey of cell-based meat 
across Singapore, the U.S. and Israel, Passing through the 
European Union. https://www.foodforfuture.unipr.it/ news-
en/the-long-journey-of-cell-based-meat-across-singapore-the-u-
s-and-israel-passing-through-the-european-union 

Ford, B. J. (2010). Culturing meat for the future: anti-death versus 
anti-life. Death and anti-death, 7, 55–80.  

Ganesan, K., & Xu, B. (2018). A critical review on phytochemical 
profile and health promoting effects of mung bean (Vigna 
radiata). Food Science and Human Wellness, 7(1), 11–33.  

Gencal, A., & Selçuk, G. N. (2024). Alternatif gıda olan 
yenilebilir böcekler. Gastro-World, 2(2), 16–27.  

Google. (2025). NotebookLM [AI-assisted visual organization 

and content support]. https://notebooklm.google  
Guo, Z., Deng, X., Ping, C., Li, X., Li, D., Wu, X., Xiao, X., & 

Kong, R. (2025). Quinoa: Nutritional and phytochemical 
value, beneficial effects, and future applications. Applied 
Food Research, 100766.  

Gürsoy, O., Gökçe, R., & Kınık, Ö. (2011). Beslenmede yeni 
yaklaşımlar: soya sütü ve ürünleri. Pamukkale Üniversitesi 
Mühendislik Bilimleri Dergisi, 5(3), 1123–1130.  

Gutiérrez-Cortez, E., Hernadez-Becerra, E., Londoño-Restrepo, 
S. M., & Rodriguez-García, M. E. (2021). Physicochemical 
characterization of amaranth starch insulated by mechanical 
separations. International Journal of Biological 
Macromolecules, 177, 430–436.  

Hocquette, J.-F., Chriki, S., Fournier, D., & Ellies-Oury, M.-P. 
(2025). Will “cultured meat” transform our food system 
towards more sustainability? Animal, 19, 101145.  

Huis, A. v., Itterbeeck, J. V., Klunder, H., Mertens, E., Halloran, 
A., Muir, G., & Vantomme, P. (2013). Edible insects: Future 
prospects for food and feed security.  

Islam, S. M. F., & Karim, Z. (2019). World’s demand for food 
and water: The consequences of climate change. In 
Desalination-challenges and opportunities. IntechOpen.  

Keskin, Ş., & Evlice, A. K. (2015). Fırın ürünlerinde kinoa 
kullanımı. Tarla Bitkileri Merkez Araştırma Enstitüsü 
Dergisi, 24(2), 150–156.  

Khan, M. K., Karnpanit, W., Nasar‐Abbas, S. M., Huma, Z. e., & 
Jayasena, V. (2015). Phytochemical composition and 
bioactivities of lupin: A review. International journal of food 
science & technology, 50(9), 2004–2012.  

Kim, I.-S., Kim, C.-H., & Yang, W.-S. (2021). Physiologically 
active molecules and functional properties of soybeans in 
human health—A current perspective. International Journal 
of Molecular Sciences, 22(8), 4054.  

Kim, I.-S., Yang, W.-S., & Kim, C.-H. (2021). Beneficial effects 
of soybean-derived bioactive peptides. International Journal 
of Molecular Sciences, 22(16), 8570.  

Kim, J. W., & Kim, H.-S. (2024). Extraction and characterization 
of mung bean proteins using different alkaline solutions. 
Food Science and Biotechnology, 33(13), 3047–3056.  

Komarek, A. M., Dunston, S., Enahoro, D., Godfray, H. C. J., 
Herrero, M., Mason-D'Croz, D., Rich, K. M., Scarborough, 
P., Springmann, M., & Sulser, T. B. (2021). Income, 
consumer preferences, and the future of livestock-derived 
food demand. Global Environmental Change, 70, 102343.  

Kreft, M. (2016). Buckwheat phenolic metabolites in health and 
disease. Nutrition Research Reviews, 29(1), 30–39.  

Langyan, S., Yadava, P., Khan, F. N., Dar, Z. A., Singh, R., & 
Kumar, A. (2022). Sustaining protein nutrition through plant-
based foods. Frontiers in nutrition, 8, 772573.  

Lee, S.-H., Park, S., Park, G., Oh, S., & Choi, J. (2025). Integrated 
analysis of global and domestic trends in cultured meat 
industry: Technology, regulation, and corporate strategy. 
Food Preservation and Processing Industry, 24. 
https://doi.org/10.11002/fppi.2025.24.1.25  

Lițoiu, A. A., Păucean, A., Lung, C., Zmuncilă, A., & Chiș, M. S. 

(2025). An overview of buckwheat—a superfood with 

applicability in human health and food packaging. Plants, 

14(14), 2200.  



Savcı et al. / Turkish Journal of Agriculture - Food Science and Technology, 14(3): 901-909, 2026 

909 

 

Lux, T., Spillmann, F., Reimold, F., Erdös, A., Lochny, A., & 

Flöter, E. (2023). Physical quality of gluten‐free doughs and 

fresh pasta made of amaranth. Food Science & Nutrition, 

11(6), 3213–3223.  

Messina, M. (2022). Perspective: Soybeans can help address the 

caloric and protein needs of a growing global population. 

Frontiers in nutrition, 9, 909464.  

Mota, J., Lima, A., B. Ferreira, R., & Raymundo, A. (2020). 

Lupin seed protein extract can efficiently enrich the physical 

properties of cookies prepared with alternative flours. Foods, 

9(8), 1064.  

Muslu, M., & Gökçay, G. F. (2020). Sağlığın desteklenmesi ve 

sürdürülebilir beslenme için alternatif bir kaynak: Alg 

(yosunlar). Bandırma Onyedi Eylül Üniversitesi Sağlık 

Bilimleri ve Araştırmaları Dergisi, 2(3), 221–237.  

Nale, Z. (2021). Yenilikçi gıda ürünlerinin geliştirilmesinde 

alternatif bir kaynak: Mikroalgler. Bayburt Üniversitesi Fen 

Bilimleri Dergisi, 4(1), 80-90. 

Nehring, R., & Campos, A. P. de la O. (2019). Rural poverty 

reduction in the 21st century. Policy in Focus. International 

Policy Centre for Inclusive Growth, United Nations 

Development Programme. 

https://repositorio.ipea.gov.br/handle/11058/15644 

Nilüfer, D., & Boyacıoğlu, D. (2008). Soya ve soya ürünlerinin 

fonksiyonel gıda bileşenleri. Gıda, 33(5), 241–250.  

OpenAI. (2025). ChatGPT (large language model) [Language 

editing, sentence restructuring, and visual support]. 

https://openai.com/chatgpt 

Pakseresht, A., Kaliji, S. A., & Canavari, M. (2022). Review of 

factors affecting consumer acceptance of cultured meat. 

Appetite, 170, 105829.  

Pereira, A., Ramos, F., & Sanches Silva, A. (2022). Lupin 

(Lupinus albus L.) seeds: balancing the good and the bad and 

addressing future challenges. Molecules, 27(23), 8557.  

Plustea, L., Negrea, M., Cocan, I., Radulov, I., Tulcan, C., 

Berbecea, A., Popescu, I., Obistioiu, D., Hotea, I., Suster, G., 

Boeriu, A. E., & Alexa, E. (2022). Lupin (Lupinus spp.)-

fortified bread: a sustainable, nutritionally, functionally, and 

technologically valuable solution for bakery. Foods, 11(14), 

2067.  

Poshadri, A., Deshpande, H., Machewad, G., Kshirsagar, R., 

Gadhe, K., & Kadam, S. (2023). Functional properties of 

selected composite gluten-free pseudocereals flour. Food and 

Humanity, 1, 1200–1205.  

Procopet, O., & Oroian, M. (2022). Amaranth seed polyphenol, 

fatty acid and amino acid profile. Applied Sciences, 12(4), 

2181.  

Sasa, A., Şentürk, F., Üstündağ, Y., & Erem, F. (2020). Alglerin 

gıda veya gıda bileşeni olarak kullanımı ve sağlık üzerine 

etkileri. Uluslararası Mühendislik Tasarım ve Teknoloji 

Dergisi, 2(2), 97–110.  

Seyhan, S., Nakilcioğlu, E., & Ötleş, S. (2024). Geleceğin 

alternatif protein kaynakları: Bitkiler. Düzce Üniversitesi 

Bilim ve Teknoloji Dergisi, 12(1), 153–174.  

Sharma, K., Zhang, W., & Rawdkuen, S. (2025). Dietary plant-

based protein supplements: sources, processing, nutritional 

value, and health benefits. Foods, 14(18), 3259.  

Simeanu, D., Radu-Rusu, R.-M., Macri, A. M., & Mierliță, D. 

(2024). Animal nutrition and productions: Series II. In (Vol. 

14, pp. 448): MDPI. 

Şirinyıldız, D. D., & Yorulmaz, A. (2022). Alternatif ve 

sürdürülebilir bir gıda kaynağı olarak algler. Toros University 

Journal of Food Nutrition and Gastronomy, 1(1), 101–117.  

Skwarylo-Bednarz, B., Stepniak, P. M., Jamiolkowska, A., 

Kopacki, M., Krzepilko, A., & Klikocka, H. (2020). 

Amaranth seeds as a source of nutrients and bioactive 

substances in human diet. Acta Scientiarum Polonorum. 

Hortorum Cultus, 19(6).  

Solarov, M. B., Šimurina, O., Kojić, J., Krulj, J., Filipović, J., 

Cvetković, B., & Ilić, N. (2022). Utilization of Amaranthus 

spp. grains in food. Food and Feed Research, 49(1), 37–52.  

Stephens, N., Di Silvio, L., Dunsford, I., Ellis, M., Glencross, A., 

& Sexton, A. (2018). Bringing cultured meat to market: 

Technical, socio-political, and regulatory challenges in 

cellular agriculture. Trends in food science & technology, 78, 

155–166.  

Sürek, E., & Uzun, P. (2020). Geleceğin alternatif protein 

kaynağı: Yapay et. Akademik Gıda, 18(2), 209–216.  

Taşkın, B. (2019a). Maş fasulyesi (Vigna radiata L.) ve glutensiz 

gıdalarda kullanım potansiyeli. Akademik Gıda, 17(4), 546–

552.  

Taşkın, B. (2019b). Mung bean (Vigna radiata L.) and ıts 

potential use in gluten-free foods maş fasulyesi (Vigna radiata 

L.) ve glutensiz gıdalarda kullanım potansiyeli. Akademik 

Gida, 17(4).  

Uğurlu, Ö. Y., & Altundağ, Ö. Ö. (2023). COVID-19 

pandemisinde sağlık çalışanlarının süper besin algısı: 

KIRIKKALE İLİ ÖRNEĞİ. Tıp Fakültesi Klinikleri Dergisi, 

6(2), 116–128.  

United Nations Department of Economic and Social Affairs, 

Population Division. (2024). World Population Prospects 

2024. https://population.un.org/wpp/ 

Uzuner, S., & Haznedar, A. (2020). Fonksiyonel gıda için sağlıklı 

takviye: Mikroalgler. Sinop Üniversitesi Fen Bilimleri 

Dergisi, 5(2), 212–226.  

Van Huis, A. (2015). Edible insects contributing to food security? 

Agriculture & Food Security, 4, 1–9.  

van Huis, A., & Rumpold, B. (2023). Strategies to convince 

consumers to eat insects? A review. Food Quality and 

Preference, 110, 104927.  

Wang, Y., Wang, L., Zhang, S., Li, P., & Jiang, J. (2024). 

Influence of pH-shifting and transglutaminase on the freeze-

thaw stability and thermal gel properties of mung bean 

protein-based liquid egg substitute prepared with two 

different oil phases. Food Hydrocolloids, 146, 109182.  

Wang, Y., Zhao, J., Zhang, S., Zhao, X., Liu, Y., Jiang, J., & 

Xiong, Y. L. (2022). Structural and rheological properties of 

mung bean protein emulsion as a liquid egg substitute: The 

effect of pH shifting and calcium. Food Hydrocolloids, 126, 

107485.  

Wang, Y., Zou, L., Liu, W., & Chen, X. (2023). An overview of 

recent progress in engineering three-dimensional scaffolds 

for cultured meat production. Foods, 12(13), 2614.  

White, K. P., Al-Shawaf, L., Lewis, D. M., & Wehbe, Y. S. 

(2023). Food neophobia and disgust, but not hunger, predict 

willingness to eat insect protein. Personality and Individual 

Differences, 202, 111944.  

Yessengaziyeva, A., Uzakov, Y., Chernukha, I., Kaimbayeva, L., 

Kalashinova, L., & Zhantleuov, D. (2023). The use of 

buckwheat flour in the technology of semi-smoked sausage. 

Slovak Journal of Food Sciences/Potravinarstvo, 17(1).  

Yetim, H., & Tekiner, İ. H. (2020). Alternatif protein 

kaynaklarından yapay et üretimi kavramına eleştirel bir bakış. 

Helal ve Etik Araştırmalar Dergisi, 2(2), 85–100.  

Yun, S. H., Lee, D. Y., Lee, J., Mariano Jr., E., Choi, Y., Park, J. 

M., Han, D., Kim, J. S., & Hur, S. J. (2024). Current research, 

industrialization status, and future perspective of 

culturedbeef. https://doi.org/10.5851/kosfa.2024.e13 

Zhang, L., Hu, Y., Badar, I. H., Xia, X., Kong, B., & Chen, Q. 

(2021). Prospects of artificial meat: Opportunities and 

challenges around consumer acceptance. Trends in food 

science & technology, 116, 434–444.  

Zhu, Y., Chen, G., Diao, J., & Wang, C. (2023). Recent advances 

in exploring and exploiting soybean functional peptides—A 

review. Frontiers in nutrition, 10, 1185047.  

 

 


