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Abstract 
 

This chapter introduces preventive 
measures for protein malnutrition as a 
significant public health concern and 
alternative protein sources. It starts by 
presenting an overview of the consequences of 
chronic protein malnutrition in children and 
adults; prevention strategies, including 
improved access to protein-rich foods; 
promoting education on balanced diets; early 
detection and treatment as well as agricultural 
development programs that enhance the 
production and availability of protein-rich foods 
and promote sustainable practices. It then 
explains the valorization of the food agro-
industry by-products as an alternative source of 
protein and their extraction methods. By the 
end of the chapter, a discussion on the 
applicability of cricket flour as a protein fortifier 
in the Food Industry and its general and 
microbiological safety is presented, focusing on 
several studies described in the scientific 
literature. 
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I. INTRODUCTION 
 

Insufficient protein intake can lead to protein malnutrition (PM) when the body's 
needs are not met. This can have severe consequences for health, including stunted 
growth and development, weakened immune system, and impaired cognitive function. 
PM is a major concern globally, especially in low-income countries and among 
vulnerable groups like children and pregnant women [1]. The World Health 
Organization (WHO) reports that an average adult needs 0.83 grams of protein per 
kilogram of body weight per day to stay healthy, while the minimum requirement is 
0.66 grams [2]. However, protein needs can vary based on age, sex, physical activity 
levels, and other factors. While there is no one-size-fits- all recommendation for protein 
intake, it's generally suggested that protein should make up 10-35% of daily energy 
intake [3]. 

 
Despite its importance, protein can also be a costly and complex dietary element 

that raises economic, environmental, and political concerns [4]. PM remains a major public 
health issue, especially in low- and middle-income countries. According to WHO, an 
estimated 462 million people worldwide suffer from malnutrition, including PM [5]. 
The Global Hunger Index (GHI) also highlights that as of 2022, 9 countries still have 
"alarming" levels of hunger, with sub-Saharan Africa being the most affected region [6]. 
The highest prevalence of PM is found in South Asia and Sub-Saharan Africa, where 
around 11-13% of the population is affected [7]. Children are particularly vulnerable 
to malnutrition, including PM; in 2020, 

149.2 million children under 5 years of age were too short for their age 
(stunted), and 45.4 million were too thin for their height (wasting) [8]. 

 
PM can negatively impact health, including stunting, wasting, impaired 

immunity, and cognitive impairment. When it is chronic, it can lead to hindered growth 
and development, particularly in children. This can also cause stunted height, which 
may be irreversible [9-12]. Maternal malnutrition during pregnancy can also have long-
term consequences for both the mother and child [13]. Acute PM can result in rapid 
weight loss and muscle wasting [14-16]. A study conducted in Pakistan's public hospital 
found that girls had a higher prevalence of undernutrition than boys, and children under 
five failed to meet their necessary nutritional needs [17]. 

 
Furthermore, childhood PM can lead to long-lasting effects on cognitive 

development and academic performance [18, 19]. It can also weaken the immune 
system, making individuals more vulnerable to infections and other diseases [20]. One 
primary mechanism is the inadequate provision of vital nutrients necessary for immune 
system cells to perform their functions effectively. Thus, protein energy malnutrition 
deprives immune cells of essential nutrients, hindering their ability to carry out their 
intended roles [21]. Individuals with certain medical conditions, such as inflammatory 
bowel disease, celiac disease, and food allergies, may also have impaired protein 
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absorption from food [22, 23]. 
 
Understanding the causes and consequences of PM is crucial for public health 

efforts to reduce its prevalence [24]. PM can result from various causes and risk factors, 
including insufficient intake of protein-rich foods like meat, fish, eggs, and dairy 
products [25]. Failure to meet the increased protein requirements of specific 
populations, such as athletes and pregnant women, can also lead to PM [26]. 
Additionally, limited access to nutritious foods due to poverty and food insecurity can 
increase the risk of PM. Finally, natural disasters, armed conflicts, and other 
environmental factors can disrupt food supplies, further raising the risk of PM [27]. The 
study aims to assess PM comprehensively, explore various methods to mitigate its 
occurrence and investigate alternative protein sources from agro-industrial by- products 
and edible insects. 
 
II. PROTEIN MALNUTRITION AND PREVENTING MEASURES 
 
1. Protein-Energy Malnutrition: Before the 1980s, efforts to combat malnutrition in 

developing countries mainly focused on addressing protein and energy deficiencies 
[28]. Protein-energy malnutrition (PEM) is a group of growth disorders in children 
caused by inadequate protein and energy intake. Unlike PM alone, PEM can lead to 
more severe outcomes [29]. Malnutrition is prevalent in low and middle-income 
countries [30]. Primary PEM is most common in developing countries where the 
food supply is insufficient due to socioeconomic, political, and sometimes 
environmental factors such as natural disasters [20]. According to WHO statistics 
from 2020, the largest number of PEM-related deaths (5,000) in Mexico were among 
people aged 75 and above, with 1,000 deaths occurring in people aged 55-74, and 
approximately 400 deaths were recorded in individuals aged 35-54. It is evident that 
mortality rates tend to increase with age [31]. 

 
PEM refers to three different clinical syndromes. The first is stunting, which 

is caused by chronic malnutrition during pregnancy or early childhood and affects 
both macro and micronutrient intake. The second syndrome is severe acute 
malnutrition (SAM), which includes kwashiorkor and marasmus and primarily 
affects micronutrient intake. The third syndrome is wasting or cachexia, which 
occurs as a secondary syndrome due to acute or chronic underlying disorders [32]. 

 
The two main severe forms of PEM are marasmus and kwashiorkor, 

although a combination of both may also occur. They are distinguished based on 
clinical manifestations, with the primary difference between the two being the 
presence of edema in kwashiorkor [20]. It should be noted that marasmus, 
kwashiorkor, and intermediate states of marasmus kwashiorkor are also considered 
as severe acute malnutrition [33]. 

 
 Marasmus: Marasmus is a condition that is characterized by extreme thinness, 
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depletion of fat stores, muscle wasting, and absence of edema [33]. The term 
'marasmus' originates from the Greek word that means withering or wasting. This 
type of malnutrition is caused by a lack of protein and calories in the diet [20, 
32]. It is more common in children under 5 years old due to increased caloric 
requirements and susceptibility to infections. Severely affected children may 
have a monkey-like or aged appearance due to the loss of buccal fat pads. The 
child appears emaciated, weak, and lethargic, with xerotic and wrinkled skin. 
Muscle wasting usually starts in the axilla and groin due to severe deprivation of 
calories and nutrients [20]. 

 
 Kwashiorkor: Kwashiorkor comes from the Ghanaian language and means "the 

sickness of the weaning" or "the disease of the displaced child" when they stop 
breastfeeding. It is a form of malnutrition that happens when someone doesn't 
get enough protein in their diet but still consumes enough calories [33]. This 
condition often affects older infants and young children with a reasonable 
calorie intake but insufficient protein. Children with kwashiorkor often eat a diet 
low in protein but high in carbohydrates, so they are sometimes called "sugar 
babies." The symptoms of kwashiorkor include swollen body parts, skin 
problems, a bloated stomach, and an enlarged liver [20]. People with 
kwashiorkor have more serious protein depletion in their liver, which can lead to 
low levels of albumin, a bloated stomach, and a fatty liver [33]. Kwashiorkor 
has a higher mortality rate than Marasmus, another type of malnutrition. People 
with both conditions have a very high risk of death [34]. People with 
kwashiorkor may also have mild hair and skin changes and an enlarged fatty 
liver that can be felt during a physical examination [20]. 

 
 Importance of Animal-Source Protein: Animal-source foods have some 

disadvantages, including complex scientific, economic, environmental, and 
political issues and high energy demands. However, they are highly regarded as a 
superior source of protein due to their exceptional amino acid profile. 
Incorporating more fatty fish and dairy products into a macrobiotic diet can 
promote accelerated growth in young children experiencing stunting [36, 37]. 
Animal products are rich in micronutrients, such as iron, zinc, vitamin A, 
vitamin B12, riboflavin, and calcium, making them an effective source for 
meeting nutritional needs. However, the consumption of milk along with meat 
reduces the absorption of iron and zinc [38]. Meat is rich in iron and zinc, 
particularly in the form of heme protein, which enhances the absorption of these 
minerals from other sources. Nevertheless, the high fat and saturated fatty acid 
levels found in certain animal-derived foods like meat have raised concerns 
regarding their potential impact on the risk of cardiovascular disease, metabolic 
syndrome, and other chronic illnesses [39]. 
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2. Preventing Measures for Protein Malnutrition: Prevention of PM can be 
achieved through various methods, such as education on having a balanced diet and 
improving access to protein-rich foods. Agricultural and economic development can 
also aid in increasing the availability of such foods. Early detection and treatment of 
PM are crucial in preventing long-term health consequences like impaired growth 
and cognitive development [24]. According to the World Health Organization 
(WHO), the recommended protein consumption for an adult male weighing 90 kg is 
75g per day. However, from 1990 to 2007, the world's protein consumption was 76-
85 g/person/day. In the developing world, this value falls to 80 g per person per day, 
while in Africa, it's even lower at 62 g per person per day [40]. Individuals 
experiencing mild malnutrition consume 51% to 75% of the recommended energy 
and protein levels necessary for their well-being. For those with moderate 
malnutrition, the intake is 26% to 50% of the required energy and protein levels. In 
the case of severe malnutrition, individuals consume less than 25% of the necessary 
energy intake [41]. 

 
 Balanced Diet: In developing countries, dietary protein sources are mainly 

limited to cereals like rice, wheat, and maize, with animal-based sources playing 
a lesser role. Although there are health and environmental concerns related to 
animal products, they play a crucial role in the global food chain [42]. A balanced 
diet is essential in preventing protein deficiency, influenced by various factors 
beyond limited access to specific foods, including animal-based products [4]. It 
is crucial to emphasize the importance of the food source's quality, and 
promote a well-balanced diet that includes sufficient protein from both animal 
and plant sources. Dietary protein quality is often assessed using PDCAAS, 
which determines its utilizable protein content based on amino acid 
composition. Certain amino acids like methionine, lysine, tryptophan, and 
threonine are considered essential amino acids and often the limiting factors in 
the nutritive value of proteins in the human diet [43]. To optimize the protein 
quality of a plant-based meal, carefully selecting a combination of plant-based 
protein foods that compensate for each other's amino acid deficiencies is 
essential. However, this task can be challenging, given the limited food choices 
available [4]. 

 
In developing countries, combining vegetable protein and cereals in 

meals is expected to increase protein content. However, both types of food 
contain phytic acid, which can hinder the absorption of essential minerals such as 
iron, zinc, calcium, and manganese [44]. Complete enzymatic degradation is 
recommended to break down phytic acid, but this may not always be possible. 
Animal-based protein sources do not contain anti-nutrient factors, unlike plant-
based sources. Studies have shown that adding even a small amount of animal 
products to meals can significantly improve the absorption of essential minerals 
such as iron and zinc [4]. Therefore, it is recommended to include lean meats, 
poultry, fish, dairy products, eggs, legumes, nuts, and seeds in the diet. 
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 Agricultural Development: There are various ways to address PM, such as 
supporting agricultural development programs that enhance the production and 
accessibility of protein-rich foods, promoting sustainable agricultural practices, 
and diversifying crops to offer alternative protein sources [45]. Some experts 
recommend improving dietary diversity and nutrition through agriculture. They 
suggest that agricultural development programs prioritize food and nutrition 
security. Nutrition security pertains to the quality aspect of food production, 
consumption, and utilization, ensuring that people can access a variety of high-
quality foods that meet their macro and micronutrient requirements. To bridge 
the nutrition gap and enhance nutrition security, several strategies can be 
implemented in agriculture, including increasing small-scale production of 
nutrient-rich fruits, vegetables, legumes, and animal-source foods, boosting 
commercial production of nutrient-rich foods to make them more available and 
accessible to consumers, minimizing post-harvest losses, selecting and breeding 
plants, and using extension-based education and social marketing tactics. 

 
Other authors stress the significance of incorporating livestock and 

aquaculture into agricultural production systems as a holistic approach to food 
production and security. They highlight that animal-derived foods from these 
systems can substantially address nutrient deficiencies in adults and children [46]. 
They argue for the need to promote diversified farming systems, like integrated crop 
and livestock systems and aquaculture, to achieve this goal. For instance, they 
suggest the Asian or Latin American aquaculture/livestock model, where a pig 
farm is built over a pond, and undigested grains from pig dung and grass from 
the banks of the pond serve as feed resources. This system enables farmers to 
produce pork, fish, and duck products from a small plot of land, using nitrogen-
rich pond runoff as a fertilizer for crops. 

 
Currently, the agriculture and food systems need more production 

diversity, leading to unbalanced diets and consequent malnutrition [47]. The study 
conducted by Li et al. (2020) focused on hunger and malnutrition in Asia and the 
Pacific [48]. They highlighted the importance of having a diverse diet and 
cultivating a variety of crops to combat malnutrition in the region. The Asia 
Pacific region mainly relies on a few staple crops, with rice being the most 
commonly grown. However, this lack of dietary diversity often leads to 
inadequate nutrition, falling short of the recommended intake levels. The authors 
of another study suggest that neglected and underutilized species (NUS) can 
potentially improve both dietary quality and agricultural productivity [49]. One 
example of a highly nutritious NUS is quinoa, which gained popularity in 2014 
when the United Nations General Assembly endorsed it as the International 
Year of Quinoa. Quinoa has twice as much protein, five times more dietary 
fiber, four times more iron, and 23 times more folate than rice. Another NUS that 
can provide adequate dietary amounts of micronutrients like iron, zinc, and 
selenium is lentils. 
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 Breastfeeding: Breastfeeding is a crucial way to prevent Kwashiorkor in 
children, as weaning from breastfeeding is the main cause of the disease. It 
provides children with the nutrients for a balanced diet and helps prevent protein 
deficiency. Scientific evidence supports promoting infant feeding as an 
intervention that enhances growth and development, leading to optimal 
outcomes [50]. It is recommended that breastfeeding continue until the child is 
two years old, which has many benefits for both mother and child. Breastfeeding 
reduces the risk of cancer for mothers, including breast and ovarian cancers [51]. 
Breast milk is considered the ideal source of infant nutrition and contains all 
necessary nutrients in the proper proportions. It also provides non-nutritive 
components, such as antibodies and immune factors that help protect against 
infections. Breast milk contains long-chain polyunsaturated fatty acids like 
docosahexaenoic acid, essential for brain development and may contribute to 
improved cognitive abilities later in life [52]. 

 
Women of reproductive age, as well as the developing fetus and young 

children, are vulnerable to malnutrition and require essential nutrients for fetal 
growth and milk production. Vitamin B12 is important during this stage, and 
breast milk is a critical source of this nutrient [53]. Once a child has been 
breastfed for six months, it is essential to introduce various complementary foods 
to receive all the necessary nutrients. Seven food categories are suitable for 
children aged between 6 and 24 months. These include cereals, tubers, and root 
vegetables; legumes and nuts; meat products; fruits and vegetables high in 
vitamin A; dairy products; eggs; and other vegetables and fruits. It is 
recommended that children consume at least 4 of these seven food groups, 
focusing on protein, indicating sufficient dietary diversity [54]. The reason 
behind the four food groups being the cut-off point is to ensure that a child's diet 
includes either an animal source food or a high-protein source such as legumes 
or nuts. Recommended nutrient intakes for infants and young children are 
established as adequate due to insufficient evidence to determine a 
recommended allowance for this age group. Similarly, there is no evidence for 
recommended feeding practices throughout the preschool-age period (2 to 5 
years of age) [55]. 
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 Nutritional Education: Malnutrition is a global problem that affects people of 
all ages and cultures. It can cause a range of physiological issues, such as 
weakened immune function, reduced strength, and impaired renal and cardiac 
function [56]. In Ghana, data from the 2003 Demographic and Health Survey 
showed that malnutrition is linked to poverty and maternal education [57]. These 
findings highlight the importance of addressing non-health-related goals such as 
eradicating extreme poverty/hunger, achieving universal primary education, 
promoting gender equality and women's empowerment, and ensuring 
environmental sustainability to prevent malnutrition [58]. Researchers studying 
kwashiorkor and marasmus have found that milk is an ideal basis for therapy 
and prevention, but properly formulated vegetable protein mixtures are also 
effective for treatment and prevention in many parts of the world. They also note 
the correlation between diarrheal disease and severe PM and suggest that 
improving environmental sanitation can help reduce the prevalence of 
kwashiorkor. Finally, this study emphasizes the need for nutrition education to 
improve feeding practices for weaned infants and young children as a significant 
factor in preventing kwashiorkor [59]. 

 
Many older adults lack nutritional knowledge, including understanding 

their protein requirements and how protein/diet affects their health [60]. Only 
one study in the past 20 years has focused explicitly on protein intake as a topic 
for community- based education, and it was successful in increasing protein 
intake for the intervention group [61]. To further promote healthy balanced diets, 
community-based cooking workshops could be held by dietitians. These 
workshops would incorporate nutritional education alongside the cooking sessions 
while providing recipes for participants to practice and learn to replicate at home. 
Although these workshops may not prevent or address PEM, they could help 
address protein needs by promoting healthy dietary habits and being organized 
by dietitians [62]. 

 
 Food Fortification: While protein-energy malnutrition remains a critical 

concern, recent studies have shown an increased understanding of the impact of 
micronutrient deficiencies on human health and well-being [28]. Protein 
deficiency is often accompanied by micronutrient deficiencies, and malnutrition 
caused by inadequate intake of essential vitamins, minerals, and trace elements 
can coexist with protein- energy malnutrition. Even those who are generally 
well-nourished may experience specific deficiencies in certain vitamins or 
minerals [21]. Micronutrient deficiencies are prevalent in both industrialized 
countries and developing regions of the world, and studies show a growing 
prevalence of malnutrition among hospitalized individuals in developed countries 
[63]. 
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Fortification is the intentional process of enhancing the levels of vital 
micronutrients, such as vitamins and minerals (including trace elements), in 
specific food items. This aims to improve the nutritional value of the food 
supply, promoting public health benefits while minimizing potential health risks 
[28]. The most common deficiencies are essential micronutrients such as iron, 
vitamin A, and iodine, which can have adverse effects on human health. For 
example, iodized salt was one of the first fortified foods introduced in 
Switzerland [64] and the United States of America[65], and it has since 
expanded worldwide and is now commonly used in most countries. 

 
III. ALTERNATIVE PROTEIN SOURCES FROM AGRO-INDUSTRIAL BY- 

PRODUCTS 
 

The food agro-industry produces various by-products such as spoiled raw 
materials, pomace, leaves, seeds, shells, bran, oilcake, and molasses. These by-products 
are discarded and can cause environmental issues [66]. According to the Food and 
Agriculture Organization of the United Nations (FAO), the agro-food industry produces 
around 190 million tons of by-products globally annually [67]. By-products made at all 
food production and consumption stages can affect food security and should not be 
ignored [68]. Many researchers have studied the bioactive compounds found in agro-
industrial by-products. Food by-products have great potential for processing as they 
contain proteins, carbohydrates, lipids, phenolic compounds, dietary fiber, and 
pigments. These compounds can be used to create new food products or ingredients for 
human consumption, contributing to their complex valorization and re-inclusion in the 
food supply chain in the circular bioeconomy. This, in turn, can generate revenue 
streams, business opportunities, and jobs [69-71]. 
 

Scientists across various fields have shown an interest in extracting protein from 
plant by-products, as it offers a low-cost and environmentally friendly source of 
nutrients [72]. With the world's population increasing, there is a growing need for 
proteins that are easily accessible and beneficial to our health, especially for children 
and the elderly [73, 74]. It is estimated that around 6.8 million tons of protein will be 
needed for human consumption by 2025 [75]. Proteins, which can be derived from both 
plant and animal sources, are macromolecules that play a crucial role in providing 
nutrients to our bodies [76]. 
 
1. Sources of Agro-Industrial Waste: The importance of food security and the 

challenge of feeding a growing global population has led to the search for 
sustainable and environmentally-friendly sources of highly nutritious products, 
including alternative protein sources [73]. As the food industry continues to 
industrialize, there is potential to utilize residues from fruit and vegetable processing 
and animal by-products to create valuable protein products [72, 78]. Due to the 
diverse functional properties of proteins, their applications in various industries are 
expanding [79]. Reports have been published on protein extraction from plant and 
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animal by-products (Table 1). 
 

 Meat and Poultry Processing Industry by-Products: The demand for meat 
production is increasing, and in order to meet this demand, there needs to be a 
more efficient use of resources. Currently, meat by-products contain high-
quality proteins and other nutrients that need to be fully utilized. It is important 
to reconsider their value [104]. The protein-containing wastes from processing 
farm animals and poultry can be categorized into different types based on their 
composition and processing techniques. These types include meat-containing, 
keratin-containing, collagen- containing, and blood [105]. Collagen, which 
makes up a significant percentage of mammalian body proteins (25-35%), is the 
foundation of connective tissue and has a unique amino acid composition rich in 
glycine, proline, and oxyproline (33% and 22%, respectively) [106]. 

 
The poultry industry produces vast waste feathers each year, estimated at 

12 million tons worldwide. Thanks to technological advancements, these feathers 
contain about 90% protein-keratin and can be repurposed into high-quality 
regenerated filaments [81]. Recent studies by Nuutinen et al. (2019), Mu et al. 
(2020), and Mi et al. (2020) have confirmed that poultry feathers can be utilized 
to create keratin filaments [80, 81, 83]. Additionally, Wubshet et al. (2018) and 
Lindberg et al. (2021) have conducted research on the use of poultry by-products 
to produce myofibrillar and collagen proteins [84, 85]. Due to their unique 
properties, these proteins can be used in biomedicine and biotechnology to 
create nanoparticles, scaffolds for cell engineering, bioplastics, bioremediation 
agents, and oligopeptides and amino acids [107]. Gelatin can also be obtained 
from bovine bone collagen, as demonstrated by Cao et al. (2020) [82]. Collagen 
hydrolysates are commonly used in the food industry to improve the organoleptic 
and physicochemical properties of meat products, beverages, and soups [108, 
109]. Collagen and keratin, comprising a significant portion of animal-origin 
protein waste, have almost limitless potential for biotechnological applications 
[109]. 

 
Table 1: Protein products obtained from various agro-industrial by-products and 

methods of extraction 
 

Protein types Agro-industrial 
waste 

Extraction method Reference 

Meat and poultry processing industry by-products 

Keratin 
Poultry feathers In a deep eutectic 

aqueous solvent 
[80] 

 
Keratin fibers 

Chicken feathers Step-by-step 
oxidation 

and extraction 
technology 

[81] 
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Gelatin 

Bovine bone collagen Various acids 
(hydrochloric, acetic, 
and citric) with and 

without pepsin 

[82] 

Keratin 
threads 

White duck feathers Using dithiol 
reducing 

agent 

[83] 

Squirrels 
Poultry by-products Enzymatic protein 

hydrolysis 
[84] 

Myofibrillar 
and collagen 
proteins 

Poultry offal Enzymatic hydrolysis 
of protein 

[85] 

Fish processing industry by-products 
Collagen 
proteins 

Fish skins  [86] 

Collagen 
Sturgeon fish skin 

(Huso huso) 
Acid and enzymatic 

extraction 
[87] 

Protein 
hydrolysate 

Waste from squid 
processing 

Treatment with the 
enzyme preparation 

[88] 

  "Protepsin" and citric 
acid solution 

 

 
Collagen 

Bester sturgeon Huso 
huso× Acipenser 

ruthenus 

Enzymatic extraction [89] 

Dairy production by-products 

Squirrels 
Bovine and ovine 

dairy 
by-products 

Precipitation with 
ammonium sulfate 

[90] 

Whey proteins Cheese Magnetic separation [91] 

Squirrels 
Milk whey Aqueous two-phase 

extraction 
[92] 

Casein Dairy wastewater Dissolved air flotation [93] 
Fruit and vegetable processing by-products 

 
Protein isolate 

Sugar beet leaves Soft and food- 
compatible 

technologies 

[94] 

 
Leaf squirrels 

Vegetable by-
products: 
cauliflower, broccoli, 

cabbage and beets 

Alkaline extraction [95] 

Peptide 
hydrolysates 

Cauliflower leaves Ultrasonic extraction [96] 

Protein 
Watermelon seeds Ultrasonic extraction 

method 
[97] 



Futuristic Trends in Agriculture Engineering & Food Sciences 
e-ISBN: 978-93-5747-830-4 

IIP Series, Volume 3, Book 7, Chapter 22 
PROTEIN MALNUTRITION, PREVENTIVE MEASURES, ALTERNATIVE PROTEIN SOURCES FROM 

DIETARY BY-PRODUCTS, AND INSECT-DERIVED PROTEIN 

 
Copyright © 2024Authors                                                                                                                Page | 402 

 
Protein 
extracts 

Waste and byproducts 
of mushrooms 
generated in the 

supply 
chain 

Water extraction, 
ultrasound extraction, 

and enzyme 
extraction 

[98] 

Oilseeds processing by-products 
Sunflower 
protein isolate 

Sunflower meal Ultrasonic extraction [99] 

Protein 
hydrolyzate 

Sesame bran Enzymatic extraction 
under the influence of 

ultrasound 

[79] 

Cereal and legumes processing by-products 
Protein 
concentrates 

Skimmed rice bran Ultrasonic extraction [100] 

Soy protein 
isolate 

Soy whey  [101] 

Protein 
concentrate 

Durum wheat bran Alkaline -acid method [102] 

Squirrels 
By-products of 

legumes 
Soft extraction 

techniques 
[103] 

 

 Fish Processing Industry by-Products: In fish-processing plants, waste 
products such as heads, scales, skin, fins, vertebral spines, and viscera make up a 
significant portion of the initial raw material, ranging from 50-70% [105]. The 
primary product of processing fish waste is protein hydrolysate [79], which 
offers opportunities for recovering long and short peptides and amino acids [76]. 
The proteins in the hydrolysate composition have molecular weights ranging 
from 0.1 to 100 kDa and consist of fragmentarily cleaved proteins containing di-
, tri-, and oligopeptides that contain all the essential amino acids [79]. 
Hydrolysates derived externally are excellent protein sources for individuals 
with protein digestion issues and have valuable applications in the 
pharmaceutical and food industries based on their bioactivity and functional 
properties. Fish protein hydrolysates have functional properties like water 
retention, emulsifying, gel- and foam-forming abilities, and solubility, making 
them useful in various food industry technological processes such as sausage and 
pate products, sauces and dips, as enriching additives in bakery, confectionery, 
and dairy products [76]. 

 
One form of organic waste is the leftover materials from squid 

processing, particularly their heads. These heads contain a high concentration of 
protein substances, making them a promising source for food production. The 
study conducted by Bredekhin and colleagues in 2019 explored the use of the 
enzyme preparation "Protepsin" and citric acid solution to produce protein 
hydrolysate from squid heads [88]. Collagen proteins have also been extensively 
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studied and described by Antipov et al. (2018), Atef et al. (2020), and Zhang et al. 
(2020) [86, 87, 89]. 

 
 Dairy Production by-Products: Whey, a by-product of the dairy industry, is 

obtained by extracting protein-fat concentrates from milk, such as cheese, 
cottage cheese, and technical casein. It is an excellent source of highly nutritious 
proteins with functional properties [110, 111]. Whey proteins comprise around 
20% of milk proteins and are globulins and albumin soluble in a wide pH range. 
They are easy to digest, contain essential amino acids, and are a source of 
bioactive peptides with antioxidant, antimicrobial, immunomodulatory, and other 
beneficial properties [112]. Several research papers, including those by Nicolás 
et al. (2019) and Domínguez- Puerto et al. (2018), have explored the production 
of whey proteins from dairy by- products [92, 93]. Recent research has shown 
that protein products can also be obtained from dairy wastewater. For example, 
Ryder et al. (2018) presented the extraction of casein from dairy wastewater, 
while Parrón et al. (2018) discussed the extraction of proteins from bovine and 
egg-milk by-products [90, 93]. Enzymatic hydrolysates of whey proteins are 
ideal ingredients in breath milk substitutes, sports nutrition products, and 
specialized preventive and therapeutic products, particularly when they have a 
certain degree of hydrolysis [113]. 

 
 Fruit and Vegetable Processing by-Products: Food waste is a significant issue, 

and fruit and vegetable by-products are a common cause [114]. Recently, a 
growing interest has been in processing these by-products to extract functional 
ingredients like protein [96]. For instance, Sedlar et al. (2020) found leaf proteins 
can be produced from vegetable by-products such as cauliflower, broccoli, 
cabbage, and beets [95]. Similarly, Martin et al. (2018) successfully obtained a 
protein isolate from sugar beet leaves, as detailed in their research paper [94]. 
Additionally, watermelon seeds can be a valuable source of proteins, oils, and 
carbohydrates. Gadalkar et al.'s (2019) study shows that ultrasonic extraction can 
extract protein from watermelon seeds [97]. 

 
 Oilseed Processing Industry by-Products: Recently, there has been a growing 

interest in proteins derived from defatted oilseeds [99]. Sunflower meal, a 
byproduct of sunflower oil production, is a rich source of protein, containing 
about 30-50% protein [115]. Unlike protein isolates from other oilseed meals, 
sunflower protein isolates are free of toxic components and have minimal anti-
nutritional components. This makes them a promising alternative source of 
protein [116]. Research studies by Görgüç et al. (2019), Sá et al. (2020), Özdemir 
et al. (2022), and Dabbour et al. (2018) have demonstrated the successful 
extraction of protein isolates and hydrolysates from oilseeds [72, 73, 78, 99]. 
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 Cereal and Legumes Processing by-Products: Cereals are a significant food 
source in our diet, and their processing generates a large number of by-products 
[117]. Processing cereal crops such as wheat and rice bran can yield protein from 
lower-cost sources [118]. Recently, protein concentrates have been rapidly 
developed, with a protein content of 64-73% depending on the type and quality 
of plant raw materials used and the production technology applied [119]. Ly et 
al. (2018) and Alzuwaid et al. (2019) have demonstrated the production of 
protein concentrate using defatted rice bran [100, 102]. 

 
Legumes have been recognized for their nutritional benefits and high 

protein content for centuries. Soybeans, in particular, are a valuable legume used 
as a protein source in Asian countries [120]. The consumption of soy products 
has been growing globally due to their exceptional nutritional value and associated 
health benefits [121]. Soy protein is similar in nutritional value to meat and milk 
proteins and is rich in essential amino acids, particularly lysine - the limiting 
amino acid in plant proteins [122]. A research paper by Chua et al. (2019) shows 
that soy protein isolates can be produced from soy whey [101]. Soy proteins 
contain bioactive peptides with antioxidant properties, reduce cholesterol levels, 
have a hypotonic effect, and prevent thrombosis [123]. Wheat bran, with 13% to 
18% protein content, is also a potential source for protein extraction, with high 
lysine and arginine content [124]. Furthermore, protein production from legume 
by-products has been explored by Prandi et al. (2021) [103]. 

 
2. Protein Extraction Methods: Many studies have shown that protein extraction 

involves a process of physical, chemical, or biochemical methods that aim to break 
down plant cells, thus releasing their contents or precipitating target proteins [68]. 
Extraction is widely used to obtain proteins, oils, aromatic compounds, and more, and 
it is involved in most industrial processes today [125]. Choosing the right extraction 
method is crucial in preserving the nutritional value of proteins, as harsh pH or 
temperature conditions can damage them [103]. Traditional extraction methods may 
not be sufficient in extracting all complex biopolymers, particularly proteins and 
polysaccharides [126]. Nevertheless, new eco-friendly technologies are emerging, 
which can positively impact the final product's properties [127]. 

 
Over the past ten years, new techniques have emerged for extracting protein 

from natural sources. These methods include subcritical, microwave, ultrasound, and 
liquid- pressure extraction [128]. Enzyme preparations are also used for protein 
extraction [119]. For instance, Wubshet et al. (2018) and Lindberg et al. (2021) 
developed a method for obtaining protein from poultry by-products [85, 86]. In 
separate research papers, Özdemir (2022), Atef et al. (2020), Bredikhina et al. (2019), 
Zhang et al. (2020), Prandi et al. (2023), and Görgüç (2022) extracted proteins from 
various agricultural products using different enzymatic preparations [78, 87-89, 98, 
125]. 
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Caliceti et al. (2019), Gadalkar et al. (2019), and Ly et al. (2018) extracted 

proteins from defatted rice bran, watermelon seeds, from cauliflower leaves, 
respectively, using ultrasonic extraction [96, 97, 100]. Extraction by ultrasound 
method promises to improve the extraction process of metabolites from various food 
matrices [129]. Indeed, it is one of the 10 most popular methods used in food science 
[130]. Scientists have been exploring new ways to extract plant proteins from 
various food by-products. They have devised different techniques to produce protein 
isolate and hydrolysate depending on the type of raw material and desired properties 
of the final product. The methods used include thermal, acid, and alkaline hydrolysis, 
but enzymatic hydrolysate production is becoming increasingly popular. This method 
is sustainable and enables better control of the mixtures' composition. [109]. 

 
Table 1 illustrates that protein extraction yields various protein ingredients: 

concentrate, isolate, and hydrolysate. Protein concentrate is achieved by eliminating 
non- protein elements, particularly carbohydrates, to heighten the protein 
concentration of the end product [131]. Protein isolate is produced by solubilizing 
protein in a salt solution or a medium with a pH far from the isoelectric point [132]. 
Protein hydrolyzate differs from concentrate and isolates because it combines small 
peptides and amino acids obtained from protein hydrolysis with enzymes, acids, 
alkaline processing, or fermentation [133]. Selecting the most appropriate protein 
extraction method requires considering factors such as raw material structure, 
processing time, cost, reproducibility, reliability, and final product quality [66]. 

 
IV. CRICKET FLOUR – IS AN ALTERNATIVE SOURCE OF FOOD PROTEIN 
 

It is essential to find sustainable options to ensure the safety of our food sources 
and protect the environment. Researchers have suggested using edible insects as a 
protein source that meets these criteria. Edible insects have gained particular interest 
due to their high protein content and low environmental impact [134]. Insect farming is 
cheaper than animal husbandry and has the advantage of rapid reproduction. Insects can 
feed throughout the year, regardless of the season, and most of their body is edible 
(80%). They also have rapid reproduction and growth rates. House crickets, for 
instance, have twice the protein conversion rate of chickens and four times the rate of 
cattle, according to researcher Imathiu [135]. Raising insects requires less land and 
water than raising livestock [136]. Obtaining 1 kg of products from worms and ants 
requires 2-10 times less land area than raising large horned cattle [137]. In addition, 
insects have very low greenhouse gas emissions [138]. According to researchers 
Oonincx and De Boer (2012), insect rearing requires much less energy than animal 
rearing [137]. Oibiokpa et al. (2018) studied termite (Macrotermes nigeriensis), cricket 
(Gryllus assimilis), grasshopper (Melanoplus foedus), and moth caterpillar (Cirina 
forda) for their protein content. Cricket was found to have the highest net protein ratio 
(3.04), amino acid score (0.91), protein efficiency ratio (1.78), biological value 
(93.02%) and protein digestibility corrected for amino acid score (0.73) as compared to 
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other insect proteins analyzed [139]. Recently, Acheta domesticus, a species of house 
cricket, has been developed commercially and used as bait in fisheries in the United 
States [140]. 
 
1. Cricket Powder Composition: Field crickets and house cricket species have been 

used as animal feed in agriculture for many years. Recently, researchers have been 
exploring the possibility of using these insects as a new human food source. The main 
component of house cricket is protein, and their diet affects the composition of their 
cricket flour. Research from a European clinic found that 100 grams of cricket flour 
contains 67.8 grams of protein, 5.5 grams of carbohydrates, 5.6 grams of fat, and 
350 kilocalories of energy [141]. Montowska et al. (2019) also found that cricket 
flour contains 42.0-45.8% protein, and carbohydrates are mainly composed of 
multibranched polysaccharides of glucose in the form of glycogen, which is used as 
an energy source in the cricket's body when needed. Fat content ranges from 23.6% 
to 29.1% of dry matter and is a triglyceride energy source. Cricket powder is rich in 
minerals like calcium, magnesium, and iron. The copper, manganese, and zinc levels 
are especially high (2.33-4.51, 4.1-12.5, 12.8-21.8 mg/100 g of dry matter, 
respectively) [142]. House cricket also contains 7% crude fiber and is rich in chitin, 
which varies in proportion depending on the species and age of the cricket. For 
example, mature crickets contain 67.1-137.2 mg/kg of chitin [143]. Table 2 shows 
the average composition of cricket flour. 
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Table 2: The average composition of cricket flour 
 

 
 

Protein 
(g/100 g) 

 
 
Fat 

(g/100 g) 

 
 

Carbohydrat
e (g/100 g) 

 

Fatty 
acids 

(g/100 g) 

 

Ash 
(g/100 

g) 

 
 

Moisture 
(g/100 g) 

 

Dietary 
fiber 

(g/100 g) 

 
 

Chitin 
(g/100g

) 

 
 

Energy 
(kcal/100 

g) 

 
 

Referenc
e 

74,0 - 78,0 9,0 – 
12,0 

  ≤ 5,6 3,0 – 6,0 8,0– 10,0 4,0-8,5  [145] 

74.4-76.8 9.4-11.5 3.8-5 1.7-1.8 4.3-
5.5 

3.5 – 5.7 8.1-9.1 4.9-8 350-380 [146] 

20,5 6,8   1,1 69,2   140,2 [147] 
71.7 10.4 1.6  5.4 6.3 4.6   [148] 

 
 

The quality of protein in food is determined by its ability to supply the necessary amino acids for body growth and 
maintenance, as well as its digestibility [139]. Cricket flour provides all 20 naturally occurring amino acids, making it a source 
of both essential and non- essential amino acids (Table 3). 
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2. Acceptance as a New Product and Safety: Cricket One Co. Ltd submitted an 
application to the European Commission on 24th July 2019. They requested 
authorization to sell partially defatted powder made from Acheta domesticus (house 
cricket) as a novel food under Article 10(1) of Regulation (EU) 2015/2283. Based 
on this application, the European Food Safety Agency (EFSA) conducted a 
thorough study on cricket flour. The study showed that the powder has a high 
protein content due to chitin, a non-protein nitrogen. Chitin is an excellent source of 
insoluble fiber that remains intact in the human intestine without breaking down. 
The research team also noted that the amount of protein is high in the powder. 
Furthermore, as per the research team, there were no genotoxic effects of the 
product, and there have been no adverse effects in the past use of cricket products. 
It has been noted that individuals with a seafood allergy, especially to crustaceans, 
may also have an allergic reaction to A. domesticus protein. Furthermore, it is 
crucial to be aware that exposure to this protein can result in sensitization. They 
suggested that gluten might be present in the food given to the locusts and 
recommended further research on its potential as an allergen [145]. However, the 
European Agency for Food Safety (EFSA) of the Council of Europe has concluded 
that cricket powder produced under specific conditions by Cricket One Co. Ltd is 
safe and suitable for sale to the public. This decision was made on January 3, 2023, 
and the product will be added to the list of new products in the European Union 
[144]. Thailand, the world's largest cricket producer, has developed a standard for 
cricket farming that includes regulations for farm components, feed, water, animal 
health, environment, and record-keeping. The goal is to produce high-quality, safe 
crickets for consumers. Feed must be fresh, water must be uncontaminated, 
equipment must be clean and hygienic, and all chemicals must be used according to 
instructions [149]. 

 
3. Microbiological Safety: According to Walia et al. (2018), the safety of cricket 

flour depends on how the crickets were raised. If not raised under proper 
conditions, they can become harmful. Materials like egg cartons used to raise 
crickets can increase the risk of contamination with Salmonella and Campylobacter. 
The authors suggest boiling baby food enriched with grasshopper flour for five 
minutes to prevent harmful microorganisms like Escherichia coli, Staphylococcus 
aureus, Bacillus cereus, Clostridium perfringens A, and Cronobacter sakazakii 
[150]. Improper handling or storage of ready-to-eat feed can also make cricket feed 
or meals unsafe. For example, drying grasshoppers at low temperatures can cause 
the reproduction of pathogenic microorganism spores. 
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Table 3: Amino acid composition of cricket species (g/100 g) 

 
Amino 
acid 

Acheta 
domesticu 

s) (big) 
[14] 

Acheta 
domesticus
) (small) 
[14] 

Acheta 
domesticus) 
(big) [15] 

G. 
bimaculatus 

[15] 

Acheta 
testacea 

Walker [16] 

Valine 1.07 0.76 4.5 3.5 3.44 
Isoleucine 0.94 0.66 2.9 2.35 2.98 
Leucine 2.05 1.47 3.8 3.88 6.09 
Lysine 1.1 0.83 3.22 2.89 4.61 
Threonine 0.74 0.55 1.65 1.67 2.9 

Tryptophan 0.13 0.08 0.43 0.27 2.44 
Phenylala 
nine 

0.65 0.43 2.38 2.24 6.24 
(+Tyrosine) 

Methionin
e 

0.3 0.2 0.98 0.86 - 

Histidine 0.48 0.34 1.72 1.57 1.54 
Alanine 1.8 1.37 3.67 4.69 7.8 
Aspartic 
acid 

1.72 1.09 4.61 
(+Asparagin 
e) 

2.87 6.9 

Arginine 1.25 0.94 3.92 3.47 4.5 
Cystine 0.17 0.13 0.40 0.38 - 
Glycine 1.04 0.81 2.60 3.31 4.7 
Glutamic 
acid 

2.1 1.60 6.45 
(+Glutamin 
e) 

6.77 9.68 

Methionin
e 
+ cysteine 

0.47 0.33 - - 3.09 

Proline 1.1 0.85 - - 4.52 
Serine 1.0 0.64 - - 3.59 
Tyrosine 1.0 0.85 - - - 
Taurine 141 8.10 - - - 
Ammonia 0.36 0.23 - - - 

 

4. Application of Cricket Powder: Researchers are currently exploring the potential 
of crickets as a source of biologically active compounds and a food ingredient. In a 
study conducted by Udomsil et al. (2019), cricket proteins were found to possess 
high water- holding capacity and emulsifying and foaming properties, making them 
suitable for meat and bakery products [147]. However, it was noted by Zhao et al. 
(2017) that cricket proteins are sensitive to environmental factors such as 
temperature, pH, protein concentration, and ionic strength [151]. Despite this, 
cricket flour has been found to be a good source of protein and fat, with valuable 
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technical-functional and antioxidant properties, and can be used to develop new 
food products [152]. Scientific studies have shown that crickets are a harmless and 
sustainable source of protein, making it a promising option for the future. Due to its 
emulsifying and foaming properties, it can also be used as a food additive to enhance 
the functionality of various food products such as baked goods, potato products, 
meat substitutes, flour-based snacks, soups, and soup concentrates. 

 
V. CONCLUSION 
 

Given the Earth's limited resources and the projected population growth, 
reaching up to 9.8 billion people by 2050, it is understandable that PM remains a 
significant concern. Nevertheless, there are potential strategies for addressing this issue 
through improved distribution methods, which can help alleviate problems related to 
protein deficiency and malnutrition. Prevention strategies include enhancing access to 
protein-rich foods, promoting education on balanced diets, early detection, and 
treatment. Agricultural development programs that improve the production and 
availability of protein-rich foods and promote sustainable practices can help combat 
PM. Dietary diversity and including livestock and aquaculture in agricultural systems 
are crucial for addressing nutrient deficiencies. A balanced diet that incorporates both 
animal and plant protein sources is essential. Obtaining protein from food by-products 
through traditional and innovative extraction methods is a cost-effective alternative. 
Additionally, reducing food waste is another measure that can be taken. Utilizing by-
products from processing meat and poultry, fish, dairy, fruits, and vegetables, oilseeds, 
cereals, and legumes can provide an alternative source of protein. This approach 
promotes sustainability and environmental friendliness, highlighting the significance of 
food security and addressing the impact of limited resources on the ever- growing 
global population. Edible insects are an outstanding protein source for humans, as they 
contain various valuable nutrients such as chitin, calcium, magnesium, iron, copper, 
manganese, and zinc. For those unable to consume gluten, cricket powders are an 
excellent substitute for gluten proteins, providing high protein content. Notably, cricket 
flour can be used in various foods, including crackers, breadsticks, cereal bars, baked 
goods, sauces, pasta, and meat alternatives. By applying these approaches and other 
measures, such as reducing food waste and introducing alternative protein sources, PM 
can be addressed, and shortages of protein sources can be eliminated. 
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