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Simple Summary: Today, more and more is being said about issues related to resource depletion.
This also applies to the raw materials necessary for food production. At the same time, the awareness
of dog caregivers regarding their proper nutrition is increasing, and a balanced pet food should not
only be nutritiously valuable but also in some cases hypoallergenic. These two considerations are the
reason why food for dogs containing insects is becoming increasingly popular. Moreover, insects are
nothing new in the diet of animals at all—they are a part of the diet in their natural environment.

Abstract: Due to the increasing global population, the world cannot currently support the well-
known techniques of food production due to their harmful effects on land use, water consumption,
and greenhouse gas emissions. The key answer is a solution based on the use of edible insects. They
have always been present in the diet of animals. They are characterized by a very good nutritional
value (e.g., high protein content and contents of essential amino acids and fatty acids, including
lauric acid), and products with them receive positive results in palatability tests. Despite the existing
literature data on the benefits of the use of insects as a protein source, their acceptance by consumers
and animal caregivers remains problematic. In spite of the many advantages of using insects in pet
food, it is necessary to analyze the risk of adverse food reactions, including allergic reactions that
may be caused by insect consumption. Other hazards relate to the contamination of insects. For
example, they can be contaminated with anthropogenic factors during breeding, packaging, cooking,
or feeding. These contaminants include the presence of bacteria, mold fungi, mycotoxins, and heavy
metals. However, insects can be used in the pet food industry. This is supported by the evolutionary
adaptation of their wild ancestors to the eating of insects in the natural environment. The chemical
composition of insects also corresponds to the nutritional requirements of dogs. It should be borne in
mind that diets containing insect and their effects on animals require careful analysis. The aim of this
article is to discuss the nutritional value of insects and their possible applications in the nutrition of
companion animals, especially dogs.

Keywords: companion animal nutrition; edible insects; pet food production; novel protein source;
nutritive value; safety

1. Introduction

By 2050, the world’s human population is predicted to be 9–11 billion [1,2]. Therefore,
the priority is now food security and environmental issues related to the production and
consumption of food. According to World Health Organization (WHO) estimates, up to
870 million people may suffer from malnutrition during this time due to lack of food [3–5].
This information is even more difficult to believe given the forecasts of shrinking arable
land and increasing protein needs.

Land use is also an important issue. This term refers to the total amount of land
needed to produce a given raw material, such as meat. However, the term covers not
only the land needed for grazing in free range or in planted pastures but also for the area
required for forage production. Currently, the demand for land resources and land use

Animals 2022, 12, 1515. https://doi.org/10.3390/ani12121515 https://www.mdpi.com/journal/animals

https://doi.org/10.3390/ani12121515
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/animals
https://www.mdpi.com
https://orcid.org/0000-0001-5925-0694
https://orcid.org/0000-0002-3385-6281
https://doi.org/10.3390/ani12121515
https://www.mdpi.com/journal/animals
https://www.mdpi.com/article/10.3390/ani12121515?type=check_update&version=1


Animals 2022, 12, 1515 2 of 17

change are increasing, which will consequently lead to their exhaustion [6]. The livestock
sector is the main user of land resources, accounting for about 30% of the world’s land
area [7]. Ruminants (e.g., sheep, goats, and cattle) use land resources the most because
they use both forage crops and graze natural or planted pastures. The deforestation caused
by the expansion of pastures and fodder crops generated 8% of the total anthropogenic
CO2 emissions [7]. As feed production is responsible for the major part of the impacts,
insect production is also efficient in terms of land use compared with traditional animal
production to the extent that it is more efficient in terms of feed conversion.

Livestock production is facing enormous sustainability challenges around the world,
which are increasing in the European Union (EU) due to consumption problems related in
particular to the health and environmental effects of eating meat as well as growing social
concerns about animal welfare [8]. To address these challenges, the European Green Deal
Action Plan has been developed. The European Commission has adopted a package of
legislative proposals to adapt the EU’s climate, energy, transport, and tax policies to meet
the 2030 net greenhouse gas reduction target of at least 55% compared to 1990 levels [9].
Moving to a sustainable food system can bring environmental, health, and social benefits
as well as fairer economic benefits. The EU’s goals are to ensure food security in the face
of climate change and biodiversity loss, reduce the environmental and climate footprints
of the food system, strengthen the resilience of the EU food system, and steer the global
transformation towards a competitive sustainable fork [9]. Despite the Farm to Fork
strategy announced as part of the European Green Deal, assuming the pursuit of organic
and sustainable farming and the promotion of a healthy diet based on plant foods, the EU
budget allocated to the promotion of meat and dairy products is very high. Moving to a
healthy diet by 2050 will require significant dietary changes. The global consumption of
fruits, vegetables, nuts, and legumes will have to double, and the consumption of foods
such as red meat and sugar will need to be reduced by more than 50% [10]. Despite this,
currently, intensive and large-scale meat production dominates, which is associated with
negative external environmental effects, such as the deforestation caused by the cultivation
of soybeans and the emissions of gases harmful to the climate as well as competition for
land between feed and food [11].

Currently, the main options for meeting protein needs are the use of protein from
legumes, nuts, or seeds. In particular, the issue of soybeans used in animal nutrition is one of
the topics discussed in the scientific context [12]. Ways to reduce and/or replace the soybean
ration in livestock feed are the focus of many research projects in Europe [12]. Such projects
are mainly aimed at reducing the import of soybeans from North and South America, which
cause negative environmental effects through transport or deforestation [12]. In addition,
Europe depends on soybean imports because soybeans are not endogenous in Europe
and are only grown in small amounts. This also contributes to farmers and researchers
looking for alternative sources of protein to at least partially replace soy in animal diets.
In addition, most of the soybeans used as a protein in livestock production are genetically
modified soybeans, which are not always accepted by consumers today [13,14]. There are
countries in Europe that want to prohibit the use of genetically modified organisms (GMOs)
in livestock nutrition altogether. An example is Poland, where this ban is planned to be
introduced in 2024 [15].

In regions where both meat production and consumption increase with increasing
incomes, emissions are projected to accelerate further. In the face of these challenges, it is
necessary to reduce greenhouse gas emissions from all sectors of the economy, including
livestock farming [16]. Therefore, the diversification of protein sources is inevitable, so
it is recommended to lead to a partial replacement of animal proteins with alternative
sustainable protein sources [17].

Insects are characterized by a rapid growth and development cycle, which greatly
facilitates their production. Moreover, by-products of the agri-food industry can be used as
a breeding substrate, and thanks to the high efficiency of feed processing, an average of
2 kg of fodder mass can be produced from 1 kg of insect biomass [18].
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Body size is a key feature of organisms and is strongly related to the latitude and
temperature in a given region [19,20].

Insect farming is characterized by lower greenhouse gas emissions than farming ani-
mals for slaughter [21]. Moreover, the benefits of breeding them can increase environmental
and economic efficiency through dual production systems. Overall, the benefits of consum-
ing edible insects influence the environment, the economy, and the health of society around
the world [1]. For example, to meet the nutritional needs of a global population of 9 billion
according to current dietary patterns, overall food production is projected to increase by
70% by 2050. This phenomenon will have serious consequences, including an additional
30% increase in global greenhouse gas emissions resulting from the breeding of animals for
slaughter [16,22].

Given the environmental impacts of animal husbandry, including land use, greenhouse
gas emissions, and water pollution, increasing production is not a sustainable solution to
the protein needs to meet the nutritional needs of an ever-growing human population [23].
These solutions can be modified to provide benefits for the environment, economy, and
society [24]. Currently, global organizations are calling for the search for alternative sources
of protein, such as insects, and the conversion of breeding practices based on slaughtering
animals into the breeding of edible insects [4].

Attention is also focused on less conventional sources, such as the use of microor-
ganisms (algae, bacteria, or yeast) and the aforementioned insects. Overall, insects are an
interesting sustainable source of protein. Their farming is characterized by low greenhouse
gas emissions, low water consumption, and a smaller area of agricultural land used for
their production. Moreover, it also has a high feed conversion efficiency [25].

A growing world population and the depletion of resources require a rethinking
of eating patterns and habits, especially those related to meat consumption, which also
applies to dog caregivers. This review characterizes the main insect species allowed in the
European Union and the advantages and risks of their use in the food industry, in particular
in the production of dog food.

As a consequence of the increase in the number of people, the number of companion
animals also increases. According to statistics reported by the Fédération Cynologique
Internationale (FCI), the approximate total number of dogs (purebred or not) in the world
is around 147 million [26]. Dog nutrition is mainly based on dry food, and their industry
is still growing; the annual growth rate of the pet food industry (average value over the
last 3 years) is 2.6% [27]. More and more of this impressive number of pet caregivers are
becoming more and more aware of their pets’ nutritional needs. The constant demand of
caregivers for better quality products means that the pet food sector is becoming especially
aware of providing nutritious food for the health and welfare of animals [28].

Therefore, the pet food industry is also looking for alternative sources of protein that
could be substitutes for protein from poultry, cattle, and pigs. High hopes are placed on
insects whose nutritional value is comparable to that of conventional protein sources.

Importantly, the term frequently used to refer to insects and their proteins is ”novel”,
but the term is not entirely correct, as insects have always been the food of humans and
animals. It should be emphasized that insects are also food in the natural environment of
canids of the species short-eared wolf (Atelocynus microtis), big-eared fox (Otocyon megalotis),
sand fox (Vulpes rueppellii), desert fennel (Vulpes zerda), gray wolf (Canis lupus), and Darwin’s
quill (Lycalopex culpaeus) (Table 1). Insects can also account for up to 6% of the diet of wild
cat species [29]. Therefore, the aim of this article is to discuss the nutritional value of insects
and their possible applications in the nutrition of companion animals, especially dogs.



Animals 2022, 12, 1515 4 of 17

Table 1. Selected species of canines and the percentage of insects in their diets in the natural environment.

Species Percentage of Diet/Chimney Content Genus of Insects

Atelocynus microtis (Sclater, 1883) [30] 17% of intestine content Coleoptera

Canis lupus (Linnaeus, 1758) [31] 1.2% of manure biomass -

Otocyon megalotis (Desmarest, 1822) [32] 61.2% of diet Isoptera, Coleoptera, Orthoptera

Vulpes zerda (Zimmermann, 1780) [33] 5.5% of manure biomass Coleoptera, Hymenoptera, Isoptera

Lycalopex culpaeus (Molina, 1782) [30] 20% of diet Coleoptera, Hymenoptera, Orthoptera

2. Nutritional Value
2.1. Protein and Amino Acids

When considering new sources of protein, it is important to determine the quality of
the protein. Protein of animal origin is considered the benchmark in terms of nutritional
value. Nutritional quality is defined as the ability of a protein to meet basic amino acid
requirements and is usually based on the composition of the amino acid proteins and their
digestibility. In recent years, new sources of protein have emerged that make it possible to
shift to more sustainable food production.

Protein is the most expensive of all nutrients in both economic and ecological terms [34].
Protein provides essential amino acids and chemicals necessary in the processes of amino
acid synthesis, gluconeogenesis, and energy transformation.

Importantly, the protein content is usually calculated from the total nitrogen using the
nitrogen to protein conversion factor (Kp) of 6.25. This factor overestimates the protein
content due to the presence of non-protein nitrogen in insects. In a study [35], the specific
Kp of 4.75 was calculated for the Hermetia illucens, and a Kp of 4.67 was calculated for
Tenebrio molitor, while Homska et al. [36] obtained a Kp of 5.12 for Hermetia illucens larvae
meal and a Kp of 4.91 for Tenebrio molitor larvae meal. When using insects as an alternative
protein source, care should be taken to avoid overestimating the protein content due to the
presence of non-protein nitrogen. To avoid overestimating the protein content of insects,
the authors of these studies proposed to use the above-mentioned Kp [35,36]. What is more,
the protein content of an ingredient should be calculated from the sum of individual amino
acids [37,38].

Table 2 presents the contents of macronutrients and energy values in selected forms
of insects.

Table 2. The content of nutrients (% of dry matter—DM) and energy value (MJ) in selected forms of insects.

Species Life Stage Crude Protein Crude Fat Crude Fiber Crude Ash Gross Energy

Black soldier fly
[18] Larvae 42.35 24.90 7.00 21.50 22.10

Mealworm [39]
Larvae 53.75 37.10 - 2.75 26.85

Imago 65.30 14.88 20.20 3.30 1.60

Banded cricket
[40] Imago 70.00 18.23 3.65 4.74 1.90

House cricket
[41]

Nymph 67.25 14.41 15.72 4.80 17.32

Imago 67.57 20.68 - 4.33 19.10

Field cricket
[42] Imago 56.40 28.80 7.00 6.40 21.50

The contents of nutrients in insects may vary depending on the species as well as the
environment in which they live and what they were fed [43]. Insects are rich in protein with
high nutritional quality In a study conducted by Udomsil et al. [44] the essential amino
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acids contents of crickets were comparable to those of egg, chicken, pork, and beef, which
are considered the main protein sources of the dog diet.

Different diets, especially those with different protein contents, can affect the growth
and nutritional value of crickets. In the studies by Bawa et al. [45], an assessment was made
of the effect of commercial diets and other formulated diets on the nutritional composition
and growth parameters of domestic crickets. It was shown that crickets can be effectively
produced on a 22% protein diet to improve their nutritional value [45].

Nowadays, one of the most promising sources of protein is black soldier fly larvae
(BSFL). The literature data indicate that BSFL consist, on average, of 40–44% crude pro-
tein [46]. In the research of Huang et al. [46], it was shown that the crude protein contents
in BSF, Tenebrio molitor larvae, and cricket are 42.0%, 38.3%, and 32.6% DM, respectively.
Table 3 shows a comparison of the contents of essential amino acids (EAA) in insects
compared to conventional protein sources in feed and raw pet food materials.

Table 3. Essential amino acid (g/100 g of protein) contents in insect species and pork, beef, chicken,
soybean meal, and fishmeal.

Item
Mealworm

Larvae
[47]

Black
Soldier Fly

Larvae
[48]

House
Cricket
Imago

[48]

Pork
(longissimus
dorsi muscle)

[49]

Beef
(Chuck)

[50]

Chicken
(Breast)

[51]

Soybean
Meal
[52]

Fish Meal
(Peruvian
anchovy)

[53]

Protein
(g/100 g

DM)
52.23 45.2 67.4 19.09 68.00 21.3 45.97 68.77

Arg 3.61 4.78 6.19 2.72 7.04 8.83 5.67 5.21
Val 3.62 9.03 9.36 3.67 6.59 4.79 4.33 5.38
Leu 4.22 7.23 8.00 4.27 9.09 7.09 8.04 7.66
Ile 2.51 4.73 4.91 2.39 5.65 3.90 4.00 4.00

Phe 2.51 4.38 3.77 3.1 4.54 3.71 5.99 3.36
Phe + tyr 6.62 10.58 11.77 4.82 8.53 6.81 9.21 6.28

Met 1.15 1.53 1.68 2.61 3.49 4.98 1.11 3.14
Met + Cys 3.42 2.79 2.76 2.81 4.97 6.01 2.05 4.19

Lys 3.03 7.43 6.41 3.96 9.79 9.95 5.44 7.63
His 1.60 3.21 2.63 2.6 4.32 3.47 3.00 2.08
Trp 0.57 1.46 1.04 0.23 1.37 2.07 1.65 0.99
Thr 2.42 4.18 3.90 3.05 5.04 4.93 4.81 4.14

Sum EAA 31.62 55.42 59.96 38.15 62.40 57.84 48.20 47.56

The high lysine and threonine contents in both A. domesticus (4.49 and 2.30 g/100 g of
protein, respectively) and G. bimaculatus (4.76 and 2.75 g/100 g of protein, respectively) [44]
could help supplement cereal-based diets, which are generally low in these essential
amino acids [54]. In most edible insects, lysine and tryptophan have been reported to
be low. However, the low or limiting amino acids vary according to insect species and
their diets [55]. The results of a study [44] demonstrated that both A. domesticus and
G. bimaculatus could be used as dietary amino acid supplements that provide gratifying
amounts of the essential amino acids for human health. In terms of EAA content, insects
can be a valuable alternative to the fish meals and soybean meals commonly used in pet
food production.

2.2. Fat and Fatty Acids

Insects are a very good source of fat with a high nutritional quality. The crude fat levels
range from 14.41 to 37.1% and are usually higher in larvae than in imago, as is the case
with mealworms. Mealworm larvae consist of 37.10% fat, while imago consist of 14.88%
fat (Table 2). BSF contain about 35–40% lipids [46,56]. Interestingly, due to their high fat
content, BSF larvae were used as biodiesel [57,58]. At the same time, BSF provided the
highest amount of crude fat 36.2% DM. These results partially overlap with the information
presented in Table 2. BSF can be considered a type of “energy” insect, rich in both proteins
and lipids [46].

The fatty acid contents of insects may vary depending on the environment in which
they live and the species as well as what they were fed [43]. The fatty acid profiles found in
insects most likely reflect the fatty acid composition of the feed they were fed [59]. It has
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been shown that the fatty acid profile of crickets depends on their age [60]. Saturated fatty
acids (SFA) are primarily a source of energy for the body. In insects, SFA levels range from
28.20 to 49.60% fatty acids and are comparable to the SFA contents of conventional protein
sources, such as chicken breast (43.14% of fatty acids). The fatty acid content depends on
what the insects are fed, e.g., in the studies by Ewald et al. [61], most of the BSFLs contained
a high percentage of SFA (up to 76% of total fatty acids), which is higher than the value
they obtained from Matin et al. [48].

Important acids are C10:0 and C12:0, which are easily digestible. Until now, the most
common dietary source of C12:0 was coconut oil. The high content of lauric acid (C12:0)
can be considered as a factor increasing the immune response of animals. This compound
also shows antimicrobial activity against pathogenic bacteria such as E. coli, Salmonella sp.,
and Clostridium perfingens [62]. BSF larvae is particularly rich in C12:0 acid, in which it
constitutes 28.6% of the total fatty acids. Lauric acid (C12:0) has been shown to account for
approximately 40% of the total fatty acids in BSF larvae [63]. This value is much higher than
what can be found in conventional protein sources, such as chicken (1.80% of fatty acids),
beef (0.07% of fatty acids) and pork (0.13% of fatty acids). Research conducted, among
other reasons, in order to determine the effect of nutrition on the fatty acid composition of
abdominal fat in poultry showed that dietary BSFL oil significantly increased the amount
of branched-chain fatty acids in broilers. The fatty acid composition of abdominal fat was
influenced by dietary fat sources. In particular, chickens fed diets containing BSFL oil were
characterized by a higher content of SFA, especially lauric acid, compared to chickens fed
with corn oil [64].

The research of Jayanegara et al. [65] showed that mealworm oil and cricket oil were
similar in terms of the main fatty acid profiles. These findings suggest that the oils from
these insects are particularly rich in monounsaturated fatty acids (MUFA). Insects are
especially rich in oleic acid (C18:1 n-9), and its best source is domestic cricket (44.60% of
fatty acids), which contains twice as much of this acid as, e.g., pork (23.65% of fatty acids)
(Table 4). An adequate supply of this acid is important because it determines the oxidative
stability of a given fat.

There are two different groups of polyunsaturated fatty acids (PUFAs): the ‘n-3-fatty
acids‘ and ‘n-6-fatty acids’. Both are considered as essential fatty acids (EFA) because they
cannot be synthesized by monogastric animals/humans and therefore must be obtained
from the diet or supplementation. They have the greatest impact on the nutritional value
of fat, mainly due to linoleic acid (LA, C18:2 n-6) and α-linolenic acid (ALA, C18:3 n-3),
which form the essential fatty acids (EFA). The proportions of polyunsaturated fatty acids
(PUFA) are high in mealworm larvae (25.10% of fatty acids) and house crickets (29.50% of
fatty acids).

It is worth remembering that an adequate supply of antioxidants, including vitamin
E, is important in the diet of animals, the demand for which increases with the supply of
PUFAs. The results of the studies by Cheseto et al. [66] found that insect oils are richer
in fatty acids, flavonoids, and vitamin E than vegetable oils. The results also suggest that
the presence of fatty acids and higher levels of flavonoids and vitamin E in insects in
greater amounts than in vegetable oils could serve as potential suitable biomarkers for their
nutritional value for use as food ingredients. Of the n-6 fatty acids, the concentrations of
linoleic acid (LA) determined in all the oils in that study were higher than those found in
conventional meat products such as fish, beef, and chicken [67].

All insect oils are generally low in n-3 fatty acids [65]. In the body, ALA, as a result of
successive desaturation and elongation processes, is metabolized into long-chain polyun-
saturated derivatives of eicosapentaenoic acid (EPA; C20:5 n-3) and docosahexaenoic acid
(DHA; C22:6 n-3). They play an important role in preventing or alleviating lesions, includ-
ing inflammatory diseases. The main source of the EPA and DHA in the diet are algae and
fish that feed on algae. Among insects, BSF larvae are the most significant source of EPA
(1.70% of fatty acids) and DHA (0.70% of fatty acids).
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Interestingly, research by Seo et al. [68] shows that food with BSFL can be successfully
used in the nutrition of older dogs. Moreover, feeding with BSFL for 12 weeks lowered the
serum cholesterol levels of the dogs at the end of the experiment.

As shown in Table 4, insects have comparable fatty acid contents to conventional
animal sources, which proves that they can also be a good alternative in terms of their fatty
acid content.

Table 4. Fatty acid composition (% of total fatty acids) in selected insect species and conventional
protein sources.

Fatty Acids
Mealworm

Larvae
[69]

House Cricket
Imago

[44]

Black Soldier
Fly Larvae

[61]

Chicken
(Breast)

[70]

Beef
(Intercostal

Muscle)
[71]

Pork
(Longissimus
dorsi muscle)

[49]

C10:0 0.02 0.03 <0.5 0.73 0.05 0.16
C12:0 0.37 0.18 28.6 1.80 0.07 0.13
C14:0 3.13 0.86 6.1 3.62 3.15 1.67
C16:0 19.50 31.20 12.6 23.99 30.39 26.22

C18:1, n-9 44.60 25.80 25.10 31.81 41.02 23.65
C18:2, n-6 24.00 27.90 12.50 16.62 2.51 23.43
C18:3, n-3 0.91 1.39 3.40 0.89 0.23 0.45
C20:5, n-3 0.13 0.12 1.70 0.17 0.05 0.21
C22:6, n-3 0.07 0.00 0.70 0.00 0.05 0.44

SFA 28.20 42.30 49.60 43.14 49.92 39.95
UFA 71.60 56.30 50.50 57.16 50.08 60.04

MUFA 46.50 26.80 31.80 36.96 46.10 24.49
PUFA 25.10 29.50 18.70 20.27 3.98 35.55

2.3. Minerals

Insects, apart from being rich in protein and fat, are also an important source of
minerals. The insects’ internal soft tissues are covered with a hard protective layer known
as the exoskeleton. It performs several functions in the bodies of insects, acts as a protective
shell, and is designed to facilitate metamorphosis. The exoskeleton is rich in chitin and is
excreted from the body during metamorphosis. Insects have a protein-rich exoskeleton
rather than a calcified skeleton, so the mineral content of most insects is relatively low [72].
While the availability of phosphorus in plant sources is low, nearly 100% of phosphorus is
found in insects. Mostly, insects are good sources of trace elements, including iron, zinc,
copper, manganese, and selenium. Finke [72] found, however, that the mineral composition
is mainly a reflection of the material that insects were fed. Common animal protein sources
have an excess of phosphorus over calcium.

While the exoskeleton of most insects is primarily composed of protein and chitin,
black solder fly larvae [73] have a calcified exoskeleton in which calcium and other minerals
are incorporated into the cuticle. Therefore, they can contain high levels of calcium [74]. As
reported by Liu et al. [75] the content of calcium reaches up to 2900 mg/100 g in mature
larvae, while the content of calcium in the DM can be significantly higher in the E-prepupa
stage (3000 mg/100 g) than in the mature larval stage. In the same studies, the phosphorus
content in the E-prepupa stage (620 mg/100 g) almost doubled that in mature larvae
(350 mg/100 g), and the calcium-to-phosphorus ratio was 4.84–8.28:1, respectively.

As reported by Udomsil et al. [44], in cricket the calcium content can reach up to
149 mg/100 g, while the phosphorus content can reach up to 899 mg/100 g. The mineral
composition in general probably largely reflects the food sources for insects, both those
that are present in the gastrointestinal tract and those that are incorporated into the insect’s
body as a result of the food it consumed. For example, the calcium contents of wax worms,
house crickets, mealworms, and silkworms can all be increased 5- to 20-fold when fed a
high-calcium diet. This increase in calcium appears to be solely due to the residual food
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in the gastrointestinal tract, with little of the calcium being incorporated into the insect’s
body [76].

Table 5 shows mineral composition of selected insect species in comparison with
common livestock species.

Table 5. Mineral composition (mg/100 g) in selected insect species and common livestock species.

Item
Black

Soldier Fly
(Larvae)
[73,75]

House
Cricket
(Adult)

[44]

Mealworm
(Larvae)
[77,78]

Duck
(Breast)
[79,80]

Pork
(Semimem-
branosus
Muscle)

[81]

Chicken
(Muscle)

[82]

Lamb (Lean
Lamb)

[83]

Beef
(Intercostal

Muscles)
[83]

Macroelements
Ca 2900 140.3 43.5 8.2 11.8 11.1 16.1 6.1
P 350 842.4 706 205.7 225 134.4 195 182

Ca:P 8:1 1:6 1:16 1:25 1:19 1:12 1:12 1:29
K 57 365.3 947.9 227.2 280 206.4 303 266

Mg 24.5 127.9 202.7 21.4 26.6 17.9 23.5 21.2
Na 100 95 364.5 101.4 59.8 78.3 68.3 39.8

Microelements
Zn 61.4 18.4 10.4 1.2 2.7 1.1 4.2 5.2
Fe 200 8.2 6.7 3.3 1.4 1.4 1.8 2.6
Mn 2 4.1 0.5 0.4 0.02 0.01 10.7 11.9
Cu 0.1 4.6 1.3 0.2 0.3 0.06 0.1 0.1

Insects are a good source of Ca and P, which are important in the growth of young
animals, and as shown in Table 5, the meat species have an unfavorable Ca to P ratio, i.e., an
excess of P in relation to Ca. Excess P is a factor limiting Ca absorption, which leads to kid-
ney disease. The meat diet for dogs has a precise tendency to risk this nutritional imbalance.

2.4. Chitin

Chitin is contained in the procuticle, the innermost layer of the epidermis, which in
turn is the outermost layer of the insect exoskeleton [84].

The results of research by Henriques et al. [85] show that the chitin content in insects
can vary largely in a range of 8–4600 micrograms of chitin per insect, depending on species,
sex, and instar. The chitin content increases with the development of the larvae into further
stages [86].

Chitin in insects is a problem due to its indigestion in humans and animals due to the
lack of chitinase. Therefore, it is recommended to at least partially remove the chitin present
in insects in order to increase their nutritional value. However, the removed chitin can
provide an advantage when used in a low concentration as a feed additive, as the substance
has antimicrobial properties against a wide range of microbial species. Its biological activity
can be further enhanced by converting it into chitosan in a deacetylation procedure [87].
About half of the crude fiber analyte may be chitin, but the N-acetylglucosamine polymer
contributes little to the crude protein value.

Future research should investigate whether this problem can be solved by consuming
insects along with fruits such as Bromeliaceae and Caricaceae, which contain enzymes with
chitinase-like activity [88].

2.5. Health Properties

In addition, insects are a source of antimicrobial peptides (AMPs) and lauric acid,
which may be factors that improve the immune response and have a positive effect on the
breakdown of the digestive tract microbiome [89–92].

Protein derivatives from BSF larvae (proteins and protein hydrolysates) contain a
significant amount of low-molecular-weight peptides with antioxidant potential. The
Mouithys-Mickalad et al. [93] study investigated the in vitro antioxidant potential of com-
mercial BSF proteins and protein hydrolysates for radical scavenging activity, the modula-
tion of myeloperoxidase activity, and the modulation of the neutrophil response. It has been
found that BSF protein derivatives can effectively protect against the cell damage resulting
from neutrophil and myeloperoxidase activity. The results of this study indicate that BSF
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protein derivatives can potentially be included in pet food formulas as health-promoting
ingredients [93]. Edible insects and invertebrates are a potential source of antioxidant
components, the effectiveness of which depends on their taxonomy and eating habits. More
evidence is needed to understand whether the practice of eating insects and invertebrates
may contribute to modulating oxidative stress in humans. The results show that the water-
soluble extracts of grasshoppers, silkworms, and crickets show high antioxidant capacity
(Trolox equivalent antioxidant capacity, TEAC) values, five times higher than fresh orange
juice [94].

There is a low probability of a dog’s allergy to insect protein in food because insect
protein is not very common in the nutrition of dogs. Insects, even when they are present
in pet food, still have a small percentage due to the high protein content. Therefore,
insect-based foods are increasingly used in the nutrition of dogs suffering from food
allergies to conventional protein sources, such as poultry or beef. In case of dogs with food
allergies, it is necessary to provide adequate food to minimize clinical symptoms. A risk
of commercial pet food is possible contamination with foreign protein. Therefore, food
containing hydrolyzed protein is not always suitable. For example, some dogs with a food
intolerance to chicken protein will still react to hydrolyzed chicken liver, depending on the
strength and type of the immune response. Therefore, for dogs with food allergies, it is
worth introducing insect pet food into their diet [95].

However, with insects being used more extensively in the future as a protein source in
companion animal food, further research into their allergenic and cross-reaction potential
is required [96].

3. Digestibility

The feces of dogs fed a diet containing Hermetia illucens larvae had an increased con-
centration of chitin [97]. For extruded products with partially skimmed BSFL or YMW, each
accounting for approximately 30% of the total dietary protein, the apparent digestibility
of crude protein was 83.9 and 83.6% of the consumption in dogs. When dogs were given
a mixture with YMW as an almost sole source of protein, the caregivers did not notice
any changes in stool consistency [98]. For dogs fed commercial dry food based on lamb
meal or BSFL, stool scores were not statistically different [99]. A study by Abd El-Wahab
et al. [100] compared the incorporation of BSFL meal compared to poultry meal (PM) in
the diet of dogs in terms of digestibility and fecal characteristics. Following this trend,
PM or BSFL meal was added to replace approximately 30% of the dry weight of the basic
extruded diet. Dogs fed the BSFL-based diet had a higher apparent protein digestibility
(82.3%) compared to dogs fed the PM-based diet (80.5%). The apparent fat digestibility was
higher in the groups fed the BSFL diet (94.5%) compared to those fed the PM-based diet
(91.6%). The fecal consistency results for dogs fed both diets were within the acceptable
range (well-formed and firm). The fecal dry matter content was higher in dogs fed the PM
diet (33.0%) compared to those fed the BSFL diet (28.0%). These studies have shown that
the inclusion of BSFL meal in dog food can be an appropriate source of protein without
adversely affecting nutrient digestibility and stool quality [100]. In the studies by Penazzi
et al. [101], two diets containing venison meal (CTRL diet) or black soldier larvae (BSF
diet) as the main sources of protein were analyzed. Both diets showed similar nutrient
digestibility values for dry matter, organic matter, ether extract, ash, and phosphorus. How-
ever, a statistical trend was observed indicating greater protein digestibility in the BSF diet
compared to the CTRL diet. The calcium digestibility was higher in the BSF diet compared
to the CTRL diet. An analysis of the digestibility of dog food containing insect meal as the
sole protein source showed promising results in terms of showing similar values to the
meat-based diet, indicating its suitability as a stable protein source in pet foods [102].

In the study of Freel et al. [103], it was found that BSFL meal and BSFL oil are well-
tolerated by dogs, and their consumption does not have any physiological effects that
would be of concern. Based on these data, BSFL meal and oil did not affect overall health,
so they can be safely included in the dogs’ diet.
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Studies [95] have shown that the use of domestic cricket or mulberry silkworm pupae
can successfully replace poultry meal in the diet of dogs while not showing a negative
effect on hematology or blood chemistry. As shown by Klinger et al. [95], insects may be a
new source of food for patients with adverse food reactions. The aim of their study was to
evaluate the effect of a new commercially available insect (mealworm larvae) protein-based
diet on clinical signs in these dogs using the Canine Atopic Dermatitis Index (CADLI),
Visual Analog Pruritus Scale (PVAS), and coat quality. A total of 20 dogs with atopic
dermatitis due to a previously diagnosed adverse food reaction were enrolled in the study.
This food was the only food given to the patients for 2 weeks. The lesion score improved
in 12 of the 20 dogs. Only two dogs out of the 15 who completed the study showed a
mild worsening of lesions (mean of 1.5 CADLI points). One dog’s skin lesion remained
unchanged. The pruritus could be reduced in eight patients but remained unchanged in
four dogs. Two more patients worsened slightly and one dramatically worsened. The coat
quality was assessed in only 14 dogs. Six out of fourteen dogs showed an improvement in
coat quality. The improvement in the assessment of hair lesions and the quality of the hair
was significant, but there was no significant change in the assessment of pruritus. Based on
these results, it can be concluded that the studied diet based on insect protein might be an
interesting alternative for dogs with food intolerance [95].

4. Palatability Tests

Food for companion animals should not only be properly balanced but also tasty.
Although the topic of the use of insects in pet food is gaining popularity, there is little
reliable research on animal palatability tests. The purpose of these tests is to verify the
animals’ nutritional preferences and determine which of the feeds are more preferred by
the animal [104]. At the same time, this kind of research is crucial to understanding dog
behavior and learning more about how to formulate a diet for dogs. It is well-known
that different breeds of dogs have different dietary preferences, e.g., bassets and German
shepherd dogs prefer fishmeal to saluki, which mainly choose corn flakes. The studies by
Kierończyk et al. [105] analyzed the preferences of a wide population of different breeds of
dogs in order to generally verify the suitability of insect attractants. As shown in this study,
insects can be as effective in influencing dogs as commercial fodder containing flavor, while
providing an additional source of high-quality crude protein and fat [105]. According to
research [106], the inclusion of 8, 16, or 24% banded cricket meal in extruded food had no
effect on food consumption by dogs [106].

Interestingly, Kowalska et al. [107] showed that a mono-diet based on insect meal can
be successfully used in the nutrition of guppy fry. In these studies, the authors assessed
the usefulness of insects in the diet of guppies (Poecilia reticulata). The fish had a choice
of four attractants: fishmeal, black soldier fly meal, Madagascar cockroach meal, and
superworm meal. The conducted research showed that superworm meal was the most
preferred attractant by guppies [107]. Other studies assessing the effects of using full-fat
BSFL meal as a substitute for fish meal and fish oil in the diet of Siberian sturgeon have
shown that it is possible to produce extruded feed with a BSFL content of up to 30% and
physical parameters suitable for feeding fish. In addition, an increase in feed acceptance
was observed in facilities containing more than 10% and higher BSFL contents. In the
groups where the feed contained 5 to 30% BSFL in the diet, the growth of the experimental
fish and their feed conversion parameters improved [108].

5. Acceptance by Consumers

Despite existing literature data on the benefits of selecting insects as a protein source,
their acceptance by consumers and animal caregivers remains problematic [109].

Consumer acceptance is a major obstacle to the successful commercialization of insects
in western countries. The research by Naranjo-Guevara [110] investigated the factors that
influence consumer acceptance. Acceptance among interviewees seems to be influenced
by issues similar to those in other European countries, such as visual aspects and the
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awareness of the benefits. The influence of information on the desire to eat insects is an
important result of this study. The data obtained confirm the need to inform and educate
consumers about the environmental and health benefits of entomophagy. Successful efforts
to implement entomophagy can increase insect food knowledge and inform (or educate)
consumers about its benefits [110].

Sungmun et al. [109] conducted a survey of pet caregivers who were aware of and
had an intention to purchase insect pet food. The results showed that 89.5% of the survey
participants owned pets such as dogs, cats, etc., of which 55.6% knew about this type of pet
food. Nearly half (48.5%) of the respondents intended to buy insect-based pet food, while
the rest (51.5%) did not. The two main reasons why the respondents decided to buy it were
the excellent nutritional value of insects and low allergenicity. The most important reason
for refusing the purchase was a strong aversion to insects as food.

Trends in the use of insects in animal feed show that the market for edible insects
as animal feed could reach USD 2.386 million by the end of 2029. Some companies are
pioneers and have already started processing insects in compound feed and pet food [111].
On the European market, insect-containing food is becoming more and more popular in
the nutrition of dogs, especially in those with food allergies. The most commonly used
species is BSFL.

6. Hazards

Despite the many advantages of using insects in pet food, it is necessary to analyze
the risk of adverse food reactions (AFR), including allergic reactions [112]. An allergy is
a hypersensitivity reaction initiated by specific immune mechanisms. The clinical signs
of food allergy may affect a variety of organs and systems, including the skin, gut, and
respiratory, circulatory, and nervous systems. They can range from mild symptoms of
hypersensitivity, such as itching in the mouth, to severe, systemic, and often fatal reactions,
such as anaphylactic shock [113]. Food allergies are a common cause of skin disease in
companion animals. Skin symptoms in dogs allergic to food may include itching, and
erythematous dermatitis of the face, ear canals, armpits, groin, and paws. These symptoms
are difficult to distinguish from atopic dermatitis (AD) and can be confused [64].

Research indicates that insects can also be a trigger for food allergies. An allergy related
to the consumption of insects may be caused by a primary sensitization or a cross-reaction
with another allergen [114].

In a study [64] conducted to investigate the interaction between T. molitor proteins and the
immune system of dogs with clinical signs of allergy and allergy to storage mites compared to
a group of clinically healthy dogs, no clear correlation was found between allergy to storage
mites and the clinical condition of the dogs. In this study, the binding of canine serum IgE
to mealworm larvae proteins was confirmed, but the differences between the healthy and
allergic dogs were negligible. The results of these studies suggest that mite-allergic dogs may
also clinically cross-react with mealworm proteins, so care should be taken in their case when
using mealworm larvae as an alternative protein source in their diet.

Other hazards relate to the contamination of insects. For example, crickets can be con-
taminated with anthropogenic factors during breeding, packaging, cooking, or feeding [20].
Staphylococcus aureus can be used as an indicator of inadequate hygiene treatment. The
research of Grabowski and Klein et al. [115] identified bacteria of the genus Staphylococcus
spp. in crickets that were purchased at a pet store. Among the tested samples, S. aureus
was identified in the species Gryllus bimaculatus (field cricket) [115]. Worryingly, insects
may be vectors for antimicrobial resistance (AMR) genes [116–119].

It is significant that some fungi (including Aspergillus spp.) that are present in the
intestines of crickets are capable of producing or modifying toxins. An extremely important
issue that requires further research is the presence of mycotoxins in insects [20]. It was
observed many years ago that Aspergillus flavus spores are highly pathogenic to freshly
hatched Musca domestica by ingestion or even by contact [120]. It has been shown that the
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growth rate of yellow mealworm larvae is reduced by toxin T-2, aflatoxin B1, ochratoxin A,
and rubratoxin B [121,122].

Research [123] showed the possibility of a bioaccumulation of heavy metals in insects.
In these studies, Gryllus assimilis were exposed to diets enriched with zinc or cadmium. In
the case of zinc, accumulation occurred only at the highest level of exposure, while for cad-
mium, even the lowest level of exposure of crickets to this element caused an increase in the
concentration. It has been shown that cadmium concentrations are significantly higher than
those allowed by Regulation (EU) 1881/2006 [124] and Regulation (EU) 1275/2013 [125].

In the case of BSFL, it has been shown that the absorption of heavy metals can influence
their growth, but the effect of heavy metals on the BSFL gut microbiota is largely unknown.
The studies by Wu et al. [126] analyzed the effect of Cu and Cd on the growth and intestinal
microbiota of BSFL as well as the distribution of accumulated heavy metals in the larvae
and their feces. It was shown that exposure to Cu and Cd did not significantly inhibit BSFL
weight gain. At increased exposure doses, the contents of both Cu and Cd accumulated
in BSFL bodies and feces increased significantly. The significant finding is that exposure
to Cu and Cd significantly altered the intestinal BSFL microflora. Moreover, the bacterial
diversity in the BSFL gut was significantly reduced after high metal exposure [126]. The
studies of Proc et al. [127] demonstrated the ability of H. illucens to bioaccumulate selected
elements. The accumulation of Cu, Fe, Hg, Mg, Mo, Se, and Zn occurred at all stages of
the development of insects and in puparia. From a feed production point of view, it is
obvious that the content of toxic heavy metals should be monitored. This phenomenon
can have a negative effect not only on the larvae but also on consumers, as there is a risk
of consuming the larvae containing heavy metals. Studies have been carried out [128]
to determine whether the feed that feeds BSFL and the method of killing (blanching or
freezing) will affect the bacterial load and heavy metal accumulation, ultimately affecting
the safety of food containing BSFL. It was found that the method of killing had a significant
effect on the microbial load and heavy metal content of the BSFL; as expected, blanching
significantly reduced the microbial contamination of BSFL as well as resulting in slightly
lower concentrations of heavy metals in the larvae.

7. Conclusions

Insects can be used in the pet food industry. This is supported by the evolutionary
adaptation of their wild ancestors to the collection of insects in the natural environment.
The chemical composition of insects also corresponds to the nutritional requirements of
this group of animals. They are characterized by a very good nutritional value (e.g., high
protein content and high content of essential amino acids and fatty acids, including lauric
acid), and products with them receive positive results in palatability tests. However, diets
containing insect protein and their effects on animals require careful analysis, especially in
terms of the risk of adverse food reactions, including allergic reactions that may be caused
by insect consumption. Other hazards relate to the contamination of insects. They can be
contaminated with anthropogenic factors during breeding, packaging, cooking, or feeding.
These contaminants include the presence of bacteria, mold fungi, mycotoxins, and heavy
metals, among others.
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127. Proc, K.; Bulak, P.; Wiącek, D.; Bieganowski, A. Hermetia illucens exhibits bioaccumulative potential for 15 different elements—
Implications for feed and food production. Sci. Total Environ. 2020, 723, 138125–138133. [CrossRef]

128. Bessa, L.W.; Pieterse, E.; Marais, J.; Dhanani, K.; Hoffman, L.C. Food safety of consuming black soldier fly (Hermetia illucens)
larvae: Microbial, heavy metal and cross-reactive allergen risks. Foods 2021, 10, 1934. [CrossRef]

http://doi.org/10.3390/ijms21041474
http://www.ncbi.nlm.nih.gov/pubmed/32098244
http://doi.org/10.1016/j.molimm.2018.03.015
http://doi.org/10.1177/1082013216652994
http://www.ncbi.nlm.nih.gov/pubmed/27235993
http://doi.org/10.1111/j.1574-6941.2010.00949.x
http://www.ncbi.nlm.nih.gov/pubmed/20735478
http://doi.org/10.1186/s40409-015-0021-z
http://doi.org/10.3201/eid1706101978
http://doi.org/10.1128/mBio.00377-12
http://doi.org/10.1016/0022-2011(65)90130-8
http://doi.org/10.1016/0306-4492(82)90159-9
http://doi.org/10.1016/j.ecoenv.2015.04.056
http://www.ncbi.nlm.nih.gov/pubmed/25958030
http://doi.org/10.1016/j.ecoenv.2020.110323
http://doi.org/10.1016/j.scitotenv.2020.138125
http://doi.org/10.3390/foods10081934

	Introduction 
	Nutritional Value 
	Protein and Amino Acids 
	Fat and Fatty Acids 
	Minerals 
	Chitin 
	Health Properties 

	Digestibility 
	Palatability Tests 
	Acceptance by Consumers 
	Hazards 
	Conclusions 
	References

