
Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

Open access books available

Countries delivered to Contributors from top 500 universities

International  authors and editors

Our authors are among the

most cited scientists

Downloads

We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

12.2%

148,000 185M

TOP 1%154

6,000



1

Chapter

Role of Edible Insects as Food 
Source to Combat Food Security 
Challenges. Innovative  
and Traditional Approaches
Mahnoor Pervez and Farkhanda Manzoor

Abstract

World Food Security organization committee stated that food security exists 
when safe, healthy, and nutritious food is present to all human beings, to meet their 
dietary needs. There are four pillars of food security such as availability, access, 
utilization, and stability, while the nutritional dimension is considered integral to the 
concept of food security. Protein is an essential dietary component. It is required for 
the proper growth of individuals. Meat is an excellent source of protein. However, 
because of the increasing demand for meat and declining agricultural land. There is 
an urgent need to discover alternative ways to full fill public protein demand. Edible 
insects are the best alternative source of protein. They can be harvested in large 
amounts. Insect meals can replace scarce fishmeal as feed ingredients. Insects are not 
only a source of protein but also contained various nutrients and minerals such as 
iron, zinc, and selenium. People showed awareness of the importance of insects as 
an essential dietary element. Edible insect harvesting is a new emerging agriculture 
sector and needs the special attention of researchers and the government. Thus, 
insects require the use of commercial processing methods that will render the protein 
suitable for food/feed formulation, while maintaining the safety, nutritional and 
sensory quality of the final product.

Keywords: food security, food crisis, starvation, edible insects, cheap protein

1. Introduction

The term “food security” refers to the access to an adequate amount of food for 
meeting dietary energy needs that implies for many as self-sufficiency as producing 
required food domestically [1]. It is a basic right of a human being to have access to 
adequate production, availability, and food consumption to ensure adequate nutrients 
and food for all the people.

Food security ensures that all human beings have physical and economic acces-
sibility to healthy and nutritious food to meet their daily dietary requirements and 
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maintain an active healthy lifestyle. A country promises food security when it can 
ensure food availability balance between demand and supply to the nation, no matter 
what the price would be.

The five fundamental components of food security are availability, access, 
stability, nutritional status, and preference for food. All of them are prominently 
influenced by various factors such as political, physical, and economic within a 
community. Food availability and accessibility are two main aspects to ensure food 
security. Food security ensures an adequate amount of nutrients for every individual 
in the country. In many countries an adequate amount of food is available, but its 
availability is a real serious issue in some areas because of long droughts, political 
issues, mismanagement of resources, and unfertile land. These issues are most com-
monly observed in Asian countries.

The term accessibility refers to the capacity to produce and acquire an appro-
priate amount of healthy food for all individuals [2]. The availability of adequate 
food at the country/local level does not guarantee that all people have food acces-
sibility and are food secure. Because various aspects such as low income, lack of 
roads, and infrastructure could restrict the accessibility of basic foodstuff. Hence, 
both availability and accessibility are essential and inter-linked parts of food 
security [1].

Stability is another important aspect that refers to a consistent supply of nutritious 
food at the national level as well as stability in access to food at the household and 
individual levels. Stability is directly affected by agricultural practices. Stability is 
ensured by storing food and enhancing shelf life. However, in developing countries 
economic crises are critical and only a small amount of food is stored for the whole 
year. Therefore, besides production, food stability ensures by better management, the 
formation of new laws and rules, market integration, and trade [3].

So, the above discussion concluded that food security ensures by the conformity of 
various dimensions such as availability, accessibility, stability, nutritional status, and 
preferences. It highlights the detail that reaching food security is a tough, multifac-
eted, and challenging phenomenon.

2. Challenges

Challenges in reaching food security points are a hot topic globally, as the world 
population is expected to touch more than 9 billion by 2050. So, it is an urgent urge 
to address and recognized the issues associated with food security [4]. It is suggested 
that to ensure the food security to meet the food demand of the future population, 
food production will need to see an upward trend by at least 70% in agricultural 
production. It is studied that globalization and current global environmental changes 
have a great impact on food production and distribution. Challenges can be coped by 
addressing the following issues such as,

• Reviving agricultural productivity growth to feed Asia’s growing population.

• Ensure small-scale farmers with limited resources should be equipped with 
modern food technology practices.

• Addressing poor countries’ malnutrition challenges in a sustainable and efficient 
manner.
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Furthermore, the recent vulnerable food crisis raises the question of whether 
existing food policies in this era are sufficient or not. Scientists and researchers argue 
that finding a reasonably efficient and politically acceptable set of policies regarding 
food crisis challenges showed be done. All these policies also decrease prices that 
encourage farmers to respond with supply responses 3w.

2.1 Climate change

Climate changes are greater threat to agriculture and smooth food supply. The 
rising intensity of rainfall in some areas, hot temperature with drought conditions in 
other areas, and climate-related disaster shows that alteration in climate conditions 
have quantifiable effects on agriculture in a wide range of economies, crops, and 
farming systems [5]. A wide range of edible food crops such as wheat, rice, and corn 
are grown only within a narrow temperature range, which varies according to devel-
opmental stage, and slight fluctuation in temperature extremely affects the quantity 
and quality of crops. Scientific evidence revealed that as average temperatures rise 
then short periods of extreme heat will become more frequent and have more severe 
impacts on yields [6].

Extreme heat will pose a more severe risk to crop end yield than the impacts 
of variations in rainfall associated. Similarly, the effect of extreme temperature is 
intensified under drought conditions.

2.1.1 Temperature variations

In order to study the effect of rising temperature on the yield of the crop, 
a graph has been plotted among both by obtaining the data of corn crops from 
US countries from 1950 to 2005, which shows nonlinear relation among them as 
shown in Figure 1.

Figure 1. 
Effect of rising temperature on crop yield.
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2.1.2 Ozone level

Increasing levels of ozone (O3) are another significant source of crop yield loss 
and an existing threat to Asian food security. In East Asia regions there is a significant 
increase in ozone level that has been recognized as a drastic factor on major crops and 
trees. Numerous studies document how global and regional yields of staple crops are 
being reduced by current O3 levels. Due to the increasing level of O3 in the US, the 
annual cost of edible crop production lost $4 billion to $2 billion [7]. Similarly, the 
total cost It has been estimated that the global loss of wheat, rice, corn, and soybean 
amounted to $14 billion–$26 billion in the year 2000, which is on a par with, and pos-
sibly higher than, crop losses presently caused by other aspects of climate change.

Tamburino et al. have discussed the approaches in the scientific literature on the 
vigorously debated problem of how to feed the world. There seems to be an increasing 
focus on food production by means of new innovative technologies [8].

2.2 Edible insects as protein source

Acheta domesticus, A. mellifera (honeybee), Bombyx mori (farmed silkworm), 
Imbrasia belina (mopane caterpillar), Tenebrio molitor (yellow meal worm), and 
Rhynchoporus phoenicis (African palm weevil) are the six most prevalent commercial 
edible insect species at the moment. The edible ratio of different orders is shown in 
Figure 2. Only the larvae of several species (R. phoenicis, T. molitor, and I. belina) are 
frequently ingested, as their rich lipids can produce a fascinating flavor. Because of 
its vigor, T. molitor production has been mechanized [9]. Only the adults of orthop-
terans, such as crickets, are commonly consumed. Swarming makes them extremely 
effortlessly harvest. Although, because they are common pests in most locations and 
are frequently exposed to pesticides throughout their lives, there is concern that may 
compromise food safety, which is the presence of latent pesticides.

Ingesting insects in a responsible and healthy manner has become a popular way to 
alleviate poverty. Insects that are edible play a vital part in a variety of food systems. 
In fact, in many underdeveloped countries, they have provided a critical supply of 

Figure 2. 
Edible insect ratio of different orders.
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essential nutrients. Insects have gained much attention in food sector because of their 
protein enrichment, high mineral, and vitamin content, and the unique ratio of poly-
unsaturated to saturated fatty acid value [10]. In most cases, edible insect proteins 
meet WHO essential amino acid content standards [9]. Furthermore, the digestive 
capacity of insect proteins is more than plant-based proteins like peanuts and lentils 
(53%), but less than animal-based proteins like beef and egg have 100% capacity.

Insect proteins are particularly appealing because they produce less greenhouse 
gas and ammonia, perhaps making them more environmentally benign [11]. 
Furthermore, because they are relatively quick, easy, and cheap to farm, they provide 
a new and accessible commercial potential for underdeveloped countries, making 
them the overall best alternative for ensuring food security with the world’s ever-
growing population [12]. Insect proteins offer a lot of good qualities, such as excellent 
nutritional content, and digestibility, and they are also environmentally beneficial. 
Furthermore, for including them in a variety of foods, their functional qualities must 
be properly evaluated at each stage of the development phase. In general, insects have 
apparent nutritional advantages. Their nutritional profiles are remarkably compara-
ble to that of traditional animal meals [13]. Not only for humans but also for poultry, 
they offer huge potential as a source of nutrients and active chemicals.

Animal protein is abundant in all phases of the life of insects. It has been proposed 
that insects are significantly more sustainable when compare with other sources of 
animal protein, thus alleviating the pressure on the environment and the planet fac-
ing the need to full fill the feed the worldwide population, constantly increasing [14]. 
Bioactive compounds such as antioxidant agents, insulin regulators, and anti-inflam-
matory peptides are high-value products that can be obtained from insects [15].

The amino acid profiles of edible insects vary, which is indicated in Table 1. 
Although their amino acid contents are usually similar, edible insects typically 
contain more crude protein than regular meat. They can deliver vital amino acids at 
an appropriate level as food, with a digestibility of 76 to 96 percent [20]. The World 
Health Organization has reported the amino acid composition of certain edible 
insects (WHO 2007). Methionine, cysteine, and tryptophan are all missing or present 
in extremely little amounts in some insects. If these insects make up the majority of 
a meal, the diet must be balanced. Aside from these species, insects generally meet 
the WHO’s amino acid recommendations. By ingesting a suitable variety of items, the 
majority of them can offer enough amounts of essential amino acids. With enough 
isoleucine, leucine, lysine, phenylalanine, threonine, valine, arginine, histidine, 
and tyrosine, all groups are qualified. When compared to other insects, Blattodea 
has the highest concentration of lysine, valine, methionine, arginine, and tyrosine. 
Coleoptera has a higher concentration of leucine than other protein sources, including 
animals. Similarly, Hemiptera has a higher concentration of phenylalanine than any 
other known protein source. Nymphs are usually the most plentiful source of nearly 
all sorts of amino acids when compared to edible insects at other stages [12]. They 
possess high arginine content that strengthens the immune system and enhances 
blood vessel and health function. Beef and pork are more prevalent in arginine as it is 
in cockroach nymphs i.e., Blatta lateralis.

Insects have a lot of lipids in them. The fatty acid content of several edible insects 
varies greatly. Aside from the acids indicated in Table 2, trace amounts of additional 
acids, such as odd-numbered fatty acids, even-numbered saturated fatty acids, and 
some unsaturated fatty acids, have been detected in some insects. These acids are 
thought to be insignificant. On a dry weight basis, the fat content of insects in embry-
onic stages ranges from 8 to 70%. Different sources of meat, including all groups of 
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insects, have identical fatty acid contents [23]. Lepidopteran and Heteropteran larvae 
have a higher fat content than other edible insects. When compared to insects at other 
stages, an excellent reservoir of fatty acid is larvae. Adults are generally slender, with 
a fat level of less than 20%. Triacylglycerol is the most common type of fat found in 
insects [16]. More than 80% of all fats are made up of saturated fatty acids (SFAs) and 
monounsaturated fatty acids (MUFAs). Palmitic acid and stearic acid make up the 
majority of SFAs in insects at various times. Adults’ SFA levels are often greater than 
MUFA levels, despite the latter being healthier for human diets. In insects, oleic acid, 
a prevalent monounsaturated fatty acid in the human diet, has the highest concentra-
tion of MUFAs. It aids in the reduction of blood pressure in humans and has significant 
potential in the treatment of inflammatory, immunological, and cardiovascular illnesses 
[24]. In contrast to pork, beef, and insects at previous stages, adult insects are the great-
est site of polyunsaturated fatty acids (PUFAs) with the risk of surpassing SFAs as food.

Insects are also excellent providers of vitamins and minerals. Biochemical sub-
stances such as vitamins A, B1–12, C, D, E, and K, which are required for normal 

Species Stage Crude 

protein 

%

Essential amino acids

lle leu lys Met Phe Thr Trp Val

C. barbatus Larvae 41.0 5.80 10.0 5.70 2.00 4.70 4.00 0.70 7.00

Tenebrio molitor Larvae 48.0 4.00 6.90 4.90 1.20 3.20 3.60 1.00 5.90

Hermetia 

illucens (Soldier 
fly)

Larva 49.0 4.00 6.60 5.60 1.40 3.80 3.60 1.10 5.60

M. domestica 
(House fly)

Pupa 62.0 3.50 5.30 5.20 2.60 4.20 3.20 3.40

M. domestica Larva 54.0 3.20 5.70 6.90 2.20 5.00 3.30 3.20 4.40

A. mellifera 
(honeybee)

Adult 51.0 5.60 9.60 6.60 0.90 5.50 0.00 6.90

A. mellifera Larva 42.0 6.00 9.40 7.00 0.80 6.10 0.00 6.20

Acheta 

domesticus 
(cricket)

Adult 62.0 2.60 4.50 3.50 0.90 1.40 2.20 0.40 3.70

S. histrio 
(grasshopper)

Adult 60.0 5.30 8.70 5.70 0.70 4.40 4.00 0.60 5.10

Beef 5.10 8.40 8.40 2.30 4.00 4.00

Pork 4.90 7.50 7.90 2.50 4.10 5.10

Chicken Broiler 
breast

4.20 6.90 7.80 2.10 2.50 3.70 4.60

Amino acid 
requirement 
in human 
nutrition

30.0 59.0 45.0 16.0 23.0 6.0 39.0

Ile Isoleucine, Leu Leucine, Lys Lysine, Met Methionine, Cys Cysteine, Phe Phenylalanine, Tyr Tyrosine, Thr Threonine, 
Trp Tryptophan, Val Valine, Arg Arginine, His Histidine.
The data were summarized by the following references: [9, 13, 16–19].

Table 1. 
Amino acid content of common edible insects (% in crude protein of dry weight).
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growth and health, could be provided by them [17]. Caterpillars, for example, are 
particularly high in B1, B2, and B6 [9]. Vitamins A and D are abundant in bee brood 
(pupae) [25]. Rhynchophorus ferrugineus, the red palm weevil, is high in vitamin E. 
[26]. Edible insects include a wide range of micronutrients, including iron, magne-
sium, manganese, phosphorus, potassium, selenium, sodium, and zinc [9]. Mineral 
elements are found in varying amounts in different insects. Most insects have a low 
calcium content (less than 100 mg/g dry matter), while larvae of house flies and 
adults of melon bugs have a high calcium content. Immature insects such as pupae 
and larvae are preferred as food sources because they are abundant in amino acids 
and fatty acids. These nutrients not only give high nutritious value but also provide a 
unique splendid flavor [27].

In addition to humans, edible insects also provide the best feed source for aquacul-
ture and livestock. Fowls fed on grains are less nutritional than the fowls that are fed on 
insects, which provide a good protein source [28]. Moreover, they can also be used as a 
feed source in areas where the vegetable feed is costly [29]. Soy diet feeding of farmed 
insects is extremely expensive, yet insect food can provide efficient nourishment 
at minimum cost. Proteins are more sustainable by recycling biomass during insect 
production [30]. Yellow mealworms have long been utilized as a source of food [31].

However, while edible insects have been marketed as an environmentally benign 
protein source in the West, eating insects is still seen as a sign of poverty in underde-
veloped countries where entomophagy is a traditional practice. This may be seen in 

Species Crude 

fat %

Saturated fatty acids Monosaturated 

Fatty acids

Polyunsaturated 

fatty acids

C14:0 C16:0 C18:0 C16:1 C18:1 C18:2 C18:3

Tenebrio molitor

Larvae
38.0 0.39 28.2 0.89 5.98 60.6 2.84 0.18

Hermetia illucens

Larva
26.0 99.8 13.2 2.02 4.08 12.8 13.9 0.52

M. domestica

Pupa
15.5 3.20 27.6 2.20 20.6 18.3 14.9 2.10

M. domestica

Larva
24.3 6.83 26.7 2.31 25.9 21.7 16.4 0.00

A. mellifera

Adult
12.3 0.60 14.4 9.30 2.6 45.2 7.80

Bombyx mori

pupa
35.0 0.10 24.2 4.50 1.7 26.0 7.30 36.3

Beef 32.2 0.77 16.7 18.8 36.10 6.16

Pork 41.0 3.43 16.7 43.0 2.93 7.29 1.71

Chicken 33.3 1.33 21.6 46.6 0.27 14.0 0.67

Amino acid 
requirement in 
human nutrition

26.9 22.6 30.8 14.95 1.50

SFA saturated fatty acids: C14:0, myristic acid; C16:0, palmitic acid; C18:0, stearic acid. MUFA: C16:1 n7 – 
palmitoleic acid; C18:1 n9 – oleic acid. PUFA: C18:2 n6 – linoleic acid; C18:3 n3 – α-linolenic acid.
The average data of each order are bold. The data were summarized by the following references: [9, 13, 16–18, 21, 22].

Table 2. 
Fat content (%) of common edible insects (% in crude fat of dry weight).
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many Asian nations, such as Mexico, where insect ingestion is popular in urban and 
tourist regions but outlawed in rural ones. Despite the high desire for edible insects, 
their planting and harvesting are still restricted because farmers fail to recognize their 
nutritional worth [32]. A successful plan must be considered to boost the inclusion of 
insects in everyday diets.

3. Edible insect farming

The rising demand for edible insects has generated a problem: how to produce 
more edible insects in a cost-effective, safe, and long-term manner [33]. Due to a 
shortage of availability, accessibility concerns arise, limiting prospects for increased 
trade [34]. This necessitates a technological shift from wild harvesting to indoor 
agriculture. Traditional and scientific understanding is necessary for the supply of 
insects through large-scale cultivation for this purpose [35].

Harvesting edible insect species at different phases from wild woods, fields, and 
waterways can provide huge diversity of edible bug species [36]. These cultivators 
have the knowledge and experience to determine the right timing, circumstances, and 
host vegetation to obtain precise culinary species while minimizing environmental 
impact [37]. Insects are primarily taken from fields for personal consumption, which 
has a minimum impact on the environment and helps keep insect populations stable 
over time. Practicing traditional insect harvesting has been done in Mexico prior to 
the pre-Hispanic period when insects were considered as an essential food source 
rather than pests, and more than 400 wild insect species were taken from terrestrial 
environments [38]. Harvesting varies by species and is dependent on the level of 
growth (eggs, pupae, larvae, or adults), season (rain or dry), and destination (for-
est, desert, or agricultural fields). For example, pupae of the ant species Limetopum 
apicuatum are gathered during the warm dry season (February to May) [39] and 
when the rainy season begins, grasshoppers of the species Sphenarium purpurascens 
(chapulines) are physically picked from fields [34].

Many edible insects are affected by agricultural intensification, owing to mecha-
nization, tree clearing, and pesticide use. Insect populations have declined worldwide 
as a result of pesticides, with a 67 percent reduction in invertebrate numbers in the 
previous 40 years [40]. If pesticide controls were removed, a specific grasshopper 
species’ potential production in Mexico would earn about US$350,000 in annual 
income and provide enough protein to feed nearly 9 million people [41].

Changes in the trophic chain are creating ecological degradation as a result 
of uncontrolled overharvesting [42]. Increased demand for a few insect species 
has resulted in more aggressive collecting tactics, with little regard for ensuring 
sustainable collection during reproductive periods—a practice that threatens to 
decrease or perhaps abolish native biodiversity [33]. Due to the extreme demands 
of honey ants and wood grubs, the adoption of energy approaches in agriculture 
could minimize or even eliminate the usage of pesticides, resulting in a positive 
environmental impact [32].

Because of the environmental and health dangers, more edible wild insect species 
are being semidomesticated in a more sustainable, less time-consuming, and consis-
tent manner, mostly in traditional consumer countries where the warm, wet weather 
is suitable for cultivation [43]. Outdoor farming involves breeding insects in old 
trees, sawdust, and forest wastes, which can provide a semi-confined habitat as well 
as a food source. Bamboo caterpillars in Thailand mate in nylon net cages suspended 
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across developing bamboo stalks. Bamboo caterpillars are commonly sold in local 
markets in plastic boxes [33]. Semidomesticated bees are raised in wooden hives, 
ancient tree trunks, and other containers in Africa and Asia.

Many edible insect species are partially cultivated, but some are fully cultivated 
for a variety of reasons, including:

• They have a short life cycle.

• They can be easily reared in small containers,

• Can be consume animal manure rather than grains.

4. Processing technologies

The edible insect industry is growing quickly, and supply of new goods is growing 
every day [44]. The manufacturing process begins with raw insect post-harvesting 
and finishes with the creation of foodstuffs and wastes, some of which have been 
retrieved and recovered as by-products [31]. Different methods are employed in 
the food edible industries, depending on the species used and the ultimate product 
desired; however, the majority of them may be classified under relatively modest 
operations such as blanching, drying, and storage.

4.1 Blanching

Blanching is the process in which food is immersed in boiling water for a short 
period of time, then removing it and placing them into ice water to stop the thermal 
process [45]. On the industrial and artisanal scale, it is utilized as a pre-treatment for 
inactive degradative enzymes and to lower bacterial counts that lead to food spoil-
age and food poisoning. Wynants and his friend submerged Alphitobius diaperinus 
(beetle) in a bath of water heated to 90 degrees celsius till the temperature reached 
88 degrees celsius (5 min). As an outcome, the total microbial count is reduced, and 
pathogens are missing [46].

Blanching diminishes quantities of mesophilic bacteria, yeast, and molds con-
siderably; nevertheless, it is unsuccessful at removing or even reducing mesophilic 
bacterial spores. Blanching has also been shown to lower lactic acid bacteria levels 
and total psychrotrophic bacteria counts [47]. Chemical composition variations take 
longer to notice, owing to the leaching of soluble elements that might impact protein 
levels [48]. Some proteins go through structural changes during the boiling process, 
including denaturation, crosslinking, and associations with lipids and carbohydrates. 
As a response, the proportion of hydrophilic sites available for water binding might 
well be reduced, and sorption properties may be changed, necessitating a more 
detailed protein study [49].

To minimize the quality loss and reduce the antimicrobial effects, each bug species 
must be treated with a blanching procedure. Blanching edible insects should lessen 
the microbiological dangers connected with their intake, and it might be augmented 
with ways to diminish bacterial spores quantity [50]. However, in order to suit the 
needs of customers and the processing industry, these treatments must preserve the 
nutritional value of the food as well as other crucial quality characteristics including 
texture and color.
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4.2 Drying

The most extensively utilized technology for extending the shelf life of foods is 
drying. Traditional processes (such as roasting, frying, and sun-drying) are used in 
modern ways (for example, freeze-drying and microwave-assisted drying). Drying 
can lower total water content and, as a result, the amount of water available for 
metabolizing activities, such as enzymatic reactions and responses triggered by spoil-
age bacteria. Water action has a direct impact on microbial proliferation (aw). At aw 
0.65, the vast majority of bacteria remain dormant. When aw is low, microorganisms 
slow down their development, but when water conditions improve, they can resume 
their progress [51, 52]. Reducing free water enhances dry matter concentration 
without harming tissues or the physical look of foods and is a key stage in the recovery 
of food products [53].

Solar, freeze-drying, and oven-drying are the popular techniques for drying 
entire edible insects, whereas freeze-drying, oven-drying, and nontraditional 
drying methods are mostly utilized for insect flours and powders. One of the 
chosen strategies for boosting human consumption of insects, mostly in Western 
countries, is drying and grinding whole, clearly recognized food insects into 
unrecognizable powders [54]. Drying extends the life of a product during distribu-
tion and storage.

Sun drying, one of the oldest drying methods, avoids microbiological contamina-
tion and even decreases or eliminates hazardous substances like neurotoxins; it also 
enhances the product’s overall nutritional quality by inhibiting the enzyme protease 
inhibitors [55]. Furthermore, smoking is a curative and heating procedure that is 
regarded as one of the oldest methods for preserving all types of meat. The raw 
material is subjected to smoke created by wood pyrolysis. Insects are smoked in a dry 
environment, and a curing implementation is carried out concurrently with drying. 
The combined action of enzymes and heat promotes protein and lipid modifications 
during the process [56].

Irrespective of the blanching and drying techniques used on insects, they 
must be reheated prior to eating to remove any remaining bacteria. Total bacteria, 
Enterobacteriaceae, Staphylococcus, Bacillus, yeasts, and molds have all been 
reported to be eliminated by boiling dried insects for 30 minutes [47].

5. Production and processing of edible insect protein

Protein-enriched ingredients of edible insects have been obtained by using a 
procedure that has five basic steps which are:

• Initial treatment

• Defatting

• Solubilization and recovery of protein

• Purification of protein

• Drying
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5.1 Initial treatment

The preliminary developmental stage is very contingent on the source product, 
in which entire insects are freeze-dried or roasted in the oven, pulverized, and mesh 
sieve to generate a fine powder that enhances protein solvent interaction in the 
subsequent steps [57].

5.2 Defatting

The form and substance of the precursor material have a big impact on the defat-
ting process. For a few existing low-fat items, this step may simply be skipped [58]. 
The protein recovery and purity of the final product are directly affected by eliminat-
ing fat from the sample. Protein-lipid interactions restrict protein solubility due to the 
hydrophobic nature of lipids [59]. At the laboratory scale, the defatting procedure also 
increased insect protein output [60]. T. molitor and Hermetia illucens, for example, 
had their protein content increased from 57.8 ± 1.2 percent to 64.6 ± 0.3 percent and 
34.7 ± 0.2 percent to 44.9 ± 1.4 percent, accordingly, due to hexane defatting process 
[61]. Defatting is an important step in making insect-based protein-enriched foods, 
given these findings and the high-fat content of most edible insects [62].

5.3 Solubilization and recovery of protein

To adjust protein solubility, the pH and ionic strength of the solubilization media 
are frequently changed to extract proteins from either constituent of defatted wheat. 
Because most food materials, including legumes and insects, have an isoelectric point 
(pI) of between 4 and 5, excessive pH values cause the protein surface to become 
charged, enhancing both electrostatic repulsion between proteins and protein-
water associations [63–65]. To increase protein solubility, ionic strength can also be 
changed. Salt ions operate as a “shield” for proteins with opposing surface charges 
at low ionic strength (0.5–1 M), enhancing protein-water association and water 
solubility [66]. This method is known as salting in. The protein solution is normally 
centrifuged or gently eluted to complete the solubilization process. Proteins and other 
water-soluble constituents are retrieved from the supernatant, whereas water-insol-
uble polysaccharides and other minor components are eliminated from the pellet [54].

5.4 Purification of protein

Purifying specific proteins from an isolate or concentrate using chromatographic 
techniques is a helpful technique. Ion exchange, reversed-phase, and affinity chroma-
tography rely on the variable affinity of proteins for the immobile stage [62, 67], and 
gel filtration chromatography isolates proteins by molecular weight [63]. Although 
chromatographic purification technologies have yet to be utilized on insects for food. 
For example, ion exchange chromatography was used to partially purify arginine 
kinase from yellow mealworms [68].

5.5 Drying

Drying can be used as the first step in the creation of insect flour and even the 
final step in the production of protein concentrates or isolates. Oven drying, fluidized 
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bed drying, and microwave drying, for example, can all be utilized to dry solid 
samples and are thus utilized to make flour from whole insects prior to grinding. 
Depending on the study, the experimental setup and parameters may vary greatly. For 
example, it was found that oven-drying parameters for various insects ranged from 
40 to 80°C for 7 to 48 hours, or till consistent weight was achieved [69]. Microwaves 
were used to dry T. molitor or H. illucens in a few articles comparing various drying 
processes. Depending on the experimental setup, microwave drying parameters 
ranged from 0.5 to 2 kW for 30 seconds or up to 20 minutes [70]. Fluidized bed 
drying, however less widespread, has been recorded as an alternate drying method for 
insect flour manufacture [18].

6. Contribution of insects to food and feed security

The contribution of edible insects in augmenting food supply is unpredictable. 
There is an extreme need to increase the traditional animal feed such as soy, grains, 
and fishmeal by using alternative sources. It is estimated that by 2030, over nine bil-
lion people and billions of animals will need to be fed. Furthermore, massive livestock 
production can cause land and water pollution and their overgrazing can also cause 
forest degradation that imparts a negative impact on our climate and damage our 
environment more rapidly. In order to reduce this rapidly destroying environment, 
alternative ways to feed livestock must be explored in which the consumption of 
edible insect provide innovation. For addressing food and feed security, insect farm-
ing is always the best option. Insects are ubiquitous, have high and rapid growth rates, 
and impart less environmental imprint throughout their lifecycle. They have high 
nutritional value, can be raised on a variety of different waste streams, and do not 
require any specific land for cultivation. In the coming decade, the usage of insects as 
poultry and aquaculture fodder is projected to be more common.

The usage of insects for feeding purpose is beneficial for us from health, environ-
mental, and social perspective [71] which are described as follow:

6.1 Health benefits

Insect nutrition is determined by their life stage (metamorphic stage), habitat, and 
feed. It is commonly agreed, however, that:

• As insects possess high-quality protein and have high nutritional value so they 
are extremely useful for undernourished children as a food supplement. It has 
been indicated that insects have high fat content and they are also abundant in 
micronutrients.

• Insects have a lesser tendency of spreading zoonotic diseases, such as H1N1 (bird 
flu) and BSE (bovine spongiform encephalopathy) (mad cow disease).

6.2 Environmental benefits

• Because insects are cold-blooded, they have high feed to meal conversion rates. 
The estimated feed to meal conversion rate of insects is 2:1 as compared to calves 
whose estimated conversion ratio is 8:1.
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• Most insects are likely to produce fewer greenhouse gases than typical animals. 
Pigs, for example, create 10–100 times the amount of greenhouse emissions per 
kilogram of body weight as mealworms.

• Insect farming requires less area than traditional animal husbandry.

6.3 Social benefits

• Harvesting and rearing technology is inexpensive, thus collecting insects and 
growing them require little technical or capital investment.

• Gathering insects from the wild, cultivating them, and selling them as street 
food can be a source of income for the lowest people of society.

• In industrialized, transitional, and developing economies, insect gathering, and 
farming can provide entrepreneurship prospects.

• Insects are reasonably easy to process for food and feed. Some species can be 
eaten in their entirety. Insects can also be ground into meals or made into pastes, 
and their proteins recovered.

7. Challenges and perspectives in insect food

One of the highly efficient protein sources is considered to be edible insects, which 
provide a chief source of protein for the future. The biggest challenge for consuming 
insect food is the neophobia that is associated with insect food [72]. Besides these, 
various other challenges are also present in consuming insects that have discussed 
below.

7.1 Aversion to insect consumption

Neophobia and disgust associated with trying insect is the biggest challenge to 
their integration into the food industry [73]. Studies showed that the two major bar-
riers to consuming insects are neophobia and disgust, however, disgust plays a major 
role in comparison to neophobia [74]. In order to resolve this, scientists suggested it is 
more beneficial to enhance the quality, taste, and appearance of food.

7.2 Processing

Harvestation of insects has been done on a larger scale primarily for human 
consumption or pet and livestock feed [75]. As the utilization of insects has 
been increasing day by day so it is necessary to use more advanced and efficient 
processing methods to extract protein. Information about processing methods 
for yielding pure insect protein remains scarce and mainly performed at the 
laboratory level [76]. However, the purity and the quantity of insect protein solely 
depend on insect species, processing techniques, and rearing methods used. This 
future study emphasizes for extracting more insect protein by using optimal 
processes.
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7.3 Allergenicity

Another main issue associated with edible insects is allergy. Anaphylactic reac-
tions have been found in several studies after eating edible insects; these reactions 
may have been triggered by the existing link between insects and arthropods (such 
as shrimps and dust mites). Purines are made up of hydrogen, carbon, and nitrogen, 
as well as adenine and guanine, and are found in proteins. Uric acid is just another 
product of purine metabolism in humans that can be hazardous to gout sufferers. 
Undeniably cross allergic reactions to crustaceans and house dust mite protein have 
been associated with various insects. Co sensitivity and cross-reactivity between 
crustaceans, house dust mite, and edible insects have been studied and it was found 
that tropomyosin and arginine kinase are the major proteins responsible for allergic 
reactions [77]. Broekman et al. studied allergic reactions corresponding to insect 
consumption [78]. Different methods such as enzymatic hydrolysis and thermal treat-
ment have been used to reduce the intensity of various allergens in various studies 
that are somehow effective [21].

7.4 Microbial hazards

One of the most serious challenges is the microbial hazards that are associated 
with edible insects. It has been found that total account of mesophilic aerobes 
is very high approx. to 7–8 Log10 CFU per gram in some edible insects parallel 
to that present in vegetables and fresh herbs [22]. Moreover, another serious 
hygienic concern is Enterobacteriaceae and found at the level of 106–1012 CFU/g 
[79], which is extremely high. To decrease the level, scientists suggest that prior to 
eating insect have been fasted for a day or it also greatly depend on food process-
ing and rearing conditions [76]. Furthermore, edible insects might also possess a 
wide range of pathogens and spoilage bacteria that can be reduced by the  
processing step.

7.5 Environment

In using edible insects as a source of novel protein studies have been conducted by 
many scientists from an environmental point of view as environmental pollution is 
a serious issue [80]. Additionally, life cycle assessment of different insects provides 
lower environmental impact as compared to broiler but shows high environmental 
effect in contrast to plants [81].

7.6 Religious view about entomophagy

Food practices are influenced by culture and religious beliefs. The practice of 
eating insects is cited throughout religious literature in the Christian, Jewish and 
Islamic faiths. The consumption of insects depends on religion and ethnicity. It is a 
taboo among Muslims [82]. In the sacred books of the Christian, Jewish, and Islamic 
religions, there are different fragments related to entomophagy. Entomophagy in 
ancient times is a noted in the New Testament of the Bible with reference to John 
the Baptist, who appeared totally depended for his food on locusts and honey. In the 
Holy Bible use of locusts, crickets, and grasshoppers as food is mentioned as well as 
crickets and grasshoppers (Leviticus 11:22). In Islamic traditions, evidence of the 
use of insects as food extends to locusts and bees. In Judaism four species of locusts 
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are recognized as kosher; that is, permitted for use as food [12, 83]. Entomophagy is 
also present in Jewish literature. Eating certain species of kosher locusts was largely 
accepted in ancient times.

7.7 Future directions

People should be educated about the importance of insects. The proper industry 
should be developed. A comparative analysis of the nutritional value of insects and 
red meat found that, in general, the value in regard to protein content, essential 
amino acids, and unsaturated fatty acids was similar [84]. People should have aware-
ness that insects may prevent micronutrient deficiencies and play a role in the man-
agement of chronic diseases, such as cardiovascular disease, diabetes, and cancer [85].

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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